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« ACl technical committees disseminate information through

consensus-based publications within the scope of a
committee’s mission.
e Standardization is the most risorous consensus process used

by ACI. ACI standards are written in mandatory languace.

There are typically two types of ACI Standards — design

codes and construction specifications.
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 Design codes are directed to the design professional, not the

construction team. ACl desien codes include, code
requirements, code cases, acceptance criteria, and design

specifications
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Construction Specifications

« ACI construction specifications are written to direct the
producers, testing agencies, and construction team, not the
desien  professional. AClI  specifications include both

construction and material specifications.
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Design Codes

« ACI CODE-216.1-14(19) Code Requirements for Determining Fire Resistance of Concrete and
Masonry Construction Assemblies

« ACI CODE-307-23: Requirements for Reinforced Concrete Chimneys—Code and Commentary

« ACI CODE-318-11: Building Code Requirements for Structural Concrete and Commentary

« ACI CODE-318-14: Building Code Requirements for Structural Concrete and Commentary

« ACI CODE-318-19(22): Building Code Requirements for Structural Concrete and

Commentary (Reapproved 2022)
« ACI CODE-318.2-14: Building Code Requirements for Concrete Thin Shells and Commentary
ACl CODE-318.2-19: Building Code Requirements for Concrete Thin Shells (ACI 318.2-19) and

Commentary
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Design Codes

« ACI CODE-332-20: Code Requirements for Residential Concrete and Commentary

« ACI CODE-350-20: Code Requirements for Environmental Engineering Concrete Structures (ACI
350-20) and Commentary (ACI 350R-20)

« ACI CODE-350.3-20: Code Requirements for Seismic Analysis and Design of Liquid-Containing
Concrete Structures (ACI 350.3-20) and Commentary

« ACI CODE-350M-06 Code Requirements for Environmental Engineering Concrete Structures &
Commentary (Metric)

« AClI CODE-369.1-22: Seismic Evaluation and Retrofit of Existing Concrete Buildings—Code and

Commentary
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« ACI CODE-376-23: Refrigcerated Liquefied Gas Containment for Concrete Structures—Code
Requirements and Commentary

« ACI CODE-437.2-22: Load Testing of Concrete Structures - Code and Commentary

« ACI CODE-440.11-22: Building Code Requirements for Structural Concrete Reinforced with Glass
Fiber-Reinforced Polymer (GFRP) Bars—Code and Commentary

« ACI CODE-550.3-13 Design Specification for Unbonded Post-Tensioned Precast Concrete Special
Moment Frames Satisfying ACI 374.1 (Reapproved 2022)

« ACI CODE-550.4-18: Qualification of Precast Concrete Diaphragm Connections and

Reinforcement at Joints for Earthquake Loading (ACI 550.4-18) and Commentary
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« ACI CODE-550.5-18:Code Requirements for the Design of Precast Concrete Diaphragms for
Earthquake Motions (ACI 550.5) and Commentary (ACI 550.5R)

« ACI CODE-550.5M-18: Code Requirements for the Design of Precast Concrete Diaphragms for
Earthquake Motions (Metric)

« ACI CODE-550.6-19: Acceptance Criteria for Special Unbonded Post-Tensioned Precast
Structural Walls Based on Validation Testing and Commentary

« ACI CODE-562-21: Assessment, Repair, and Rehabilitation of Existing Concrete Structures - Code

and Commentary

ACI CODE-323-24: Low-Carbon Concrete—Code Requirements and Commentary.
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Construction Specifications

« ACI SPEC-117-10: Specification for Tolerances for Concrete Construction and Materials (ACI
117-10) and Commentary-Reapproved 2015

« ACI SPEC-301-20: Specifications for Concrete Construction

« ACI SPEC-305.1-14(20) Specification for Hot Weather Concreting

« ACI SPEC-308.1-11 Specification for Curing Concrete

« ACI SPEC-310.1-20: Specification for Polished Concrete Slab Finishes

« ACI SPEC-330.1-14: Specification for Unreinforced Concrete Parking Lots and Site Paving

(Reapproved 2020)
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Construction Specifications

« ACI SPEC-350.1-10 Specification for Tightness Testing of Environmental Engineering Concrete
Containment Structures & Commentary

« ACI SPEC-350.1-22: Tightness Testing of Environmental Engineering Concrete Structures—
Specification

« ACI SPEC-350.5-12 Specifications for Environmental Concrete Structures

« ACI SPEC-351.4-14 Specification for Installation of Cementitious Grouting between

Foundations and Equipment Bases

« ACI SPEC-351.5-15 Specification for Installation of Epoxy Grout between Foundations and

Equipment Bases
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Construction Specifications

« ACI SPEC-440.12-22: Strengthening of Concrete Structures with Externally Bonded Fiber-
Reinforced Polymer (FRP) Materials Using the Wet Layup Method—Specification

« AClI SPEC-440.5-22: Construction with Glass Fiber-Reinforced Polymer Reinforcing Bars—
Specification

« ACI SPEC-440.6-08(17)(22) Specification for Carbon Fiber-Reinforced Polymer Bar Material for
Concrete Reinforcement (Reapproved 2022

« AClI SPEC-440.8-13 Specification for Carbon and Glass Fiber-Reinforced Polymer Materials

Made by Wet Layup for External Strengthen (Reapproved 2023)




Council of

e Engineers

Construction Specifications

« ACI SPEC-503.3-10 Specification for Producing a Skid-Resistant Surface on Concrete by the
Use of Epoxy and Aggregate

« ACI SPEC-506.2-13 Specification for Shotcrete (Reapproved 2018)

« ACI SPEC-522.1-20: Specification for Construction of Pervious Concrete Pavement

« ACI SPEC-548.10-22: Type Methyl Methacrylate Slurry (MMS) Polymer Overlays for Bridgee and
Parking Garage Deck—Specification

« ACI SPEC-548.13-21: Multi-Component Epoxy Adhesive for Bonding to Concrete—

Specification

ACI SPEC-548.14-14 Specification for Repairing Concrete with Epoxy Mortar
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Construction Specifications

« ACI SPEC-548.15-20: Specification for Crack Repair by Epoxy Injection

« ACI SPEC-548.16-21: Epoxy and Aggregate High Friction Surface on Concrete—Specification

« ACI SPEC-548.4-11 Specification for Latex-Modified Concrete Overlays

« AClI SPEC-548.8-19: Construction Specification for Type EM (Epoxy Multi-Layer) Polymer
Overlay for Bridee and Parking Garage Decks

« ACI SPEC-548.9-21: Type ES (Epoxy Slurry) Polymer Overlay for Bridge and Parking Garage
Decks—Specification

ACI SPEC-563-18: Specifications for Repair of Concrete in Buildings
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HISTORICAL HIGHLIGHTS OF ACI 318:

“Building Code Requirements for
Structural Concrete and Commentary”

ACl 318

1971

1910

ACI {then known as Mational Association
of Cement Users) publishes its first
building code.

Ultimate strength design philosophy
is adopted.

Seismic design provisions are published.

The ACI Building Code is widely used
as the benchmark for concrete
design and construction.

19 2 05 First metric version of 318 is published.
The Code and Commentary are
19305 published as a single document.

1989

1995

AC| Building Code is renamed "ACI 3187

AC| 31895 includes a completaly
revised and expanded chapter on
precast concrete.

The First International Workshop on
Structural Concrete in the Americas
highlights the similarities and
differences between ACI 318-02
and codes in other countries.

ACI 31863 includes a chapter
on prestressed concrete.

Commentary is published 1o explain
committee considerations and
new provisions.

A unified design approach

_ based on strain compatibility is

2002

19 63 | used as a basis in the Code.
e % It el icoral 2003
o H Orgarnzaticn tor
E;: Slandardizal on
L u__

International Standards Organization
(ISC) recognizes ACI 21802 as
satisfying 150 19338:2003, endorsing
worldwide use of the Code.
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ACI 318-14 is published in a completaly 2 01 4
recrganized format. Now organized

ACI Committee 318 establishes a 2 0 04 from the designer's perspective, this

dedicated international subcommittee. 2014 edition includes more tables and Bdiry St B e

charts, a consistent structure for each v
member chapter, fewer cross references,

— 2005 | Thisis the first time Spanish and Chinese DRl B ST
translations are published, and the requirements, and new chapters on
first time 318 is published as a .pdf. structural systems and diaphragms.
First electronic versions published for oy e
T iPad, Kindle, and other tablet devices
Lt (in.epub and .mobi formats); .pdf versions
enhanced with referance links and more.

2 01 5 Spanish and Chinese versions of
ACI 31814 to be published. ACI will
conduct 218 seminars and wabinars.
SP17: Reinforced Concrete Design
Manual will be published, which
will include explanations, analyses,
examples, and design aids for reinforced
concrete structures—an invaluable
companion to the new ACI 318-14.

ACI 2128-08 is published; and includes
new content on headed shear stud
reinforcement and headed deformed
bars, enhancad structural integrity
reinforcement, a new seismic design
requirement, and expanded provisions
on anchoring to concreta.

ACI released the updated 2 01 9
ACI 318-19: Building Code
Requireaments for Structural Concrete
and Commentary. This latest edition

[ 2 011 ACI 31811 is published; includes new includes new and updated code
requirements on design, installation, and provisions along with updated color
inspection of adhesive anchors. Includes illustrations for added clarity.

