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Course Description

This session will provide an overview of the TMS 402/602 code and
specification. An overview of the organization of the code will be
covered. The allowable stress design method will be compared to the
strength design methods. The instructor will regale the participants with
stories behind some of the code provisions. Notes and spreadsheets will
be provided to participants for a complete structural masonry design
course.

—
- 0000000000000
Learning Objectives
1. Understand the organization of TMS 402/602

2. Be informed on recent changes in the code

3. Understand the basic provisions of the TMS 402 Building Code
Requirements for Masonry Construction

4. Understand structural masonry design using the TMS 402 code

|
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LazyDog Bennett’s Course

» https://efcms.engr.utk.edu/ce576-2021-06/index.php

» Login: Netid: TMS402 Password: TMS602

» Many of powerpoints available by changing extension of .pdf to
pptx

» Notes based on 2016 code
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Masonry Codes and Standards

s Almost the entire US now uses the IBC. We will focus on the
2021 IBC.

» https://codes.iccsafe.org/content/IBC2021P1

= The IBC extensively references “Consensus” Design and
Material Standards:

» ASTM Standards for Materials "’“"::&?“
= ASCE 7 for Loads
= ACI 318 for Concrete

= TMS 402/602 for Masonry

= Currentis 2016 e
= Will cover 2022 e
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IBC Masonry Requirements

» Chapter 7 — Fire Ratings
» Chapter 14 — Veneer
» Chapter 17 — Quality Assurance

» Chapter 18 — Foundation Walls (includes prescriptive requirements based
on TMS 402 Strength Design Procedures)

» Chapter 21 — Masonry
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IBC Chapter 21
Section 2101 General
Section 2102 Notations
Section 2103 Masonry Construction Materials
Section 2104 Construction
Section 2105 Quality Assurance
Section 2106 Seismic Design
Section 2107 Allowable Stress Design
Section 2108 Strength Design of Masonry
Section 2109 Empirical Design of Adobe Masonry
Section 2110 Glass Unit Masonry
Section 2111 Masonry Fireplaces
Section 2112 Masonry Heaters
Section 2113 Masonry Chimneys
Section 2114 Dry-stack Masonry




IBC Section 2107: ASD

IBC Section 2107 requires compliance with TMS 402 Chapter 8, except for:
= Modifies splice lengths

» Iy =0.002d,f; = 12in.

» f, = computed stress in reinforcement due to design loads

= Increase lap length by 50% when f; > 0.80F;

= Some cases is more conservative and in some cases less conservative than the TMS 402
» Has additional requirements for mechanical and welded splices

= ASTM A706 steel required for welded lap splices.

= Mechanical splices required for bars > No. 9

. °
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IBC Section 2108: SD

IBC Section 2108 requires compliance with TMS 402 Chapter 9, except:

» Development lengths capped at 72d,,

= for No. 7 and larger bars, the 72d,, cap generally governs and the IBC gives a shorter
development lengths than the TMS 402.

» Has additional requirements for mechanical and welded splices

= ASTM A706 steel required for welded lap splices. Welded splices not permitted in
plastic hinge zones of intermediate or special shear walls.

= ACI 318 Type 1 mechanical splices required in plastic hinge zones of intermediate
and special shear walls.

10
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TMS 402/602
= TMS 402 “Code”

= Design provisions are given in Chapters 1 - 15 and Appendices C and D

» Sections 1.2.4 and Chapter 3 require a QA program in accordance with
the Specification

» Section 1.4 invokes the Specification by reference.
n TMS 602 “Specification”
» verify compliance with specified f,;,

= comply with required level of quality assurance
= comply with specified products and execution

-]
History of TMS 402/602

1988: First edition

1995: Seismic requirements moved from Appendix to main body of code; chapter on veneers added; chapter
on glass block added

1998: Major reorganization of code; prestressed masonry chapter added

2002: Strength design chapter added; definitions of shear walls added to correspond to IBC definitions; code
moved to a three year revision cycle

2005: Changed lap splice requirements, requiring much longer lap lengths
2008: Major reorganization of seismic requirements; added AAC masonry in Appendix

2011: Eliminated one-third stress increase and recalibrated allowable stresses; added infill provisions in
Appendix

2013: Changes for partially grouted shear walls; updated unit strength table; limit states appendix
2016: Add shear friction provisions; increase cavity width; update anchor bolts

2022: Go to a six-year cycle

12
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2022 TMS 402

Part 1: General
Chapter 1: General requirements
Chapter 2: Notation and Definitions
Chapter 3: Quality and Construction
Part 2: Design Requirements

Chapter 4: General Analysis and Design
Considerations

Chapter 5: Structural Elements

Chapter 6: Reinforcement, Metal Accessories,
and Anchor Bolts

Chapter 7: Seismic Design Requirements

Part 3: Engineered Design Methods
Chapter 8: Allowable Stress Design
Chapter 9: Strength Design
Chapter 10: Prestressed Masonry
Chapter 11: AAC Masonry
Chapter 12: Design of Masonry Infill

Part 4: Prescriptive Design Methods
Chapter 13: Veneer
Chapter 14: Glass Unit Masonry
Chapter 15: Masonry Partition Walls

Part 5: Appendices
Appendix C: Limit Design Method

Appendix D: Glass Fiber Reinforced Polymer
(GFRP) Reinforced Masonry
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2022 TMS 602

Part 1: General 2.5: Accessories
1.1: Summary 2.6: Mixing
1.2: Definitions 2.7: Fabrication
1.3: Reference Standards Part 3: Execution
1.4: System Description 3.1: Inspection
1.5: Submittals 3.2: Preparation
1.6: Quality Assurance 3.3: Masonry Erection
1.7: Delivery, Handling, and Storage 3.4: Reinforcement, Tie, and Anchor Installation
1.8: Project conditions 3.5: Grout Placement
Part 2: Products 3.6: Prestressing Installation
2.1: Mortar Materials 3.7: Field Quality Control
2.2: Grout Materials 3.8: Cleaning
2.3: Masonry Unit Materials Specifications Checklist
2.4: Reinforcement, Prestressing Tendons, and Mandatory Requirements Checklist

Metal Accessories Optional Requirements Checklist

-]
TMS 402 Part 1 General Requirements

= Ch. 1: Scope, Contract documents and calculations, Special Systems,
Reference Standards

= Ch. 2: Notation, Definitions
s Ch. 3 Quality & Construction
= Requires a quality assurance program in accordance with the
Specification
= Three levels of quality assurance (1, 2, 3)

