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THE MSJC CODE

PG. C-2 SECT 1.2.1(H)

Who do you
think s
responsible

here?

()

(2)
(h)

(1)

Details of reinforcement, including the size, grade,
type, lap splice length, and location of reinforcement.

Reinforcing bars to be welded and welding requirements.

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

Size and permitted location of conduits, pipes, and
sleeves.

...HE ENGINEER
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Definitions:

Control Joint: Expansion Joint:

A continuous un-bonded masonry joint to regulate the location and amount of sep- | A separation between adjoining parts of a masonry structure which is provided to

aration resulting from the dimensional change of different parts of a structure as to Jallow small relative movements such as those caused by thermal changes, to occur
without one part affecting an adjacent part.

avoid the development of excessively high stresses.

Heat of Day Expands Masonry

Wlth Control Jom

Notch transfers
... lateral ...
' wall force
f‘,; ;‘;‘ ‘z
A control joint introduces a
s
“CONTROLLED” Crack. Masonry expansion ——— [ ] Masonry expansion
Notch transfers
Without Control Joint: . lateral ..
prcalones prealie el wallforce

Cool of Night Makes Masonry Contract

X

\ \‘ \‘ \ ]
N Wl 4 \c

No control joint results in
“UN-CONTROLLED” cracking.

Contraction

Contraction L _[_,




LOCATION OF CONTROL JOINTS

Location of Control Joints

1) Abrupt changesin wall height

2) Changes in wall thickness

3) Above joints in foundations and
floors

4) Below joints in roofs and floors

5) % the allowable joint spacing from

wall corners
6) One or both sides of doors and
windows.

Control Joints should be located at the following points of weakness or high stress concentra-

tions:

. At all abrupt changes in wall height
. At all changes in wall thickness, such as those at pipe or duct chases and those adja-

cent to columns or pilasters.

Above joints in foundations and floors
. Below joints in roofs and floors that bear on the wall

At a distance of not over one-half the allowable joint spacing from bonded intersec-

tions or corners

. At one or both sides of all door and window openings unless other crack control

measures are used such as joint reinforcement or bond beams

CONTROL JOINT SPACING FOR MOISTURE CONTROLLED,
TYPE 1*

CONCRETE MASONRY UNIT

Recommended Spacing
of

Vertical Spacing of

Joint Reinforce

Control Joints

Nope~" 247 16" 8
Expressed as ratio g -
Panel length t; ight 2 212 3 4
APanel Length (L)
1 NottoExceed: 4 a5 5o’ 60’

Section IX—CRACK CONTROL —"Location of Control Joints”




THE 4 MOST COMMON CONTROL JOINTS

=——— RAKE JOINT
- 7 JAPPROX. 34 ineH
"/ AND CAULK

MECHANICAL SLIP CONNECTORS STANDARD RAKED JOINT (NO KEYWAY)



THE 4 MOST COMMON CONTROL JOINTS

MICHIGAN KEYED JOINT

SASH BLOCK WITH PREFORMED GASKET
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CONTROL JOINTS FOR CONCRETE
MASONRY WALLS-EMPIRICAL METHOD

INTRODUCTION

Concrete masonry is a popular construction material because its inherent attributes satisfy
the diverse needs of both exterior and interior walls. While these attributes are the primary
basis for concrete masonry’s popularity, performance should not be taken for granted. Like
all construction systems, design decisions significantly influence field performance of the
concrete masonry wall system, Proper application of crack control measures, including
control joints when required, can help ensure satisfactory performance of the concrete
masonry.

NCMA

CONCRETE MASONRY
ASSOCIATION

Note that crack control considerations for concrete masonry veneers differ from the
guidance presented below. The reader is referred to TEK 10-4, Crack Control for Concrete
Brick and Other Concrete Masonry Veneers (ref. 3), for more detailed information.

Movement joints such as control joints are one method used to relieve horizontal tensile
stresses due to shrinkage of the concrete masonry units, mortar, and when used, grout.
They are essentially vertical planes of weakness built into the wall to reduce restraint and
permit longitudinal movement due to anticipated shrinkage, and are located where stress
concentrations may occur. A bond break is accomplished by replacing all or partofa
vertical mortar joint with a minimum of a backer rod and sealant. This keeps the joint
weather tight while ing small . Joint reil and other

i i should be di: i at control joints unless it is required for
structural purposes, as it will act to restrain horizontal movement.

When control joints are required. concrete masonry only requires vertical control joints.
When materials with different movement properties, such as concrete masonry and clay
masonry, are used in the same wythe the movement difference needs to be accounted for in
the design. Ni joint rei isused in the joint between the two to

NCMA Page 1




NIG?M A CONTROL JOINTS FOR CONCRETE
MASONRY WALLS—EMPIRICAL METHOD

CONCRETE MASONRY
ASSOCIATION

TABLE 1
[1] #5 BAR FOR 12’
HEIGHT OF WALL

Table 1—Recommended Control Joint
Spacing for Above Grade Exposed
Concrete Masonry Walls*

Distance between joints not to exceed the lesser of:

Length to height ratio or ft (m)
134 ¢ 1 25 (7.62)

A Notes:

1a

Table values are based on the use of horizontal
reinforcement having an equivalent area of not
less than 0.025 in.*/ft (52.9 mm?/m) of height
to keep unplanned cracks closed (see Table 2).

2. Criteria applies to all concrete masonry units.




BURY THE

MYTH

Note for Engineers:
It 1s recommended that the project should be designed to take into account the shrinkage requirements of ACI
530 which calls for designing for 1/2 of the potential linear shrinkage or 316" in 100 If.

Page C-40 Ref4.2.5.1 (TMS 402-13) Section 4.2.5 Notation (TMS 402-13

CONCRETE MASONRY K., : coefficient of shrinkage of concrete masonry
(The value that should be considered in the design of the
Kn=058$, structure)

S, = total linear drying shrinkage of concrete masonry units
determined in accordance with ASTM C 426

What is a good value for “s.” in Florida?
You may want to check with your concrete producer; however, a good general value for S (for normal weight
units—125 pounds per cubic foot or more, oven dry weight for concrete), is0.032%

Example Coefficient of shrinkage for Type Il masonry units:
Kan =058,
=0.5(032%)
=0.16%
How much shrinkage in 100 feet? = 3/16"!
Potential linear shrinkage for typical florida masonry units for 100 inear feet of wall:
=0.016% (100') (12')
=0.016% x 1200
=0.192" = about 3/16" (3/16"=0.1875)




REFERENCE STANDARDS

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 602-13/ACI 530.1-13/ASCE 6-13 — Specification for
Masonry Structures
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TMS 402
CHAPTER 2

NOTATIONS & DEFINITIONS
Pages C-5 through C-22

BUILDING CODE REQUIREMENTS FOR MASONRY STRUCTURES AND COMMENTARY c13

TMS 402 CODE

2.2 — Definitions

Anchor — Metal rod, wire, or stap that secures
masonry to its strucrural support

Anchor puilout — Anchor failure defined by the anchor
sliding out of the material in which it is embedded without
breaking out 2 substantial portion of the swrounding
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.

