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PREFACE

(This Preface is not a part of ANSI/AISC 341-22, Seismic Provisions for Structural Steel
Buildings, but is included for informational purposes only.)

The Specification for Structural Steel Buildings (ANSI/AISC 360-22) (hereafter referred
to as the Specification) is intended to cover common design criteria. This standard, Seismic
Provisions for Structural Steel Buildings (ANSI/AISC 341-22) (hereafter referred to as these
Provisions), is a separate consensus standard, to be used in conjunction with the Specification,
that addresses the design and construction of structural steel and composite steel-concrete
building systems specifically detailed for seismic resistance.

This standard adopts Prequalified Connections for Special and Intermediate Steel Moment
Frames for Seismic Applications (ANSI/AISC 358-22) by reference. ANSI/AISC 358 speci-
fies design, detailing, fabrication, and quality criteria for connections that are prequalified
in accordance with these Provisions for use with special and intermediate moment frames.
While these Provisions are modified every five or six years, ANSI/AISC 358 may be pro-
cessed more frequently, and newer editions of ANSI/AISC 358 may be recognized and
enforced by the applicable building code.

These Provisions were being developed in the same time frame as a revision of Minimum
Design Loads and Associated Criteria for Buildings and Other Structures (ASCE/SEI 7-22).
ASCE/SEI 7-22 is to be used concurrently with this standard for a fully coordinated package.

These Provisions are the result of the consensus deliberations of a committee of structural
engineers with wide experience and high professional standing, representing a wide geo-
graphical distribution throughout the United States. The committee includes approximately
equal numbers of engineers in private practice and code agencies, engineers involved in
research and teaching, and engineers employed by steel fabricating and producing compa-
nies. The contributions and assistance of more than 50 additional professional volunteers
working in task committees are also hereby acknowledged.

The Symbols, Glossary, Abbreviations, and Appendix are all considered part of this docu-
ment. Accompanying these Provisions is a nonmandatory Commentary with background
information and nonmandatory user notes interspersed throughout to provide guidance on
the specific application of the document.

A number of significant technical modifications have also been made since the 2016 edition
of the Provisions, including the following:
e New presentation of Table A3.1 clarifying allowable grades, strengths, and any other
limitations on the material
e Addition of ASTM A709/A709M to the list of permitted materials for use in seismic
force-resisting systems
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Reorganization of items required in the structural design documents and specifica-
tions as coordinated with similar revisions to Specification Section A4

Table D1.1 changes, including revised coefficients for all width-to-thickness ratios,
clarification for when HSS design thickness is used instead of nominal thickness, and
revised width-to-thickness limit equations for webs in I-shaped sections or channels,
side plates of boxed I-shaped sections, and webs of box sections

Provisions for ordinary truss moment frames

Revisions to SMF continuity plate requirements, including width-to-thickness limits
and reduced welding requirements

Additional requirements and commentary for ordinary cantilever column systems
(OCCS) and special cantilever column systems (SCCS) column bases and column
bracing

Revised provisions for special concentrically braced frame (SCBF) beams in V- and
inverted V-braced frames to permit some limited yielding

Revised special plate shear wall (SPSW) angle of inclination in terms of its assumed
value

New requirements for coupling beam embedment and reinforcing in composite ordi-
nary shear walls (C-OSW) and composite special shear walls (C-SSW)

Inclusion of a new system, coupled composite plate shear walls—concrete filled
(CC-PSW/CF)

Harmonization of Chapter J with Specification Chapter N

Revised testing extrapolation limits for buckling-restrained braced frames (BRBF)
New Appendix 1, titled “Design Verification Using Nonlinear Response History
Analysis”

The AISC Committee on Specifications gives final approval of this standard through an
ANSI-accredited balloting process, and has enhanced these Provisions through careful scru-
tiny, discussion, and suggestions for improvement.

This specification was approved by the Committee on Specifications:

James O. Malley, Chair Michael D. Engelhardt, Patrick M. Hassett
Scott F. Armbrust, Emeritus Todd A. Helwig
Vice Chair Shu-Jin Fang, Emeritus Richard A. Henige, Jr.
Allen Adams Shelley Finnigan Mark V. Holland
Taha D. Al-Shawaf James M. Fisher, Emeritus John D. Hooper
William E. Baker, Emeritus John W. Fisher, Emeritus Nestor R. Iwankiw
John M. Barsom, Emeritus Theodore V. Galambos, William P. Jacobs, V
Roger L. Brockenbrough, Emeritus Ronald J. Janowiak
Emeritus Michael E. Gase Lawrence A. Kloiber,
Susan B. Burmeister Jeffrey Gasparott Emeritus
Gregory G. Deierlein Louis F. Geschwindner Lawrence F. Kruth
Bo Dowswell Ramon E. Gilsanz Roberto T. Leon
Carol J. Drucker Lawrence G. Griffis, Judy Liu
W. Samuel Easterling Emeritus Bonnie Manley
Bruce R. Ellingwood, Jerome F. Hajjar Duane K. Miller
Emeritus Ronald O. Hamburger Larry S. Muir
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Kimberly Olson

Conrad Paulson
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Thomas A. Sabol
Fahim H. Sadek

Benjamin W. Schafer

Robert E. Shaw, Jr.,
Emeritus

Donald R. Sherman,
Emeritus

W. Lee Shoemaker

9.1-v

William A. Thornton,
Emeritus
Chia-Ming Uang
Amit H. Varma
Donald W. White
Jamie Winans
Ronald D. Ziemian
Cynthia J. Duncan,
Secretary

The Committee honors former members, vice chair Patrick J. Fortney and emeritus members
Reidar Bjorhovde, Duane S. Ellifritt, and Raymond H.R. Tide, who passed away during

this cycle.

The Committee gratefully acknowledges former members Tony Hazel and Jay Larson for
their contributions; AISC Board Oversight provided by Matt Smith and Duff Zimmerman;
the advisory members Carlos Aguirre, Gregory Miazga, and Tiziano Perea for their contri-
butions; and the following task committee and staff members for their involvement in the

development of this document:

Abbas Aminmansour
Caroline R. Bennett
Eric Bolin

Mark Braekevelt
Michel Bruneau

Art Bustos

Joel A. Chandler
Shih-Ho Chao
Robert Chmielowski
Douglas Crampton
Mark D. Denavit
Richard M. Drake
Matthew R. Eatherton
Matthew F. Fadden
Larry A. Fahnestock
Timothy P. Fraser
Michael Gannon
Rupa Garai

Rodney D. Gibble
Subhash C. Goel
Nathaniel P. Gonner
Arvind V. Goverdhan

Perry S. Green
Christina Harber
Alfred A. Herget
Stephen M. Herlache
Steven J. Herth
Devin Huber
Ronald B. Johnson
Kerry Kreitman
David W. Landis
Chad M. Larson
Dawn E. Lehman
Andres Lepage
Brent Leu

Carlo Lini

LeRoy A. Lutz
Andrew Lye
Michael R. Marian
Jason P. McCormick
Patrick S. McManus
Austin A. Meier
Jared Moseley

J.R. Ubejd Mujagic

Jeffrey A. Packer
Thomas D. Poulos
Max Puchtel
Christopher H. Raebel
Gian Andrea Rassati
Paul W. Richards
Charles W. Roeder
Brandt Saxey
Thomas J. Schlafly
Jim Schoen

William Scott
Richard Scruton
Bahram M. Shahrooz
Thomas Sputo

Ryan Staudt

Andrea E. Surovek
James A. Swanson
Matthew Trammell
Robert Tremblay
Sriramulu Vinnakota
Robert Walter
Michael A. West

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-vi

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-vii

TABLE OF CONTENTS

SYMBOL S . .. XXXV

GLOSSARY . . . xliv

ABBREVIATIONS . . .o e e li
PROVISIONS

A. GENERAL REQUIREMENTS . . .. ... .. i 1

AL SCOPE. oottt 1

A2. Referenced Specifications, Codes, and Standards ...................... 2

A3, Materials. . . ..o 3

1. Material Specifications . .......... ... ...t 3

2. Expected Material Strength .. ....... .. . .. . .. i 5

3. Heavy Sections. ........ ... 5

4. Consumables forWelding ... ......... .. .. .. 7

4a. Seismic Force-Resisting System Welds. .......................... 7

4b. Demand Critical Welds . ....... ... . . i 7

5. Concrete and Steel Reinforcement. . ............................. 8

A4. Structural Design Documents and Specifications Issued for Construction . .. 8

L. General. ... ... 8
2. Steel CONStrUCHON . ..ottt ettt e 9
3. Composite CONSIUCHON. « . .t vttt e e e e e e e s 10
GENERAL DESIGN REQUIREMENTS . ............ ... ... ... . ... 11
B1. General Seismic Design Requirements ............................. 11
B2. Loads and Load Combinations. .. .............c..oouuiiunninnaen. .. 11
B3. Design Basis. . ......c.ii 12
1. Required Strength . ...... ... . . . . 12
2. Available Strength .. ... ... 12
B4. System Type .. ..ot 12
B5. Diaphragms, Chords, and Collectors ... ...........c.oveuiunenan... 12
LIooGeneral. .. ..o 12
2. Truss Diaphragms .. ....... it 12
ANALY SIS . 14
Cl1. General Requirements . ............o.utuirmenonninennenennenennn 14
C2. Additional Requirements . .. ... .......oouiuiinitninenneennenen. 14
C3. Nonlinear Analysis . .. . ..ottt e 14
GENERAL MEMBER AND CONNECTION
DESIGN REQUIREMENTS . . ... ... 15
DI1. Member Requirements . . .. ...... ..ottt 15
1. Classification of Sections for Ductility .......................... 15

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-viii

TABLE OF CONTENTS

la. Section Requirements for Ductile Members .. .................... 15
1b. Width-to-Thickness Limitations of Steel and Composite Sections. . . .. 15
2. Stability Bracingof Beams .. ........... ... .. . i 16
2a. Moderately Ductile Members . ........... ... ... .. .. ... . ... 17
1. Steel Beams . ... 17

2. Encased Composite Beams . ............. ... ... 22

2b. Highly Ductile Members . . ............o ... 22
2c. Special Bracing at Plastic Hinge Locations. . ..................... 22
1. Steel Beams ... ..o 22

2. Encased Composite Beams . ............. ... ... ... .. ..... 23

3. Protected ZOnes . . . ..o 23
4. Columns . .o oot 23
4a. Required Strength . ....... ... .. L 24
4b. Encased Composite Columns .. ...t .. 24
1. Moderately Ductile Members . .............c..ccooiiunenan... 24

2. Highly Ductile Members . . ............couuiiiininenaenan.. 25

4c. Filled Composite Columns . ............ .ot 27
5. Composite Slab Diaphragms . . ........ .. .. . oo 27
Sa. Load Transfer. ... ... 27
5b. Nominal Shear Strength. .. ........ .. .. . i 27
6. Built-Up Structural Steel Members . ..., 27
D2. Connections . ........ ...ttt 28
I.oGeneral. .. ..o 28
2. Bolted Joints. . .. ..ot 28
3. Welded JOINES . .« vv vttt e e 29
4. Continuity Plates and Stiffeners. .. ....... ... ... .. .. .. .. ... 29
5. Column SPliCes . .ottt 29
Sa. Location of SPlices ... ...... ..ot 29
5b. Required Strength . ... ... . . .. 30
5c. Required Shear Strength .. ......... .. .. . .. 30
5d. Structural Steel Splice Configurations. .. ............. ... ... .... 31
Se. Splices in Encased Composite Columns .. ....................... 31
6. Column Bases ........ ... 31
6a. Required Axial Strength. . ........ .. ... ... .. . .. . 32
6b. Required Shear Strength . ........ ... ... ... . .. .. .. 32
6¢c. Required Flexural Strength .. ....... .. .. .. .. . .. . .. . ... 33
7. Composite CONNECHONS . . . . ..ottt ettt et 33
8. Steel Anchors. ... ... 35
D3. Deformation Compatibility of Non-SFRS Members and Connections . . . .. 35
D4, H-Piles . ..o 36
1. Design Requirements. .. .......... ...ttt 36
2. Battered H-Piles. ....... ... . 36