= Increasing levels of quality assurance require increasingly strict
requirements for inspection, and for compliance with specified products
and execution

16
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TMS 402 Table 3.1: Quality Assurance

Designed |n. accordance | Risk Category |, I, Risk Category IV
with orlil
Part 3 or Appendix C or
Appendix D (Engineered Level 2 Level 3
Design)
Part 4 (Prescriptive Design) Level 1 Level 2
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TMS 602 Verification Requirements

Table 3 — Minimum Verification Requirements

Minimum Verification Required for Reference
Quality Assurance® for Criteria
Level 1| Level 2| Level 3 TMS 602
Prior to construction. verification of compliance of submittals. R R R Art. 15
Prior to construction, verification of /% and f'44c. except where specifically _ Art. 14B
’ NR R R
exempted by the Code.
During construction. verification of Slump flow and Visual Stability Index _ Art. 1.5 & 1.6.3
, e >p SR NR R R
(VSI) when self-consolidating grout is deliverad to the project site.
During construction. verification of 'y and 1 '44¢ for every 5.000 sq. ft. . Art. 14B
NR NR R
(465 sq. m).
Art. 1.4B

During construction, verification of proportions of materials as delivered to

the project site for premixed or preblended mortar, prestressing grout. and NR NR R

grout other than self-consolidating grout.
(a) R=Required. NR=Not Requirad

18
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TMS 602 Table 3: Minimum Verification Requirements

Minimum Verification

Required for Quality Assurance

Level 1

Level 2

Level 3

Prior to construction, verification
of compliance of submittals

R

R

R

Prior to construction, verification
of f,;, except where specifically
exempted by the Code.

During construction, verification of
fom for every 5,000 sq ft.

NR

NR

TMS 602 QA Requirements

Table 4 — Minimum Special Inspection Requirements

MINIMUM SPECIAL INSPECTION

Inspection Task

Frequency @

Reference for Criteria

Level 1| Level2| Level3 TMS 402 TMS 602
1. As masonry construction begins. verify that the
following are in compliance:
Art. 21.26 A, &
a. Proportions of site-prepared mortar NR P P 560
c. Grade and size of prestressing tendons and Art. 24B &
NR P P
anchorages 24H
c. Grade. type and size of remforcemem: Art. 3.4 &
connectors. anchor bolts.and prestressing NR P P 3.6 A
tendons and anchorages
d. Prestressing technique NR P P Art. 3.6 B
e. Properties of thin-bed mortar for AAC masonry NR ceypE C Art. 21 C1
Sample panel construction NR P C Art. 1.6 D
2. Prior to grouting. verify that the following are in
compliance:
Art. 32D &
a. Grout space NR P C ;
32F
b. Placement of prestressing tendons and
anchorages NR P P Art, 24 & 3.6
c. Placement of reinforcement. connectors, and NR P c Se‘":. 6.1,6.3.1, At 32 F & 34
anchor bolts 63.6.&6.3.7
d. Proportions of site-prepared grout and NR P » Art. 26 B
prestressing grout for bonded tendons &24G.1b
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TMS 602 Table 4: Minimum Special Inspection

Requirements
Frequency
Inspection Task
Level 1 | Level 2 | Level 3
1. As masonry construction begins:
Proportions of site-prepared mortar NR | P | P
2. Prior to grouting:
Grout space NR P C
Placement of reinforcement NR P C
3. During construction:
Placement of masonry units NR P P
Placement of grout NR C C
4. Observe preparation of grout specimens,
. . NR P C
mortar specimens, and/or prisms
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TMS 402 Part 2: Design Requirements

m Ch. 4: General Analysis & Design

Considerations

= 4.1 Loading

= 4.2 Material properties

= 4.3 Specified compressive strength
= 4.4 Section properties

= 4.5 Connections to structural frames

= 4.6 Deflection of beam supporting
unreinforced masonry

= 4.7 Masonry not laid in running bond

= 4.8 Embedded conduits, pipes, and
sleeves

s Ch. 5: Structural Elements

s Ch. 6: Details of reinforcement,

metal accessories & anchor bolts

m Ch. 7 Seismic design requirements

22
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TMS 402 4.2 Material Properties

Property CMU Clay
Modulus of Elasticity 900f,, 700f,
Modulus of rigidity 0.4E,, 0.4E,,

(shear modulus)
Coefficient of thermal

4.5 x 10 in./in./°F 4.0 x 10% in./in./°F

expansion
Coefficient of moisture N/A 3% 104 in.in.
expansion
Coefficient of shrinkage km = 0.5
C90 limits shrinkage N/A
to 0.065%
Coefficient of creep 2.5x 107 /psi 0.7 x 107 /psi
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TMS 402 Section 4.4: Section Properties

= Use minimum (critical) net area for computing member stresses or capacities.

= Radius of gyration and member slenderness are better represented by the
average section

TEK 14-01B: Section Properties of Concrete Masonry Walls
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TMS 402 Section 4.4: Net Shear Area (Added in 2022)

Loading

; 5 Fully Grouted Partially Grouted
Direction /
Member Type
\(F)Jutl-lof-Plane / A, =bd Jl ﬂ
" : A,, =bd
CoOEEEEEEE ay
o S0
.\\b = effective compression ‘ D D HE% :]D
width (Section 5.1.2)
In-plane / Ay = b0y d A=A, i

e v " I z A
war = | =R SO

A, = net cross-sectional area

In-plane / _ A, Ay = A, of segment of wall that lies
v = L5y

Flanged Shear i — parallel to the direction of applied shear

Wall ﬂ d ‘ m a

)

Beams
An =t o A =2t -

2 A
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TMS 402 Part 2: Design Requirements

= Ch. 4: General Analysis & Design  a Ch. 6: Details of reinforcement,
Considerations metal accessories & anchor bolts

s Ch. 5: Structural Elements (new
section numbers in 2022)

m Ch. 7 Seismic design

requirements
= 5.1 General

= 5.2 Walls

= 5.3 Beams
= 5.4 Columns
= 5.5 Pilasters
= 5.6 Corbels

26




Load

Length

27

'Load

Effective Effective

Length

Load

Concentrated Load Dist.
Concentrated Load Dist.

Effective Length
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TMS 402 5.1.1
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TMS 402 5.1.2: Effective Comp. Width

= For running - bond masonry, or masonry with bond beams spaced no
more than 48 in. center — to — center:

= Center - to - center bar spacing
= Six times the wall thickness (nominal)
= 72in.