Area, net shear — The pet area that is effective in
resisting shear

Autociaved oaerated concrete — Low-demsity
cementitious product of calcium silicate hydrates. whose
material specifications are defined in ASTM C1693

Autociaved aerated concrete (44C) masomry —
Autoclaved 2erated concrete units manufactared without
reinforcement, set on a mortar leveling bed, bonded with
thin-bed mortar, placed with or without grout, and placed
with or without reinforcement

Backing — Wall or surface to which veneer is artached

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

COMMENTARY

2.2 — Definitions

For consistent application of this Code, terms are
defined that have pamicular meanings in this Code. The
definitions given are for use in application of this Code only
and do not always correspond to ordinary usage. Other
terms are deficed in referenced documents and those
definitions are applicable. If anv term is defined in both this
Code and in 2 referenced document, the definition in this
Code applies. Referenced documents are listed in Section
1.4 and include ASTM standards. Terminology standards
include ASTM C1232 Standard Terminology of Masonry
and ASTM C1180 Standard Terminology of Mortar and
Grout for Unit Masonry. Glossaries of masonry
termurology are available from several sources within the
industry (BIA TN 2 (1999); NCMA TEK 1-4 (2004); and
IMI (1981))

Area, net shear — The pet shear area for a parmally
zrouted flanzed shear wall is shown in Fizure CC-2.2-1. For
members without Sanges, the net shear area is the pet cross-
sectional area

Direction of Applied
Shear Force

@
()
)
(]
©

[On][w]=]

Net Shear Area

[O]u)](@]0] [w]=]

Figure CC-2.2-1 — Net shear area

TM S 402 Code and

Commentary, C-13
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BUILDING CODE REQUIREMENTS FOR MASONRY STRUCTURES AND COMMENTARY ca

CHAPTER 3
QUALITY AND CONSTRUCTION

COMMENTARY

TMS 402 CODE e ot m it s

TM S 402 Code and

Commentary, C-23

pg.C-23 Sect 3.1

v of masonry constructon meets or exceeds that
in the Specification. Therefore. in order to desizn
3.1 - QUALITY e
= »a is monitorad is the quality assurance program.
ASSURANCE PROGRAM 3.1 — Quality Assurance program N———— .
. ) hof ow ofer’ wd “who. demines
The quality assurance program shall comply with the |Gl T s of s
; i i ; e Tl egacin, s, g The ac of
Level defined n Table 3.1, erezldlllg on how the EEEEEESm-—
masonry was designed and the Risk Category, as defined [0 o i ot meny
in ASCE 7 or the legally adopted building code. The R‘E’:’?i}&?:ﬁ%;ﬁ
. L . . cate testing. Spec: tion. 3
Exemp ted by Florida Buil ding quality assurance program shall itemize the requirements | e o s i e Wek i
for verifying conformance of material composition, |33} ssbise b momn can nomd
. . . liry i Code- ssible val ]
Code quality, storage, handling. preparation, and placement |roeui sy ppmm st
with the requirements of TMS 602, and shall comply with [5%00E St T 1
o« . are subjected to more extensive quality assurance
op eqe the minimum requirements of TMS 602, Tables 3 and 4, e nm——
(Responsibility of for the required Level. e &H:“:.;}:T.?ﬁ
Arch/Eng/Building Official) o hopeda A (emp i

w3 602 Quality Asswrance Table 4 requires
inspection tasks to be performed om a contimuous or
penodic basis. The ArchitectEngineer should define the
required timing of periodic inspections 5o that they are
sufficient to verify a representative sample of the materials
and workmanship. The frequency of periodic inspection
waries deperding on the size and complexity of the project




FBC | QUALITY ASSURANCE

Section 2107 Allowable Stress Design
=
2107.1 General

The design of masonry structures using allowable stress design shall comply with Section
2106 and the requirements of Chapters 1 through 8 of TMS 402/ACI 530/ASCE 5 except as
modified by Sections 2107.2 through 2107.5.

Exception: Where plan review and inspections are performed by a local building
department in accordance with Sections 107 and 110, the provisions of TMS 402/ACI
530/ASCE 5, Chapter 3 Section 3.1 and TMS 602/ACI 530.1/ASCE 6 Sections 1.5 and 1.6
shall not apply unless specified by the architect or engineer, or the building official.



PIPES AND CONDUITS IN THE WALL

PG.C-27 SECT 3.2.2.2&3.2.2.3

3222 Conduits, pipes, and sleeves in
masonry shall be no closer than 3 diameters on center.

Minimum spacing of conduits, pipes or sleeves of different
diameters shall be determined using the larger diameter.

3223 “ertical conduits, pipes, or sleeves

placed in masonry columns or pilasters shall not displace
more than 2 percent of the net cross section.




GROUT SPACE REQUIREMENTS

c-28 TMS 402-16

Table 3.2.1 — Grout space requirements

T8 Grout type! Maximum grout Minimum clear width | Minimum clear grout space dimensions for

L] pour height, of grout space,> grouting cells of hollow units,**

. -] kg s : s

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

SE Fine 1(0.30) 34 (19.1) 1'/2x 2 (38.1 X 50.8)

2 5 Fine 5.33 (1.63) 2(50.8) 2x3(50.8x76.2)

i Fine 12.67 (3.86) 21(63.5) 2'2x 3 (63.5% 76.2)
Fine 24 (7.32) 3(76.2) 3x3(76.2x76.2)
Coarse 1(0.30) 15 (38.1) 1'2x3(38.1x76.2)
Coarse 5.33 (1.63) 2 (50.8) 2% 3 (63.5% 76.2)
Coarse 12.67 (3.86) 21 (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.
2 For grouting between masonry wythes.

3 Minimum clear width of grout space and minimum clear grout space dimension are the net dimension of the space
determined by subtracting masonry protrusions and the diameters of horizontal bars from the as-designed cross section of
the grout space. Grout type and maximum grout pour height shall be specified based on the minimum clear space.

4 Minimum grout space dimension for AAC masonry units shall be 3 in. (76.2 mm) x 3 in. (76.2 mm) or a 3-in. (76.2 mm)
diameter cell.
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CONNECTIONTO -

frames unless the connections and walls are designed to strucrural frame may occur due to the following:
resist design interconnecting forces and to accommodate )
calculated deflections.

TMS 402 CODE COMMENTARY
4.4 — Connection to structural frames 4.4 — Connection to structural frames
Masonry walls shall pot be connected to structural Differential movements berween masonry acd a

Temperarare increase or decrease of ember the
structural frame or the masoary wall.

2) Moisture and freezing expansion of drick or shrinkage

PG.C-38 SECT 4.4 i —

4) Deflection of supporting beams.
35) Sidesway in multiple-story buildings.

6) Foundation movement.

TMS 402 Code and
Commaertary. C-38

P — -

The designer should ) =
the forces resuling from their resmaint The type of connection
chosen should

TMS 402 CODE T

forces without
listed above.

4.4 — 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.




OO

STACKED BOND
VS RUNNING
BOND

PG.C-39 FIGCC-4.5-1
RUNNING BOND MASONRY

_ Il I I I |l
Il Il It Il
IL i I I I
I Il I It “
1| I _ _ _
| Il | IL
Typical Running Bond Typical Running Bond
Brick Units Concrete Masonry Units
I I | _|| _| ‘I
I I I I
Il | I I |
I I I I
IL I I I I “
I I I Il _
-L}( -—l —-l L— 1/4 Unit == Unit Length — s L_
Unit Length Oveﬂap \ 1/4 Unit
Masonry is considered to be laid in running bond Overlap

when units overlap a minimum of % of the unit length

Figure CC-4.5-1 — Running bond masonry



STACKED BOND

TMS 402 CODE

4.5 — Masonry not laid in running bond

For masonry not laid in running bond, the minimum
area of horizontal reinforcement shall be 0.00028
multiplied by the gross vertical cross-sectional area of thé
wall using specified dimensions. Horizontal reinforcemént
shall be placed at a maximum spacing of 48 in. (1219/mm)
on center in horizontal mortar joints or in bond beays.

STANDARD 9 GA. JOINT REINFORCEMENT
EVERY OTHER COURSE
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INTERSECTING WALLS

PG.C-41 SECT 5.1.1

TMS 402 CODE

5.1 — Masonry assemblies

OR S.1.1 Intersecting walls
5.1.1.1 Wall mtersections shall meet one of the

following requirements:

(a) Design shall conform to the provisions of Section 5.1.1.2.

(b) Transfer of shear between walls shall be prevented.

TIETHEM TOGETHER OR ALLOW
THEM TO ACT SEPARATELY



QO
INTERSECTING
WALLS

PG.C-42 SECT 5.1.1.2.5 (A) &(B)

TMS 402 CODE

5.1.1.2.5 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.