S o e new credentialing requirements for
St iy individuals who install adhesive anchors.
Rmara s Camarete b e’

uci W American Concrete Institute | www.concrete.org | #ACI318
' Adways odvancig
[ ] .
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ACI 318-19

ACl CODE-318-19:

An ACI Standard

Building Code Requirements
for Structural Concrete
(ACI 318-19)

Commentary on

Building Code Requirements
for Structural Concrete

(ACI 318R-19)

Reported by ACI Committee 318

(qci }' American Concrete Institute
Al cvancl
-/ ways advancing

ACI 318-19(22)

Building Code Requirements for Structural Concrete and Commentary

An ACI Standard
An ANSI Standard

Building Code Requirements
for Structural Concrete
(ACI 318-19)

Commentary on

Building Code Requirements
for Structural Concrete

(ACI 318R-19)

Reported by ACI Committee 318

(qci W American Concrete Institute
' J Always advancing
-
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PART 1: GENERAL

CHAPTER 1
GENERAL
1.1—Scope of ACI 318, p. 9
1.2—General, p. 9
1.3—Purpose, p. 9
1. 4—Applicability, p. 10
1.5—Interpretation. p. 12
1.6—Building official. p. 13
1.7—Licensed design professional. p. 13
1.8—Construction documents and design records, p. 13
1.9—Testing and 1nspection. p. 14
1.10—Approval of special systems of design, construction,
or alternative construction materials, p. 14

CHAPTER 2
NOTATION AND TERMINOLOGY
2.1—Scope, p. 15
2.2—Notation, p. 15
2.3—Terminology. p. 31

ACl CODE-318-19

CHAPTER 3

REFERENCED STANDARDS
3.1—Scope, p. 47
3.2—Referenced standards, p. 47

CHAPTER 4
STRUCTURAL SYSTEM REQUIREMENTS
4.1—Scope, p. 51
4 2—Materials, p. 51
4 3—Design loads, p. 51
4 4—Structural system and load paths. p. 52
4 5—Structural analysis. p. 54
4 6—Strength. p. 55
4.7—Serviceability, p. 56
4 8—Durability, p. 56
4. 9—Sustainability, p. 56
4.10—Structural integrity, p. 56
4.11—Fire resistance, p. 57
4.12—Requirements for specific types of construction,
p. 57
4.13—Construction and mspection, p. 59
4.14—Strength evaluation of existing structures. p. 59
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CHAPTER 5 CHAPTER 7
LOADS ONE-WAY SLABS
5.1—Scope, p. 61 7.1—Scope, p. 89
5.2—General, p. 61 7.2—General, p. 89
5.3—Load factors and combinations, p. 62 7.3—Design limits, p. 89
7.4—Required strength. p. 91
CHAPTER 6 7.5—Design strength, p. 91
STRUCTURAL ANALYSIS 7.6—Reinforcement limits, p. 92
6.1—Scope. p. 67 7.7—Reinforcement detailing, p. 94
6.2—General. p. 67
6.3—Modeling assumptions. p. 72 CHAPTER 8
6.4—Arrangement of live load, p. 73 TWO-WAY SLABS
6.5—Simplified method of analysis for nonprestressed 8.1—Scope, p. 99
continuous beams and one-way slabs, p. 74 8.2—General, p. 99
6.6—Linear elastic first-order analysis, p. 75 8.3—Design limits, p. 100
6.7—Linear elastic second-order analysis, p. 84 8.4—Required strength, p. 103
6.8—Inelastic analysis, p. 85 8.5—Design strength, p. 109
6.9—Acceptability of finite element analysis, p. 86 8.6—Reinforcement limits, p. 110

8.7—Reinforcement detailing, p. 113
8.8—Nonprestressed two-way joist systems, p. 125
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CHAPTER 9

BEAMS
9.1—Scope, p. 127
9.2—General. p. 127
9.3—Design limits, p. 128
9.4—Required strength, p. 130
9.5—Design strength, p. 133
9.6—Reinforcement limits, p. 135
9.7—Reinforcement detailing. p. 139
9.8—Nonprestressed one-way joist systems, p. 150
9.9—Deep beams, p. 152

CHAPTER 10

COLUMNS
10.1—Scope, p. 155
10.2—General, p. 155
10.3—Design limits, p. 155
10.4—Required strength. p. 156
10.5—Design strength, p. 157
10.6—Reinforcement limits. p. 157
10.7—Reinforcement detailing, p. 158

CHAPTER 11
WALLS

11.1—Scope, p. 165

11.2—General. p. 165

11.3—Design limits, p. 166

11.4—Required strength. p. 166

11.5—Design strength, p. 167

11.6—Reinforcement limits, p. 170

11.7—Reinforcement detailing, p. 171

11.8—Alternative method for out-of-plane slender wall
analysis. p. 172

CHAPTER 12

DIAPHRAGMS
12.1—Scope, p. 175
12.2—General, p. 176
12.3—Design limits. p. 177
12.4—Required strength. p. 178
12.5—Design strength, p. 181
12.6—Reinforcement limits, p. 188
12.7—Reinforcement detailing, p. 188
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CHAPTER 13

FOUNDATIONS
13.1—Scope, p. 191
13.2—General. p. 193
13.3—Shallow foundations, p. 197
13.4—Deep foundations, p. 199

CHAPTER 14

PLAIN CONCRETE
14.1—Scope, p. 203
14.2—General, p. 204
14.3—Design limits, p. 204
14 4—Required strength, p. 206
14.5—Design strength, p. 207
14.6—Reinforcement detailing. p. 210

ACl CODE-318-19

CHAPTER 15
BEAM-COLUMN AND SLAB-COLUMN JOINTS

15.1—Scope, p. 211

15.2—General, p. 211

15.3—Detailing of joints, p. 212

15.4—Strength requirements for beam-column joints,
p. 213

15.5—Transfer of column axial force through the floor
system, p. 214

CHAPTER 16

CONNECTIONS BETWEEN MEMBERS
16.1—Scope, p. 217
16.2—Connections of precast members, p. 217
16.3—Connections to foundations, p. 222
16.4—Horizontal shear transfer in composite concrete

flexural members, p. 225
16.5—Brackets and corbels, p. 227
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CHAPTER 17

ANCHORING TO CONCRETE
17.1—Scope, p. 233
17.2—General, p. 234
17.3—Design Limits, p. 235
17.4—Required strength, p. 236
17.5—Design strength. p. 236
17.6—Tensile strength, p. 246
17.7—Shear strength, p. 261
17.8—Tension and shear interaction, p. 270
17.9—Edge distances, spacings, and thicknesses to

preclude splitting failure, p. 270

17.10—Earthquake-resistant anchor design requirements,

p. 272
17.11—Attachments with shear lugs, p. 277

PART 5: EARTHQUAKE RESISTANCE

CHAPTER 18
EARTHQUAKE-RESISTANT STRUCTURES

18.1—Scope, p. 285

18.2—General, p. 285

18.3—Ordinary moment frames, p. 291

18.4—Intermediate moment frames, p. 292

18.5—Intermediate precast structural walls, p. 299

18.6—Beams of special moment frames, p. 299

18.7—Columns of special moment frames. p. 305

18.8—1Joints of special moment frames, p. 311

18.9—Special moment frames constructed using precast

concrete, p. 314

18.10—Special structural walls, p. 317

18.11—Special structural walls constructed using precast
concrete, p. 336

18.12—Diaphragms and trusses, p. 336

18.13—Foundations, p. 343

18.14—Members not designated as part of the seismic-
force-resisting system, p. 351
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PART 7: STRENGTH & SERVICEABILITY

CHAPTER 19 CHAPTER 21

CONCRETE: DESIGN AND DURABILITY STRENGTH REDUCTION FACTORS

REQUIREMENTS 21.1—Scope. p. 391
[9.1—Scope, p. 355 _ 21.2—Strength reduction factors for structural concrete
19.2—Concrete design properties, p. 355 members and connections, p. 391
19.3—Concrete durability requirements, p. 357
19.4—Grout durability requirements. p. 369 CHAPTER 22

SECTIONAL STRENGTH

CHAPTER 20 22.1—SCOPG, P- 397 . .

STEEL REINFORCEMENT PROPERTIES, 22 2—Design assumptions for moment and axial strength,

p. 397

22 3—Flexural strength, p. 399

22 4—Axial strength or combined flexural and axial
strength. p. 400

DURABILITY, AND EMBEDMENTS
20.1—Scope. p. 371
20.2—Nonprestressed bars and wires, p. 371
20.3—Prestressing strands, Wires, and bars, p. 378 22 5—One-way shear strength. p. 401
20.4—HeadeF1 shear stud rf;l.nforcemem, p 382 22.6—Two-way shear strength, p. 411
20.5—Pr0\a’1510ns for durability of steel reinforcement. p. 382 55 7 Torcional strength, p. 420
20.6—Embedments, p. 390 22 8 Bearing, p. 428

22 .9—Shear friction, p. 430
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CHAPTER 23

STRUT-AND-TIE METHOD
23.1—Scope, p. 435
23.2—General, p. 436
23.3—Design strength. p. 443
23.4—Strength of struts, p. 443
23.5—Minimum distributed reinforcement. p. 445
23.6—Strut reinforcement detailing, p. 446
3.7—Strength of ties, p. 447
3.8—Tie reinforcement detailing. p. 447
3.9—Strength of nodal zones, p. 448
3.10—Curved-bar nodes, p. 449
3.11—Earthquake-resistant design using the strut-and-tie

method, p. 452
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CHAPTER 24
SERVICEABILITY

24.1—Scope. p. 455

24 2—Deflections due to service-level gravity loads, p. 455

24 3—Distribution of flexural reinforcement in one-way
slabs and beams, p. 460

24 4—Shrinkage and temperature reinforcement. p. 461

24 5—Permissible stresses in prestressed concrete flexural
members, p. 463

CHAPTER 25
REINFORCEMENT DETAILS
25.1—Scope, p. 467
5.2—Minimum spacing of reinforcement, p. 467
5.3—Standard hooks, seismic hooks, crossties, and
minimum inside bend diameters, p. 469