T ‘ S s

L—Length of Um’t——}

TMS 402 5.2: Walls (added in 2022)

» 5.2.1 Design of independent walls

» 5.2.2 Design of lateral supports of walls without composite
action

= 5.2.3 Design of masonry wall and pilaster sections for
composite action

30




TMS 402 5.2.3: Effective Flange Width

nominal flange
thickness, t

L = 6t for compression or
unreinforced
masonry in tension

L =3/4 floor - to - floor
wall height for
reinforced masonry in
tension

wall to the right of
v movement joint
not part of flange
of web wall

Grouted Cells.

Metal Straps at
4ft(1.2m)o.c. Vert.

Grouted Cells.

Either:
¢ 50% interlocking units

¢ bond beams movement
¢ connectors joint

TMS 402 5.3: Beams

Ly by

32
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TMS 402 5.3: Beams

s Beams requiring shear reinforcement must be fully grouted

= Lateral support on compression face required
» 32b (b =nominal beam thickness)
» 12002/d

»n Shear can be taken at d/2 from face of support (applies to all beams in
2022)

» Deflections need not be checked when the span length does not exceed
8d in a masonry beam

(o8
|

TMS 402 5.4: Columns

ISOLATED member that primarily resists
compressive loads

h/r<99
Minimum side dimension: 8 in.
0.25% < Py < 4.0%

At least 4 longitudinal bars, laterally tied,
except for lightly loaded columns
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TMS 402 Part 2: Design Requirements

= Ch. 4_: Gen_eral Analysis & Design = Ch. 6: Details of reinforcement,
Considerations metal accessories & anchor bolts
s Ch. 5: Structural Elements = 6.1 Reinforcement

s 6.2 Metal accessories
= 6.3 Anchor bolts

s Ch. 7 Seismic design
requirements
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TMS 402 6.1: Reinforcement (harmonized in 2022)

. - TMS 402
Requirement Provision
Ref.
Maximum size: No. 11 6.1.3.2.1
d, < 1/8 least nominal dimension 6.1.3.2.3
Size of reinforcement d, < 1/3 of least clear dimension of gross grout space 6.1.3.2.4
Area of vertical reinforcement < 4% gross grout space 6.1.3.2.5
8% at lap splices
Clear distance between bars > max{ d,, 1in.} 6.1.4.1
Columns and pilasters: Clear distance between bars > 6.1.4.2
Placement of max{ 1.5d,, 1.5in.}
reinforcement Thickness of grout between reinforcement and masonry unit 6.1.4.5
Coarse grout: 2 in.
Fine grout: % in.
Masonry exposed to earth or weather:
Protection of No. 5 and smaller: 1% in. cover 6151
reinforcement larger than No. 5: 2 in. cover o
Masonry not exposed to earth or weather: 1.5 in. cover




TMS 402 6.1: Gross Grout Space (new in 2022)

Upper Masonry Umtj
~

Gross Grout Space \

Lower Masonry Unit —/

\

—

Stack Bond

Upper Masonry Unit-— Gross Grout Space: Lower Masonry Unit
X X
T X XXX XX P
/\/ XXX X > ‘ N X
¢ / N
XA \ )
NN a N
N Q
X 2%
Running Bond

TMS 402 6.1: Maximum Vertical Reinforcement

Table CC-6.1.3.2.5.2.1 Maximum Vertical Reinforcement —
One-half Running Bond Two-cell Units

Nominal Unit Maximum Vertical Reinforcement in Cell
Thickness Flanged Units Jamb Units Open-End Units
6in. 1-#6 or 2-#4 1-#6 or 2-#5 1-#6 or 2-#5
8in. 1-#7 or 2-#5 1-#8 or 2-#6 1-#8 or 2-#6
10in. 1-#8 or 2-#6 1-#9 or 2-#6 1-#10 or 2-#7
12 in. 1-#9 or 2-#6 1-#10 or 2-#7 1-11 or 2-#8

38
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TMS 402 6.1.6: Development Length

Condition Provision TS 402
Ref.
0.13d}
max iiblfyy 12in.}
Ky fm
Bars in grouted clay K = min{masonry cover, clear spacing between
masonry and concrete adjacent splices, 9d,,} 6.1.6.3.1
masonry 1.0 for No. 3 through No.5
y= 1.3 for No.6 and No. 7
1.5 for No. 8 through No.11
lan = lg — vndp
Hooks in tension _ [ 9.0 forNo.3 through No.9 6.1.6.3.3
¥'=18.0 for No.8 through No. 11
Wires in tension l; =484, 6.1.6.2.1.1
tE)ZI?Sxy-coated wires and Development length increased by 150% 6.1.6.3.1
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TMS 402 6.1: Splice Length

Condition Provision TMS 402
Ref.
; 0.13d2
La_p splices of bar max 7bfyy’ 12in. 6.1.7.1.1.2
reinforcement KJf

Noncontact lap splices Transverse spacing < min{1/5 lap length, 8 in.} 6.1.7.1.2.3
Develop 1.25f,
Welded splices of bar Welding conforms to AWS 1.4

i 6.1.7.3.1
reinforcement ASTM A706 bars or chemical analysis and carbon
equivalent
Mechanical splices of
bar reinforcement Develop 1.25f, 6.1.7.2.1

40
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TMS 402 6.3: Anchor Bolts

» Tensile capacity governed by
= tensile breakout
= tensile pullout
= yield of anchor in tension

» Shear capacity governed by

= shear breakout =7 .
= masonry crushing = Headed bolts, J -
= shear pryout bolts or L - bolts
= yield of anchor in shear = Must be

embedded in grout

]
TMS 402 6.3: Anchor Bolts - Tension

Allowable Stress Design

Failure Mode (8.133.1) Strength Design (9.1.6.3.1)
Masonry e — .
breakout Bap = 1.25A,; fn anb ptV fm

$ =05

Steel strength

Byns = A
(changed from Bas = 0.54, 1, tgls: 0 7bsfu
f,to f,in 2022) :

Anchor pullout = !
(Only ber;t bar) Bap = 0.6fmendy +3€%T;f(l isefmfbddb)d
+1207l'(lb +ep + db)db ¢b= 0 25 b7%b

42
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TMS 402 6.3: Anchor Bolts