(b) _Walls shall be anchored by steel connectors grouted mnto
the wall and meeting the following requirements:

(1) Minimum size: /s 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).




INTERSECTING WALLS

PG.C-42 SECT 5.1.1.2.5(C)

(c)

Intersecting reinforced bond beams shall be provided
at a maximum spacing of 48 1. (1219 mm) on center.
The area of reinforcement in each bond beam shall
not be less than 0.1 in.2 per ft (211 mm?/m) multiplied
by the vertical spacing of the bond beams in feet
(meters). Remnforcement shall be developed on each
side of the intersection.




INTERSECTING WALLS

Shear Wall Shear Wall

Flange
7N\ T 02

Or

Figure CC-5.1-1 — Running bond lap at intersection



INTERSECTING WALLS

ool
2\ ®
7
4
b, Gs
o, Metal Strap Connector
% in. Thick (6.4 mm)
Minimum Dimensions
Metal Straps at Grouted Cells
4 ft (1.2 m)o.c. Vert.
(A
Grouted Cells
"
X ] 1
[ Shear Wall
Flange

Sectional Elevation

Figure CC-5.1-2 — Metal straps and grouting at wall intersections



INTERSECTING WALLS

Maximum Bond Beam Spacing
48in (1219 mm) on Center

Reinforcemeant in accordance

with Code Section 5.1.1.2.5(c)

Either open cellbondbeam

solid bottom lintel units
used.

unitsor

may be

Figure CC-5.1-3 — Bond beam at wall intersection



LENGTH OF BEAM BEARING

PG.C-52 SECT 5.2.1.3

5.2.1.3  Bearing length — Length of bearing of
beams on their supports shall be a minimum of 4 in.
(102 mm) 1n the direction of span.

4 inch minimum -- not 8!



DEFLECTION

PG.C-52 SECT 5.2.14.1

5.2.14.1 The calculated deflection of
beams providing vertical support to masonry designed in
accordance with Section 8.2, Section 9.2, Section 11.2,
Chapter 14, or Appendix A shall not exceed /600 under
allowable stress level dead plus live loads.




DEFINITION OF A COLUMN

PG.C-56 SECT 5.3

5.3 — Columns

Columns are defined in Section 2.2. They are 1solated
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 ~ members  warrant  the  special
requirements of this section.




DEFINITION OF A COLUMN

PG.C-15 SECT 2.2

Column — A structural member, not built integrally

into a wall, designed primarily to resist compressive loads

parallel to 1its longitudinal axis and subject to dimensional
limitations.




DEFINITION OF A COLUMN

COMMENTARY

5.3 — Columns

Columns are defined in Section 2.2. They are i1solated
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 members warrant the special
requirements of this section.







COLUMNS
NEED TIES

ﬁi



COLUMNS

PG.C-56 SECT 5.3.1

5.3.1 General column design
5.3.1.1  Dimensional limits — Dimensions
shall be 1 accordance with the following:

(a) The distance between lateral supports of a column
shall not exceed 99 multiplied by the least radius of
gyration, 7.

(b) Mmimum side dimension shall be 8 . (203 mm)
nonunal.

5302 Construction — Columns shall be fully
grouted.

53.1.3 ertical  reinforcement — Vertical
reinforcement m colummns shall not be less than 0.0025.4,, nor
exceed 0.04.4,,. The munmimum number of bars shall be four.




COLUMN LATERALTIES

PG.C-57 SECT 5.3.1.4(A) (B)

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

(a) Vertical reimnforcement shall be enclosed by lateral ties

at least /4 1. (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.




COLUMN LATERALTIES

PG.C-57 SECT 5.3.1.4 (D)

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




LATERAL
TIES

I - (T

uni--_.iL T e et e

'l‘l ==

%%%% %ﬁé



 Difficult to Embed a %” Lateral Tie
LATERAL TI ES in a 3/8” Mortar Joint




DEFINITION OF A PILASTER

PG. C-18 SECT 2.2

Pilaster - A vertical member, built integrally with a
wall, with a portion of its cross section typically projecting
from one or both faces of the wall.




DEFINITION OF A PILASTER

Pilaster - A pilaster may support axial loads parallel to its
longitudinal axis, as well as transverse loads applied
perpendicular to its longitudinal axis. A projecting pilaster
may or may not have longitudinal reinforcement, but non-
projecting pilasters must be reinforced. Longitudinal
reinforcement 1n a pilaster only needs to be laterally tied 1f
the design relies upon that remforcement to resist axial
and/or flexural compression, although lateral ties (stirrups)
may also be required if shear stresses are high.




PILASTERS

7™ EDITION FLORIDA BUILDING CODE CHAPTER 21

2107.5 TMS 402/ACI 530/ASCE 5, Section 5.4 Pilasters.
Moditfy Section 5.4 as follows:

5.4 — Pilasters

5.4.3 Where vertical pilaster reinforcement 1s not provided
to resist axial compressive stress, lateral ties are not
required.

A PILASTER BUILT INTEGRALLY WITH NO SPECIFIC
VERTICALLOAD ISNOT A COLUMN



PG. C-57 SECT 5.3.2

A MASONRY POST

5.3.2 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
allowable stress level 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) Mmimum side dimension shall be 8 m. (203 mm)
nominal.

(b) Height shall not exceed 12 ft (3.66 m).

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

(d) Columns shall be fully grouted.
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SIZE OF REINFORCEMENT

6.1.1  Embedment
Maximum is #9 For Reinforcing bars shall be embedded in grout.

Strength Design 6.1.2  Size of reinforcement
6.1.2.1 The maximum size of reinforcement
used in masonry shall be No. 11 (M #36).




DIAMETER OF REBAR

PG. C-63 SECT 6.1.2.2

6.1.2.2 The diameter of reinforcement shall not
exceed one-half the least clear dimension of the cell. bond
beam. or collar joint in which 1t 1s placed.

PG. C-63 SECT 6.1.2.5

6.1.2.5 The nominal bar diameter shall not
exceed one-eighth of the least nominal member dimension.




JOINT REINFORCEMENT

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




CLEAR DISTANCE BETWEEN BARS

PG. C-63

SECT 6.1.3

6.1.3 Placement of reinforcement
6.1.3.1 The clear distance between parallel bars
shall not be less than the nominal diameter of the bars, nor

less than 1 1n. (25.4 mm).

6.1.3.2 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).




ADJACENT LAP SLICES

PG. C-64 SECT 6.1.3.3

6.1.3.3 The clear distance limitations between
bars required 1n Sections 6.1.3.1 and 6.1.3.2 shall also apply
to the clear distance between a contact lap splice and

adjacent splices or bars.

CLEAR DISTANCE BETWEEN BARS APPLIES
TO CONTACT LAP SPLICES



Applies to Allowable Design Only.

BUNDLED BARS Bundling not allowed in Strength

Design
PG. C-64 SECT 6.1.3.4

6.1.3.4 Groups of parallel reinforcing bars
bundled 1n contact to act as a unit shall be limited to two
1 any one bundle. Individual bars i a bundle cut oif
within the span of a member shall terminate at points at
least 40 bar diameters apart.

Most common bundle:
2 each no.5 bars = .62 sq. inches
1 no. 7 bar = 0.60 sq. inches



CLEARANCE BETWEEN BAR &
MASONRY GROUT

PG. C-64 SECT 6.1.3.5

6.1.3.5 Reinforcement embedded in grout shall

have a thickness of grout between the reinforcement and
; | bam " 3 ) for f .

or !/, m. (12.7 mm) for coarse grout.




COVER REQUIREMENTS

PG. C-64 SECT 6.1.4

6.1.4  Protection of reinforcement
6.1.4.1 Remforcing bars shall have a masonry
cover not less than the following:

. . 52 B
(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).




JOINT REINFORCEMENT - WIRE
REQUIREMENTS

6.1.4.2 Longitudinal wires of joint reinforcement
shall be fully embedded in mortar or grout with a minimum
cover of */x 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 ¢cpoxy 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 muil
galvanized, hot-dip galvanized, or stainless steel.