28
28

25.4—Development of reinforcement. p. 471
25.5—Splices, p. 488

25.6—Bundled reinforcement, p. 493

25.7—Transverse reinforcement, p. 494
25.8—Post-tensioning anchorages and couplers, p. 504
25.9—Anchorage zones for post-tensioned tendons, p. 505
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PART 9: CONSTRUCTION

CHAPTER 26
CONSTRUCTION DOCUMENTS AND
INSPECTION
26.1—Scope, p. 515
26.2—Design criteria, p. 516
26.3—Member information, p. 517
26.4—Concrete materials and mixture requirements, p. 517
26.5—Concrete production and construction, p. 528
26.6—Reinforcement materials and construction require-
ments, p. 535
26.7—Anchoring to concrete, p. 540
26.8—Embedments, p. 542
26.9—Additional requirements for precast concrete, p. 543
26.10—Additional requirements for prestressed concrete,
p. 544
26.11—Formwork, p. 546
26.12—Evaluation and acceptance of hardened concrete,
p. 548
26.13—Inspection, p. 554

CHAPTER 27
STRENGTH EVALUATION OF EXISTING
STRUCTURES
27.1—Scope, p. 559
27.2—General. p. 559
27.3—Analytical strength evaluation, p. 560
27 4—Strength evaluation by load test, p. 561
27.5—Monotonic load test procedure. p. 562
27.6—Cyclic load test procedure, p. 564
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STEEL REINFORCEMENT INFORMATION

APPENDIX A

DESIGN VERIFICATION USING NONLINEAR APPENDIX C

RESPONSE HISTORY ANALYSIS EQUIVALENCE BETWEEN SI-METRIC,
A.1—Notation and terminology. p. 567 MKS-METRIC, AND U.S. CUSTOMARY UNITS OF
A.2—Scope, p. 567 NONHOMOGENOUS EQUATIONS IN THE CODE
A.3—General. p. 568
A 4—Earthquake ground motions, p. 568 COMMENTARY REFERENCES

A.5—Load factors and combinations, p. 569

A.6—Modeling and analysis, p. 569

A.7—Action classification and criticality, p. 570

A.8—Effective stiffness, p. 571

A.9—Expected material strength, p. 573

A.10—Acceptance criteria for deformation-controlled
actions, p. 574

A.11—Expected strength for force-controlled actions,
p. 576

A.12—Enhanced detailing requirements, p. 577

A.13—Independent structural design review, p. 578
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PART 1: GENERAL 9

CHAPTER 1—GENERAL

CODE

1.1—Scope of ACI 318
1.1.1 This chapter addresses (a) through (h):

(a) General requirements of this Code

(b) Purpose of this Code

(c) Applicability of this Code

(d) Interpretation of this Code

(e) Definition and role of the building official and the
licensed design professional

(f) Construction documents

(g) Testing and inspection

(h) Approval of special systems of design, construction, or
alternative construction materials

COMMENTARY

R1.1—Scope of ACI 318

R1.1.1 This Code includes provisions for the design
of concrete used for structural purposes, including plain
concrete; concrete containing nonprestressed reinforce-
ment, prestressed reinforcement, or both; and anchoring
to concrete. This chapter includes a number of provisions
that explain where this Code applies and how it 1s to be
interpreted.

General
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1.4—Applicability

1.4.1 This Code shall apply to concrete structures designed
and constructed under the requirements of the general
building code.

1.4.2 Provisions of this Code shall be permitted to be
used for the assessment, repair, and rehabilitation of existing
structures.

1.4.3 Applicable provisions of this Code shall be permitted
to be used for structures not governed by the general building
code.

R1.4—Applicability

R1.4.2 Specific provisions for assessment, repair, and
rehabilitation of existing concrete structures are provided in
ACT 562-19. Existing structures in ACI 562 are defined as
structures that are complete and permitted for use.

R1.4.3 Structures such as arches, bins and silos, blast-
resistant structures, chimmeys, underground utility struc-
tures, gravity walls, and shielding walls involve design and
construction requirements that are not specifically addressed
by this Code. Many Code provisions, however, such as
concrete quality and design principles, are applicable for
these structures. Recommendations for design and construc-
tion of some of these structures are given in the following:

*  “Code Requirements for Reinforced Concrete Chim-
neys and Commentary” (ACI 307-08)

« “Standard Practice for Design and Construction of
Concrete Silos and Stacking Tubes for Storing Granular
Materials” (ACI 313-97)

* “Code Requirements for Nuclear Safety-Related
Concrete Structures and Commentary” (ACI 349M)

*  “Code for Concrete Containments” (ACI 359)
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PART 1: GENERAL

CHAPTER 2—NOTATION AND TERMINOLOGY

CODE

2.1—Scope

2.1.1 This chapter defines notation and terminology used
in this Code.

2.2—Notation

a =

a, =

depth of equivalent rectangular stress block, mm
shear span, equal to distance from center of concen-
trated load to either: (a) face of support for contin-
uous or cantilevered members, or (b) center of
support for simply supported members, mm

= area of an individual bar or wire, mm?

area of the attachment base plate in contact with
concrete or grout when loaded in compression, mm?
net bearing area of the head of stud, anchor bolt, or
headed deformed bar, mm?

area of concrete section resisting shear transfer, mm?
greater gross cross-sectional area of the two orthog-
onal slab-beam strips intersecting at a column of a
two-way prestressed slab, mm?

R2.2—Notation

COMMENTARY

ﬂ Not. & Term.
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CODE COMMENTARY
I
hef
N N~ —
1 1
(a) (b) (c) (d)

(A) Cast-in anchors: (a) hex head bolt with washer;
(b) L-bolt; (c) J-bolt; and (d) welded headed stud.

i = -] 1
i § B b B I
[ 5
L A 7 .
B =]
&
@ (b (c1) (c2) " (@) (e)

(B) Post-installed anchors: (a) adhesive anchor; (b) undercut anchor;
(c) torque-controlled expansion anchors [(c1) sleeve-type and (c2) stud-type]:
(d) drop-in type displacement-controlled expansion anchor; and (e) screw anchor.

Fig. R2.1—Types of anchors.
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PART 1: GENERAL

CHAPTER 3—REFERENCED STANDARDS

CODE
3.1—Scope

3.1.1 Standards, or specific sections thereof, cited in this
Code, including Annex, Appendixes, or Supplements where
prescribed, are referenced without exception in this Code,
unless specifically noted. Cited standards are listed in the
following with their serial designations, including year of
adoption or revision.

3.2—Referenced standards

3.2.1 American Association of State Highway and Trans-
portation Officials (AASHTO)

LRFDUS-8—LRFD Bridge Design Specifications, 8th

LRFDCONS-4—LRFD Bridge Construction Specifica-
tions, Fourth Edition, 2017, Article 10.3.2.3

COMMENTARY
R3.1—Scope

R3.1.1 In this Code, references to standard specifications
or other matenal are to a specific edition of the cited docu-
ment. This is done by using the complete serial designation
for the referenced standard including the title that indicates
the subject and year of adoption. All standards referenced in
this Code are listed 1n this chapter, with the title and complete
serial designation. In other sections of the Code, referenced
standards are abbreviated to include only the serial desig-
nation without a title or date. These abbreviated references
correspond to specific standards listed in this chapter.

R3.2—Referenced standards

R3.2.1 American Association of State Highway and Trans-
portation Officials (AASHTO)

Three articles of the AASHTO LRFD Specifications for
Highway Bridge Design (AASHTO LRFDUS) and one article
of the AASHTO LRFD Construction Specifications (AASHTO
LRFDCONS) are cited in Chapters 2 and 25 of this Code.

n Ref. Standards
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CHAPTER 4—STRUCTURAL SYSTEM REQUIREMENTS

CODE

4.1—Scope
4.1.1 This chapter shall apply to design of structural concrete
in structures or portions of structures defined in Chapter 1.

4.2—Materials
4.2.1 Design properties of concrete shall be selected to be
in accordance with Chapter 19.

4.2.1.1 Design properties of shotcrete shall conform to the
requirements for concrete except as modified by provisions
of the Code.

COMMENTARY

R4.1—Scope

This chapter was added to the 2014 Code to introduce
structural system requirements. Requirements more strin-
gent than the Code provisions may be desirable for unusual
construction or construction where enhanced performance
1s appropriate. The Code and Commentary must be supple-
mented with sound engineering knowledge, experience, and
Jjudgment.

R4.2—Materials

Chapter 3 1dentifies the referenced standards permitted for
design. Chapters 19 and 20 establish properties of concrete
and steel reinforcement permitted for design. Chapter 26
presents construction requirements for concrete materials,
proportioning, and acceptance of concrete.

R4.2.1.1 Shotcrete 1s considered to behave and have prop-
erties similar to concrete unless otherwise noted. Sections
where use of shotcrete 1s specifically addressed in this Code
are shown 1 Table R4.2.1.1. Additional imformation on
shotcrete can be found mn ACI 506R and ACI 506.2M.

n Struct. Systems
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5.1—Scope

5.1.1 This chapter shall apply to selection of load factors
and combinations used in design, except as permitted in
Chapter 27.

5.2—General

5.2.1 Loads shall include self-weight; applied loads; and
effects of prestressing, earthquakes, restraint of volume
change, and differential settlement.