Configuration Geometry Projected tension area, A,
12 (m8
EE I, <t/2 Ap = nlg——”<——sin9>
<1, 2 \180
bl ||l ¢~ 0 = 2arccos(l./1p)
2(no
° ﬂ lb>t/2 Aptz(X‘l'le)t—? m—sm@
Il <1l
b | X, l.<X @ = 2 arcsin ¢z
Ly
Ay = 2Xt + 12| ———= — sinf + sin 6
. Z[ I, >t/2 Pt ”( 180 1
le <1y o (t/2
L, | 1XIX]] li > X 0= 2arcsm<T>
0, = 2arccos(l./1p)
Ape = 2Xt + I} ™ 0
- = —— —sin
j I, >t/2 pt b\ 180
le >1 t/2
b | A e b 6 = 2 arcsin (%)
b

43
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TMS 402 6.3: Anchor Bolts - Shear

Failure Mode

Allowable Stress (8.1.3.3.2)

Strength (9.1.6.3.2)

Masonry breakout

Byp = 1.25A,,/fin

Bynp = 4Apv\/ fT:’l

¢ =05
Masonry crushing B = 1750‘{/}”—,4
B‘I]C = 580% vne ¢ — 05 meb

Anchor bolt pryout B — 84 7
Bypry = 2Bqp = Z'SAPV\/E vinJ:p_: 0 gv I
Steel yielding
B,ns = 0.64
(changed from £, to Bys = 0.254p fy m(;, =0 65bfu
f,in 2022) '




TMS 402 6.3: Anchor Bolts

Allowable Stress Design Strength Design
5 5 5 5
Interaction <b_a)3 + (ﬁ)3 <1 ( bau )3 N ( by, )3 <1
Ba BV ¢Ban ¢an

TMS 402 Part 2: Design Requirements

m Ch. 4: General Analysis & Design
Considerations

s Ch. 5: Structural Elements

s Ch. 6: Details of reinforcement,
metal accessories & anchor bolts

m Ch. 7 Seismic design
requirements

= 7.1 Scope
m 7.2 General analysis
m 7.3 Element classification

m 7.4 Seismic Design Category
Requirements

46




Shear Walls: Minimum Reinforcement

SW Type Minimum Reinforcement SDC
Empl_rlcally None A
Designed
Ordinary Plain None A B
Detailed Plain | Vertical reinforcement = 0.2 in.2 at corners, within 16
in. of openings, within 8 in. of movement joints, A B
maximum spacing 10 ft; horizontal reinforcement W1.7 !
@ 16 in. or #4 in bond beams @ 10 ft
Ordinary
Reinforced same as above A B C
Intermediate . .
Reinforced same as above, but vertical reinforcement @ 4 ft A B, C
Special same as above, but horizontal reinforcement @ 4 ft, an
Reinforced and p, + p, > 0.002, and p,and p, > 0.0007 Y

TMS 402 7.3.2.3: Ordinary Reinforced Walls

Reinforcement of at least 0.2 in?

/

Within 16 in. of top of wall Structurally connected floor and roof levels

=

40d, or 24in.
<

<8in.

<8in. A <16in.
—— ——
Corners | Control
and end joint
of walls
<10 ft.

\Joint reinforcement at 16 in. o.c. or
bond beams at 10 ft.

Reinforcement not required at openings smaller than
16 in. in either vertical or horizontal direction

48
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TMS 402 7.3.2.5: Special Reinforced Walls

e Maximum spacing of vertical and horizontal shear reinforcement smallest of:
— one-third length of wall
— one-third height of wall
— 48 in. for running bond; 24 in. not laid in running bond
* Minimum reinforcement
— 0.0007 in each direction
— 0.002 total

¢ Hooks required for horizontal reinforcement when
- E,/E; >04 or V,,/¢pVym > 0.4
— new in 2022; not clear in 2016
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Shear Capacity Design

= Allowable Stress Design

= Calculated shear stress increased by 2.0

» Changed from 1.5 in 2016 but no reduction in allowable masonry shear stress
= Strength Design

= Design shear strength, ¢V, greater than shear corresponding to 1.25 times nominal
flexural strength, M,

= Except ¢V, need not be greater than 2.0V,,.

50
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Chapter 8 and 9

= Chapter 8: Allowable Stress Design
= Chapter 9: Strength Design
= Will cover later
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TMS 402 Chapter 10: Prestressed

» Prestressed masonry provisions were
introduced in the 1999 TMS 402, and
extensively updated in the 2005 TMS 402

s Provisions address bonded and unbonded
tendons

= Provisions address laterally restrained and
laterally unrestrained tendons

= Provisions for prestressed masonry beams
added in 2022
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TMS 402 Chapter 11: AAC Masonry

= Autoclaved Aerated Concrete (AAC) is a lightweight, concrete - like
material
= density from 25 to 50 pcf
= compressive strength from 290 to 1100 psi
» Strength is specified by strength class of the AAC material alone (no
prisms)
= strength class is the specified compressive strength in MPa (for example,
Strength Class 4 has a specified compressive strength of 4 MPa, or 580 psi)

= AAC masonry units are laid using thin - bed, polymer - modified
mortar, which is stronger than the AAC material itself

TMS 402 Chapter 12: Infills

» Participating and Non-participating infills

= In-plane loading

» Equivalent diagonal strut for stiffness

= Strength based on shear, limiting deformation, or crushing
= Out-of-plane loading

= Arching
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TMS 402 Chapter 13: Veneer (Completely new in 2022)

s 13.1 General

= 13.1.1 Scope
= 13.1.2 General design requirements

s 13.2 Anchored Veneer

= 13.2.1  General requirements
= 13.2.2 Prescriptive design
= 13.2.3 Engineered design

s 13.3 Adhered Veneer
=« 13.3.1 General requirements

= 13.3.2 Prescriptive design
= 13.3.3 Engineered design

TMS 402 Chapter 13: Anchored Veneer

= Anchor requirements in TMS 402
Table 13.2.2.5

» Corrugated sheet metal anchors
= Sheet metal anchors

= Wire anchors

» Joint reinforcement

» Adjustable anchors
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TMS 402 Chapter 13: Prescriptive Anchored Veneer

Permitted Design Method
Prencers PSF Seismic Design Category A, | Seismic Design Category D
B, and C and higher
Prescriptive (Basic) or Prescriptive (Enhanced) or
<50 . .
Engineered Engineered
>50 and £ 75 Prescriptive (Enhanced) or Engineered
>75 Engineered
Basic Enhanced
MaX|mum' tributary 2 67 fi2 1.78 ft2
area per tie
Maximum spacing 24 in. 16in.
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TMS 402 Chapter 13: Engineered Anchored Veneer