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



TABLE OF CONTENTS 9.1-ix

3. TenSION. . .ottt 36
4. Protected Zone . . .. ... 36
E. MOMENT FRAME SYSTEMS. . . ... 37
El. Ordinary Moment Frames (OMF) ....... .. .. .. .. ... .. .. .. .. .... 37
Lo SCOPE . ot 37
2. Basisof Design . ... 37
3 ANALYSIS ot 37
4. System Requirements. . .. ......... . i 37
5. Members ... 38
Sa. BasicRequirements . .. ........... .o 38
5b. Protected ZOnesS . . .. ..ottt 38
6. CONNECLIONS . . o .ttt ettt et ettt e 38
6a. Demand Critical Welds . ........... ... .. i 38
6b. FR Moment Connections. . .. ......c.vuninitninennenennenenn . 38
6¢c. PR Moment Connections. . .. ...vuvvteunenenn e 40
7. OMF Composed of Structural Steel Trusses and
Structural Steel Columns . .. ......... ... ... i 40
7a. Analysis Requirements . ..............oouiiiiniinnennenann.. 40
7b. Basis of Design .. ...t 40
7c. System Requirements. . .. ... . 40
7d. Truss-to-Column Connections. .. .........c.c.viuiunenennenen. . 41
E2. Intermediate Moment Frames IMF) . .......... ... ... ... ... ........ 41
Lo SCOPE . ot 41
2. Basisof Design . ... 41
3 ANALYSIS ot 41
4. System Requirements. . .. ........... i 41
4a. Stability Bracingof Beams .......... ... ... .. .. ... . . 41
5. MEmDbETS . . ..ot 42
Sa. BasicRequirements . . ............ ... i 42
S5b. Beam Flanges. .. ... oo i 42
5c. Protected ZONeS . . .« .ov vttt 42
6. CONNECLIONS . . o vttt ettt et e e ettt 43
6a. Demand Critical Welds . ........ .. . .. . . i 43
6b. Beam-to-Column Connection Requirements. . .................... 43
6¢. Conformance Demonstration. . .. ...ttt 43
6d. Required Shear Strength .. ......... .. .. ... . . 44
6e. PanelZone .. ... ... 44
6f. Continuity Plates . .......... ... i 44
6g. Column SPlICeS . . ...t 44
E3. Special Moment Frames (SMF) .. ...... .. .. . .. . . ... 45
Lo SCOPE . ot 45
2. Basisof Design . ... 45

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-x

E4.

TABLE OF CONTENTS

30 Analysis .. ... 45
4. System Requirements. . .. ......... ... 45
4a. MomentRatio ... 45
4b. Stability Bracingof Beams ........... .. ... .. .. ... ... ... 47
4c. Stability Bracing at Beam-to-Column Connections . ............... 47

1. Braced Connections . .. ..........uuiuiniininnneanan.. 47

2. Unbraced CoONnectionsS. . . .. ....ouvreeeinnnaenenan.. 48
S, Members . ..o 48
Sa. BasicRequirements . ... ..........c.uuiininni 48
5b. Beam Flanges. . .. ... ..o 48
S5c. Protected ZONeS . . ..o vt 49
6. CONNECHIONS . . . .\ttt et e e e e e ettt 49
6a. Demand Critical Welds . ............ .. .. ... . i, 49
6b. Beam-to-Column Connections . .............c..couveuneunnenn.. 50
6¢. Conformance Demonstration. .. ... . 50
6d. Required Shear Strength . ........ .. ... ... .. ... .. . ... ... 50
6e. PanelZone . ... ... 51

1. Required Shear Strength . ......... .. ... .. . .. .. .. .. ... 51

2. Panel-Zone Thickness .............. ... 51

3. Panel-Zone Doubler Plates. . . ....... ... ... ... ... ... ... .. 52
6f. Continuity Plates . .......... .. 53

1. Conditions Requiring Continuity Plates ...................... 53

2. Continuity Plate Requirements ............................. 55
6g. Column SPliCes . ..ottt 56

1. Welded Column Flange Splices Using CJP Groove Welds ... ... .. 56

2. Welded Column Flange Splices Using PJP Groove Welds . ....... 56

3. Welded Column Web Splices Using CJP Groove Welds . ......... 57

4. Welded Column Web Splices Using PJIP Groove Welds .. ........ 57

5. Bolted Column Splices. .. .......... i 57
Special Truss Moment Frames (STMF) .. ....... . .. ... .. .. . ... 57
Lo SCOPE . ot 57
2. Basisof Design . ... 58
3 ANALYSIS ot 58
3a. Special Segment. . ... ... 58
3b. Nonspecial Segment. . .. ... 58
4. System Requirements. ... ....... .. ... i 58
4a. Special Segment. . ... 58
4b. Stability Bracing of Trusses. . .. ..., 59
4c. Stability Bracing of Truss-to-Column Connections. ... ............. 59
4d. Stiffness of Stability Bracing. .. ....... ... ... .. ... ... ... ... .. 59
5. Members ... 59
Sa. BasicRequirements . . ........... .. ... . .. i i 59

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



TABLE OF CONTENTS 9.1-xi

5b. Special Segment Members. . ............ ... i 59
5c. Expected Vertical Shear Strength of Special Segment. . ............. 60
5d. Width-to-Thickness Limitations ............ ... ... .. iivia. . 60
Se. Built-Up Chord Members . .............couuiiniininennenann.. 60
Sf. Protected ZONES . . .o vt 60
6. CONNECHIONS . . . .\ttt et e e e e e e e e 61
6a. Demand Critical Welds . ........ .. .. . i 61
6b. Connections of Diagonal Web Members in the Special Segment . . . . .. 61
6C. Column SPliCeS . . oottt 61
ES. Ordinary Cantilever Column Systems (OCCS) ....................... 61
L SCOPE - et 61
2. Basisof Design . ... 61
30 Analysis .. ... 61
4. System Requirements. . .. ......... ... i 62
4a. COlUMNS . . .ot 62
4b. Stability Bracingof Columns. .. ......... ... .. ... ... 62
5. Members ... 62
Sa. BasicRequirements . .. ........... oo 62
Sb. Column Flanges. . ... 62
Sc. Protected ZONeS . . ... ov vt 62
6. CONNECLIONS . . o vttt ettt e e et e e et 62
E6. Special Cantilever Column Systems (SCCS) .. ...t 62
L SCOPE .« et 62
2. Basisof Design ....... ..o 62
30 Analysis .. ... 62
4. System Requirements. . .. ......... ... i 62
4a. COlUMNS . . .ot 62
4b. Stability Bracingof Columns. .. ......... ... ... ... 63
5. Members ... 64
Sa. BasicRequirements . ............. i 64
Sb. Column Flanges . . ... ... 64
Sc. Protected ZONeS . . .. .ov vt 64
6. CONNECLIONS . . o\ttt ettt ettt et e e 64
F. BRACED FRAME AND SHEAR WALL SYSTEMS .................... 65
F1. Ordinary Concentrically Braced Frames (OCBF) ..................... 65
Lo S COPE ettt 65
2. Basisof Design . ...t 65
3 ANALYSIS ot 65
4. System Requirements. . .. ....... ... . i 65
4a. V-Braced and Inverted V-Braced Frames. . ....................... 65
4b. K-Braced Frames . .. ........... .. i 66
4c. Multi-Tiered Braced Frames . .......... ... ... ... ... ... ..... 66

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xii

F2.

F3.

TABLE OF CONTENTS

5. MEMDETS . .ottt 67
Sa. BasicRequirements . .. ...... ... ... 67
S5b. SIeNnderness . . ... ...ttt 67
Sc. Beams. ..o 68
6. CONNECHIONS . . o\ vttt et et e e e e e e 68
6a. Brace CONNectionS . . . . ..o vttt 68
Special Concentrically Braced Frames (SCBF) . ...................... 68
Lo S COPE ettt 68
2. Basisof Design . ...t 68
3 ANALYSIS ot 69
4. System Requirements. . .. ....... ... . i 70
4a. Lateral Force Distribution .. ......... ... ... ..., 70
4b. V- and Inverted V-Braced Frames .............................. 71
4c. K-Braced Frames. . . ... 71
4d. Tension-Only Frames. ... ....... ... .. 71
4e. Multi-Tiered Braced Frames .. ......... ... ... ... ... .. ... .. 71
5. Members ... 72
Sa. BasicRequirements . .. ........... oo 72
S5b. Diagonal Braces. . ........ ..o 72
5c. Protected ZONeS . . ..ottt 73
6. CONNECHIONS . . o\ vttt et e et e e e e e e e 73
6a. Demand Critical Welds . ......... .. ... .. .. 73
6b. Beam-to-Column Connections. . . .. ...t . 74
6C. Brace CONNECtiONS . . . . o oottt ettt e 74

1. Required Tensile Strength . ......... ... ... ... ... ... ... .. 74

2. Required Compressive Strength. . ......... .. ... .. .. ... ... 75

3. Accommodation of Brace Buckling. ......................... 75

4. GussetPlates ... 76
6d. Column SPlICeS .. ...t 76
Eccentrically Braced Frames (EBF)........... .. .. . .. .. .. ... ... 77
Lo SCOPE . ot 77
2. Basisof Design . ... 77
3 ANALYSIS ot 77
4. System Requirements. . .. ........... i 78
4a. Link Rotation Angle. .. ... ... . 78
4b. Bracing of Link . ... ... 78
5. MEMDETS . .ottt 78
Sa. BasicRequirements . .. ...... ... 78
Sb. LInKS .o 79

Lo Limitations . ... oov ettt 79

2. Shear Strength .. ... ... ... . ... 79

3. LinkLength ... ..o 80

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



F4.

F5.

TABLE OF CONTENTS 9.1-xiii

4. Link Stiffeners for I-Shaped Cross Sections . .................. 81

5. Link Stiffeners for Box Sections . .. ......................... 82

5C. Protected ZOneS . . .. oottt 82
6. CONNECHONS . . .\ttt ettt e e ettt e 82
6a. Demand Critical Welds . ........... ... i, 82
6b. Beam-to-Column Connections. . . ........o.uutenrenenneeneannnn. 83
6¢. Brace ConnectionsS . . . ... ovt ittt e e e e 83
6d. Column SPLICES . ..ottt 84
6e. Link-to-Column Connections . ..............c.vuurerenenenannn. 84
1. Requirements . ... .........uuumunuunin e 84

2. Conformance Demonstration. ... ............citiurenena... 84
Buckling-Restrained Braced Frames (BRBF) ........................ 85
Lo SCOPE . ot 85
2. Basisof Design . ...t 85
2a. Brace Strength . ... ... 86
2b. Adjustment Factors . ........ ... .. ... 86
2c. Brace Deformations. . ............i i 86
3 ANALYSIS ot 86
. System Requirements. . ............... i 87
4a. V- and Inverted V-Braced Frames .............................. 87
4b. K-Braced Frames. .. ........ ... . i 88
4c. Lateral Force Distribution .. ........... ... ..., 88
4d. Multi-Tiered Braced Frames . ............. ... ... ... .. ... 88
4e. Overall Stability of BRB and Connection Assemblies .............. 89
5. MeMDETS ..ottt 89
Sa. BasicRequirements . .. ...... ... 89
5b. Diagonal Braces. .. ... ..ot 89
I. Assembly .. ... 89

2. Available Strength .. ....... . .. 90

3. Conformance Demonstration. . .. .............couurinen. .. 90

5c. Protected ZOmesS . . ..o it 91
6. CONNECHONS . . o\ttt ettt e ettt et 91
6a. Demand Critical Welds . ............ ... i, 91
6b. Beam-to-Column Connections . ................cuurerenenan.n. 91
6¢. Diagonal Brace Connections . . ..., 92
1. Required Strength ......... ... ... ... ... .. ... i 92

2. Gusset Plate Requirements. .. .............. ... ... .. 92

6d. Column SPLICES . ..ottt 92
Special Plate Shear Walls (SPSW) . ... ... ..o i 93
L. SCOPE .« et 93
2. BasisofDesign ... 93
30 Analysis .. ... 93

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xiv TABLE OF CONTENTS
4. System Requirements. ... ............ ... 94
4a. Stiffness of Boundary Elements. .. ............ .. ... .. ... ....... 94
4b. HBE-to-VBE Connection Moment Ratio . ....................... 94
4C. BraCing. . ..ot 94
4d. Openingsin Webs . ... .. i 94
5. MEmDbETS . . ..ot 94
Sa. BasicRequirements . . ............. ... . i i 94
Sb. WebS 95
Sc. HBE . oo 95
S5d. Protected ZONES . . .. oot 95
6. CONNECHIONS . . o\ vttt ettt e e e e e e 95
6a. Demand Critical Welds . ......... ... ... ... . . .. 95
6b. HBE-to-VBE Connections. . .. ...........oiitniintnrenenenan.n. 96
1. Required Strength ......... .. .. . . 96
2. PanelZones .. ...t 96
6¢. Connections of Webs to Boundary Elements. . .................... 96
6d. Column SPliCes . . ..o vt i 96
7. Perforated Webs. . ... .. 96
7a. Regular Layout of Circular Perforations . ........................ 96
L. Strength . ..o 97
2. SPACING. « v vttt e 97
30 SHIMESS . oot 97
4. Effective Expected Tension Stress. . ...t 98
7b. Reinforced Corner Cut-Out . .. ... i, 98
1. DesignforTension. ........ ..., 98
2. Design for Combined Axial and Flexural Forces. ............... 98
G. COMPOSITE MOMENT FRAME SYSTEMS . .. ............ .. oot 99
G1l. Composite Ordinary Moment Frames (C-OMF) ...................... 99
Lo SCOPE . ot 99
2. Basisof Design . ... 99
3 ANALYSIS ot 99
4. System Requirements. . .. ............ i 100
5. Members ... 100
S5a. Protected ZOnes . . .. ...t 100
6. CONNECHIONS . . o\ttt ettt e e e et et et 100
6a. Demand Critical Welds . ........ ... ... .. .. .. 100
G2. Composite Intermediate Moment Frames (C-IMF) . .................. 100
L. SCOPE .« et 100
2. Basisof Design ....... ... 100
3. ANALYSIS ot 100
4. System Requirements. ... ............... i 101
4a. Stability Bracingof Beams .. ......... ... ... .. . . 101

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



G3.