COMMENTARY

R5.2—General

R5.2.1 Provisions 1n the Code are associated with dead,
live, wind, and earthquake loads such as those recommended
m ASCE/SEI 7. The commentary to Appendix C of ASCE/
SEI 7 provides service-level wind loads W, for serviceability
checks; however, these loads are not appropriate for strength
design.

If the service loads specified by the general building code
differ from those of ASCE/SEI 7, the general building code
governs. However, if the nature of the loads contained in a
general building code differs considerably from ASCE/SEI 7
loads. some provisions of this Code may need modification
to reflect the difference.
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CHAPTER 6—STRUCTURAL ANALYSIS

CODE

6.1—Scope

6.1.1 This chapter shall apply to methods of analysis,
modeling of members and structural systems, and calcula-
tion of load effects.

COMMENTARY
R6.1—Scope

The provisions of this chapter apply to analyses used to
determine load effects for design.

Section 6.2 provides general requirements that are
applicable for all analysis procedures.

Section 6.2.4 directs the licensed design professional
to specific analysis provisions that are not contained in
this chapter. Sections 6.2.4.1 and 6.2.4.2 identify analysis
provisions that are specific to two-way slabs and walls.

Section 6.3 addresses modeling assumptions used in
establishing the analysis model.

Section 6.4 prescribes the arrangements of live loads that
are to be considered in the analysis.

Section 6.5 provides a simplified method of analysis for
nonprestressed continuous beams and one-way slabs that
can be used 1n place of a more rigorous analysis when the
stipulated conditions are satisfied.

Section 6.6 includes provisions for a comprehensive linear
elastic first-order analysis. The effects of cracked sections
and creep are included in the analysis through the use of
effective stiffnesses.
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CHAPTER 7—ONE-WAY SLABS
COMMENTARY

CODE

7.1—Scope

7.1.1 This chapter shall apply to the design of nonpre-
stressed and prestressed slabs reinforced for flexure in one
direction, including:

(a) Solid slabs

(b) Slabs cast on stay-in-place, noncomposite steel deck
(c) Composite slabs of concrete elements constructed in
separate placements but connected so that all elements
resist loads as a unit

(d) Precast, prestressed hollow-core slabs

7.2—General
7.2.1 The effects of concentrated loads, slab openings, and
voids within the slab shall be considered in design.

R7.1—Scope

R7.1.1 The design and construction of composite slabs
on steel deck 1s described in “Standard for Composite Steel
Floor Deck — Slabs™ (SDI C).

Provisions for one-way joist systems are provided in
Chapter 9.

R7.2—General

R7.2.1 Concentrated loads and slab openings create local
moments and shears and may cause regions of one-way
slabs to have two-way behavior. The influence of open-
ings through the slab and voids within the slab (for example
ducts) on flexural and shear strength as well as deflections
1s to be considered, including evaluating the potential for
critical sections created by the openings and voids.

o

One-way Slabs

-
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CHAPTER 8—TWO-WAY SLABS
COMMENTARY

CODE

8.1—Scope
8.1.1 This chapter shall apply to the design of nonpre-
stressed and prestressed slabs reinforced for flexure in

two directions, with or without beams between supports,
including (a) through (d):

(a) Solid slabs

(b) Slabs cast on stay-in-place, noncomposite steel deck
(c) Composite slabs of concrete elements constructed in
separate placements but connected so that all elements
resist loads as a unit

(d) Two-way joist systems in accordance with 8.8

R8.1—Scope

The design methods given 1n this chapter are based on
analysis of the results of an extensive series of tests (Burns
and Hemakom 1977; Gamble et al. 1969; Gerber and Burns
1971; Guralnick and LaFraugh 1963; Hatcher et al. 1965,
1969; Hawkins 1981; Jirsa et al. 1966; PTI DC20.8; Smith
and Burns 1974; Scordelis et al. 1959; Vanderbilt et al.
1969; Xanthakis and Sozen 1963) and the well-established
performance records of various slab systems. The funda-
mental design principles are applicable to all planar struc-
tural systems subjected to transverse loads. Several specific
design rules, as well as historical precedents, limit the types
of structures to which this chapter applies. General slab
systems that may be designed according to this chapter
include flat slabs, flat plates, two-way slabs, and waffle
slabs. Slabs with paneled ceilings are two-way, wide-band,
beam systems.

Slabs-on-ground ’that do not transmit vertical loads from
other parts of the structure to the soil are excluded.

For slabs with beams, the explicit design procedures of
this chapter apply only when the beams are located at the

adaoae nf tha nanal and whan tha heamce are ciinnnrtad Ty

Two-way Slabs
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9.1—Scope
9.1.1 This chapter shall apply to the design of nonpre-
stressed and prestressed beams, including:

(a) Composite beams of concrete elements constructed
1n separate placements but connected so that all elements
resist loads as a unit

(b) One-way joist systems in accordance with 9.8

(c) Deep beams 1n accordance with 9.9

9.2—General
9.2.1 Materials

9.2.1.1 Design properties for concrete shall be selected to
be in accordance with Chapter 19.

9.2.1.2 Design properties for steel reinforcement shall be
selected to be 1n accordance with Chapter 20.

9.2.1.3 Materials, design, and detailing requirements for
embedments in concrete shall be 1n accordance with 20.6.

COMMENTARY
R9.1—Scope

R9.1.1 Composite structural steel-concrete beams are
not covered in this chapter. Design provisions for such
composite beams are covered in AISC 360.

R9.2—General
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10.1—Scope

10.1.1 This chapter shall apply to the design of nonpre-
stressed and prestressed columns, including reinforced
concrete pedestals.

10.1.2 Design of plain concrete pedestals shall be in accor-
dance with Chapter 14.

10.2—General
10.2.1 Materials

10.2.1.1 Design properties for concrete shall be selected to
be in accordance with Chapter 19.

10.2.1.2 Design properties for steel reinforcement shall be
selected to be in accordance with Chapter 20.

10.2.1.3 Materials, design, and detailing requirements for
embedments in concrete shall be in accordance with 20.6.

COMMENTARY

R10.1—Scope

R10.1.1 Composite structural steel-concrete columns are
not covered in this chapter. Composite columns include both
structural steel sections encased in reinforced concrete and
hollow structural steel sections filled with concrete. Design
provisions for such composite columns are covered in AISC
360.
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10.2.2 Connection to other members

10.2.2.1 For cast-in-place construction, beam-column and
slab-column joints shall satisfy Chapter 15.

10.2.2.2 For precast construction, connections shall satisfy
the force transfer requirements of 16.2.

10.2.2.3 Connections of columns to foundations shall
satisfy 16.3.

10.3—Design limits
10.3.1 Dimensional limits

10.3.1.1 For columns with a square, octagonal, or other
shaped cross section, it shall be permitted to base gross area
considered, required reinforcement, and design strength on
a circular section with a diameter equal to the least lateral
dimension of the actual shape.

10.3.1.2 For columns with cross sections larger than
required by considerations of loading, it shall be permitted
to base gross area considered, required reinforcement, and
design strength on a reduced effective area, not less than
one-half the total area. This provision shall not apply to
columns in special moment frames or columns not part of
the seismic-force-resisting system required to be designed in
accordance with Chapter 18.

10.3.1.3 For columns built monolithically with a concrete
wall, the outer limits of the effective cross section of the

R10.3—Design limits
R10.3.1 Dimensional limits

Explicit minimum sizes for columns are not specified to
permit the use of reinforced concrete columns with small
cross sections in lightly loaded structures, such as low-rise
residential and light office buildings. If small cross sections
are used, there is a greater need for careful workmanship,
and shrinkage stresses have increased significance.

R10.3.1.2 In some cases, the gross area of a column is
larger than necessary to resist the factored load. In those
cases, the minimum reinforcement percentage may be
calculated on the basis of the required area rather than the
provided area, but the area of reinforcement cannot be less
than 0.5 percent of the actual cross-sectional area.
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column shall not be taken greater than 40 mm outside the
transverse reinforcement.

10.3.1.4 For columns with two or more interlocking
spirals, outer limits of the effective cross section shall be
taken at a distance outside the spirals equal to the minimum
required concrete cover.

10.3.1.5 If areduced effective area is considered according
to 10.3.1.1 through 10.3.1.4, structural analysis and design
of other parts of the structure that interact with the column
shall be based on the actual cross section.

10.4—Required strength
10.4.1 General

10.4.1.1 Required strength shall be calculated in accor-
dance with the factored load combinations in Chapter 5.

10.4.1.2 Required strength shall be calculated in accor-
dance with the analysis procedures in Chapter 6.

10.4.2 Factored axial force and moment

10.4.2.1 P, and M, occurring simultaneously for each
applicable factored load combination shall be considered.

COMMENTARY

R10.4—Required strength

R10.4.2 Factored axial force and moment

R10.4.2.1 The critical load combinations may be difficult
to discern without methodically checking each combina-
tion. As illustrated in Fig. R10.4.2.1, considering only the
factored load combinations associated with maximum axial
force (LC1) and with maximum bending moment (LC2)
does not necessarily provide a code-compliant design for
other load combinations such as LC3.
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Fig. R10.4.2.1—Critical column load combination.