Tie stiffness (Ib/inch) Strength level force
kiie < 2500 2p,A;
2500 < ke <5000 2.5p, A
5000 < k¢, <8000 3p,As
ks > 8000 4p,A¢
Veneer Tie Design Strength (lb) Stiffness (Ib/inch)
Corrugated 125 500
Adjustable — slotted 330 3000
Adjustable — two leg pintle 210 2500

58




TMS 402 Chapter 14: Glass Unit Masonry

= Prescriptive requirements for

= interior and exterior panels
= isolated panels and continuous bands
= standard (3 % in.) or thin
(3 8 in.) units
= f,;, not required for glass unit masonry
designed by Chapter 13

= Figure 13.2-1 sets maximum panel areas
for different design wind pressures

TMS 402 Chapter 14: Glass Unit Masonry

(includes thin units in 2022)

112

(5.8)
5 96 L
& 48
5
Z 80
o (3.8)
-
é - \ Standard Unit
2 ®
L 6o
2 4
s (22
g - Thin Unit
= (1.5)
=
£
g 1 \‘
£ (08
"
U Ll L L - - - el T
0 50 100 150 200 250 300 (ftz)
46 9.3 13.9 186 23.2 279 (m2)

Area of Panel
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TMS 402 Chapter 15: Partition Walls

= Rationally based using engineering analysis

Table 14.3.1 — Maximum I/t or h/t for partition walls of ungrouted or partially grouted hollow units

Maximum combined allowable Mortar type
stress level out-of-plane load acting
on simple span partition wall Portland cement/lime or Masonry cement or air entrained
mortar cement portland cement/lime

Mor S N MorS N
5 psf(0.239 kPa) 26 24 22 18
10 psf(0.479 kPa) 18 16 14 12
15 psf(0.718 kPa) 15 13 12 9
20 psf'(0.958 kPa) 13 11 10 8
30 psf(1.436 kPa) 10 9 8 6
40 psf(1.915 kPa) 9 8 7 5
50 psf(2.394 kPa) 8 7 6 5

-]
Appendix C: Limit Design Method

e Alternative for Special Reinforced Shear Walls
— Avoids maximum reinforcement requirements

e Useful for design of complex, perforated wall configurations
— Performance-based option

Global look at the wall rather than just the segments
Distribute shear according to the plastic capacities, rather than according to elastic stiffness

Code and Commentary is two pages

ELEWTION ELEvnon
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Appendix D: GFRP Reinforced Masonry (new in 2022)

Comparison with Steel-Reinforced Masonry
= Scope limited to non-bearing 5
walls and lintels in such walls '

» Compression and tension-
controlled sections

= Reduced masonry compressive
strength for compression-
controlled lintels

[o]
W)

TMS 602: Verification of f,,,

* Prism test
* Unit strength table

Net area compressive Net area compressive strength of ASTM C90
strength of concrete concrete masonry units, psi (MPa)
masonry, psi Type M or S Mortar Type N Mortar
1,700 - 1,900
1,900 1,900 2,350
2,250 2,600 3,400
2,500 3,250 4,350
2,750 3,900 ----




Allowable Stress Design:
Chapter 8

-]
TMS 402 Chapter 8: ASD

. 8.1.1 Scope

. 8.1.2 Calculated stresses

. 8.1.3 Design stress

. 8.1.4 Anchor bolts embedded in grout

. 8.1.5 Shear stress in composite masonry

. 8.1.6 Bearing stress
. 0.33f;,
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TMS 402 8.2: ASD Unreinforced Masonry

= 8.21
s 8.2.2
= 823
= 824
s 825
= 8.2.6

Key design equation: fi="—=

Scope

Design criteria

Design assumptions

Axial compression and flexure
Axial tension

Shear

_Mc P
I A4

-]
TMS 402 8.3: ASD Reinforced

= 8.3.1
= 8.3.2
= 833
= 834
= 8.3.5
= 8.3.6

Scope

Design assumptions

Steel reinforcement

Axial compression and flexure
Shear

Shear-friction
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TMS 402 8.3: Allowable Stresses

» Steel reinforcement (8.3.3)

= Grade 60 32,000 psi
= Wire joint reinforcement 30,000 psi

» Stress in masonry from axial load plus bending:

= 0.45f;, (8.3.4.2.2)
» Axial (8.3.4.2.1) (0.25 increased to 0.30 in 2022)

h

e P, = (0.30fLA, + 0.6544F.) [1 ~ (2

2
) ] forﬁs99
T

2
= Py =(030fmAn + 0.65A45.F) (%) forg > 99

&
]
TMS 402 8.3.5: Shear

» Shear stress is computed as: (8.3.5.1.1)

vV
. fv:A_nv

= Allowable shear stress (8.3.5.1.2)

n B, =Fm +Fvs)yg

» y, = 0.70 for partially grouted shear walls, 1.0 otherwise
(decreased from 0.75 in 2022)

70
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TMS 402 8.3.5: Shear

= Allowable stress limit (8.3.5.1.2)

« M/(Vd,) <025 Fy = (3JFn) ¥
= M/(Vd,) = 1.0 E, = (2 frh) Yy
= 0.25<M/(Vd,) < 1.0 F, = (g (5 ~2 V“;)) Yy

= Allowable masonry shear stress (8.3.5.1.3)

1 M 7 P M/(Vdy)is positive
= Fym = > [4’ — 175 (V_d,,)] fm + O-ZOA_n and negd not

exceed 1.0.

]
TMS 402 8.3.5: Shear

= Allowable reinforcement shear stress (8.3.5.1.4)

] Fvs - 05 <M)

AnpS
= Shear reinforcement is placed parallel the direction of the
applied force at a maximum spacing of d/2 or 48 in.

= One - third of A, is required perpendicular to the applied force
at a spacing of no more than 8 ft.