G4.

TABLE OF CONTENTS 9.1-xv

5. MeMDEIS . .ottt e
Sa. BasicRequirements . ........... ...
S5b. Beam Flanges. .. ... ..o
Sc. Protected Zomes . .. ..ot e
6. CONNECHIONS . . oottt ettt e et et ettt
6a. Demand Critical Welds ........... ... ... ... . i,
6b. Beam-to-Column Connections. . . ...........uiriirenrennane .
6¢. Conformance Demonstration. . .. ...........cooiintirenenann..
6d. Required Shear Strength .. ....... .. ... .. .. ... . ...
6e. Connection Diaphragm Plates . .. ....... ... ... ... ... .......
6f. Column SPlices .. ...t

Lo SCOPE . ot
2. Basisof Design . ...
3 ANALYSIS - ot
4. System Requirements. . ............ ..
4a. MomentRatio ........... .
4b. Stability Bracingof Beams .. ......... .. .. ... .. . .
4c. Stability Bracing at Beam-to-Column Connections ...............
5. Members ...
Sa. BasicRequirements . ........ ... ... .. i
5b. Beam Flanges. ... ... ..o
Sc. Protected ZONes . ... ..ot
6. CONNECHIONS . . .\ttt ettt e e e e et et et
6a. Demand Critical Welds . ............ .. .. ... ...
6b. Beam-to-Column Connections. . .............viuuiinnennn....
6¢. Conformance Demonstration. . .......... ..o,
6d. Required Shear Strength .. ....... .. ... ... ... .. .. ... .. ... ..
6e. Connection Diaphragm Plates . .. ......... ... ... ... .. .......
6f. Column Splices .. ... .ottt

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xvi TABLE OF CONTENTS

6¢. Beam-to-Column Connections. . . ............oiuitnranenann.. 109

6d. Conformance Demonstration. ... ............c.cviniunenan.... 109

6e. Column SPlICES . . ..ottt 110

H. COMPOSITE BRACED FRAME AND SHEAR WALL SYSTEMS ...... 111
H1. Composite Ordinary Braced Frames (C-OBF)....................... 111
Lo S0P vttt e 111

2. Basisof Design . ... 111

3. ANAlYSIS . o 112

4. System Requirements. . .............. ... 112

5. Members ... ... 112

Sa. BasicRequirements . ............... .. .. i 112

S5b. COUMNS .« ettt e e e 112

5C. Braces. .. ..o 112

5d. Protected ZOmes . . . ...t 112

6. CONNECHIONS . . .\ttt ettt e e e e e e et 112

6a. Demand Critical Welds . .............. .. ... . .. o, 112

H2. Composite Special Concentrically Braced Frames (C-SCBF)........... 112
Lo SCOPE vttt e 112

2. Basisof Design . ... 113

3. ANAlySIS . o 113

4. System Requirements. . .. ............ ... 113

5. Members ... ... 113

Sa. BasicRequirements . .............. ... . . i 113

5b. Diagonal Braces. ... ... 113

5c. Protected ZONES . . ..o v it 113

6. CONNECLIONS . . o\ vt ettt et e e e e e e e e et 113

6a. Demand Critical Welds .......... .. ... .. ... . ... 114

6b. Beam-to-Column Connections. . . .. ............oueieneenann.. 114

6C. Brace ConNectionS . . .. ..ot vt vttt 114

6d. Column SPliCeS . . ..ot 114

H3. Composite Eccentrically Braced Frames (C-EBF). ................... 115
L. SCOPE .« et 115

2. Basisof Design ......... ... 115

3. ANALYSIS ot 115

4. System Requirements. ... ............. .. i 115

5. MEMDEIS . .ottt 115

6. CONNECHIONS . . o\ vt ettt e et e e e e e e e e e e e e 115

6a. Beam-to-Column Connections. . . ...........ouuiinennenenn... 116

H4. Composite Ordinary Shear Walls (C-OSW). ...... ... ... ... ... 116
Lo SCOPE ettt 116

2. BasisofDesign ........... .. 116

3. ANALYSIS ot 116

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



H5.

He6.

Sa.
5b.

5c.

6.

6a.

1.
2.
3.

3a.
3b.

4.

4a.
4b.
4c.
4d.
4e.

5.

Sa.
5b.
Sc.
5d.
Se.

6.

TABLE OF CONTENTS 9.1-xvii

System Requirements. . ............ ... i
Members . ...
Boundary Members . .. ...
Coupling Beams. . ... ...t
1. Structural Steel Coupling Beams. ..........................
2. Composite Coupling Beams. . .............. .. ... ... .....
Protected ZONes . . . ..ottt

Basisof Design . ...
ANALYSIS . .ot
System Requirements. . . .. ...ttt
Members . ...
. Ductile Elements .. ...t
. Boundary Members . . ........ ... .
. Steel Coupling Beams . .......... . i
. Composite Coupling Beams ............ ... ... ... ... .......
. ProtectedZones ... ...
CONNECHIONS .« ¢ .o vttt ettt et et e e e e

System Requirements. . . ...ttt
Steel Plate Thickness . ......... ... .. . i
Stiffness of VBE. . ... ...
HBE-to-VBE Connection Moment Ratio . ......................
Bracing. .. ...
Openings in Webs . ... ... .
Members . ...

Concrete Stiffening Elements . ......... .. ... .. .. ... oo, ..
Boundary Members . ........ .
Protected Zones . . ...
CONNECLIONS . . . o\ ettt et et e e e e e e e

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xviii

H7.

HS.

TABLE OF CONTENTS

6a. Demand Critical Welds .. ......... ... ... ... . i,
6b. HBE-to-VBE Connections ................ouiiniiiranenanan..
6¢. Connections of Steel Plate to Boundary Elements ................
6d. Connections of Steel Plate to Reinforced Concrete Panel...........

1. Tensioninthe Connector..............c.c.uuitiiiunrennann..

2. Shearinthe Connector. . . ...t
6e. Column Splices ....... ... ..o
Composite Plate Shear Walls—Concrete Filled (C-PSW/CF)...........
L. SCOPE . .ot

2.
3. ANalysSiS . o
4. System Requirements for C-PSW/CF with Half-Circular or

Circular Boundary Elements .. ............. ... ... ... ... ...
4a. Steel Web Plate of C-PSW/CF with Half-Circular or

Circular Boundary Elements .. ......... .. ..., ..
4b. Half-Circular or Circular Boundary Elements. .. .................
de. Tie Bars ..o
5. System Requirements for C-PSW/CF with Flange or Closure Plates . .
Sa. Steel Web and Flange Plates ............ ... ... ... ... .......
Sbh. TieBars . ...
6. MEMDEIS . ..ottt
6a. Flexural Strength .. ... ... .. .. .
6b. Shear Strength .. ... ... ... .. . .
7. Connection Requirements . ..............c..iiuiininnann...
7a. Connection Between Tie Bars and Steel Plates . . . ................
7b. Connection Between C-PSW/CF Steel Components. ... ...........
7c. C-PSW/CF and Foundation Connection . .......................
8. Protected Zones .. ...
8a. SPLICeS . .ot
9. Demand Critical Welds in Connections. . .......................
Coupled Composite Plate Shear Walls—Concrete Filled (CC-PSW/CF) . .
Lo SCOPE vttt
2. Basisof Design . ...
3. ANAlySiS . o
Ba. Stffness . . ..o
3b. Required Strength for Coupling Beams. ........................
3c. Required Strength for Composite Walls .. ......................
4. Composite Wall Requirements. . ... ........ocvuiiniinnennan..
4a. Area of Steel Requirements. . ............ .. .. .. ..
4b. Steel Plate Slenderness Requirements. ... ......................
4c. Tie Bar Spacing Requirements. . .. ........... .. ... ... .. ....
4d. Tie Bar-to-Plate Connection . ..............c.ouiiuiiennnnan..

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



TABLE OF CONTENTS 9.1-xix

5. Composite Coupling Beam Requirements. . ..................... 134
S5a. Minimum Areaof Steel . ........... ... .. . i 134
5b. Slenderness Requirements for Coupling Beams .. ................ 134
5c. Flexure-Critical Coupling Beams . ............................ 134
6. Composite Wall Strength . .. ........... ... ... ... ... .. 135
6a. Tensile Strength . ... ... .. . 135
6b. Compressive Strength . ......... ... ... ... .. i 135
6¢. Flexural Strength ... ... ... 135
6d. Combined Axial Force and Flexure............................ 135
6e. Shear Strength .. ... .. ... . . . 135
7. Composite Coupling Beam Strength .. ......................... 135
7a. Flexural Strength . ....... .. 136
7b. Shear Strength . ... .. .. . 136
8. Coupling Beam-to-Wall Connections . ..................c....... 136
8a. Required Flexural Strength . ........... .. ... .. .. .. .. .. ..... 136
8b. Required Shear Strength ......... ... .. ... .. .. ... .. ... .. ..... 136
8c. Rotation Capacity. . .. ......oui i 136
9. Composite Wall-to-Foundation Connections. . ... ................ 136
9a. Required Strength ......... ... ... ... .. i 136
10. Protected ZONES . . ... ov vttt 137
11. Demand Critical Welds in Connections. . .. ...............c...... 137
FABRICATIONAND ERECTION . ... ... . i 138
I1. Fabrication and Erection Documents . . ............................ 138
1. Fabrication Documents for Steel Construction ... ................ 138
2. Erection Documents for Steel Construction ..................... 138
3. Fabrication and Erection Documents for Composite Construction. . .. 138
12. Fabrication and Erection. .. ....... .. ... .. . .. i 139
1. Protected Zone. .. ... ...t 139
2. BoltedJoints. . . ... 139
30 Welded Joints. .. ..ot 139
4. Continuity Plates and Stiffeners. . ............. .. .. ... .. ... ... 140
QUALITY CONTROL AND QUALITY ASSURANCE . ................ 141
J1. General Provisions . ............ .. 141
J2. Fabricator and Erector Quality Control Program .. ................... 142
J3.  Fabricator and Erector Documents. . ........... ... c..coovion... 142
1. Documents to Be Submitted for Steel Construction ............... 142
2. Documents to Be Available for Review for Steel Construction. . . . . .. 142
3. Documents to Be Submitted for Composite Construction. . . ........ 142
4. Documents to Be Available for Review for Composite Construction . . 143
J4.  Quality Assurance Agency Documents. . . ......... .. ..., 143
J5. Inspection and Nondestructive Testing Personnel .................... 143

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xx

J6.

J7.

J8.
Jo.