ﬂ Columns

10.5—Design strength R10.5—Design strength
10.5.1 General R10.5.1 General
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10.5—Design strength
10.5.1 General

10.5.1.1 For each applicable factored load combina-
tion, design strength at all sections shall satisfy ¢S, > U,
including (a) through (d). Interaction between load effects
shall be considered:

(a) P, 2 P,

(b) ¢M,, > M,

©) oV, =V,

(d) 9T > T,

10.5.1.2 ¢ shall be determined in accordance with 21.2.
10.5.2 Axial force and moment

10.5.2.1 P, and M, shall be calculated in accordance with
22.4.

10.5.3 Shear
10.5.3.1 V,, shall be calculated in accordance with 22.5.
10.5.4 Torsion

10.5.4.1 If T,, > ¢T,;,. where T, is given in 22.7, torsion
shall be considered in accordance with Chapter 9.

(=]

R10.5—Design strength
R10.5.1 General

R10.5.1.1 Refer to R9.5.1.1.

R10.5.4 Torsion

Torsion acting on columns in buildings is typically
negligible and 1s rarely a governing factor in the design of
columns.
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10.6—Reinforcement limits
10.6.1 Minimum and maximum longitudinal reinforcement

10.6.1.1 For nonprestressed columns and for prestressed
columns with average f;, < 1.6 MPa, area of longitudinal
reinforcement shall be at least 0.01.4, but shall not exceed
0.084,.

COMMENTARY

R10.6—Reinforcement limits
R10.6.1 Minimum and maximum longitudinal reinforcement

R10.6.1.1 Limits are provided for both the minimum and
maximum longitudinal reinforcement ratios.

Minimum reinforcement—Reinforcement is necessary
to provide resistance to bending, which may exist regard-
less of analytical results, and to reduce the effects of creep
and shrinkage of the concrete under sustained compressive
stresses. Creep and shrinkage tend to transfer load from the
concrete to the reinforcement, and the resultant increase in
reinforcement stress becomes greater as the reinforcement
ratio decreases. Therefore, a minimum limit is placed on the
reinforcement ratio to prevent reinforcement from yielding
under sustained service loads (Richart 1933).

Maximum reinforcement—The amount of longitudinal
reinforcement is limited to ensure that concrete can be
effectively consolidated around the bars and to ensure that
columns designed according to the Code are similar to the
test specimens by which the Code was calibrated. The 0.08
limit applies at all sections, including splice regions, and
can also be considered a practical maximum for longitu-
dinal reinforcement in terms of economy and requirements
for placing. Longitudinal reinforcement in columns should
usually not exceed 4 percent if the column bars are required
to be lap spliced, as the lap splice zone will have twice as
much reinforcement if all lap splices occur at the same
location.
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10.6.2 Minimum shear reinforcement
10.6.2.1 A mmimum area of shear reinforcement. A, ,in.

shall be provided in all regions where V, > 0.5¢V . ’

10.6.2.2 If shear reinforcement is required. A, . shall be
the greater of (a) and (b):

10.7—Reinforcement detailing
10.7.1 General

10.7.1.1 Concrete cover for reinforcement shall be in
accordance with 20.5.1.

10.7.1.2 Development lengths of deformed and prestressed
reinforcement shall be in accordance with 25.4.

R10.6.2 Minimum shear reinforcement
R10.6.2.1 The basis for the minimum shear reinforcement

1s the same for columns and beams. Refer to R9.6.3 for more
mformation.

R10.7—Reinforcement detailing
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10.7.1.3 Along development and lap splice lengths of
longitudinal bars with f;, > 550 MPa. transverse reinforce-
ment shall be provided such that K, shall not be smaller than
0.5d,.

10.7.1.4 Bundled bars shall be in accordance with 25.6.
10.7.2 Reinforcement spacing

10.7.2.1 Minimum spacing s shall be in accordance with
25.2.

10.7.3 Longitudinal reinforcement

10.7.3.1 For nonprestressed columns and for prestressed
columns with average f,. < 1.6 MPa, the minimum number
of longitudinal bars shall be (a), (b), or (c):

(a) Three within triangular ties

(b) Four within rectangular or circular ties

(c) Six enclosed by spirals or for columns of special

moment frames enclosed by circular hoops

COMMENTARY

R10.7.3 Longitudinal reinforcement

R10.7.3.1 At least four longitudinal bars are required
when bars are enclosed by rectangular or circular ties. For
other tie shapes, one bar should be provided at each apex
or corner and proper transverse reinforcement provided. For
example, tied triangular columns require at least three longi-
tudinal bars, with one at each apex of the triangular ties. For
bars enclosed by spirals, at least six bars are required.

If the number of bars in a circular arrangement is less than
eight, the orientation of the bars may significantly affect the
moment strength of eccentrically loaded columns and should
be considered in design.

ﬂ Columns
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10.7.4 Offset bent longitudinal reinforcement

10.7.4.1 The slope of the inclined portion of an offset
bent longitudinal bar relative to the longitudinal axis of the
column shall not exceed 1 in 6. Portions of bar above and
below an offset shall be parallel to axis of column.

10.7.4.2 If the column face is offset 75 mm or more, longi-
tudinal bars shall not be offset bent and separate dowels,
lap spliced with the longitudinal bars adjacent to the offset
column faces, shall be provided.

10.7.5 Splices of longitudinal reinforcement
10.7.5.1 General

10.7.5.1.1 Lap splices, mechanical splices, butt-welded
splices, and end-bearing splices shall be permitted.

10.7.5.1.2 Splices shall satisfy requirements for all
factored load combinations.

10.7.5.1.3 Splices of deformed remforcement shall be in
accordance with 25.5 and, if applicable, shall satisfy the
requirements of 10.7.5.2 for lap splices or 10.7.5.3 for end-
bearing splices.

R10.7.5 Splices of longitudinal reinforcement

R10.7.5.1 General

R10.7.5.1.2 Frequently, the basic gravity load combina-
tion will govern the design of the column itself, but a load
combination including wind or earthquake effects may induce
greater tension in some column bars. Each bar splice should
be designed for the maximum calculated bar tensile force.

R10.7.5.1.3 For the purpose of calculating £, for tension
lap splices in columns with offset bars, Fig. R10.7.5.1.3
illustrates the clear spacing to be used.
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11.1—Scope
11.1.1 This chapter shall apply to the design of nonpre-
stressed and prestressed walls including (a) through (c):

(a) Cast-in-place
(b) Precast in-plant
(c) Precast on-site including tilt-up

11.1.2 Design of special structural walls shall be in accor-
dance with Chapter 18.

11.1.3 Design of plain concrete walls shall be in accor-
dance with Chapter 14.

11.1.4 Design of cantilever retaining walls shall be in
accordance with Chapter 13.

COMMENTARY

R11.1—Scope

R11.1.1 This chapter applies generally to walls as vertical
and lateral force-resisting members. Provisions for in-plane
shear in ordinary structural walls, as opposed to special
structural walls conforming to 18.10, are included in this
chapter.

R11.1.2 Special structural walls are detailed according to
the provisions of 18.10. This Code uses the term “structural
wall” as being synonymous with “shear wall.” While the
term ““shear wall” is not defined in this Code, the definition
of a structural wall in Chapter 2 states “a shear wall is a
structural wall.”

ASCE/SEI 7 defines a structural wall as a wall that meets
the definition for a bearing wall or a shear wall. A bearing wall
is defined as a wall that supports vertical load beyond a certain
threshold value. A shear wall is defined as a wall, bearing or
nonbearing, designed to resist lateral forces acting in the plane
of the wall. ASCE/SEI 7 definitions are widely accepted.

’ Walls
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CHAPTER 12—DIAPHRAGMS
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12.1—Scope
12.1.1 This chapter shall apply to the design of nonpre-
stressed and prestressed diaphragms, including (a) through (d):

(a) Diaphragms that are cast-in-place slabs

(b) Diaphragms that comprise a cast-in-place topping slab
on precast elements

(c) Diaphragms that comprise precast elements with end
strips formed by either a cast-in-place concrete topping
slab or edge beams

(d) Diaphragms of interconnected precast elements
without cast-in-place concrete topping

R12.1—Scope

R12.1.1 Diaphragms typically are horizontal or nearly
horizontal planar elements that serve to transfer lateral forces
to vertical elements of the lateral-force-resisting system
(Fig. R12.1.1). Diaphragms also tie the building elements
together into a complete three-dimensional system and
provide lateral support to those elements by connecting them
to the lateral-force-resisting system. Typically, diaphragms
also serve as floor and roof slabs, or as parking structure
ramps and, therefore, support gravity loads. A diaphragm
may include chords and collectors.

When subjected to lateral loads, such as the in-plane iner-
tial loads acting on the roof diaphragm of Fig. R12.1.1, a
diaphragm acts essentially as a beam spanning horizon-
tally between vertical elements of the lateral-force-resisting
system. The diaphragm thus develops in-plane bending
moments, shears, and possibly other actions. Where vertical
elements of the lateral-force-resisting system do not extend
along the full depth of the diaphragm, collectors may be
required to collect the diaphragm shear and transfer it to the
vertical elements. The term “distributor” is sometimes used to
describe a collector that transfers force from a vertical element
of the lateral-force-resisting system into the diaphragm. This
chapter describes minimum requirements for diaphragm and
collector design and detailing, including configuration, anal-
ysis models, materials, and strength.
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13.1—Scope

13.1.1 This chapter shall apply to the design of nonpre-
stressed and prestressed foundations, including shallow
foundations (a) through (f), deep foundations (g) through (i),
and retaining walls (j) and (k):

(a) Strip footings

(b) Isolated footings

(c) Combined footings

(d) Mat foundations

(e) Grade beams

(©) Pile caps

(g) Piles

(h) Drilled piers

(1) Caissons

(j) Cantilever retaining walls
(k) Counterfort and buttressed cantilever retaining walls

COMMENTARY

R13.1—Scope

While requirements applicable to foundations are provided
in this chapter, the majority of requirements used for founda-
tion design are found in other chapters of the Code. These
other chapters are referenced in Chapter 13. However, the
applicability of the specific provisions within these other
chapters may not be explicitly defined for foundations.