JOINT REINFORCEMENT - WIRE
REQUIREMENTS

2103.4 Metal reinforcement and accessories. Metal rein-
forcement and accessories shall conform to Article 2.4 of
TMS 602. Where provided 1n exterior walls, joint reinforce-
ment shall be a mimmimum No. 9-gauge ladder-type stainless
steel, hot dipped galvanized, or epoxy coated in accordance




DEVELOPMENT OF REINFORCING

PG. C-65 SECT 6.1.5.1.1

6:1.5: 11 Development length of bars
grouted in clay masonry and concrete masonry — The
required development length of reinforcing bars shall be

determined by Equation 6-1, but shall not be less than 12 in.
(305 mm).

0.13d; f,
l; = 2 'f" 4 (Equation 6-1)
K\ f




DEVELOPMENT OF REINFORCING

PG. C-66 SECT 6.1.6.1.1

6.1.6.1.1 Lap splices of bar reinforcement

6.1.6.1.1.1 The minimum length of lap
for bars in tension or compression shall be determined by

Section 6.1.5.1.1 for clay masonry and concrete masonry
and by Section 6.1.5.1.2 for AAC masonry, but not less than

12 in. (305 mm).




EMBEDMENT & LAPS

Required Lap Length in Florida
-Reinforcing Steel-

Along with the IBC lap calculation method
(Section 2107.2) the 7t Edition of the Florida
Building Code allows the use of the TMS 402

method of lap calculation with Florida modified

Y (gamma) factors to remove the Seismic

influence. This is true for both Working Stress
Design and Strength Design.




7t EDITION
CHAPTER 21
MASONRY

Section
2107.2.1(IBC
Lap Method)

2107.2.1 Lap splices. The minimum length of lap splices
for remforcing bars in tension or compression, /,, shall be

[,=0.002d,f. (Equation 21-1)
For 81; ,=0.29d,f,

but not less than 12 inches (305 mm). In no case shall the
length of the lapped splice be less than 40 bar diameters.

where:
d, = Diameter of reinforcement, inches (mm).

/. = Computed stress in reinforcement due to design
loads, psi (MPa).

In regions of moment where the design tensile stresses
in the reinforcement are greater than 80 percent of the
allowable steel tension stress, F, the lap length of splices
shall be increased not less than 50 percent of the minimum
required length, but need not be greater than 72 d,. Other
equivalent means of stress transfer to accomplish the same
50 percent increase shall be permitted. Where epoxy
coated bars are used, lap length shall be increased by 50
percent.




TMS 402 LAP METHOD

Modified factors for Y (gamma)
approved in the 7th Edition Florida Building Code



= -
Development Lengths (l4)




HOOK EMBEDMENT

PG. C-66 SECT 6.1.5.1.3

6.1.5.1.3 Standard hooks — Standard hooks in
tension shall be considered to develop an equivalent
embedment length, /., as determined by Equation 6-2. Hooks
shall not be used to develop bars in compression.

l.=13d,  (Equation 6-2)

USED TOBE 11.25



LAP ON JOINT REINFORCEMENT

_6'' LaAP

{ CORRECT }

CRACK
% Correct at control joints %

SPL1]

6.1.5.2 Development of wires in tension — The
development length of wire shall be determined by
Equation 6-3, but shall not be less than 6 in. (152 mm).

la=48 d) (Equation 6-3)




LAP CONFINEMENT  rG.C-67 SECT6.1.6.1.1.2

6.1.6.1.1.2 For clay masonry and
concrete masonry, where reinforcement consisting of No. 3
(M#10) or larger bars is placed transversely within the lap,
with at least one bar 8 in. (203 mm) or less from each end
of the lap, the minimum length of lap for bars in tension or
compression determined by Equation 6-1 shall be permitted
to be reduced by multiplying by the confinement factor, ¢,
determined in accordance with Equation 6-4. The clear

e (Equation 6-4)

2.5
db

PG. C-67 EQUATION6-4 & =1.0—



NON-CONTACT LAP SPLICES

PG. C-67 SECT 6.1.6.1.1.3

6.1.6.1.1.3 Reimnforcement spliced by
noncontact lap splices shall not be spaced transversely
farther apart than one-fifth the required length of lap nor
more than 8 m. (203 mm). Noncontact splices are not

permutted i AAC masonry.




EMBEDMENT

& LAPS




WELDED SPLICES- MECHANICAL CONNECTION

PG. C-67 SECT 6.1.6.1.2

6.1.6.1.2 Welded splices of bar reinforcement
— Welded splices shall have the bars butted and welded to
develop at least 125 percent of the specified yield strength, /.

PG. C-69 SECT 6.1.6.2.3

6.1.6.2.3 Mechanical splices of wires —
Mechanical splices shall have the wires connected to

develop af least 125 percent of the specified yield strength

of the wire in tension.



HOT DIPPED GALVANIZED

PG. C-76 SECT 6.2.1 PROTECTION OF METAL ACCESSORIES

6.2 — Metal accessories

6.2.1  Protection of metal accessories

Wall ties, sheet-metal anchors, steel plates and bars, and
mserts exposed to earth or weather, or exposed to a mean
relative humudity exceeding 75 percent shall be stainless steel or
protected from corrosion by hot-dip galvanized coating or
epoxy coating. Wall ties, anchors, and mserts shall be mull
galvanized, hot-dip galvanized, or stainless steel for all other
cases. Anchor bolts, and steel plates and bars, not exposed to
earth, weather, nor exposed to a mean relative hunudity
exceeding 75 percent, need not be coated.
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FLEXURAL TENSION OF MORTARS

c-110 TMS 402-16

Table 8.2.4.2 — Allowable flexural tensile stresses for clay and concrete masonry, psi (kPa)

Mortar types
o2 Direction of flexural tensile
o & stress and masonry type Portland cement/lime or Masonry cement or air entrained
° P mortar cement portland cement/lime
Os
S S Mor S N Mor S N
¥ E
2E Normal to bed joints
Fo Solid units 53 (366) 40 (276) 32 (221) 20 (138)
Hollow units’
Ungrouted 33 (228) 25(172) 20 (138) 12 (83)
Fully grouted 65 (448) 63 (434) 61 (420) 58 (400)
Parallel to bed joints in running
bond
Solid units 106 (731) 80 (552) G4 (441) 40 (276)
Hollow units
Ungrouted and partially 66 (455) 50 (345) 40 (276) 25(172)
grouted
Fully grouted 106 (731) 80 (552) 64 (441) 40 (276)
Parallel to bed joints in masonry
not laid in running bond
Continuous grout secfion 133 (917) 133 (917) 133 (917) 133 (917)
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.




ALLOWABLE WORKING STRESS IN
REINFORCEMENT

8.3.3 Steel reinforcement — Allowable stresses
8.3.3.1 Tensile stress in bar reinforcement shall
not exceed the following:

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

(b) Grade 60 reinforcement: 32,000 psi (220.7 MPa)

8.3.3.2 Tensile siress in / wire joint
reinforcement shall not exce<d 30,000 psi (206.9 MPa).




ALLOWABLE WORKING STRESS IN MASONRY

PG. C-115 SECT 8.3.4.2.2

8.3.4.2.2 The compressive stress in masonry
due to flexure or due to flexure in combination with axial

load shall not exceed 0.45 /"
A

.33 F'MIN 2008 CODE



SHEAR REINFORCEMENT

PG.C-119 SECT 8.3.5.2.1

8.3.5.2.1 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).