72
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TMS 402 8.3.6: Shear Friction

Shear Span Allowable Shear Friction
Ratio
M
<05 p, = MsFs 4 P)
vd, A
05< M <1.0 5
. . —0.488 M - 0.6 M
vd, (0.488 + “T (1 - de)) AgpFs + (0.65 +& oE (1 - V_d,,)> P
Linear Fr = y
interpolation nv
0.65(0.75A,F; + P) 0.60 increased
va, 210 Fr= 1 t0 0.75 in 2022
v nv

Agp = cross-sectional area of reinforcement within the net shear area,
perpendicular to and crossing the horizontal shear plane

]
TMS 402 8.3.6: Shear Friction

* u=1.0for masonry on concrete with unfinished surface, or concrete with a surface that
has been intentionally roughened

* u=0.70 for all other conditions

¢ UBC (1997) required concrete abutting structural masonry to be roughened to a full
amplitude of 1/16 inch.

e For0.5< M < 1.0
Vd,

(0.4-88+1.024(1—%)):45st+<0.65+0.70(1—Vidv));>
U= 1.0 Ff = yoe
<0.4-88+0.424(1—%))ASPFS+(O.65+O.10(1_#11;))P
° ‘u = 0.7 Ff =
Anv

Special reinforced shear walls: The 2.0 multiplier should not be applied
to VV when calculating the M /(Vd,,) ratio, or for shear friction design.




ASD: Flexure Formulas

b

Em f k———
o C=f,.(b)(kd)/2
< - ke
e e
b _ Transformed
Strains Stresses p =A4s/bd Section
n=Es/Ep
Distance to neutral axis, kd k =\ (mp)?+ 2np —np
Internal lever arm, jd j=1—-k/3
M
Steel stress, f; fs = YT,

2M
fm = b(kd)(jd)

Masonry stress, f,,

75
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ASD Design: Flexure

= Assume value of j (or k). Typically 0.85 < <0.95.

* Determine a trial value of A ,z4q4-
" As,reqd = M/(Es‘]d)

» Choose reinforcement.
= Determine k and j; steel stress and masonry stress.

» Compare calculated stresses to allowable stresses.

» |f masonry stress controls design, consider other options (such as
change of member size, or change of ). Reinforcement is not
being used efficiently.




- 0000000000000
ASD Design: Flexure and Axial

F
Setk > kbal=k = kbal = Fb-O—F—b_S/n
For Grade 60 steel,
CMU k,,, = 0.312; Clay k,,, = 0.368 y
o 2 M’=P(—”——) 72 2 3F,b
¢ 8 z2 3
o
>8 MM - Fy(kd)b _
g g As,reqd = ral1— k Agreqa = 2 -
85 ¢ sd\1-3 n, (3 1)
~'g
oo § _ (P + As,requs)n
g F;bd Allowable masonry stress controls
3
|| ke=VZ+2-¢
=<
l NO
YES Is ky < kpa

- 000001}
ASD Design: Flexure and Axial

Ifk < k,_ tension controls; determine kd from cubic equation.

bl [kd]? — tsngS [kd]? — (P (d - %) + M) [kd] + <P (d - %) + M) d=0

6n n
1 1 kd 2
Asreaa =3 kDt {5 7%a) "R
Determination of k.
By Fo 0.45f, 045
kbal_F +5_F +£_04S '+Lk51_045+ 35— = 0.312
ptw For R 045t o000k 045 *zo000
Em 900fm 900

For clay masonry, E,, = 700fy, , kpay = 0.368




ASD Design: Flexure and Axial

12” CMU Wall, 12’ Tall, f',, = 1,500, (#6 @ 24" Each Face)

04— ‘.\

50 "
'E FTIE — — — — Exact
- — = = Modified Method 1
8 3 ad ff
3
% ) S, Method 2

/
20 ,'/ 7
L~ /
e /
10 7
-
-
0 - .
0 50 100 150

Moment

Method 2: F}, = F), — f,

Reinforced Masonry Engineering Handbook, 7" edition

]
ASD Design: Distributed Reinforcement

¢ Design method similar to single layer of reinforcement
— Based on uniformly distributed reinforcement, Ag

— Tends to overestimate reinforcement by 10-15% for wider spaced
reinforcement

— Use specified thickness, even for partial grout
¢ Interaction diagram to check capacity
¢ Spacing of intermediate reinforcing bars often controlled by out-of-plane loading




- 0000000000000
ASD Design: Distributed Reinforcement

Calculate
d Determine kd from the quadratic equation
M+ P ?”
k=————
1 d 1 tsp d, d,
FdgFptsy — P [§d5@7+P? k% + M—P—|k
' dy
- M+P—|=0
NO 6
Isk = ky,?
Solve for Ag g4
YES l

k 1
7 kdvtopFs (ﬁ)z —P

1
7 (1 - k)Fsdv

A* d =
TkdyFytsy — P sret

1(1—k)?
E( k)dvan

*

As,reqd =

Tension controls

Compression controls

]
ASD: Interaction Diagram

\ dy/2 d |
! v )
J 000|000 0000|8000 08| 00|00 0|

‘ d; | kd

d f
T; /C/L/’j
.
P=C-— T;

M = Cxc + Z Tl-le-

82




ASD: Interaction Diagram

Stress Force Moment Arm
Ifk > kpy _1 _ﬁ_ﬂ
fo =Fp C_Zfb(kd)teq =573
d—kd T; = Agifsi d
fstbn vd i siJsi xTizdi_f
fk <kpy
fs=F
_Fs kd
o= " ka
di —kd

Strength Design:

Chapter 9

84
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TMS 402 9.1: General

. 9.1.1 Scope

. 9.1.2 Required strength

. 9.1.3 Design strength

. 9.1.4 Strength-reduction factors

. 9.1.5 Deformation requirements

n 9.1.6 Anchor bolts embedded in grout

. 9.1.7 Shear strength in composite masonry
. 9.1.8 Nominal bearing strength

. 9.1.9 Material Properties

[or]
(&)

TMS 402 9.1.4: Strength-reduction Factors
(Tension/Compression Sections New in 2022)

Action Reinforced Masonry Unreinforced Masonry
flexure and axial load variable 0.60
shear 0.80 0.80
bearing 0.60 0.60
Net tensile strain, & Classification ¢
& < &y Compression-controlled 0.65
. & — &ty
&y < & < 0.003 + &, Transition 0.65 + 0.25 0.003
& = 0.003 + &, Tension-controlled 0.90

Tension-controlled and transition regions:
¢ for axial load shall be limited so that ¢P,< 0.65P,,
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TMS 402 9.1.4: Tension and Compression Controlled

30 i I
L {

£ 8 inch, 12 ft high CMU Wall \\
g £,/ =2000 psi
e Grade 60 No. 4 @ 48 inch
% 20 Partial grout
= Qut-of-plane loading
3 15 e
6
£ 10 —
(=
=]
E 5 —

. ’/

Design Moment Strength @M, (kip-ft/ft)