R13.1.1 Examples of foundation types covered by this
chapter are illustrated in Fig. R13.1.1. Stepped and sloped
footings are considered to be subsets of other footing types.

The 2019 edition of the Code contains provisions for the
design of deep foundations. These provisions are based in
part on similar provisions that were previously included in
ASCE/SEI 7 and the IBC.
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CHAPTER 14—PLAIN CONCRETE
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14.1—Scope
14.1.1 This chapter shall apply to the design of plain
concrete members, including (a) and (b):

(a) Members in building structures

(b) Members in non-building structures such as arches,
underground utility structures, gravity walls, and shielding
walls

14.1.2 This chapter shall not govern the design of cast-in-
place concrete piles and piers embedded in ground.

14.1.3 Plain concrete shall be permitted only in cases (a)
through (d):

(a) Members that are continuously supported by soil
or supported by other structural members capable of
providing continuous vertical support

(b) Members for which arch action provides compression
under all conditions of loading

(c) Walls

(d) Pedestals

R14.1—Scope

R14.1.2 Structural elements, such as cast-in-place plain
concrete piles and piers in ground or other material suffi-
ciently stiff to provide adequate lateral support to prevent
buckling, are not covered by the Code. Such elements are
covered by the general building code.

R14.1.3 Because the strength and structural integrity of
structural plain concrete members is based solely on the
member size, concrete strength, and other concrete prop-
erties, use of structural plain concrete should be limited to
members:

(a) That are primarily in a state of compression

(b) That can tolerate random cracks without detriment to
their structural integrity

(c) For which ductility is not an essential feature of design
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15.1—Scope
15.1.1 This chapter shall apply to the design and detailing
of cast-in-place beam-column and slab-column joints.

15.2—General
15.2.1 Beam-column joints shall satisfy the detailing
provisions of 15.3 and strength requirements of 15.4.

15.2.2 Beam-column and slab-column joints shall satisfy
15.5 for transfer of column axial force through the floor
system.

15.2.3 If gravity load, wind, earthquake, or other lateral
forces cause transfer of moment at beam-column joints, the
shear resulting from moment transfer shall be considered in
the design of the joint.

15.2.4 At corner joints between two members, the effects
of closing and opening moments within the joint shall be
considered.

COMMENTARY
R15.1—Scope

A joint is the portion of a structure common to intersecting
members, whereas a connection is comprised of a joint
and portions of adjoining members. Chapter 15 is focused
on design requirements for beam-to-column and slab-to-
column joints.

For structures assigned to Seismic Design Categories
(SDC) B through F, joints may be required to withstand
several reversals of loading. Chapter 18 provides require-
ments for earthquake-resistant structures that are applied in
addition to the basic requirements for joints in Chapter 15.

R15.2—General

Tests of joints with extensions of beams with lengths at
least equal to their depths have indicated similar joint shear
strengths to those of joints with continuous beams. These
findings suggest that extensions of beams and columns,
when properly dimensioned and reinforced with longitu-
dinal and transverse bars, provide effective confinement to
the joint faces (Meinheit and Jirsa 1981). Extensions that
provide beam and column continuity through a joint do not
contribute to joint shear force if they do not support exter-
nally applied loads.

Tests (Hanson and Conner 1967) have shown that beam-
column joints laterally supported on four sides by beams
of approximately equal depth exhibit superior behavior
compared to joints without all four faces confined by beams
under reversed cyclic loading.
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CHAPTER 16—CONNECTIONS BETWEEN MEMBERS

CODE

16.1—Scope

16.1.1 This chapter shall apply to the design of joints and
connections at the intersection of concrete members and
for load transfer between concrete surfaces, including (a)
through (d):

(a) Connections of precast members

(b) Connections between foundations and either cast-in-
place or precast members

(c) Horizontal shear strength of composite concrete flex-
ural members

(d) Brackets and corbels

16.2—Connections of precast members
16.2.1 General

16.2.1.1 Transfer of forces by means of grouted joints,
shear keys, bearing, anchors, mechanical connectors, steel
reinforcement, reinforced topping, or a combination of
these, shall be permitted.

COMMENTARY

R16.2—Connections of precast members
R16.2.1 General

Connection details should be arranged to minimize the
potential for cracking due to restrained creep, shrinkage, and
temperature movements. The Precast/Prestressed Concrete
Institute (MNL 123) provides information on recommended
connection details for precast concrete structures.

R16.2.1.1 If two or more connection methods are used to
satisfy the requirements for force transfer, their individual
load-deformation characteristics should be considered to
confirm that the mechanisms work together as intended.



Council of

e Engineers

ACl CODE-318-19

CHAPTER 17—ANCHORING TO CONCRETE

CODE

17.1—Scope

17.1.1 This chapter shall apply to the design of anchors in
concrete used to transmit loads by means of tension, shear, or
a combination of tension and shear between: (a) connected
structural elements; or (b) safety-related attachments and
structural elements. Safety levels specified are intended for
in-service conditions rather than for short-term handling and
construction conditions.

COMMENTARY

R17.1—Scope

R17.1.1 This chapter is restricted in scope to structural
anchors that transmit loads related to strength, stability, or
life safety. Two types of applications are envisioned. The
first 1s connections between structural elements where the
failure of an anchor or anchor group could result in loss of
equilibrium or stability of any portion of the structure. The
second is where safety-related attachments that are not part
of the structure (such as sprinkler systems, heavy suspended
pipes, or barrier rails) are attached to structural elements.
The levels of safety defined by the factored load combina-
tions and ¢-factors are appropriate for structural applica-
tions. Other standards may require more stringent safety
levels during temporary handling.

The format for this chapter was revised in 2019 to be more
consistent with the other chapters of this Code.
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PART 5: EARTHQUAKE RESISTANCE

CHAPTER 18—EARTHQUAKE-RESISTANT STRUCTURES

CODE

18.1—Scope

18.1.1 This chapter shall apply to the design of nonpre-
stressed and prestressed concrete structures assigned to
Seismic Design Categories (SDC) B through F, including,
where applicable:

(a) Structural systems designated as part of the seismic-
force-resisting system, including diaphragms, moment
frames, structural walls, and foundations

(b) Members not designated as part of the seismic-force-
resisting system but required to support other loads while
undergoing deformations associated with earthquake
effects

18.1.2 Structures designed according to the provisions
of this chapter are intended to resist earthquake motions
through ductile inelastic response of selected members.

COMMENTARY

R18.1—Scope

Chapter 18 does not apply to structures assigned fo
Seismic Design Category (SDC) A. For structures assigned
to SDC B and C, Chapter 18 applies to structural systems
designated as part of the seismic-force-resisting system. For
structures assigned to SDC D through F, Chapter 18 applies
to both structural systems designated as part of the seismic-
force-resisting system and structural systems not designated
as part of the seismic-force-resisting system.

Chapter 18 contains provisions considered to be the
minimum requirements for a cast-in-place or precast
concrete structure capable of sustaining a series of oscil-
lations into the inelastic range of response without critical
deterioration in strength. The integrity of the structure in the
inelastic range of response should be maintained because
the design earthquake forces defined in documents such as
ASCE/SEI 7, the 2018 IBC, the UBC (ICBO 1997), and
the NEHRP (FEMA P749) provisions are considered less
than those corresponding to linear response at the antici-
pated earthquake intensity (FEMA P749; Blume et al. 1961;
Clough 1960; Gulkan and Sozen 1974).

ﬁ Seismic
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CHAPTER 19—CONCRETE: DESIGN AND DURABILITY REQUIREMENTS

CODE

19.1—Scope
19.1.1 This chapter shall apply to concrete, including:

(a) Properties to be used for design
(b) Durability requirements

19.1.2 This chapter shall apply to durability requirements
for grout used for bonded tendons in accordance with 19.4.

19.2—Concrete design properties
19.2.1 Specified compressive strength

19.2.1.1 The value of f,’ shall be in accordance with (a)
through (d):

(a) Limits for £’ in Table 19.2.1.1. Limits apply to both
normalweight and lightweight concrete.

(b) Durability requirements in Table 19.3.2.1

(c) Structural strength requirements

(d) s for lightweight concrete in special moment frames
and special structural walls, and their foundations, shall
not exceed 35 MPa, unless demonstrated by experimental
evidence that members made with lightweight concrete
provide strength and toughness equal to or exceeding
those of comparable members made with normalweight
concrete of the same strength.

COMMENTARY

R19.2—Concrete design properties
R19.2.1 Specified compressive strength

Requirements for concrete mixtures are based on the philos-
ophy that concrete should provide both adequate strength and
durability. The Code defines a minimum value of £’ for struc-
tural concrete. There is no limit on the maximum value of /¢
except as required by specific Code provisions.