TABLE OF CONTENTS

Inspection Tasks . .. ..ot
1. Document (D) ....... .
Welding Inspection and Nondestructive Testing. . ... .................
1. Visual Welding Inspection Documentation . .. ...................
2. NDTofWeldedJoints . ...........c.iiniiiiiiiiin...
2a. CJP Groove Weld NDT . ....... ... .
2b. PIP Groove Weld NDT .. ... ... . i

1. Column Splice Welds. . ...,

2. Column-to-Base Plate Welds . . ......... ... .. ... .. ...

3. Alternative Approachto UT....... ... ... ... ... ... ......
2c. Base Metal NDT for Lamellar Tearing and Laminations ...........
2d. Beam Cope and Weld Access Hole NDT. . ......................
2e. Reduced Beam Section Repair NDT . ..........................
2f. Weld TabRemoval Sites ........... ... .. i,
2g. Reduction of Percentage of Ultrasonic Testing ... ................
2h. Reduction of Percentage of Magnetic Particle Testing . ............
Inspection of High-Strength Bolting . .............................
Other Steel Structure Inspections . ... ....... .. ...,

J10. Inspection of Composite Structures . .. ... .

J11. Inspectionof H-Piles . ......... ... i

PREQUALIFICATION AND CYCLIC QUALIFICATION
TESTING PROVISIONS . . ...

KI.

Prequalification of Beam-to-Column and Link-to-Column Connections. . .
Lo SCOPE vttt e
2. General Requirements . . ............o ottt
2a. Basis for Prequalification. . ............ ... ... .. .. .. .. ...
2b. Authority for Prequalification ... ......... ... ... ... .. ... ...
3. Testing Requirements. . . .. ..ottt
. Prequalification Variables .......... ... .. .. . .. . . ...
4a. Beam and Column Parameters for SMF and IMF, Link and
Column Parameters for EBF . ....... ... .. ... ... .. ... ...
4b. Beam and Column Parameters for C-SMFand C-IMF.............
4c. Beam-to-Column or Link-to-Column Relations . .................
4d. Continuity and Diaphragm Plates .. ........... ... .. .. .. ... ...
de. Welds .o
A BOIS. .o
4g. Reinforcementin C-SMFand C-IMF . .........................
4h. Quality Control and Quality AsSurance. ........................
4i. Additional Connection Details. . .............. .. .. .. . .. ...
5. DesignProcedure. .. ...... ...
6. PrequalificationRecord . ........ ... ... ... ... . il

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



TABLE OF CONTENTS 9.1-xxi

K2. Cyclic Tests for Qualification of Beam-to-Column and

K3.

Link-to-Column Connections. . ............ouuiiuniineinnennno.. 155
Lo S0P ot 155
2. Test Subassemblage Requirements .. .......................... 155
3. Essential Test Variables . ......... ... . ... 155
3a. Sources of Inelastic Rotation. . ........... .. .. .. . . ... 155
3b. MEMDEIS . . oottt e 156
3c. Reinforcing Steel Amount, Size, and Detailing. . ................. 157
3d. Connection Details. . ........ ... .. i i 157
3e. Continuity Plates . . ... 157
3f. Steel Strength for Steel Members and Connection Elements ... ... .. 157
3g. Steel Strength and Grade for Reinforcing Steel. .. ................ 158
3h. Concrete Strength and Density ........... ... ... ... ... ...... 158
3i. Welded Joints. .. ..ot 158
3j. Bolted JOINtS. . . oot 160
3k. Load Transfer Between Steel and Concrete. .. ................... 160
4. Loading History . . ... ... e 160
4a. General Requirements . .. ...t 160
4b. Loading Sequence for Beam-to-Column Moment Connections . . . . . . 161
4c. Loading Sequence for Link-to-Column Connections . ............. 161
5. Instrumentation . ...............iiii i 162
. Testing Requirements for Material Specimens ................... 162

6a. Tension Testing Requirements for Structural Steel

Material Specimens . . ... 162
6b. Tension Testing Requirements for Reinforcing Steel

Material Specimens . .. ..ot 162
6¢. Methods of Tension Testing for Structural and Reinforcing

Steel Material Specimens. . . ..........o it 162
6d. Testing Requirements for Concrete . .. ......................... 162
6e. Testing Requirements for Weld Metal Material Specimens. . . ....... 163
7. Test Reporting Requirements. .. ......... ... ... oo, 163
8. Acceptance Criteria . ... .....oouutvinin e, 164
Cyclic Tests for Qualification of Buckling-Restrained Braces. . ......... 164
e o 164
2. Subassemblage Test Specimen. . . ......... ... .. ... ... .. ... . 165
3. Brace Test Specimen ... ..........ouuiuiiiinininennenennn. 166
3a. Design of Brace Test Specimen. . ...............cooviunion. .. 166
3b. Manufacture of Brace Test Specimen . ............. .. ... ....... 166
3c. Similarity of Brace Test Specimen and Prototype . ................ 166
3d. Connection Details. . ........ ... .. i 166
3e. Materials ... ... 166

1. Steel Core ..o v 166

2. Buckling-Restraining Mechanism .......................... 167

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xxii TABLE OF CONTENTS

3f, CONNECLIONS . . o v vttt e ettt e e e e e 167

4. Loading HiStory . . . ..ottt e 167

4a. General Requirements . .. ..ottt 167

4b. Test CONtrol ... ..ottt 167

4c. Loading Sequence . ... ...t 167

5. Instrumentation .. ... ... 168
Materials Testing Requirements. . ......... ... .. ... oo ion... 168

6a. Tension Testing Requirements. ........... ... .. .. .. ..., 168

6b. Methods of Tension Testing. . . ..., 168

7. Test Reporting Requirements. . ........... .. ... .. 168

8. Acceptance Criteria . ... .......ouuvuninirn e, 169

APPENDIX 1. DESIGN VERIFICATION USING NONLINEAR

RESPONSE HISTORY ANALYSIS . ... ... 170
L1, SCOPE. . et 170
1.2. Earthquake Ground Motions. . .. ... ...ttt 171
1.3. Load Factors and Combinations. . ..................oiiinenen.... 171
1.4. General Modeling Requirements . ............. ... ... ... ........ 171
1.5. Member Modeling Requirements. . ... ........... oo, 171
L. Beams. . ... 172

2. LANKS o 172

3.0 ColumnS. ..o 172

4. Braces (Except Buckling-Restrained Braces) .................... 173

5. Buckling-Restrained Braces. .. .......... ... ... ... .. ... ... 173

6. Steel Plate Shear Walls. . ........ . i 173

7. Composite Plate Shear Walls. . ........... .. ... ... .. ... .. 174

1.6. Connection Modeling Requirements . ............................. 174
1. Panel Zones . . ... 174

2. Partially Restrained Connections. . . ............c..vuninoon... 174

3. ColumnBases ......... ... 175

4. Brace GussetPlates ... ... 175

1.7. System Requirements . .. ...ttt 175
1. Special Moment Frames (SMF). . ....... ... ... ... .. ... ....... 175

2. Special Concentrically Braced Frames (SCBF)................... 175

3. Eccentrically Braced Frames (EBF) ............ .. .. ... ....... 176

4. Buckling-Restrained Braced Frames (BRBF) . ................ ... 176

5. Special Plate Shear Walls (SPSW). .. ... .. . . it 176

6. Composite Plate Shear Walls—Concrete Filled (C-PSW/CF). .. ... .. 176

7. Gravity Framing Systems. . ... ...t 176

1.8. Global Acceptance Criteria. . .. ........uuiuinine ... 176

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



TABLE OF CONTENTS 9.1-xxiii

COMMENTARY
INTRODUCTION. . . .o e e e e e s 181
COMMENTARY SYMBOLS . ... e 182
A. GENERAL REQUIREMENTS . .. ... ... i 187
AL SCOPE. . oot 187
A2. Referenced Specifications, Codes, and Standards .................... 189
A3, Materials. . . ... 189
1. Material Specifications ................ ... ... .. .. 189
2. Expected Material Strength . . .......... ... ... .. . . .. 191
3. Heavy Sections. .. ..ottt 193
4. Consumables forWelding ............. ... ... ... ... ... ... 195
5. Concrete and Steel Reinforcement. . ............. ... ... ....... 196
A4. Structural Design Documents and Specifications Issued for Construction . 197
1. General. ... ... 197
2. Steel CONStrUCtiON . ..ottt ettt e 197
3. Composite CONSIUCHION. . . ..ottt ettt e 200
B. GENERAL DESIGN REQUIREMENTS .. ........ ... ... ... ... .... 201
B1. General Seismic Design Requirements ............................ 201
B2. Loads and Load Combinations. .. .............uuiterenenenenen.n. 201
B3. Design Basis. . ... ..o 203
2. Available Strength . . ... ... 203
B5. Diaphragms, Chords, and Collectors . .............. ..., 203
LooGeneral. . ..ot 203
2. Truss Diaphragms . ........ ... .. 204
C. ANALY SIS . 206
Cl. General Requirements . ............. ... .. 206
C2. Additional Requirements . .............. .. ...ttt 209
C3. Nonlinear Analysis . .. .. ...uut it e 210
D. GENERAL MEMBER AND CONNECTION
DESIGN REQUIREMENTS . ... ... 211
D1. Member Requirements . .. ......... ... 211
1. Classification of Sections for Ductility ......................... 211
la. Section Requirements for Ductile Members . .................... 211
1b. Width-to-Thickness Limitations of Steel and Composite Sections . ... 212
2. Stability Bracingof Beams ............. ... ... ... . . 215
2a. Moderately Ductile Members . ................c.o i, 215
2b. Highly Ductile Members . .. ........... ... ... 216
2c. Special Bracing at Plastic Hinge Locations. . .................... 216
3. Protected ZONeS . . ..ottt 217
4. Columns. . oot 217
4a. Required Strength . ....... ... .. L 217

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xxiv

D2.

D3.
D4.

TABLE OF CONTENTS

4b. Encased Composite Columns . ............ ... ...,

1. Moderately Ductile Members .............. .. ... ivu....

2. Highly Ductile Members . ........... .. ... ... . ... ......
4c. Filled Composite Columns . ........... ... ... ...,
5. Composite Slab Diaphragms . ... ....... .. .. . i,
6. Built-Up Structural Steel Members . ............. ... ... .......
CONNECLIONS . . o ettt et et et e et e e e e e e e
LooGeneral. . ..ot
2. BoltedJoints. . ...
3. Welded JOINES . . oo vttt
4. Continuity Plates and Stiffeners. . ........... .. .. .. ... .. ... ...
5. Column SPICeS . ..ottt
Sa. Locationof Splices ............ ... ... i
5b. Required Strength . ... ... .. .. .
5c. Required Shear Strength . ........ ... ... ... . ... . . ...
5d. Structural Steel Splice Configurations. .. .......................
6. ColumnBases ........ ...
6a. Required Axial Strength. . ...... ... ... ... . .
6b. Required Shear Strength ........... ... ... ... ... ... ... ...
6¢. Required Flexural Strength ......... ... .. .. ... ... .. ... ....
7. Composite CONNECHIONS . « .« v v vttt e ettt e e e en e
8. Steel AnChors. ... ..o
Deformation Compatibility of Non-SFRS Members and Connections . . . .
H-Piles .. ..o
1. Design Requirements. . ... ... .. ..ot
2. Battered H-Piles. . ... ... i
30 TenSION. . oottt
4. Protected ZONE . . ..o vttt

MOMENT FRAME SYSTEMS. . .. ... ... .

El.

E2.

Ordinary Moment Frames (OMF) . ...... ... .. .. .. .. . .. .. .....
2. Basisof Design . ...
4. System Requirements. . .. ............ ...
5. MeMDETS ..ottt
6. CONNECHONS . .o\ttt ettt ettt ettt
6b. FR Moment COnnectionsS. . .. ... ..vutitnen e eeeeanenn
6¢. PR Moment CONnectionsS. ... ....ov vt it it e e
7. OMF Composed of Structural Steel Trusses and

Structural Steel Columns . ... ...t
7b. Basis of Design . ...t
7d. Truss-to-Column Connections. . . .. ......ooviienrnrenenanan .
Intermediate Moment Frames IMF) .. ........... ... .. ...........
2. Basisof Design . ...