..... PARALLEL TO THE APPLIED FORCE



FUNCTION
OF SHEAR
STEEL IN
WALLS

_—
FUNCTION OF SHEAR STEEL IN MASONRY WALLS




Function of Shear Steel in Beams




SHEAR
STEEL

‘ Shear steel required d/2| Shear steel

BEAMS @& e
First shear reinforcing

d/4 from support, maximum

Stirrup spacing details




SHEAR REINFORCEMENT IN DEEP BEAM

SHEAR REINFORCEMENT

N CONCRETE MASONRY
BEAMS.
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MAXBAR SIZE

PG. C-135 - SECT 9.3.3.1

REMEMBER - WE ARE IN STRENGTH DESIGN

9.3.3 Reinforcement requirements and details
9.3.3.1 Reinforcement size limitations

(a) Reinforcing bars used in masonry shall not be larger
than No. 9 (M#29). The nominal bar diameter shall not
exceed one-quarter of the least clear dimension of the
cell, course, or collar joint in which the bar is placed.

#11 BAR FOR ALLOWABLE STRESS DESIGN



NO BUNDLING OF BARS IN STRENGTH
DESIGN

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

Strength Desigh Requires Minor Changes
However, Lap Lengths Remain the Same
as Allowable Stress Design
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Rarely used in Florida - Eliminates Grouting

Figure 13



CHAPTER 10
PRESTRESSED MASONRY

The primary use of Prestressed Masonry has been
for homes in the Phoenix area.

It offers the possibility of saving $ through:

: 1. No need for grout in down cells.
o 2. Greater strengths at less cost

NOT COVERED IN THIS COURSE
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Not Applicable in HVHZ




EMPIRICAL DESIGN LIMITATIONS

° O
32
O 5
o~ E
g2
2 E
3

C-206 TN 402-16
Table A.1.1 Limitations based on building height and basic wind speed
Basic Wind Speed, mph (mps)1
S Over 115 Over 120
ints uilding Less than or | (51) and less | (54) and less
Element Description < cor 175
Height, ft (m) | equal to 115 than or than or 0“: 6;2‘
(51) equal to-120 | equal to 125 G
(54) (56)
Masonry elements that are part of * : Not
the lateral-force-resisting system s s s coe Permitted
Over 180 (55) Not Permitted
. ) . Over 60 (18) and
Tnietot meisy kmdieating less than or equal | Permitted Not Permitted
elements that are not part of the to 180 (55)
lateral-force-resisting system in =
o ] ] Over 35 (11) and
buildings other than enclosed as ) ) y .
e less than or equal Permitted Not P¢ rmitted
defined by ASCE 7
to 60 (18)
35 (11) and less Permitted Not Permitted
Over 180 (55) Not Permitted
i Over 60 (18) and
Exterior masonry elements that are | jegs 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 P¢ rmitted
to 60 (18)
Exterior masonry elements 35(11) and less Permitted Not Permitted

Basic wind speed as given in ASCE 7




EMPIRICAL
DESIGN
LIMITATIONS

130

140
150

Wind-Borne Debris Region 150

Designated areas where the
basic wind speed is 14@ mph or
greater.

msms 130 mph and within 1 mile of the
coast

%New to 2010 FBC

- Removed

Figure 1609A Wind-Borne Debris Region, Category II and III
Buildings and Structures except health care facilities
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*Applies to Perforated Shear Walls Subjected to In-Plane Seismic Loading
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REFERENCE
STANDARDS

TMS 602 SPECIFICATION

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 117-10 Standard Specifications for
Tolerances for Concrete Construction and Materials

American National Standards Institute

B. ANSI A 137.1-12 Standard Specification for
Ceramuc Tile



COMPRESSIVE STRENGTH

1.4 B. Compressive strength determination

1.

Methods 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.




COMPRESSIVE STRENGTH

1.4 B.2. Unit strength method (Continued)

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:

DUnits are sampled and tested to verify
conformance with. ASTM C90,

2)Thickness of bed joints does not exceed S/q in.
(15.9 mm).

3)For grouted masonry, the grout conforms to
Article 2.2,




COMPRESSIVE STRENGTH

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 Net area compressive strength of

strength of concrete masonry units, psi (MPa)
concrete masonry, psi (MPa) Type M or S mortar Type N mortar
1.700 (11.72) --- 1,900 (13.10)
1,900 (13.10) | 1,900 {13.10) 2,350 (14.82)
2,000 (13.79) | 2,000 (13.79) 2,650 (18.27)
2,250 (15.51) | 2,600 {17.93) 3,400 (23.44)
2,500 (17.24) | 3,250 (22.41) 4,350 (28.96)

2,750 (18.96) 3900(26.89) | 0 eee--

3,000 (20.69) 45003103y | -

'For units of less than 4 in. (102 mm) nominal height, use 85 percent of the values listed.




QUALITY ASSURANCE

Section 2107

Allowable Stress Design

2107.1 General. The design of masonry structures
using allowable stress design shall comply with Section
2106 and the requirements of Chapters 1 through 8 of
TMS 402....................

Exception: Where plan review and inspections are
performed by a local building

department................... provisions of TMS
402............. Chapter 3, Section 3.1.................. and TMS
602....cccceviiinnnnnnn Section 1.5 and 1.6 shall not apply

unless specified by the architect or engineer, or the
building official.




COLD WEATHER

40 degrees & falling

1.8 C. Cold weather construction — When ambient air

temperature 1s 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.




COLD WEATHER

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
alr temperatures exist:

a. 40°F to 32°F (4.4°C to 0°C):

1) Heat sand or nuxing water to produce mortar
temperature between 40°F (4.4°C) and 120°F
(48.9°C) at the time of mixing.

40 degrees & falling 2) Heat grout materials when the temperature of the
materials 1s below 32°F (0°C).




HOT WEATHER CONSTRUCTION

1.8 D. Hot weather construction — Implement approved
hot weather procedures and comply with the following
Provisions:

1. Preparation — Prior to conducting masomry 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 knv/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).

. 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.




COOL WATER & RETEMPERING

PG.S-33 SECT 1.8D. 2. A.

2. Construction — While masonry work 1s 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 1nto contact with mortar ingredients or
mortar.




COOL WATER & RETEMPERING

PG.S-33 SECT 18D 2. A.

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.

THIS IS ACOMMAND STATEMENT IT IS NOT A CHOICE



FOG SPRAY

PG.$-33 SECT 1.8D. 3.

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 1s three days old.




BRASS FOG NOZZLE
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MORTAR & GROUT

2.1 — Mortar materials

2.1 A. Provide mortar of the type and color specified,
and conforming with ASTM C270.




MORTAR & GROUT

PG. S-37 SECT 2.2

2.2 — Grout materials

2.2 A. Unless otherwise required, provide grout that
conforms to the requirements of ASTM C476.

2.2 B. When f°,, exceeds 2,000 psi (13.79 MPa), provide
grout compressive strength that equals or exceeds f'.

Determine compressive strength of grout in accordance with
ASTM C1019.

2.2 C.Do not use admixtures unless acceptable. Field
addition of admixtures 1s not permitted in self-consolidating
grout.




JOINT REINFORCING

PG. S-42 SECT 2.4 C.

LADDER TYPE IS THE BEST

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).




JOINT REINFORCING

PG. S-43 SECT 2.4 F. 1. B.

b. Hot-dip galvanized coatings:

1) Joint remforcement, wire ties, and wire
ANChOTS ..o

ASTM A153/A153M (1.50 oz/ft*) (458 g/m?)




ACCESSORY CATALOGS
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Figure 1. Metal Anchors




ACCESSORY CATALOGS
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These documents
are web-based only.
The link is in your
Documents section.
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WIRE-BOND, INNOVATION IN MASONRY CONSTRUCTION

PRODUCTS CATEGORIES v STONE ANCHORS DOWNLOADS

FROM\BLOCK BACKUP TO
@DF BRICK

We manufacture all the
accessories needed to
ensure a wall's integrity.

Quick Links.
A,
% },’
WIRE-BOND® is the largest manufacturer of truss and ladder
wire joint reinforcement in the world.

CONTACT US v

- Tel: 800-843-6722

I -

Product Search

ABOUT US

HOHMANN & BARNARD, INC.

THEENVELOPE

THE LEADER IN

= Masonry Reinforcement Systems

= Stone Anchoring Systems

= Restoration Anchoring Systems
Masonry Cleaning Systems
Flashing Systems
Air & Vapor Barrier Systems

Expansion and Control Joints
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MIXING MORTAR

PG. S-52 SECT 2.6 A.