Concrete mixtures proportioned in accordance with 26.4.3
should achieve an average compressive strength that exceeds
the value of ;" used in the structural design calculations. The
amount by which the average strength of concrete exceeds f,.
is based on statistical concepts. When concrete is designed
to achieve a strength level greater than f,', it ensures that
the concrete strength tests will have a high probability of
meeting the strength acceptance criteria in 26.12.3. The
durability requirements prescribed in Table 19.3.2.1 are to
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CHAPTER 20—STEEL REINFORCEMENT PROPERTIES, DURABILITY, &
EMBEDMENTS

CODE

20.1—Scope
20.1.1 This chapter shall apply to steel reinforcement, and
shall govern (a) through (c):

(a) Material properties

(b) Properties to be used for design

(c) Durability requirements, including minimum specified
cover requirements

20.1.2 Provisions of 20.6 shall apply to embedments.

20.2—Nonprestressed bars and wires
20.2.1 Material properties

20.2.1.1 Nonprestressed bars and wires shall be deformed,
except plain bars or wires are permitted for use in spirals.

20.2.1.2 Yield strength of nonprestressed bars and wires
shall be determined by either (a) or (b):

(a) The offset method, using an offset of 0.2 percent in
accordance with ASTM A370

(b) The yield point by the halt-of-force method, provided
the nonprestressed bar or wire has a sharp-kneed or well-
defined yield point

COMMENTARY

R20.1—Scope

R20.1.1 Materials permitted for use as reinforcement
are specified. Other metal elements, such as inserts, anchor
bolts, or plain bars for dowels at isolation or contraction
joints, are not normally considered reinforcement under the
provisions of this Code. Fiber-reinforced polymer (FRP)
reinforcement is not addressed in this Code. ACI Committee
440 has developed guidelines for the use of FRP reinforce-
ment (ACT 440.1R and ACI 440.2R).

R20.2—Nonprestressed bars and wires
R20.2.1 Material properties

R20.2.1.2 The majority of nonprestressed steel bar rein-
forcement exhibits actual sfress-strain behavior that is
sharply yielding or sharp-kneed (elasto-plastic stress-strain
behavior). However, reinforcement products such as bars of
higher strength grade, steel wire, coiled steel bar, and stain-
less steel bars and wire generally do not exhibit sharply-
yielding stress-strain behavior, but instead are gradually-
yielding. The method used to measure yield strength of
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PART 7: STRENGTH & SERVICEABILITY

CHAPTER 21—STRENGTH REDUCTION FACTORS

CODE

21.1—Scope

21.1.1 This chapter shall apply to the selection of strength
reduction factors used in design, except as permitted by
Chapter 27.

21.2—Strength reduction factors for structural
concrete members and connections

21.2.1 Strength reduction factors ¢ shall be in accordance
with Table 21.2.1, except as modified by 21.2.2, 21.2.3, and
21.2.4.

Table 21.2.1—Strength reduction factors ¢

Action or structural element [ Exceptions

Near ends of
0.65to pretensioned members
0.901in where strands are not

accordance | fully developed, ¢ shall

Moment, axial force, or
(a) | combined moment and

axial foree with 21.2.2 | be in accordance with
21.2.3.
Additional requirements
®) Shear 0.75 are given in 21.2.4 for

structures designed to
resist earthquake effects.

COMMENTARY

R21.1—Scope

R21.1.1 The purposes of strength reduction factors ¢ are:
(1) to account for the probability of under-strength members
due to variations in material strengths and dimensions; (2)
to account for inaccuracies in the design equations; (3) to
reflect the available ductility and required reliability of the
member under the load effects being considered; and (4)
to reflect the importance of the member in the structure
(MacGregor 1976; Winter 1979).

R21.2—Strength reduction factors for structural
concrete members and connections

R21.2.1 The strength reduction factors in this Code are
compatible with the ASCE/SEI 7 load combinations, which
are the basis for the required factored load combinations in
Chapter 5:

(e) Laboratory tests of post-tensioned anchorage zones
(Breen et al. 1994) indicate a wide range of scatter in the
results. This observation is addressed with a ¢-factor of
0.85 and by limiting the nominal compressive strength
of unconfined concrete in the general zone to 0.7Af;" in
25.9.4.5.2, where A is defined in 19.2.4. Thus, the effective
design strength of unconfined concrete is 0.85 x 0.7Af" =
0.61f,;' in the general zone.

(f) Bracket and corbel behavior is predominantly
controlled by shear; therefore, a single value of ¢ =0.75 is

nead far all natantial mndace af failira

¢-Factors
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PART 7: STRENGTH & SERVICEABILITY

CHAPTER 22—SECTIONAL STRENGTH

CODE COMMENTARY
22.1—Scope R22.1—Scope
22.1.1 This chapter shall apply to calculating nominal R22.1.1 The provisions in this chapter apply where the
strength at sections of members, including (a) through (g): strength of the member is evaluated at critical sections.

(a) Flexural strength

(b) Axial strength or combined flexural and axial strength
(c) One-way shear strength

(d) Two-way shear strength

(e) Torsional strength -
(f) Bearing )
(g) Shear friction 5
22.1.2 Sectional strength requirements of this chapter R22.1.2 Chapter 23 provides methods for designing f

shall be satisfied unless the member or region of the member discontinuity regions where section-based methods do not E

1s designed in accordance with Chapter 23. apply. 75
22.1.3 Design strength at a section shall be taken as the

nominal strength multiplied by the applicable strength
reduction factor ¢ given in Chapter 21.
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PART 7: STRENGTH & SERVICEABILITY

CHAPTER 23—STRUT-AND-TIE METHOD

CODE

23.1—Scope

23.1.1 This chapter shall apply to the design of structural
concrete members, or regions of members, where load or
geometric disconfinuities cause a nonlinear distribution of
longitudinal strains within the cross section.

23.1.2 Any structural concrete member, or discontinuity
region in a member, shall be permitted to be designed by
modeling the member or region as an idealized truss in
accordance with this chapter.

COMMENTARY

R23.1—Scope

A discontinuity in the stress distribution occurs at a change
in the geometry of a structural element or at a concentrated
load or reaction. St. Venant’s principle indicates that the
stresses due to axial force and bending approach a linear
distribution at a distance approximately equal to the overall
depth of the member, /i, away from the discontinuity. For
this reason, discontinuity regions are assumed to extend
a distance i from the section where the load or change in
geometry occurs.

The shaded regions in Fig. R23.1(a) and (b) show typical
D-regions (Schlaich et al. 1987). The plane sections assump-
tion of 9.2.1 is not applicable in such regions. In general,
any portion of a member outside a D-region is a B-region
where the plane sections assumptions of flexural theory can
be applied. The strut-and-tie design method, as described
in this chapter, is based on the assumption that D-regions
can be analyzed and designed using hypothetical pin-jointed
trusses consisting of struts and ties connected at nodes.

The idealized truss specified in 23.2.1, which forms the
basis of the strut-and-tie method, is not intended to apply
to structural systems configured as actual trusses because
secondary effects, such as moments, are not included in the
model.

ﬁ Strut-and-Tie
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PART 7: STRENGTH & SERVICEABILITY

CHAPTER 24—SERVICEABILITY

CODE

24.1—Scope
24.1.1 This chapter shall apply to member design for
minimum serviceability, including (a) through (d):

(a) Deflections due to service-level gravity loads (24.2)
(b) Distribution of flexural reinforcement in one-way slabs
and beams to control cracking (24.3)

(c) Shrinkage and temperature reinforcement (24.4)

(d) Permissible stresses in prestressed flexural members
(24.5)

COMMENTARY

R24.1—Scope

This chapter prescribes serviceability requirements that
are referenced by other chapters of the Code, or are other-
wise applicable to provide adequate performance of struc-
tural members. This chapter does not stand on its own as a
complete and cohesive compilation of serviceability require-
ments for the design of structural members. This chapter has
no specific requirements for vibrations.

Cast-in-place floor systems designed in accordance with
the minimum thickness and deflection requirements of 7.3,
8.3, 9.3, and 24.2 have generally been found, through expe-
rience, to provide vibration performance suitable for human
comfort under typical service conditions. However, there
may be situations where serviceability conditions are not
satisfied, for example:

(a) Long spans and open floor plans

(b) Floors with strict vibration performance requirements

such as precision manufacturing and laboratory spaces

(c) Facilities subject to rhythmic loadings or vibrating

mechanical equipment

Prestressed floor systems are not subject to the minimum
thickness requirements of 7.3, 8.3, and 9.3, and if precast
they are frequently simple span systems. Consequently,
these floor systems can be more susceptible to vibration.

Serviceability
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CHAPTER 25—REINFORCEMENT DETAILS

CODE

25.1—Scope

25.1.1 This chapter shall apply to reinforcement details,
including:

(a) Minimum spacing

(b) Standard hooks. seismic hooks, and crossties
(c) Development of reinforcement

(d) Splices

(e) Bundled reinforcement

(f) Transverse reinforcement

(g) Post-tensioning anchorages and couplers

COMMENTARY

R25.1—Scope

Recommended methods and standards for preparing
design drawings, typical details, and drawings for the fabri-
cation and placing of steel reinforcement in reinforced
concrete structures are given in the ACI Detailing Manual
(SP-66).

All provisions in the Code relating to bar, wire, or strand
diameter (and area) are based on the nominal dimensions of
the reinforcement as given in the appropriate ASTM speci-
fication. Nominal dimensions are equivalent to those of a
circular area having the same mass per meter as the ASTM
designated bar, wire, or strand sizes. Cross-sectional area of
reinforcement is based on nominal dimensions.

R25.1.1 In addition to the requirements in this chapter that
affect detailing of reinforcement, detailing specific to partic-
ular members is given in the corresponding member chap-
ters. Additional detailing associated with structural integrity
requirements is covered in 4.10.
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PART 9: CONSTRUCTION

CHAPTER 26—CONSTRUCTION DOCUMENTS AND INSPECTION
CODE COMMENTARY

26.1—Scope R26.1—Scope

This chapter establishes the minimum requirements
for information that must be included in the construction
documents as applicable to the project. The requirements
include information developed in the structural design that
must be conveyed to the contractor, provisions directing the
contractor on required quality, and inspection requirements
to verify compliance with the construction documents.
Construction and inspection provisions for anchors were
located in Chapter 17 of the 2014 Code. These provisions
were moved to Chapter 26 of the 2019 Code.