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



TABLE OF CONTENTS 9.1-xxv

4. System Requirements. ... ............... i 254
4a. Stability Bracingof Beams .. ......... .. .. ... .. . . . 254
5. Members ... 254
Sa. BasicRequirements . .............. ... . i 254
S5b. Beam Flanges. .. ... ..o 254
Sc. Protected ZONes . ... ..o vt 254
6. CONNECHIONS . . o\ttt ettt e e e e ettt e 254
6a. Demand Critical Welds . ......... .. .. . i, 254
6b. Beam-to-Column Connection Requirements. . ................... 254
6¢. Conformance Demonstration. . .. .............ouitieerenan.n.. 255
6d. Required Shear Strength .. ....... .. .. .. .. .. .. . ... 255
6e. PanelZone . ... ... 255
6f. Continuity Plates . ......... ... .. ... 255
6g. Column SPliCeS . . ..ottt 255
E3. Special Moment Frames (SMF) .. ....... ... ... . .. ... ... . ... 255
2. BasisofDesign .......... ... 255
3 ANALYSIS - ot 256
4. System Requirements. . .. ............ . 261
4a. Moment Ratio . .......... ... . 261
4b. Stability Bracingof Beams .. ......... ... ... .. . . 264
4c. Stability Bracing at Beam-to-Column Connections ............... 264
1. Braced Connections . .. .. ........couinintnrenenenenenennn. 264

2. Unbraced CONNECHioNS . . ..o .v v ee et 265

5. Members ... 265
Sa. BasicRequirements . ............... .. .. i 265
S5b. Beam Flanges. .. ... ..o 265
Sc. Protected ZONes . ... ..ot 266
6. CONNECHIONS . . o\ttt ettt e e e et et 266
6a. Demand Critical Welds . ......... .. .. . i, 266
6b. Beam-to-Column Connections . ...............c.oouiuniinonn... 266
6¢. Conformance Demonstration. . .. ............oiuitiennenan.n.. 269
6d. Required Shear Strength .. ....... .. .. .. .. .. .. . ... 269
6e. PanelZone . ... ... 270
1. Required Shear Strength .......... ... ... ... ... ... .... 270

2. Panel-Zone Thickness . ......... ..., 272

3. Panel-Zone Doubler Plates. . . ......... .. .. .. . .. .. ... .. 273

6f. Continuity Plates . ......... ... .. .. . 277
1. Conditions Requiring Continuity Plates ..................... 278

2. Continuity Plate Requirements ............................ 280

6g. Column Splices .. ..... ...t 281
E4. Special Truss Moment Frames (STMF) .. ........ .. .. .. .. ... ... 282
L SCOPE .« et 282

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xxvi

F.

TABLE OF CONTENTS

. BasisofDesign . ... 283
3 ANALYSIS - ot 283
3a. Special Segment. ... ... ... 283
3b. Nonspecial Segment. .. ...ttt 285
4. System Requirements. . .. ........... i 285
4a. Special Segment. . . ... . 285
4b. Stability Bracing of Trusses. . .......... ... ... ... 285
4c. Stability Bracing of Truss-to-Column Connections. ... ............ 286
5. Members . ... 286
5b. Special Segment Members. . ............ ... ... 286
5c. Expected Vertical Shear Strength of Special Segment. . ............ 286
5d. Width-to-Thickness Limitations ............... ... .. ... .. ..... 287
Se. Built-Up Chord Members . ............c.ciiuiiiiinnann... 287
SE. Protected ZONES . . .o .o vt 287
6. CONNECLIONS . .« vttt ettt e e e et e e e e e 287
6a. Demand Critical Welds . ......... ... ... ... .. i, 287
6b. Connections of Diagonal Web Members in the Special Segment . . . . . 287
6C. Column SPIiCeS . ..ottt 287
E5. Ordinary Cantilever Column Systems (OCCS) ...................... 288
2. Basisof Design . ... 288
4. System Requirements. . .. .......... .. 288
da. COIUMNS . . ..o 288
4b. Stability Bracing of Columns. .. ......... ..., 288
6. CONNECLIONS . .« vttt ettt e e e et e e e e e e 288
E6. Special Cantilever Column Systems (SCCS) ......... .. ... 288
Lo S0P vttt 288
2. Basisof Design . ... 288
4. System Requirements. . ............... ... il 289
4a. ColumNS. . .ot 289
4b. Stability Bracing of Columns. .. ............ .. ... 289
5. MembersS . ... 289
Sa. BasicRequirements . ........... ... i 289
5b. Column Flanges . .. ... ..o 290
5c. Protected ZONeS . . .. ..ottt 290
6. CONNECLIONS . . o\ttt ettt ettt e e e 290
BRACED FRAME AND SHEAR WALL SYSTEMS ................... 291
F1. Ordinary Concentrically Braced Frames (OCBF) .................... 291
L. SCOPE .« et 291
2. BasisofDesign .......... ... 291
3. ANALYSIS ot 292
4. System Requirements. . .. ............ i 292
4a. V-Braced and Inverted V-Braced Frames. . ................... ... 292
4b. K-Braced Frames. .......... ... i 292

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



TABLE OF CONTENTS 9.1-xxvii

4c. Multi-Tiered Braced Frames .. .............. .. ... ... ....... 292
5. MEMDRIS . .ottt 293
Sa. BasicRequirements . ......... ... . .. . i 293
5b. Slenderness . . ... ... 293
Sc. Beams. . ..o 294
6. CONNECHIONS . . .\ttt ettt e e e e e et et 294
6a. Brace ConnectionsS . . . ... ..vtvt ettt 294
Special Concentrically Braced Frames (SCBF) . ..................... 294
Lo SCOPE ettt 294
2. BasisofDesign ....... ... ... 295
3 ANALYSIS - ot 296
4. System Requirements. . ......... .. .. .. i 298
4a. Lateral Force Distribution .. ............ ... ... i, 298
4b. V- and Inverted V-Braced Frames .. ........... ... .. ... .. ...... 298
4c. K-Braced Frames. .. ...... ... . . 299
4d. Tension-Only Frames. ......... ... ... ... ... .. ... .. ... 300
4e. Multi-Tiered Braced Frames . ......... ... ... .. . i, 300
5. Members . .. ... 310
Sa. BasicRequirements . ............... .. .. i 310
5b. Diagonal Braces. ... ... 310
5c. Protected ZOomes . . .. ... 311
6. CONNECHIONS . . o\ttt ettt e e et ettt et e 313
6a. Demand Critical Welds . ......... .. .. . .. 313
6b. Beam-to-Column Connections. . . .. ..........couueieneananan.. 313
6C. Brace CoONNeCtionS . . . ..o vttt ettt et 315

1. Required Tensile Strength . ........... .. ... ... .. ... ..... 315

2. Required Compressive Strength. . ........... ... ... ....... 316

3. Accommodation of Brace Buckling. . ........... ... ... ... 316

4. GussetPlates .. ... 318
6d. Column SPliCes .. ...t 318
Eccentrically Braced Frames (EBF). . ......... .. .. .. .. .. .. ..... 320
L. SCOPE . .ot 320
2. Basisof Design ....... ... 321
30 Analysis .. ... 322
4. System Requirements. ... ........... ittt 327
4a. Link Rotation Angle. .. ... ... ... . . 327
4b. Bracing of Link . ....... .. ... 328
5. MEMDRIS . .ottt 329
S5a. BasicRequirements . ............ ... .. .. . 329
Sh. LANKS oo 329

1. LimitationS . . ..ot 331

2. Shear Strength .. ... ... .. .. ... 332

3. LinkLength . ... .. .. 333

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xxviii

F4.

F5S.

TABLE OF CONTENTS

4. Link Stiffeners for I-Shaped Cross Sections . ................. 333

5. Link Stiffeners for Box Sections . .......................... 333

5c. Protected ZOomes . . . ... 335
6. CONNECHIONS . . o\ttt ettt e e e et et 335
6a. Demand Critical Welds . ......... .. .. . . .. 335
6b. Beam-to-Column Connections. . . .. .........c.couuenenennann.. 335
6C. Brace COnNectionS . . . ..o vt vttt ettt e 335
6d. Column SPliCeS . . ..ottt 336
6e. Link-to-Column Connections . ...............c.cooiuieananan.. 336
Buckling-Restrained Braced Frames (BRBF) ....................... 338
L. SCOPE . .ot 338
2. Basisof Design ........... .. 338
2a. Brace Strength . . ... .. .. 341
2b. Adjustment Factors . ........... ... .. 341
3. ANalySiS . o 342
. System Requirements. . ............ ... .. i 343
4a. V- and Inverted V-Braced Frames .. ........... ... .. ... ........ 343
4b. K-Braced Frames. .. ....... ... . . . 344
4d. Multi-Tiered Braced Frames .. .............. .. ... ... ....... 344
4e. Overall Stability of BRB and Connection Assemblies ............. 345
5. Members . .. ... 346
Sa. BasicRequirements . .......... ... ... .. i 346
5b. Diagonal Braces. ...... ... 346
1. Assembly . ... 346

2. Available Strength . ... . .. .. 348

3. Conformance Demonstration. ... ..............c..uiuoo.... 348

5c. Protected ZOomes . . . ... 348
6. CONNECHIONS . . o\ttt ettt e e e et et 349
6a. Demand Critical Welds . ......... .. .. . .. 349
6b. Beam-to-Column Connections . ................c.cuuuuinann.. 349
6¢. Diagonal Brace Connections . .. .............ooviuniinnenn..... 349
6d. Column SPliCeS . . ..ottt 349
Special Plate Shear Walls (SPSW) .. ... ... . i 349
Lo SCOPE . ot 349
2. Basisof Design . ... 350
3. ANalysiS . o 352
4. System Requirements. ... ............... i 359
4a. Stiffness of Boundary Elements. . ............. ... .. ... ........ 360
dc. Bracing. .. ... 360
4d. Openings in Webs . ....... ... . 360
5. MEMDRIS . .ottt 361
S5a. BasicRequirements . ............ ... .. .. . 361

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



TABLE OF CONTENTS 9.1-xxix

5B, WebS o 361
Sc. HBE . oo 361
5d. Protected ZONeS . ... ..ottt 363
6. CONNECHIONS . . o\ttt ettt e e e et et 363
6a. Demand Critical Welds . ......... .. .. . . .. 363
6b. HBE-to-VBE Connections. .. ..........c.oiiiiiinnenn... 363
1. Required Strength ......... ... ... ... ... .. .. 363

2. Panel Zones . ... ... 364

6¢. Connections of Webs to Boundary Elements. .. .................. 364
6d. Column Splices .. ..... ...t 364
7. Perforated Webs. . ... ... 364
7a. Regular Layout of Circular Perforations . ....................... 364
7b. Reinforced Corner Cut-Out . .. .......... i, 366
G. COMPOSITE MOMENT FRAME SYSTEMS . .. ......... ... ... ... 368
G1l. Composite Ordinary Moment Frames (C-OMF) ..................... 368
2. Basisof Design . ... 368
G2. Composite Intermediate Moment Frames (C-IMF) . ............... ... 368
2. BasisofDesign .......... ... 368
4. System Requirements. . .. ...t 368
4a. Stability Bracingof Beams . ........... ... ... ... ... ... 368
5. Members . ...t 369
Sa. BasicRequirements . ........ ... ... .. 369
5b. Beam Flanges. . . ... ... 369
5c. Protected ZOnes . . .. ..ot 369
6. CONNECLIONS . . o\ttt ettt et ettt e 369
6a. Demand Critical Welds .......... . .. . .. i 369
6b. Beam-to-Column Connections. . . .. ...........ouitirnnenan.n.. 369
6¢. Conformance Demonstration. . ..............c.oiiienenan.... 369
6d. Required Shear Strength . ........ ... ... ... ... .. ... ... 369
6e. Connection Diaphragm Plates . .......... ... ... ... ... ....... 369
6f. Column SPliCes . . ..o vttt 370
G3. Composite Special Moment Frames (C-SMF)............ ... ... ... 370
Lo SCOPE . ot 370
2. Basisof Design . ... 370
4. System Requirements. . .............. ... 371
4a. Moment Ratio . ........ ... ... 371
4b. Stability Bracingof Beams .. ......... ... ... .. . . 371
4c. Stability Bracing at Beam-to-Column Connections ............... 371
5. Members . ...t 371
Sa. BasicRequirements . ........... ... .. 371
5b. Beam Flanges. . .. ... ..o 372
5c. Protected ZOnes . . .. ..ot 372

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xxx TABLE OF CONTENTS

6. CONNECHIONS . . .\ttt ettt e ettt et 372

6a. Demand Critical Welds . ......... .. ... .. 372

6b. Beam-to-Column Connections. . . .. ..........couueneneanann.. 372

6¢. Conformance Demonstration. . .. ............ouuiienrenan.n.. 376

6d. Required Shear Strength .. ....... .. .. .. .. .. .. . ... 376

6e. Connection Diaphragm Plates . .. ......... ... ... ... .. ....... 376

6f. Column Splices ....... ... ..o 376

G4. Composite Partially Restrained Moment Frames (C-PRMF). ........... 376
L SCOPE .« et 376

2. BasisofDesign ....... ... ... 378

3 ANALYSIS - ot 378

4. System Requirements. . .. .............. i 378

5. Members . ...t 378

Sa. COIUMNS . . ot 378

Sb. Beams. . . ..o 379

6. CONNECHIONS . . o\ttt ettt e e e et et 379

6¢. Beam-to-Column Connections. . . .......c.ouuiuerninennenenn .. 380

6d. Conformance Demonstration. . .. ............c.utieieanann.. 380

H. COMPOSITE BRACED FRAME AND SHEAR WALL SYSTEMS . ..... 381
H1. Composite Ordinary Braced Frames (C-OBF)................. ... ... 381
Lo SCOPE . ot 381

6. CONNECHIONS . . o\ vt ettt e e et e et e e e e e e 381

H2. Composite Special Concentrically Braced Frames (C-SCBF)........... 382
Lo SCOPE . ot 383

2. Basisof Design . ... 383

3. ANalysSiS . .o 383

4. System Requirements. ... ............. .. 384

5. MEMDRIS . .ottt 384

5b. Diagonal Braces. .. ...... ... .. 384

6. CONNECHIONS . . o\ttt ettt e e et et ettt 384

6a. Demand Critical Welds . ......... .. .. . .. 384

6b. Beam-to-Column Connections. . . .. ..........c.uueienennanan.. 385

6d. Column Splices .. ..... ...ttt 385

H3. Composite Eccentrically Braced Frames (C-EBF). ................... 385
L SCOPE .« et 385

2. BasisofDesign ....... ... 385

3 ANALYSIS ot 385

6. CONNECHIONS . . ..ttt ettt e e e e et e e 385

6a. Beam-to-Column Connections. . . .. ...........oovtvrerenann.. 386

H4. Composite Ordinary Shear Walls (C-OSW). . ........ ... ... ... ... 386
L SCOPE .« et 386

2. BasisofDesign ....... ... 388

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



HS.