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_.




MIXING GROUT

PG.S-53 SECT 2.6B.

2.6 B. Grout

1. Except for self-consolidating grout, mix 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 1n. (203 and 279 mm).

3. Proportioning of self-consolidating grout at the project
site 1s not permitted. Do not add water at the project site
except in accordance with the self-consolidating grout
manufacturer’s recommendations.
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FOUNDATION TOLERANCE FROM ACI 117

3.1 — Inspection

3.1 A Prior to the start of masonry construction. the
Contractor shall verify:

1. That foundations are constructed within a level
alignment tolerance of £!/; in. (12.7 mm).

2. That reinforcing dowels are positioned 1n accordance
with the Project Drawings.

3.1 B.If stated conditions are not met. notify the
Architect/Engineer.




FOUNDATION TOLERANCE FROM ACI 117

- 10t {3.05 m) ala 10t (3.05 m) ole 10t (3.05 m) i 101t (3.05 m) ol 101t ( 3.05 m) -
Maximum
/ Variation (+)
1 4 g T /{
\ == = = T - L y - /
\ “bh- """"""" ‘i ‘ﬁ-_-- ‘v"‘ {
\_ Maximum /

Top of Foundation Variation (-)~” %in. (6.4 mm) Maximum
Sp;clﬁeg Grade Variationfrom
or Elevation

Scale: Horizontal1in. (25.4mm)= 10 (3.05m) Lovelor Grad

Vertical 1in.(254mm)= 1in.(25.4 mm)
Figure SC-8 — Tolerance for variation in grade or elevation




CLEANOUTS
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3.2 F. Cleanouts — Provide cleanouts in the bottom

course of masonry for each grout pour when the grout pour
height exceeds 5 ft 4 in. (1.63 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 . (76.2 mm).
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BED JOINTS AT FOUNDATIONS

PG.S-59 SECT 3.3 B.

1. Bed joints at foundations — In the starting course
on foundations and other supporting members.
construct bed joints so that the bed joint thickness 1s
at least Y4 1n. (6.4 mm) and not more than:

a. Y4 . (19.1 mm) when the masonry 1s

ungrouted or partially grouted.

b. 1% in. (31.8 mm) when the first course of
masonry 1s solid grouted and supported by a
concrete foundation.




BED JOINTS AT
FOUNDATIONS

PG.S-59 FIG.SC-9

%in.

1 %in.
) maximum

Elevation of
specified plane
for foundaticn

As built top
of foundation

A-Foundation tolerance (2%n.) is measured perpendicular
to the specified plane to any point onthe as-bullt surface

Figure SC-9 Mortar bed joint thickness for solid grouted
walls on a foundation



3.3 B.Placing mortar and units (Continued)

L AYI N G BLOCK 2. Bed and head Jjoints — Unless ptherxvise required.

construct */g-in. (9.5-mm) thick bed and head
joints, except at foundation or with glass unit
PG. S-60 SECT 3.3 B. 2. masonry. Provide glass unit masonry bed and head
joint thicknesses 1n accordance with Article
3.3 B.7.c. Provide AAC masonry bed and head
joint thicknesses in accordance with Article 3.3

B.9.b. Construct joints that also conform to the
WHEN THUMB a. Fill holes not specified in exposed and below
PRINT HARD grade masonry with mortar.

b. Unless otherwise required. tool joint with a

round jointer when the mortar 1s thumbprint
hard.

¢. Remove masonry protrusions extending '/, in.
(12.7mm) or more nto cells or cavities to be
grouted.




LAYING BLOCK

4. Hollow units — Place hollow units so:
PG. S-60 SECT 3.3B. 4.
a. Face shells of bed joints are fully mortared.

b. Webs are fully mortared 1n:

1) all courses of columns and pilasters:

ALIGN

2) when necessary to confine grout or

VERTICAL insulation.
CELLS 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.




""":.:w,:s..s:f:ﬁ:r::* MORTAR ON
, CROSS WEBS




LAYING BLOCK

PG. S-61 SECT 3.3 B. 5.

3.3 B. Placing mortar and units (Continued)

NO 5. Solid units — Unless otherwise requured, place
“ ’ mortar so that bed and head jomts are fully
BUTTERING mortared and:
OF HEAD

a. Do not fill head joimnts by slushing with

J 0 I NTS mortar.

b. Construct head joints by shoving mortar tight
against the adjoining unit.

¢. Do not deeply fuurow bed joints.




MOMENT RESISTANCE OF HEAD JOINTS
IN UNREINFORCED MASONRY
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BRACING OF MASONRY

PG. S-64 SECT 3.3 E.

3.3 E. Bracing of masonry — Design, provide, and
nstall bracing that will assure stability of masonry during
construction.




IS BRACING
A REQUIREMENT?
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BRACING

#n infarmation series fram the national

aulhorily an cancrete masonry lechnology

1| | NATIONAL
CONCRETE MASONRY
40 T ASSOCIATION
Sussinedlu Conurule Products for Strettures snd Hardscasen

BRACING CONCRETE MASONRY
WALLS UNDER CONSTRUCTION TEK 3-4C

ction (2014)

INTRODUCTION

Building codes typically place responsibility for providing
a reasonable level of life safety for workers during constme-
tion on the erecting contractor. Yarious methods are employed
1o prodect workers while newly constructed masonry walls ane
curing andfor until the mof or ather structural supports are in
place. This TEK provides guidelines for masonry wall stabiliny
o resist the lateral loading effects of wind during construction,
It is hased on principbes set forth in the Council for Masonry
Wall Bracing's Srewi-

WALLS SUBJECT TO WIND LOADS

There are several strategies and considerations for pro-
tecting life safety on the jobsite. These include intemal brac-
ing. external bracing and evacuation zones. The combination
of sirategies appropriate for a particular job may depend oa
the type of masonry constriction. masonry will heighes, the
time elapsed since constrwction, and wind speeds ai the sie,

The industry term “imternal bracing”™ is relatively new.
Internal bracing refers to the stability of a masonry assembly

dard Pracrice for Broc-
ing Measovey Walls Un-
der Construciton (refl
1}, but has been updaied
in acooedance with the
design provisions of the
2011 Buiiding Code Re-
quatrements for Mooy
Servciures (MSIC, ref.

2. When other lateral < -3
loads such as impact, e
sEiamic, scaffobding,
and lateral earth pres-
sure are present. they

Resricted zone

meed o be considered )
and evaluated separae- ¥
Iy. The Wally Subject
fv Backfillimg section =y
at the end of this TEK "“}/ ~
discusses hracing  and \_\_q_x\\'
support of  bascment
walls during backfilling
Operatione. Figure 1—Restricted Zone for Masonry Walls
Related TEK: Keywords: backfilling, basement walls, bracing walls, construction
14-4B. 14-7C lnads, internal bracing, lateral boads, plain concrete masonry, restricted

zone, unreinforced concrete masonty, wind boads

NCMA TEK 3-4C (replaces TEK 3-48)




Table 2—Intermediate Period Maximum Unbraced Heights, ft (m)*® (based on ref. 2)
Type M or S Mortar Only"

Support Condition Evacuation Wind Speed:
15 mph (6.7 m/s) 25 mph (11.2 m/s) 35 mph (15.6 m/s)

PCL & MRC" MC*E PCL & MRC" MCE PCL & MRCP" MCE
Unreinforced 8 in. (203 mm) wall

Unbonded" 10-0" (3.05) 4'-8" (1.42)° 2'-8" (0.81)°
Bonded":
Above grade or line of support | 23'-0" (7.01) | 23-0"(7.01) | 17'-4"(5.28) | 14'-4" (4.36) | 12'-4" (3.75) | 10-0" (3.05)
Vertical spacing between braces | 21'-4" (6.50) | 18-0" (5.48) | 21'-0"(6.40) | 174" (5.28) | 15-0" (4.57) | 12'-4" (3.75)
Above top brace 10'-8" (3.25) | 9-0"(2.74) 10'-4" (3.14) | 8'-8"(2.64) 74" (2.23) 6'-0" (1.82)
Unreinforced 12 in. (305 mm) wall