87
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TMS 402 9.1.4: Tension and Compression Controlled

70
)
5 60
o
= 50 .
% 40 ——TMS 402-22 8 in. CMU wall )
et £ = 2,000 psi /
‘é; 30 - -~ TMS 402-16 No. 5 at 8 in. //
£ 20 g
)] /
s 10 /
>
CRN') S e S -
o 10 2 ] 4 y =" 6 T 8
/] - ___._/’_
1]
---""—-._
-30

Design Moment Strength ®M,, (kip-ft/ft)




TMS 402 9.2: SD Unreinforced Masonry

s 9.2.1 Scope
m 922 Design criteria

» 923 Design assumptions
n 924 Nominal axial compression and flexure
m 9.2.5 Axial tension
» 9.26 Nominal shear strength
Mc P
Key design equation: =———
y design eq i 7

%8 |
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TMS 402 9.3: Reinforced Masonry
= 9.3.1 Scope
» 9.3.2 Design assumptions

» 9.3.3 Design of beams and columns

» nominal axial and flexural strength
» nominal shear strength
= 9.3.4 Wall design for out — of — plane loads

s 9.3.5 Wall design for in — plane loads
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TMS 402 9.3.2: Design assumptions

continuity between reinforcement and grout

= equilibrium

= g, = 0.0035 for clay masonry, ¢, = 0.0025 for concrete
masonry

= plane sections remain plane
» elasto—plastic stress—strain curve for reinforcement
» tensile strength of masonry is neglected

= equivalent rectangular compressive stress block of stress
0.80f,,, and depth of 0.80c

-]
TMS 402 Chapter 9.3.3.1.1: Axial

h

2
) ] forE <99
14071 T

P, = 0.80[0.80f,(An—Age) + f,Ase] [1 - (

70r

1 2 h
P = 0.80[0.80f,(An—Ase) + fyAse] (5) for™>99

92
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TMS 402 9.3.3.1.2: Shear

= Nominal shear strength
n Vo=V + Vns)yg
= y, = 0.70 for partially grouted shear walls, 1.0 otherwise

= Nominal strength limit

» M,/(Kdy) <025 Va (6Anv fT;l) Vg

(4Anv fT;l) Yg

4 My,
((5-25) 4

« M,/(Vydy) > 1.0 /A

s 0.25< M,/(V,d,) <1.0 |74

-]
TMS 402 9.3.3.1.2: Shear

= Nominal masonry shear strength

. U, = [4 ~1.75 (V’:;v)]Anv,/ £l + 0.25P,

= M,/(V,dy)is positive and need not exceed 1.0.

= Nominal reinforcement shear strength:

= Vo =05(%2) fyd,

» Shear reinforcement: Hooks only required for special shear walls.

94
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TMS 402 Chapter 9.3.3.2: Beams

P, < 0.05A,f,
Minimum reinforcement M, > 1.3M,,
» Unless A provided is at least 1/3 greater than required

Maximum reinforcement: must be tension controlled

= CMU, Grade 60, f, = 2 ksi, pmax = 0.00711 (61% of pya1)
= Clay, Grade 60, f,;, = 3 ksi, pjpax = 0.01318 (66% of ppq;)
Specific requirements for transverse reinforcement

Beams: ASD vs. SD

0.14 : .
CMU; Grade 60 Steel 1 :
(O T A R B e
. 0.9*SD/1.6
O S T Fremnenene e Fommenneneees

z | |

S 0.08 oo =TT

) : : d ; '

=3 : : ; ! :

S 0.06 - L — pommeeeeeeeo
7 T T —
0.02 +-------gfF1------- Steel -.Masonry...j-———t g

controls controls
0 : .' i . :
0 0.05 0.1 0.15 0.2 0.25 0.3 p(fy/f'y)

[ I [ [ [ [ |
0 0125 025 0375 050 0625 075 0825 P/Postrengtn)
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Design: Flexure plus Axial

Calculate
azd- |pHRAd=1/2)+M,] o
#(0.81,b) 0.8
v
Iscz ¢, &
For Grade 60 steel bt = c +g d
Cpy = 0.547 m L%y
YES I NO
v J
4 _08fuba~P,/¢ L, _08fuba-P,I¢
s gmuEs [ d - c) S fy
¢ Tension controls

Compression controls

-]
TMS 402 Chapter 9.3.4: Out-of-Plane

= Capacity under combinations of flexure and axial load is based on the
assumptions of TMS 402 Section 9.3.2 (interaction diagram)

» Single layer of steel, equivalent stress block in face shell or fully grouted.
_ AsfytPu/¢

0.80f,b

n M, = (B/d +Asfy) (ts’”z_a) + Asfy ( - t—p)

2

s For centered flexural reinforcement

x M, = (P,/¢ + Asfy) (d - %)
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TMS 402 9.3.4: Out-of-Plane

» Three procedures for computing out—of—-plane moments and
deflections

= Complementary moment method, or slender wall method; additional
moment from P — & effects (9.3.4.4.2)

= Second — order analysis (9.3.4.4.3)

= Moment magnification method (9.3.4.4.3)

» Estimate reinforcement

H M P
» Centered reinforcement: Ag,.cqq = ﬁ — f_u
2y y
» Offset reinforcement: A roqq = My Pu
0.8fyd  2fy

g
-]
Slender Wall Procedure

* Assumes simple support conditions.

* Assumes midheight moment is approximately maximum moment
* Assumes uniform load over entire height

* Valid only for the following conditions:

» Z4<0.05f; No height limit

+ 2L<0.20f;, height limited by * < 30
g

Moment: Deflection:

_ wyh? € M, <M
Mu— 1; +Puf7u+Pu6u u 6 _CTSMuhZ
PuZPuw‘l'Puf U 48EnIn

M, > M.,

__ 5Mcyh? | 5(My—Mcy)h?
P,,, = factored wall load u = 18E, 1 48E L,

100

P, = factored floor load
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Slender Wall Procedure

Solve simultaneous linear equations:

Mu>—Mcn M;;_Sﬂcx
2 2 2
Wuh eu SMchuh {1 1 Wuh eu
} Pu } +Puf_
M _ 8 / 2 4-8Em \In Icr M — 2
u - 5Py h? u _ 5Py h2
T48Emlcr 48Emlin
2 2
5h2 wuh sh? _[wuh? , eu
5. = 48Emlicr| +Puf 2 +M0r(_n_1)] 5. = 48EmiIn ufs,
u - 5Py h2 u _ 5Pyh?
T 48Emlcr 48Emin

101

Slender Wall Procedure

MCT' — (Py/An+fr)in

Cracking Moment:
Ing tsp/2

Cracked moment of inertia:

t 3

Lo = (4, + 2 2)(d - o) + 2
_ AsfytPy
T 0.64fb

bc3

Centered bars: I, =n (A + >(d €)% + .