This chapter 1s directed to the licensed design professional
responsible for incorporating project requirements into
the construction documents. The construction documents
should contain all of the necessary design and construction
requirements for the contractor to achieve compliance with
the Code. It is not intended that the Contractor will need to
read and interpret the Code.
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CHAPTER 27—STRENGTH EVALUATION OF EXISTING STRUCTURES

CODE

271—Scope

27.1.1 Provisions of this chapter shall apply to strength
evaluation of existing structures by analytical means or by
load testing.

27.2—General

27.2.1 If there is doubt that a part or all of a structure meets
the safety requirements of this Code and the structure is to
remain in service, a strength evaluation shall be carried out

as required by the licensed design professional or building
official.

COMMENTARY

R27.1—Scope

R27.1.1 Provisions of this chapter may be used to evaluate
whether a structure or a portion of a structure satisfies the
safety requirements of the Code. A strength evaluation may
be required if the materials are considered to be deficient
in quality, if there is evidence indicating faulty construc-
tion, if a building will be used for a new function, or if, for
any reason, a structure or a portion of it does not appear
to satisfy the requirements of the Code. In such cases, this
chapter provides guidance for investigating the safety of the
structure. This chapter does not cover load testing for the
approval of new design or construction methods. Accep-
tance of alternative materials or systems is covered in 1.10.

R27.2—General

R27.2.1 If a load test is described as part of the strength
evaluation process, it is desirable for all parties to agree on
the region to be loaded, the magnitude of the load, the load
test procedure, and acceptance criteria before any load tests
are conducted. If the safety concerns are related to an assem-
blage of members or an entire structure, it is not feasible
to load test every member and section. In such cases, it
is appropriate that an investigation plan be developed to
address the specific safety concerns.
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REFERENCES & APPENDICES
APPENDIX A—DESIGN VERIFICATION USING NONLINEAR RESPONSE
HISTORY ANALYSIS
CODE COMMENTARY
A.1—Notation and terminology RA.1—Notation and terminology
A.1.1 Notation
B = bias factor to adjust nominal strength to seismic
target reliabilities
D, = ultimate deformation capacity; the largest deforma-

tion at which the hysteresis model 1s deemed valid
given available laboratory data or other substanti-
ating evidence

= expected compressive strength of concrete, MPa

= expected tensile strength for nonprestressed rein-
forcement, MPa

= expected yield strength for nonprestressed rein-
forcement, MPa

= plastic-hinge length for analysis purposes, mm

= expected yield strength

= expected shear strength, N

= yield rotation, radians

= seismic resistance factor for force-controlled
actions
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APPENDICES & REFERENCES

APPENDIX B—STEEL REINFORCEMENT INFORMATION

As an aid to users of the ACI Building Code, information on sizes, areas, and masses of various steel reinforcement is
presented.

ASTM STANDARD REINFORCING BARS

Bar size, no.” Nominal diameter, mm Nominal area, mm® Nominal mass, kg/m
10 0.5 71 0.560
13 12.7 129 0.994
16 15.9 199 1.552
19 19.1 284 2.235
22 22.2 387 3.042
25 254 510 3.973
29 28.7 645 5.060
32 323 819 6.404
36 35.8 1006 7.907
43 43.0 1452 11.38
57 57.3 2581 20.24

*Bar numbers approximate the number of millimeters of the nominal diameter of the bar
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APPENDICES & REFERENCES

APPENDIX C—EQUIVALENCE BETWEEN SI-METRIC, MKS-METRIC, AND
U.S. CUSTOMARY UNITS OF NONHOMOGENOUS EQUATIONS IN THE CODE

Provision
number

SI-metric stress in MPa

mks-metric stress in kgf/cm?

U.S. Customary units stress in
pounds per square inch (psi)

1 MPa 10 kgf/cm? 145 psi

f.'=21 MPa ' =210 kgf/em? .= 3000 psi
f.'=28 MPa f.' =280 kgt/cm? f.! = 4000 psi
f.'!=35 MPa f' =350 kgf/cm? f.' = 5000 ps1

f.' =40 MPa f' =420 kgf/cm? ' = 6000 psi

Jy =280 MPa 1, = 2800 kgt/cm? Jy = 40,000 psi
Sy =420 MPa 1, = 4200 kgt/em? fy, = 60,000 psi
J, =550 MPa £, = 5600 kgf/cm? J,=80.,000 ps1
Jfy = 690 MPa 1, = 7000 kgt/cm? Jy = 100.000 ps1
Jou= 1725 MPa Jou = 17,600 kgf/cm? Jpu = 250,000 pst
Jpu= 1860 MPa fou= 19,000 kgf/cm? Jou= 270,000 pst

\/E' in MPa

3.18+/f) inkgf/cm?

124/ f) inpsi
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ACI| 318-19: BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE

Provision U.S. Customary units stress in
number SI-metric stress in MPa mKks-metric stress in kgf/cm? pounds per square inch (psi)
4 - 0.37./ fc,d 4 - 1.2/ fc,d 4 - 4.5,/ f e, d
8.7.5.6.3.1(a) J £ f,
and (b) 2.1c,d 2le,d ' 300¢,d
& fy 3 fy ¥ fy
8.7.7.1.2 $0.5[f/ 01.6[f/ 061,
93.1.1.1 04+ 0440 044 T2
700 7000 100,000
93.1.12 (1.65 —0.0003w,) (1.65—0.0003w,) (1.65 —0.005w,)
0.25./ 1! 0.80./ f' 3V S
ibwd ibwd J. b.d
9.6.12@a)and| J, 1,
(®)
Ebwa' Ebwd @bwd
y Jy Jy
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COMMENTARY REFERENCES

ACI Committee documents and documents published
by other organizations that are cited in the commentary are
listed first by document number, year of publication, and full
title, followed by authored documents listed alphabetically.

American Association of State Highway and Transportation
Officials (AASHTO)

LRFDCONS-4-2017—LRFD Bridge Construction Speci-
fications, Fourth Edition

LRFDUS-8-2017—LRFD Bridge Design Specifications,
Eighth Editioin

American Concrete Institute (ACI)
117M-10—Specification for Tolerances for Concrete
Construction and Materials
201.2R-08—Guide to Durable Concrete
209R-92(08)—Prediction of Creep, Shrinkage, and
Temperature Effects in Concrete Structures
211.1-91(09)—Standard Practice for Selecting Propor-
tions for Normal, Heavyweight, and Mass Concrete
213R-03—Guide for Structural Lightweight-Aggregate
Concrete

309R-05—Guide for Consolidation of Concrete

311.4R-05—Guide for Concrete Inspection

311.6M-09—Specification for Ready Mixed Concrete
Testing Services

313-97—Standard Practice for Design and Construction
of Concrete Silos and Stacking Tubes for Storing Granular
Materials

318-63—Commentary on Building Code Requirements
for Reinforced Concrete

318M-11—Building Code Requirements for Structural
Concrete (ACI 318M-11) and Commentary

318.2M-14—Building Code Requirements for Concrete
Thin Shells (ACI 318.2M-14) and Commentary

332M-14—Requirements for Residential Concrete
Construction (ACI 332M-14) and Commentary

334.1R-92(02)—Concrete Shell Structures — Practice and
Commentary

334.2R-91—Reinforced Concrete Cooling Tower Shells —
Practice and Commentary

336.2R-88—Suggested Analysis and Design Procedures
for Combined Footings and Mats

336.3R-93(06)—Design and Construction of Drilled Piers
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INDEX

Acceptance criteria Beam-column joints, Ch. 15

- load test, 27.5.3, 27.6.2 - axial force through slab system, 15.5

- shotcrete, 26.12.4 - confined. 15.3

- standard-cured specimens, 26.12.3 - detailing, 15.3

- steel fiber-reinforced concrete, 26.12.7 - not participating in the SFRS, 18.14.3
Adhesive anchors - ordinary moment frames, 18.4.4

- bond strength, 17.6.5 - puddling, 15.5

- embedment depth limits, 17.3.3 - scope, 15.1

- inspection, 26.13.1.6, 26.13.2.5 - special moment frames, 18.8

- proof loading, 26.7.1(k) Beams, Ch. 9

- qualified installer, 26.7.2(d), 26.7.2(e) - coupling beams, 18.10.7

- seismic, 17.10 - deflection limits, 9.3.2

- sustained tension, 17.5.1.3, 17.5.2, 26.7.1(1), 26.13.3.2(e) - design limits, 9.3
Admixtures, 26.4.1.4 - design strength, 9.5
Aggregates, 26.4.1.2 - intermediate moment frames, 18.4.2
Alternative construction materials, 1.10 - minimum depth, 9.3.1
Aluminum embedments, 20.6.3 - not participating in the SFRS, 18.14.3, 18.14.4
Analysis, structural, See Structural analysis - ordinary moment frames, 18.3.2
Anchor reinforcement, 17.5.2.1 - reinforcement details, 9.7
Anchorage zone, 25.9 - reinforcement limits, 9.6
Anchoring to concrete, 26.7, Ch. 17, 18.2.3 - required strength, 9.4

- adhesive bond strength, 17.6.5 - scope, 9.1

- anchor failure modes, 17.5.1.2 - simplified method of analysis, 6.5

- anchor strength, 17.6, 17.7 - special moment frames, 18.6

- breakout strength in shear, 17.7.2 - stability, 9.2.3

- brittle steel element, 17.5.3 - strain limit, 9.3.3

- construction documents, 26.7 - stress limit, 9.3.4

- ductile steel element. 17.5.3 - structural inteeritv. 9.7.7
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