Unbonded® 20"-0" (6.09) 9'-4" (2.84) 5'-4" (1.62)¢
Bonded"

Above grade or line of support 320" (9.75) | 32'-0"(9.75) | 27-0"(8.22) | 214" (6.50) | 17-4" (5.28) | 14'-4" (4.36)
Vertical spacing between braces | 32'-0" (9.75) | 32'-0"9.75) | 30'-8"(9.34) | 26'-0"(7.92) | 214" (6.50) | 17'-4" (5.28)
Above top brace 16'-0" (4.87) | 16-0" (4.87) | 15'-4"(4.67) | 13'-0" (3.96) | 10-8" (3.25) | 8-8"(2.64)
Reinforced 8 in. (203 mm) wall’

No. 5 at 10 ft o.c. (M#16 at 3.05 m)

Above grade or line of support 18'-0" (5.48) 18'-0" (5.48) 16'-0" (4.87)

Vertical spacing between braces 21'-8" (6.60) 21'-8" (6.60) 19'-4" (5.89)

Above top brace 10'-8" (3.25) 10'-8" (3.25) 9'-8" (2.94)
No. S at4 fto.c. (M#16at 1.22 m) M

Above grade or line of support 234" (7.11) 23'-4" (7.11) 23'-4"(7.11)

Vertical spacing between braces 28-0" (8.53) 28'-0" (8.53) 28'-0" (8.53)

Above top brace 14-0" (4.26) 14'-0" (4.26) 14'-0" (4.26)
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KEY INSPECTION POINTS

PG. S-64 SECT 3.3 F.

HEAD JOINTS 1/8” TO %”

3.3 F. Site tolerances — Erect masonry within the
following tolerances from the specified dimensions.

1. Dimensional tolerances

a.

In cross section or elevation

................. -4 1. (6.4 mm), +1/> in. (12.7 mm)

b. Mortar joint thickness

bed joints between masonry courses

............................................... +1/g 1. (3.2 mm)

bed joint between flashing and masonry

................ - % 1n. (12.7 mm), +Y/5 in. (3.2 mm)

head .......... - /4 in. (6.4 mm), + 3/s in. (9.5 mm)

callar.......... 14 in. (6.4 mm), + */5 in. (9.5 mm)




TOLERANCE TABLE

PG. S-65 SECT 3.3 F.

%" IN 10’ - %"

MAX

3.3 F. Site rolerances (Continued)
2. Members

a. Variation from level:

bed joints
.................... +1/, 1. (6.4 mm) in 10 ft (3.05 m)
............................ =15 m. (12.7 mm) maximum

top surface of load-bearing walls
.................... +1/4 . (6.4 mm) in 10 ft (3.05 m)
............................ =15 m. (12.7 mm) maximum

b. Variation from plumb
.................... +'/4 1. (6.4 mm) in 10 ft (3.05 m)

.................... +*/g . (9.5 mm) in 20 ft (6.10 m)
............................ +1/, in. (12.7 mm) maximum

¢. True to a line
.................... +!/4 in. (6.4 mm) in 10 ft (3.05 m)
.................... +*/s . (9.5 mm) in 20 ft (6.10 m)
............................ £1/; in. (12.7 mm) maximum

d. Alignment of columns and walls
(bottom versus top)
....................................... +1/, 1n. (12.7 mm) for
load-bearing walls and columns
A3/ m. (19.1 mm) for non-load-bearing walls




TOLERANCE TABLE

PG. S-65 SECT 3.3 F. 4.

o

4 If the above conditions cannot be met due to Previous

construction, notify the Architect/ Engineer.




CLEARANCE BETWEEN STEEL &
INSIDE FACE OF MASONRY (AGAIN!)

3.4 B. Reinforcement

Historical Values
for Support
192 Bar Diameters

Fine grout 4"

Coarse grout 2"

l.

2

('S

Support reinforcement to prevent displacement
caused by construction loads or by placement of grout
or mortar. beyond the allowable tolerances.

. Completely embed reinforcing bars in grout in

accordance with Article 3.5.

. Maintain clear distance between reinforcing bars

and the interior of masonry unit or formed surface
of at least '/4 1n. (6.4 mm) for fine grout and '/> in.
(12.7 mm) for coarse grout. except where cross
webs of hollow units are used as supports for
horizontal reinforcement.




COVER REQUIREMENTS (AGAIN!)

PG. S-66 SECT 3.4 B. 4.

4. Place reinforcing bars maintaining the following
minimum cover:

a. Masonry face exposed to earth or weather: 2 1n.
(50.8 mm) for bars larger than No. 5 (M #16):
1Y2 . (38.1 mm) for No. 5 (M #16) bars or
smaller.

b. Masonry not exposed to earth or weather: 1% 1n.
(38.1 mm).




PLACEMENT TOLERANCES

3.4 B. Reinforcement (Continued)
11. Placement tolerances

a. Place reinforcing bars in walls and flexural
members within a tolerance of +!, in.
(12.7 mm) when the distance from the centerline
of reinforcing bars to the opposite face of
masonry, d. 1s equal to 8 in. (203 mm) or less,
+ 1 1n. (25.4 mm) for d equal to 24 1in. (610 mm)
or less but greater than 8 in. (203 mm), and
+ 1'/41in. (31.8 mm) for d greater than 24 in.
(610 mm).




PLACEMENT TOLERANCES

PG.S-69 SECT 3.4B.11.B.

b. Place vertical bars within:

1) 2 1n. (50.8 mm) of the required location along
the length of the wall when the wall segment
length exceeds 24 in. (610 mm).

2) 11n. (25.4 mm) of the required location along
the length of the wall when the wall segment
length does not exceed 24 in. (610 mm)

2" TOLERANCE WHEN WALL LENGTH EXCEEDS 24"



EFFECTS OF STEEL PLACEMENT

STEEL
PLACEMENT

< 1.57
30"

STEEL SHIFTED 1 /2 t.lf__'
MOMENT CAPACITY 5
REDUCED BY 45% M
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BAR
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DOWEL CORRECTIONS

PG.S-71 SECT 3.4B.11.D.

3.4 B.11. Reinforcement, Placement tolerances
(Continued)

d. Foundation dowels that interfere with unit webs
are permitted to be bent to a maximum of 1 in.
(25.4 mm) horizontally for every 6 in. (152 mm)
of vertical height.




DOWEL CORRECTIONS
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GROUTING 2 i
I THE WALL A LR R

BAR MUST BE
EMBEDDED IN
GROUT



GROUTING
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CONFLICTS W/ FLB

3.5 A. Placing time — Place grout within 1'/> hr from
introducing water in the mixture and prior to nitial set.

1. Discard site-mixed grout that does not meet the
specified slump without adding water after
initial mixing.

2. For ready-mixed grout:

a. Addition of water 1s permutted at the time of
discharge to adjust slump.

b. Discard ready-mixed grout that does not meet the
specified slump without adding water. other than
the water that was added at the time of discharge.

The time limitation 1s waived as long as the ready-
mixed grout meets the specified slump.




GROUTI NG CONFLICT BETWEEN

7™ ED. FBC SECT 2122.8.7 TMS 602-16 & FBC 7™ ED.

2122.8.7 Grout shall be placed before any 1nitial set has
occurred, but in no case more than 1'/, hours after the mix
designed water has been added.

SUGGEST WORKING THIS OUT BEFORE THE JOB STARTS
IF IT ISPERCEIVED AS APOTENTIAL PROBLEM.
TEMPERATURE MAY BE A BETTER GUAGE.



GROUTING
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3.5 B. Confinement — Confine grout to the areas
indicated on the Project Drawings. Use material to confine

orout that permits bond between masonry units and mortar.