Heé.

H7.

TABLE OF CONTENTS 9.1-xxxi

30 Analysis . ... 389
S, MemDbErIS ..o 390
5b. Coupling Beams. ... ...t 390
Composite Special Shear Walls (C-SSW) ......... ... ... ... ...... 392
L. SCOPE . .ot 392
2. BasisofDesign ........... 394
30 Analysis .. ... 394
4. System Requirements. . .. ...ttt 394
5. Members . ... 395
S5a. Ductile Elements .. .............. i 395
5b. Boundary Members . .. ... 395
Sc. Steel Coupling Beams . ......... . ... i 395
5d. Composite Coupling Beams ............ ... ... ... ... ....... 398
Se. Protected ZOneS . . ... ov vt 398
6. CONNECLIONS . . o v vttt et ettt e e e e e e e e 398
Composite Plate Shear Walls—Concrete Encased (C-PSW/CE). .. ...... 399
L. SCOPE . .ot 399
3. ANAlYSIS . ot 399
A WS, o ot 399
3b. Other Members and Connections. . .. ..........c.oouuiiuneen. .. 399
4. System Requirements. . ........... ... . i 399
4e. Openingsin Webs . ........ .. . 399
S, MemDbErIS ..o 400
5B, WebS. o o 400
Sc. Concrete Stiffening Elements ........... ... ... ... ... ....... 400
5d. Boundary Members . . ... 400
6. CONNECLIONS . . o v vttt et ettt e e e e e e e e 401
6a. Demand Critical Welds . .............. ... . i, 401
6b. HBE-to-VBE Connections ...............coouiuniinnennnon.. 401
6¢. Connections of Steel Plate to Boundary Elements ................ 401
6d. Connections of Steel Plate to Reinforced Concrete Panel........... 401
Composite Plate Shear Walls—Concrete Filled (C-PSW/CF)........... 401
L SCOPe - et 401
2. BasisofDesign .......... ... 403
3 ANALYSIS - ot 403
4. System Requirements for C-PSW/CF with Half-Circular or

Circular Boundary Elements .. .......... ... ... ... ... ... ... 403
4a. Steel Web Plate of C-PSW/CF with Half-Circular or

Circular Boundary Elements .. .............. .. ... ... ....... 403
4b. Half-Circular or Circular Boundary Elements. . .................. 403
de. TIe Bars ..o o 403
5. System Requirements for C-PSW/CF with Flange or Closure Plates . . 403

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xxxii TABLE OF CONTENTS

Sa. Steel Web and Flange Plates ............ ... ... ... ... ....... 403

Sbh. Tie Bars ..o 403

6. MemberS ... ... 404

6a. Flexural Strength . ......... ... ... ... .. 404

6b. Shear Strength . ... ... 405

7. Connection Requirements .. ........... ... ... ... ... ... 405

7a. Connection Between Tie Bars and Steel Plates . . . ................ 405

7b. Connection Between C-PSW/CF Steel Components. .. ............ 405

7c. C-PSW/CF and Foundation Connection . ....................... 405

8. Protected Zones . . ... 405

HS8. Coupled Composite Plate Shear Walls—Concrete Filled (CC-PSW/CF) .. 407
L. SCOPE . et 407

2. BasisofDesign .......... ... 409

3 ANALYSIS - ot 409

Ba. Stffness ... ..o 409

3c. Required Strength for Composite Walls ........................ 410

4. Composite Wall Requirements. . . ..........c.oouiiniinennnnan.. 411

4a. Area of Steel Requirements. .. .............. .. ... ... ....... 411

4b. Steel Plate Slenderness Requirements. . ........................ 411

4c. Tie Bar Spacing Requirements. . . ..., 411

4d. Tie Bar-to-Plate Connection . ..............c.c.iiuiiiinnnnon.. 411

5. Composite Coupling Beam Requirements. . ..................... 411

Sa. Minimum Areaof Steel ......... .. ... . i 411

5b. Slenderness Requirements for Coupling Beams .. ................ 412

Sc. Flexure-Critical Coupling Beams ............................. 412

6. Composite Wall Strength . . ...... .. .. ... i 413

7. Composite Coupling Beam Strength .. ......................... 413

8. Coupling Beam-to-Wall Connections .......................... 413

8c. Rotation Capacity. .. ...o.vt e 413

9. Composite Wall-to-Foundation Connections. . . .................. 414

10. Protected ZONes . . .. ..ottt 414

11. Demand Critical Welds in Connections. . .................c...... 414

L FABRICATIONAND ERECTION . . ... .. i 416
I1. Fabrication and Erection Documents .. ............................ 416
3. Fabrication and Erection Documents for Composite Construction. . .. 416

12.  Fabrication and Erection. . .......... ... .. .. .. ... i 416
I Protected ZONe. ......ovvui it 416

2. BoltedJoints. . .. ... 417

3. Welded Joints. ... ..o 417

J. QUALITY CONTROL AND QUALITY ASSURANCE . . ............... 419
J1. General Provisions . ............ .o 419
J2. Fabricator and Erector Quality Control Program..................... 420

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



TABLE OF CONTENTS 9.1-xxxiii

J3. Fabricator and Erector Documents. .. ......... ... ...,
1. Documents to Be Submitted for Steel Construction ...............
2. Documents to Be Available for Review for Steel Construction. . . . . ..
3. Documents to Be Submitted for Composite Construction. . .........
4. Documents to Be Available for Review for Composite Construction . .
J4.  Quality Assurance Agency Documents. . . .......... ... .. ... .. ...
J5. Inspection and Nondestructive Testing Personnel ....................
J6. Inspection Tasks .. ...t
1. Document (D) . ... . .
J7.  Welding Inspection and Nondestructive Testing. . . ...................
1. Visual Welding Inspection Documentation . .....................
2. NDTofWeldedJoints . ...,
2a. CJP Groove Weld NDT .. ... o
2b. PJP Groove Weld NDT . ... . .. . i
2c. Base Metal NDT for Lamellar Tearing and Laminations ...........
2d. Beam Cope and Weld Access Hole NDT. .. .....................
2e. Reduced Beam Section Repair NDT . ..........................
2f. Weld Tab Removal Sites ........... ... . . ...
2h. Reduction of Percentage of Magnetic Particle Testing .. ...........
J8. Inspection of High-Strength Bolting . ............ ... ... ... .......
J9.  Other Steel Structure Inspections. .. ....... ... ... ...
J10. Inspection of Composite Structures . .. ... .
J11. Inspectionof H-Piles . ....... .. ... i

PREQUALIFICATION AND CYCLIC QUALIFICATION

TESTING PROVISIONS . . ... e

K1. Prequalification of Beam-to-Column and Link-to-Column Connections. . .
Lo SCOPE ettt
2. General Requirements . . ........ ...ttt
2a. Basis for Prequalification. . ............ ... ... .. .. .. . ...
2b. Authority for Prequalification ... ......... .. .. .. .. .. .. ... ..
3. Testing Requirements. . . .. ...ttt
4. Prequalification Variables ............ ... ... .. . .
5. DesignProcedure. .. ...... ...
6. Prequalification Record ... ....... .. .. . .. . i

K2. Cyclic Tests for Qualification of Beam-to-Column and
Link-to-Column Connections. . . .. ......uuertnttnnneeanan..
Lo SCOPE vttt
2. Test Subassemblage Requirements ............................
3. Essential Test Variables ... ......... ... ... ...
3a. Sources of Inelastic Rotation. . ........... ... ... ... ... ... ..
3b. Members .. ..ot
3f. Steel Strength for Steel Members and Connection Elements . . ... ...

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xxxiv TABLE OF CONTENTS
3i. Welded Joints. .. ..ot 437
3j. BoltedJoints. . .. ... . 438
4. Loading History . .. ...... ..ot 438
6. Testing Requirements for Material Specimens ................... 440
K3. Cyclic Tests for Qualification of Buckling-Restrained Braces. .......... 441
Lo SCOPE . ot 441
2. Subassemblage Test Specimen. .. .......c...uiueuniennenenn... 444
3. Brace Test Specimen .. ........ ..ot 446
4. Loading HiStory . . .. ..o vttt 447
5. Instrumentation . ...............iiiiii e 448
6. Materials Testing Requirements. . .. ........... ... ... .. ....... 448
7. Test Reporting Requirements. . .......... ... ..., 449
8. Acceptance Criteria . ... .....vuutt et 449
APPENDIX 1. DESIGN VERIFICATION USING NONLINEAR
RESPONSE HISTORY ANALYSIS . ... ... 450
L1, SCOPe. - et 450
1.2. Earthquake Ground MOtONS. . . .........oiitiiiiiiii . 451
1.3. Load Factors and Combinations. . .............c..oouuieinneuneen. . 451
1.4. General Modeling Requirements . ................. ... ... ....... 451
1.5. Member Modeling Requirements. . ............ ... ... ... ........ 453
Lo Beams. . .ot 453
2. LANKS o 454
3.0 Columns. ..o 454
4. Braces (Except Buckling-Restrained Braces) .................... 455
5. Buckling-Restrained Braces. .. ......... ... ... ... ... .. ... 455
6. Steel Plate Shear Walls. . ........ . .. .. 455
7. Composite Plate Shear Walls. . ......... ... ... .. .. .. ... .. 455
1.6. Connection Modeling Requirements . ............................. 456
L. PanelZones . ...t 456
2. Partially Restrained Connections. . . ..........c...viueuninenn... 456
3. ColumnBases ... 456
4. BraceGussetPlates ... ....... ... ... . 457
1.7. System Requirements . . . ..ottt 457
1. Special Moment Frames (SMF). . ......... ... ... .. ... ... ... 457
2. Special Concentrically Braced Frames (SCBF). .................. 457
3. Eccentrically Braced Frames (EBF) ........................... 458
4. Buckling-Restrained Braced Frames (BRBF) .. ............... ... 458
5. Special Plate Shear Walls (SPSW). .. ... .. . .. .. 458
6. Composite Plate Shear Walls—Concrete Filled (C-PSW/CF). .. ... .. 458
7. Gravity Framing Systems. . . .. ......... . i 459
1.8. Global Acceptance Criteria. . ............oouiiuniiueinnennaen. . 459
REFERENCES . . ... e e 460

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xxxV

SYMBOLS

Definitions for the symbols used in this standard are provided here and reflect the definitions
provided in the body of this standard. Some symbols may be used multiple times throughout
the document. The section or table number shown in the right-hand column of the list identi-
fies the first time the symbol is used in this document. Symbols without text definitions are
omitted.