102
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Second-Order Procedure

9.3.5.4 P-delta effects

9.3.5.4.1 Members shall be designed for the strength level axial load, B,, and the
moment magnified for the effects of member curvature, M,,. The magnified
moment shall be determined either by Section 9.3.5.4.2 (slender wall
procedure) or Section 9.3.5.4.3.

9.3.5.4.3 The strength level moment, M,, , shall be determined either by a
second-order analysis, or by a first-order analysis and Equations 9-27 through 9-
29 (moment magnification procedure).

Loophole: No axial stress or h/t limits

103
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Moment Magnification Procedure

First Order
Moment N [ Always
2 2
wyh® eu| [SMcrPyh®/1 1 ) Negative
Complementary M _[ 8 FPyf 2| 48Em \Ip Icr &
Moment u - 1 5Py h?
48Emlcr 5

1
—=0.104 ~ — = 0.101
48 2

Magnified moment: M, =y M,

1

Py
1 Pe

Moment magnifier: Y=

_ TL'ZEmIeff

Buckling load: P, W2

My < Mgp: Igpp = 0.751,
My =2 Mep: lepp = Iy

104




Moment Magnification Application

200" r
) P P, =8kips i By
I
| | | |
N
h= N e ¥V e

28-0"

LU i

-
20-0" 20"

\ i % o

Area/ bay subject Area/ bay subject

to wind (because to serstuc (because
doors transfer wind masonry walls are
loads to masonry) much heavier

than doors)
2
N
Out-of-plane loads
After 2015 NEHRP Recommended Seismic Provisions: applied to bay

Design Examples FEMA P-1051 / July 2016
105
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Moment Magnification Application

Shear and Moment Diagrams for Pier: 0.9D+1.0E

P, = 0.614(8)
:Z_g1kl = Shear Moment
11.98k g 11.98k 4.91k(9.32in) = 3.8k-ft
2
5 &
8 &
= S
© Qo
A - N
S A 77.6k-ft
K I
X © = L T S
A 3.58k 71.0k-At
— &
L o g
= L =
o H 8
1 ¥ 7 Conservatively use 0.972k/ft
8.25k — T over entire height
— %._ g 8.5k M, , = 95.3 k-ft; 23% higher

106
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TMS 402 Chapter 9.3.4: Out-of-Plane

n Deflection limit: §5 < 0.007h

d, calculated using ASD load combinations

Effective moment of inertia for calculating deflections

Ier

_M( _’c_r)
I—= 1 In

m [, =

107

]
TMS 402 Chapter 9.3.5: In-Plane

Capacity under combinations of flexure and axial load is based on
the assumptions of TMS 402 Section 9.3.2 (interaction diagram)

oju]mjo)jujn] ojn] o

PLAN VIEW

Strain

Stress
#
q

>

108




In-Plane: Design

Solve quadratic equation for depth
of compression block, a:

B ++VBZ —4AC
a= 24

A= (B —1)0.36f",ts
B = 0.36f"tspd, — 0.58P,
C=-M,
&+ Emu
~ 0.8,
For Grade 60 steel:
B = 2.3 for concrete masonry
B = 2.0 for clay masonry

Solve for required area of steel
per inch of wall length:

0.8f" mats, — P/
fy(dv - ﬁa)

Pl %

sreq'd —

» Tends to slightly overestimate
AS 1oq'q» PArtiCUlarly for wider

spaced reinforcement.
» Spacing of bars often controlled
by out-of-plane loading.

109

Interaction Diagram

5

\ dy/2 d |
| v 5
000|000 00|00 | 20|00 08|00 |00 |0
d | di | ‘
Ti mﬂfxlmm
1 1 *
P,=C- T;
M, = Cx; + Tix;

110




Interaction Diagram

Stress Force Moment Arm
d—c C = 0.8f,(0.8¢)tper d, 0.8c
& = Emu——— Xe=———
¢ T; = Asifsi 2 2
_ . di—c dy
Esi =& xTL_zdl._7

fsi = min{E;eg;, fy}

111
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Shear Walls: ASD vs. SD (2016)

500

0.7¢SD: #4 @ 48 in.

400 :
=" 1
T ASD: #5 @ 32,40 in.

—20
—
300
=
i~ 2] o ) o ] ) ) o ) ] [ ) [ [ \\
% 200 - ASD: 6 - #5
% 1o i) [/ [ o ) ] o ) [ ] [ [
< SD:5-#4

//
%0 400 6

-100

Moment (k-ft)
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Ductility Requirements:
Intermediate and Special Reinforced

v
Is Design with TMS 402 Section 9.3.3.2.
My <1 OR {Vu < 34,,7f AND My < 3} Areaiof erxuraI. ten_5|le relnfor.ce.:m.ents area
Vulw Vulw required to maintain axial equilibrium under the
AND following conditions
A strain gradient corresponding to &, in
B, < 0.104, f;n: Geometrically symmetrical walls masonry and ag, in tensile reinforcement
P, < 0,054 f1: G tricall trical wall Axial forces from loading combination D +
<0. : Geometrically unsymmetrical walls
u g/m y unsy 0.75L +0.525Q; .
Yes l l No Compression reinforcement, with or without
s lateral restraining reinforcement, can be
Sufficient Yes P M included.
Ductility Lt <02f, T
Ay Sy Yes 1 No
No l—
Intermediate reinforced walls: @ = 3
Special reinforced walls: @ = 4 a=15

113
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TMS 402 9.3.5.5: Shear Friction

Shear Span Ratio Allowable Shear Friction
M'Ll.
Vudy =0 Var = u(Aspfy + P.) 2 0
05 < <1 Linear interoofati
. ’ inear inter ion
V.dy ea erpolatio
My Changed
v,d, =10 in 2022 Vor = 0-65(0.75Aspfy + pu) >0

Agp = cross-sectional area of reinforcement within the net shear area,
perpendicular to and crossing the horizontal shear plane

A, = net cross-sectional area between the neutral axis of bending and
the fiber of maximum compressive strain calculated at the nominal
moment capacity of the section
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