USE GROUT STOP --- SCREEN - NOFELT PAPER




DEFINITIONS - GROUT POUR & GROUT LIFT

TMS 602 SPECIFICATION

1.2 — Definitions (Continued)

W. Grout lift— An mcrement of grout height within a total
grout pour. A grout pour consists of one or more grout lifts.

X. 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.




PG. S-77 SECT 3.5 C.TABLE 6

GROUT SPACE REQUIREMENTS

3.5 C. Grout pour height — Do not exceed the
maximum grout pour height given in Table 6.

Table 6 — Grout space requirements N\ Collar Joints

Grout type' Maximum grout Yinimum clear wi Minimum clear grout space dimensions
pour height, : for grouting cells of hollow units,**
ft (m) in. X in. (mm x mm)
Fine 1(0.30) 1'/,x2(38.1x50.8)
Fime 5.33(1.63) 2x3(50.8x76.2)
Fme 12.67 (3.86) 21/,x3(63.5x76.2)
Fme 24 (7.32) 3x3(76.2x76.2)
Coarse 1(0.30) 1/,x3 (38.1x76.2)
Coarse 5.33(1.63) 2>, x3(63.5x76.2)
Coarse 12.67 (3.86) 3x3(76.2x76.2)
Coarse : 3x4(762x102)

! Fine and coarse grouts are defined in ASTM C476.

2 For grouting between masonry wythes.

3 Minimum clear width of grout space and minimum clear grout space dimension are the net dimension of the space determined by
subtracting masonry protrusions and the diameters of horizontal bars from the as-built cross section of the grout space. Select the

grout type and maximum grout pour height based on the minimum clear space.

4 Minimum grout space dimension for AAC masonry units shall be 3 in. (76.2 mm) x 3 in. (76.2 mm) or a 3 in. (76.2 mm) diameter cell.
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GROUT POUR & GROUT LIFT

PG.S-78 SECT 3.5D.

3.5 D. Grout lift height
1. For grout conforming to Article 2.2 A: (ASTM C-476)

a. Where the following conditions are met, place
grout in lifts not exceeding 12 ft 8 in. (3.86 m).

1.  The masonry has cured for at least 4 hours.

1i. The grout slump is maintained between 10
and 11 . (254 and 279 mm).

1. No mtermediate reinforced bond beams are
placed between the top and the bottom of
the pour height.




CONSOLIDATION & RECONSOLIDATION

PG. S-78 SECT 3.5 E.

3.5 E. Consolidation

1. Consolidate grout at the time of placement.

a. Consolidate grout pours 12 . (305 mm) or less
in height by mechanical vibration or by puddling.

b. Consolidate pours exceeding 12 . (305 mm) in
height by  mechanical vibration. and
reconsolidate by mechanical vibration after
mitial water loss and settlement has occurred.

2. Consolidation or reconsolidation is not required for
self-consolidating grout.

Florida Code HVHZ

Allows Puddling



GROUT KEY

PG.S-79 SECT 3.5F

3.5 F. Grout key — When grouting, form grout keys
between grout pours. Form grout keys between grout lifts
when the first lift 1s permitted to set prior to placement of

the subsequent lift

1. Form a grout key by terminating the grout a minimum
of 14 1n. (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.




DISTRIBUTION
OF LOAD

ONTO
BOND
BEAM

TOPPING OFF:
MAKE A FINAL PASS WITH A
BUCKET FULL OF GROUT



DISTRIBUTION OF
LOAD ONTO BOND
BEAM

Load Bears on Face
Shells Only
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Forward to Specification Checklists




TMS 602 CHECKLISTS

PP S-83- SECTF3.

F3. Checklists do not form a part of Specification TMS
602—-16. Checklists are provided to assist the
Architect/Engineer m selecting and specifying project
requuirements 1 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.




Mandatory Requirements Checklist
pg. $S-84

MANDATORY REQUIREMENTS CHECKLIST

Section/Part/Article

Notes to the Architect/Engineer

PART 1 — GENERAL

PART 2 — PRODUCTS

2l

Mortar materials

PART 3 — EXECUTION
3.3 E.2 Pipes and conduits

3.3 E.6 Accessories

3.3 E.7 Movement joints

Specify type, color, and cementitious materials to be used in

Specify accessories not indicated on the project drawings.

Specify sleeve sizes and spacing.

Indicate type and location of movement joints on the project

drawings.

2.4 C.3 Welded wire fabric

24E

24F
24 G
24 H

2.5E
27B

Stainless steel

Coating for corrosion protection
Corrosion protection for tendons

Prestressing anchorages, couplers, and
end blocks

Joint fillers
Prefabricated masonry

Specify when welded wire fabric is to be plain.

Specify when stainless steel joint reinforcement, anchors, ties,
and/or accessories are required.

Specify which interior walls are governed by this provision.
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 C 901.



Optional Requirements Checklists

OPTIONAL REQUIREMENTS CHECKLIST

OPTIONAL REQUIREMENTS CHECKLIST

Section/Part/Article Notes to the Architect/Engineer

non I~ e . . g @ . ) AT Fnn oafa AT

PART 3 — EXECUTION

3.2C  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 ACI 530.1/ASCE 6/TMS 602.

3.3B.2 Collar joints Specify the filling of collar joints less than %/, in. (19.1 mm) thick
differing from ACI 530.1/ASCE 6/TMS 602.

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 ACI 530.1/ASCE 6/TMS 602.

3.3 B.5 Glass units Specify mortar bedding at variance with ACI 530.1/ASCE 6/TMS 602.

3.3E.2 Embedded items and accessories Specify locations where sleeves are required for pipes or conduits.

3.4C.2, 3, and 4 Specify requirements at variance with ACI 530.1/ASCE 6/TMS 602.
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pmnem.ng tendou C-9—11, C-152—153
reinforced masonry C-114, C-119
shear ....................C-112—113, C-117—C-121, C-127
steel remforcement ... -..C-114—C-116
tension.. .C-112,C-127
unmm.ﬁ:l:ed masonry . ...C-105—C-113
Allowable stress design method ................... C-101—121

Anchor(s)... ...C-7—8, C-13, C-18, C-179—189,
i ...C-216, C-218—219, 5-23, 5-26,
- . 5-41, 542, 543, 5-66, 57276, 5-85
adjumbh see Adjustable anchors/ties
bolts......ccns ....... 522 Anchor bolt(z)
commugated sheet metal
defimtion.............
mstallation SOSHEER——
material :pecxﬁcanon.

panel anchors, for glas:

C-184—185,5-12
C-76, C-160, 546, 5-81
ceremeranann C3—6, C-13, C-78,
" .C-103, C-124, C-126, C-162
T C-17—83
e C-22, C-179—190, S-75, S-8, §-22
L T . ..C-135, C-184—185,
s443, $42,5.72—73,58-75

Anchor bolts
...(see also Bent-bar anchors and Headed anchor bolts)
eoieennenes C-5—6, C-9, C-28, C-30, C-77—83,
....C-102, C-124—127, C-162—163

AAC mM3Asonry provisions .C-162
ASD provisions... .C-199
embedment length .C-9, C~81—83 C-218
m columns, se1smic mquemznt i ... C-98
matenal specifications .. . ..5-42
SD provisions....... .C96
test requirements ... ... C23
Anchorage
empmcal de;lgu
T

tendon ...see Tendon anchorages, :ouplen.lnd blocks

Anchored veneer........... .C-22,C-179—189
definition.............
sSe15mic requirements..
Architect, definition..............coeeeeee e e e D53
Area

beanng ... C-5, C-37, C-45, C-104, C-127, C-164, 5-57

beanng, for AAC masonry e C-164
cross-sectional..... see Cross-sectional area
definition.............. : .C-13
net cross-sectional ;echnml area
net shear.. .C-5,C-13
projected ..... .C-78—81
SRCHOR DIODRRIIES. ool C-35
transformed .

wall per tie ..

* AAC = Autoclaved Aemted Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall SD = Strength Design
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