Symbol Definition Reference
Ay Gross area of the flange of the special segment chord member,

2 (MM oo E4.4b
Ag Gross area, in.2 (INM?) . . ..o et e et Table D1.1
Ag Gross area of column, in.2 (MM?) .. .....ootitmeeee e E3.4a
Ag Gross area of diagonal web members, in2(mm?)...................... E4.4a
Ag Gross area of chord member, in.2 (MMm?) . ... ... E4.5b
Ag Gross area of brace, in.2 (IMM?) . . .. ..ottt Fl.4c
Ay Web area of link (excluding flanges), in.> (mm?) .................... F3.5b.2
Ag Cross-sectional area of the structural steel core, in.> (mm?) ............ D1.4b.2
Age Cross-sectional area of the yielding segment of steel core,

2 (MM oo F4.5b.2
Age Core area, in.2 (INM?) . . . ..o ettt e e e K3.2
Agh Minimum area of hoop reinforcement, in.2 (mm?) ................... D1.4b.2
Agp Horizontal area of stiffened steel plate, in.> (mm?) . ................... H6.3b
Agr Area of transverse reinforcement, in.> (mm?) ... ...........uueoo. ... H4.5b.2
Ay Area of longitudinal wall reinforcement provided over the embedment

length, L, in.2 (Mm?) . ... ... H5.5¢
Agr Area of transverse reinforcement within s, in.> (mm?) ................. H5.5d
Ay Horizontal cross-sectional area of the link stiffener, in.> (mm?) ......... F3.5b.4
A Area of transfer reinforcement required in each of the first and second

regions attached to each of the top and bottom flanges, in.> (mm?) .... H5.5¢c
Apy Area of structural steel beam web, in.> (mm?). .. ..................... H5.5¢
A, Area of steel beam web, in.2 (MM?). ... ...ttt H4.3
D Dead load due to the weight of the structural elements and

permanent features on the building, kips (N) ... ........ .. ... ..., D1.4b.2
D Diameter of the holes, in. (mm) ............... .. ... . F5.7a.1
D Outside diameter of round HSS, in. (mm) .......................... H7.4b
E Modulus of elasticity of steel = 29,000 ksi (200 000 MPa). ......... Table D1.1
E Seismic load effect, kips (N) ... ..o Fl.4a
E Vertical and horizontal seismic load effect, kips (N). .. ................. F4.4a
E Modulus of elasticity of the steel beam, ksi MPa).................... G3.5a
E Modulus of elasticity of plate, ksi (MPa) ........................... H7.5a
E. Capacity-limited horizontal seismic load effect, kips (N). . ................ B2
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9.1-xxxvi SYMBOLS

Symbol Definition Reference
Eun Horizontal seismic load effect including overstrength, kips (N) or

Kip-in. (N-mMm) . ..o B2
(EA)rans Axial rigidity of the transformed section, kKip (N). .. ................... H4.3
(EDrans Flexural rigidity of the cracked transformed section, kip-in.2 (N-mm?) . . . .. H4.3
Fhe Nominal stress calculated from Specification Chapter E using

expected yield stress, ksi (MPa) . .. ....... ... oo F1.6a
F, Specified minimum tensile strength, ksi (MPa) .................... ... A3.2
Fy Specified minimum yield stress of the type of steel to be used in the

member, ksi (MPa). As used in the Specification, “yield stress”
denotes either the minimum specified yield point (for those steels
that have a yield point) or the specified yield strength (for those

steels that do not have a yield point). . . ......... ... ... ... .. ..... A3.2
Fy Specified minimum yield stress of the structural steel core,

ksi (MPa). . ..o D1.4b.2
Fy Specified minimum yield stress of special segment chord member,

ksi (MPa). . ..o E4.4b
Fy Specified minimum yield stress of chord member, ksi (MPa). ............ E4.5b
Fy Specified minimum yield stress of the brace, ksi (MPa)................. Fl.4c
Fy Specified minimum yield stress of the beam, ksi (MPa)................. F2.6b
Fy Specified minimum yield stress of the gusset plate, ksi (MPa).......... F2.6c.4
Fy Specified minimum yield stress of the stiffener, ksi (MPa)............. F3.5b.4
Fy Specified minimum yield stress of the web plate, ksi (MPa) ........... F5.7b.1
Fy Specified minimum yield stress of the steel beam, ksi (MPa)............ G3.5a
Fy Specified minimum yield stress of encased steel beam, ksi (MPa). ... ... H4.5b.2
Fy Specified minimum yield stress of the plate, ksi (MPa) ................ H6.5b
Fyc Specified minimum yield stress of column, ksi (MPa) .................. E3.4a
Fypiare  Specified minimum yield stress of plate, ksi (MPa) ................... H7.4c
Fyse Specified minimum yield stress of the steel core, or actual yield stress

of the steel core as determined from a coupon test, ksi (MPa)........ F4.5b.2
Fygr Specified minimum yield stress of the transverse reinforcement,

ksi (MPa). . ..o D1.4b.2
Fysr Specified minimum yield stress of transfer reinforcement, ksi (MPa) . . ... H5.5¢
G Shear modulus of steel, ksi (MPa). ......... ... . ... ... ... . ... .... H4.3
H Height of story, in. (IMM) . ......... ot D2.5¢
H,. Clear height of the column between beam connections, including a

structural slab, if present, in. (mm) ............... .. ... .. ... E3.6g.5
H,. Clear column (and web-plate) height between beam flanges,

I (NI e F5.7a.3
1 Moment of inertia of a chord member of the special segment,

MY o E4.5¢
Iy Moment of inertia of a horizontal boundary element taken perpendicular

to the plane of the web, in.* (mm®*) ....... ... ... .. ... .. ......... F5.4a
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Definition Reference
Moment of inertia of a vertical boundary element taken perpendicular
to the plane of the web, in.* (mm®*) .............................. F5.4a
Moment of inertia about an axis perpendicular to the plane
of the EBF,in.* (mm™*) ....... ... ... ... ... ... ... ....... F3.5b.1
Moment of inertia about an axis in the plane of the EBF, in.* (mm®) . . . .. F3.5b.1
Moment of inertia of the plate about the y-axis, in.* (mm®*) ............ F5.7b.2
Effective length factor . .. ... .. .. F1.5b
Live load due to occupancy and moveable equipment, kips (N)......... D1.4b.2
Length of column, in. (mm) .......... ... .. .. . ..., E3.4c.2
Span length of the truss, in. (MM) ... ..., E4.5¢
Length of brace, in. (mm) . ......... ... ... F1.5b
Distance between vertical boundary element centerlines, in. (mm) . ....... F5.4a
Clear span length of coupling beam, in. (mm) ........................ HS8.1

Length between base and bracing point or between bracing points of
a cantilever column where the bracing points are either braced against
lateral displacement for both flanges or braced against twist of the

Cross Section, in. (MM) . ... ...ttt e et e e E6.4b
Effective length of brace, in. (mm) . ......... ... ... .. ... ... ... ... F1.5b
Clear span length of the coupling beam, in. (mm). . ................... H8.5¢
Clear length of beam, in. (mm) .. ............o i, El1.6b
Clear distance between column flanges, in. (mm). . .................... F5.5b
Embedment length of coupling beam measured from the face

of thewall,in. (mm)........ ... ... . . ... H4.5b.1

Minimum embedment length of coupling beam measured from the

face of the wall that provides sufficient connection shear strength

based on Equation H4-4 or H4-4M, in. (mm) .................... H4.5b.1
Embedment length of coupling beam, considered to begin inside the

first layer of confining reinforcement, nearest the edge of the wall,

in the wall boundary member, in. (mm) . ........... ... ... ...... H5.5¢
Distance between beam plastic hinge locations, as defined within the

test report or ANSI/AISC 358, in. (mm). .. ....... .. ..., E2.6d
Distance between beam plastic hinge locations, in. (mm). . ............. G2.6d
Length of the special segment, in. (mm) ............. ... ........... E4.5¢
Length of composite shear wall, in. (mm)............................ H7.1
Maximum probable moment at face of column, kip-in. (N-mm) ........ E3.6f.1
Nominal flexural strength of a chord member of the special segment,

kip-in. (N-mm) . . ..o E4.5¢
Nominal flexural strength of PR connection, kip-in. (N-mm) ............ El.6¢c
Plastic moment, kip-in. (N-mm) .. ............ ... . . . . ... El1.6b
Lesser plastic moment of the connected members, kip-in. (N-mm) . . ... ... F2.6d
Plastic moment of a link, kip-in. (N-mm) .. ........... ... ... .. ...... F3.4a
Plastic moment of the steel, concrete-encased, or composite beam,

Kip-in. (N-mm) . . ..o G2.6b
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SYMBOLS

Definition Reference

Moment corresponding to plastic stress distribution over the composite

cross section, kip-in. (N-mm) . .. ........ ... .. . i G4.6¢
Expected flexural strength of the steel, concrete-encased, or

composite beam, kip-in. (N-mm), determined in accordance with

Section G2.6d . .. ..ot D1.2¢c.2
Lesser plastic moment of the column sections for the direction

in question, kip-in. (N-mm) . ......... ... .. ... . D2.5¢
Plastic moment at the top and bottom ends of the composite column,

kip-in. (N-mMm) . . ..o G2.6f
Plastic moment of a composite or reinforced concrete column,

Kip-in. (N-mm) . . ..o G3.4a
Plastic moment of the smaller composite column, kip-in. (N-mm). . . ... .. H2.6d
Expected flexural capacity of filled composite coupling beam,

Kip-in. (N-mm) . . ..o HS8.5¢

Maximum probable moment at the location of the plastic hinge, as
determined in accordance with ANSI/AISC 358, or as otherwise
determined in a connection prequalification in accordance with
Section K1, or in a program of qualification testing in accordance

with Section K2, kip-in. (N-mm) . . ......... .. ... ... .. .. ... E3.4a
Required flexural strength, kip-in. (N-mm). .. ...................... D1.2a.1
Required strength of torsional bracing provided adjacent to

plastic hinges, kip-in. (N-mm) .. ....... ... ... ... ... ... .. ... D1.2c.1
Required strength for torsional bracing provided adjacent to

plastic hinges, kip-in. (N-mm) .. ......... ... .. ... ... . ... ... D1.2c.2
Additional moment due to shear amplification from the location of the

plastic hinge to the column centerline, kip-in. N-mm) .. ............ G3.4a

Additional moment due to shear amplification from the location of the
plastic hinge to the column centerline based on LRFD or ASD load

combinations, kip-in. (N-mm) . ............ ... . ... ... .. .. .. .. E3.4a
Effective moment at the end of the unbraced length opposite from M as

determined from Specification Appendix 1, kip-in. (N-mm) . .......... E6.4b
Larger moment at end of unbraced length, kip-in. (N-mm) (shall

be taken as positive inall cases). ............ ... i E6.4b
Projection of the expected flexural strength of the beam at the plastic

hinge location to the column centerline, kip-in. (N-mm).............. E3.4a
Projection of the expected flexural strength of the beam at the plastic

hinge location to the column centerline, kip-in. (N-mm) ............ G3.4a

Projection of the nominal flexural strength of the column (including

haunches where used) above and below the joint to the beam centerline

with a reduction for the axial force in the column, kip-in. (N-mm) ..... E3.4a
Projection of the plastic moment of the column (including haunches

where used) above and below the joint to the beam centerline

with a reduction for the axial force in the column, kip-in. (N-mm) .... G3.4a
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Definition Reference

Number of horizontal rows of perforations......................... F5.7a.3
Axial design strength of wall at balanced condition, kips (N). ............ H5.4
Axial force component of the gravity load, kips (N)............. Table A-1.7.1
Nominal axial compressive strength of the composite column calculated

in accordance with the Specification, kips (N) ................... D1.4b.2
Nominal axial compressive strength, kips (N). .. ....... ... ... .. ...... Fl.4a
Nominal axial compressive strength of the chord member at the ends,

KPS (N) oo E4.4c
Nominal axial compressive strength of a diagonal member of the

special segment, kips (N) . .. ... E4.5¢
Nominal axial tensile strength of a diagonal member of the special

segment, Kips (N) . .. .o E4.5¢
Required axial strength using LRFD or ASD load combinations,

KPS (N) . ot Table D1.1
Required strength of lateral bracing of each flange provided adjacent

to plastic hinges, kips (N) . . ... ..o D1.2c.1
Required axial compressive strength according to Section D1.4a,

KPS (N) oo E3.4a
Required axial strength of the arching plate in tension resulting from

web-plate tension in the absence of other forces, kips (N). . ......... F5.7b.1
Required axial strength using LRFD or ASD load combinations,

as applicable, kips (N) ... ... E3.4a
Required axial strength, kips (N). .. ... o i H2.6d
Required strength of lateral bracing provided adjacent to

plastic hinges, kips (N) . . .. ..o D1.2c.2
Axial yield strength, kips (N) . ... i F3.5b.2
Available axial yield strength of column, kips (N) . .................... E3.4a
Expected axial yield strength, kips (N) .. ....... ... . ... ..., Table A-1.7.1
Axial yield strength of steel core, ksi (MPa) ......................... F4.2a
Measured yield force of the test specimen, kips (N). . .................. F4.2b
Factor to account for expected strength of concrete ... ................. A3.2
Nominal strength, Kips (N) ... ... o A3.2
Nominal shear strength, kips (N). .. ....... ... oo E3.6e.1
Ratio of the expected tensile strength to the specified minimum tensile

strength, F,, of thatmaterial. .. ....... .. ... ... ... .. ... ... A3.2
Ratio of the expected yield stress to the specified minimum yield stress,

Fy,ofthatmaterial ............ .. ... .......... ... .......... A3.2
Ratio of the expected yield stress to the specified minimum yield stress

of special segment chord member, Fy............................. E4.4b
Ratio of the expected yield stress to the specified minimum yield stress

of chordmember, Fy............ ... ... .. .. E4.4c
Ratio of the expected yield stress to the specified minimum yield stress

ofcolumn, Fy . ... E6.4b
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SYMBOLS
Definition Reference
Ratio of the expected yield stress to the specified minimum yield stress
ofbrace, Fy ... oo F1.4c
Ratio of the expected yield stress to the specified minimum yield stress
ofbeam, Fy. ... ... .o F2.6b
Ratio of the expected yield stress to the specified minimum yield stress
of the gussetplate, Fy............ ... ... ... F2.6c.4
Ratio of the expected yield stress to the specified minimum yield stress
of steelcore, Fy. . ... F4.2a

Ratio of the expected yield stress of the transverse reinforcement material
to the specified minimum yield stress, to be taken as the Ry value from

Table A3.1 for the corresponding steel reinforcement material, Fyg, . ... H5.5d
Shortest center-to-center distance between holes measured on the

45°diagonal, in. (Mm) .. ... . F5.7a.1
Tension force, kips (N) .. ... H7.4c

Tension force resulting from the locally buckled web plates developing
plastic hinges on horizontal yield lines along the tie bars and at

mid-vertical distance between tie bars, kips (N). .. ................. H7.4c
Tension force that develops to prevent splitting of the concrete element

on a plane parallel to the steel plate, kips (N). .. ................... H7.4c
Expected shear strength of a steel coupling beam computed from

Equation H5-2, kips (N) . . . ..o HS5.5¢
Limiting expected shear strength of an encased composite

coupling beam, kips (N) . ... . . H5.5d
Expected vertical shear strength of the special segment, kips (N) ......... E4.5¢
Nominal shear strength of link, kips (N) ......... ... ... ... .. .. ..... F3.3
Nominal shear strength of filled composite coupling beam, kips (N). ... .. HS8.7b
Expected shear strength of filled composite coupling beam, kips (N) ... .. H8.5¢
Plastic shear strength of a link, kips (N) . ......... ... ... ... .. .. .... F3.4a
Required shear strength of the connection, kips (N) .. .................. E1.6b
Required shear strength using LRFD or ASD load combinations,

KPS (N) ot F3.5b.3
Required shear strength, kips (N) .. .......... . i F4.6d
Required shear strength of the connection, kips (N) .. ................. G3.6d
Shear yield strength, kips (N) .. ... . . i F3.5b.3
Distance from the top of the steel beam to the top of the concrete,

I (NI e e e G3.5a
Distance from the extreme concrete compression fiber to the plastic

neutral axis, in. (MM) . .. ..ottt e e e G3.5a
Plastic section modulus about the axis of bending, in.> (mm?).......... D1.2a.1
Plastic section modulus of column, in® (mm?) . ....................... F2.6b
Plastic section modulus of the column about the axis of bending,

Mmoo E3.4a
Plastic section modulus about x-axis, in.> (mm?). . ................... E3.6g.5
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Definition Reference
Distance between connectors, in. (IMM). . . ......oveinennenneneenn ... F2.5b
Width of compression element as shown in Table D1.1,

I (M) e e e Table D1.1
Inside width of box section, in. (mm) .. ................ciuiiin.... F3.5b.5
Largest unsupported length of plate between rows of steel anchors

Or S, 1N (IMIM) . .ottt e e e e e e H7.5a
Largest unsupported length of plate between horizontal and vertical

rows of steel anchors or tie bars,in. (mm) . ....................... HB8.4b
Width of beam flange, in. (mm). . ........... ... ... ... .. .. ... ... E3.6f.1
Clear width of coupling beam flange plate, in. (mm) . ................. H8.5b
Width of flange of the smaller column connected, in. (mm) ............ D2.5b
Width of beam flange, in. (mm). . ........... ... ... ... .. .. ... ... E3.4c.1
Link flange width, in. (mm). .. ...... .. ... .. ... . . F3.5b.4
Thickness of wall pier, in. (mm) . ........... ... ... ... .. ........ H4.5b.1
Width of wall, in. (mm) . .. ... .. e H5.5¢
Width of concrete encasement, in. (mm) . ......................... H4.5b.2
Overall depth of link, in. (mm) ............. ... ... ... .. ........ F3.5b.2
Overall depth of the beam, in. (mm) . .............. ... ... ........ G3.5a
Depth of coupling beam, in. (mm). . ........... ... .. ... . ... HS8.1
Effective depth of concrete encasement, in. (mm). . .................. H4.5b.2
Diameter of tiebar, in. (Mm) . . . ...ttt H7.5b
Length of link, defined as the clear distance between the ends of

two diagonal braces or between the diagonal brace and the

column face, in. (MM). .. ... ... F3.5b.1
Specified compressive strength of concrete, ksi (MPa) ................. A3.2
Clear span of coupling beam, in. (mm) .............. ... ........... H4.3
Clear span of coupling beam plus the wall concrete cover at each end

of thebeam, in. (Mm) . .......... .. .0t iiniiinnennn.. H5.5¢
Distance between horizontal boundary element centerlines, in. (mm) . . . . .. F5.4a
Overall depth of composite section, in. (mm) ... ...................... H4.3
Overall depth of the boundary member in the plane of the wall,

I (NI e e e H5.5b
Clear depth of coupling beam web plate, in. (mm) . ................... H8.5b
Cross-sectional dimension of the confined core measured

center-to-center of the transverse reinforcement, in. (mm) .......... D1.4b.2
Distance between flange centroids, in. (mm) ....................... D1.2c.1
Height of composite shear wall, in. (mm) .. .......................... H7.1
Governing radius of gyration, in. (mm) ........................... E3.4c.2
Radius of the cutout, in. (mm) .............. i, F5.7b.1
Minimum radius of gyration of individual component, in. (mm) .......... F2.5b
Radius of gyration about y-axis, in. (mm).......................... D1.2a.1
Radius of gyration of individual components about their minor axis,

I (NI L e e e E4.5¢
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SYMBOLS
Definition Reference
Radius of gyration about y-axis of column, in. (mm) ................... E6.4b
Spacing of transverse reinforcement measured along the longitudinal

axis of the structural member, in. (mm) .. ....................... D1.4b.2
Spacing of transverse reinforcement, in. (mm) . .. ................... H4.5b.2
Largest center-to-center spacing of the tie bars, in. (mm)............... HS8.4c
Thickness of column web or individual doubler plate, in. (mm). ........ E3.6e.2
Thickness of web plate, in. (mm) ................c.oiiuieianaon.. F5.7a.3
Thickness of plate, in. (mm) . ............... i, H7.4a
Design wall thickness of HSS,in. (mm) . ........................... H7.4b
Thickness of the part subjected to through-thickness strain, in. (mm) . . .. .. J7.2¢
Thickness of beam flange, in. (mm) .............................. E3.4c.1
Effective web-plate thickness, in. (mm) ........................... F5.7a.3
Thickness of flange of smaller column connected, in. (mm) ............ D2.5b
Thickness of flange, in. (mm) .. .......... .. .. ... .. ..., F3.5b.2
Thickness of coupling beam flange plate, in. (mm) ................... HS8.5b
Limiting column flange thickness, in. (mm) ....................... E3.6f.1
Thickness of the gusset plate, in. (mm) ........................... F2.6c.4
Total thickness of composite plate shear wall, in. (mm) .. .............. H7.4c
Thickness of web, in. (mm) ............ ... .. it F3.5b.2
Link web thickness, in. (mm) .................. ..., F3.5b.4
Thickness of coupling beam web plate, in. (mm) .. ................... H8.5b
Minimum of wyand wo, in. (mm) .. .......... 0t H7.4c
Maximum spacing of tie bars in vertical and horizontal directions,

I (IMIMN) L e H7.4a
Largest clear spacing of tie bars in vertical and horizontal directions,

I (IMIMN) e e H7.5b
Vertical and horizontal spacing of tie bars, respectively, in. (mm) ........ H7.4c
Width of panel zone between column flanges, in. (mm).... ............ E3.6e.2
Level of axial or rotational deformation imposed on the test specimen,

I (IMIMN) L e K3.4b
Value of deformation quantity, A, at least equal to that corresponding

to the design earthquake displacement, in. (mm)................... K3.4c
Value of deformation quantity, Ap, at first yield of test specimen,

I (IMIMN) e e K3.4c
Frame drift corresponding to the design earthquake displacement,

I (M) e e F5.7b.2
Yield elongation of a diagonal strip of web plate, in. (mm) .......... App. 1.5.6
Overstrength factor .. ... .. . B2
Angle of diagonal members with the horizontal, degrees . ............... E4.5¢
Angle of web yielding, as measured relative to the vertical, degrees . . ... .. F5.5b
Angle of the shortest center-to-center lines in the opening array to

vertical, degrees .. ... . F5.7a.3
LRFD-ASD force level adjustment factor. .. .................... Table D1.1
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Definition Reference
Compression strength adjustment factor .. ............. ... ... ....... F4.2a

Factor relating depth of equivalent rectangular compressive
stress block to neutral axis depth, as defined in ACI318............ H4.5b.1
Total link rotation angle, rad . ......... ... ... ... ... i K2.4c
Design earthquake displacement, in. (mm) . . ........... ... ... ....... F3.4a
Story driftangle,rad ........ ... .. . . K2.4b

Mhd, Amg Limiting width-to-thickness ratio for highly and moderately ductile

compression elements, respectively . ......... ... ... . oL L Dl1.1b
Strain-hardening adjustment factor . .. .......... ... ... ... .. oL F4.2a

®

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



9.1-xliv

GLOSSARY

The terms listed below are to be used in addition to those in the AISC Specification for
Structural Steel Buildings. Some commonly used terms are repeated here for convenience.

Notes:
(1) Terms designated with § are common AISI-AISC terms that are coordinated between
the two standards developers.

(2)  Terms designated with * are usually qualified by the type of load effect—for example,
nominal tensile strength, available compressive strength, and design flexural strength.

Adjusted brace strength. Strength of a brace in a buckling-restrained braced frame at defor-
mations corresponding to 2.0 times the design earthquake displacement.

Adjusted link shear strength. Link shear strength including the material overstrength and
strain hardening.

Allowable strength*i. Nominal strength divided by the safety factor, R,,/Q.
Applicable building code?. Building code under which the structure is designed.

ASD (allowable strength design)t. Method of proportioning structural components such that
the allowable strength equals or exceeds the required strength of the component under the
action of the ASD load combinations.

ASD load combinationt. Load combination in the applicable building code intended for
allowable strength design (allowable stress design).

Authority having jurisdiction (AHJ). Organization, political subdivision, office, or individ-
ual charged with the responsibility of administering and enforcing the provisions of this
Standard.

Available strength*7. Design strength or allowable strength, as applicable.

Boundary member. Portion along wall or diaphragm edge strengthened with structural steel
sections and/or longitudinal steel reinforcement and transverse reinforcement.

Brace test specimen. A single buckling-restrained brace element used for laboratory testing
intended to model the brace in the prototype.

Braced framet. Essentially vertical truss system that provides resistance to lateral forces and
provides stability for the structural system.

Buckling-restrained brace. A prefabricated, or manufactured, brace element consisting of a
steel core and a buckling-restraining system as described in Section F4 and qualified by
testing as required in Section K3.

Buckling-restrained braced frame (BRBF). A diagonally braced frame employing buckling-
restrained braces and meeting the requirements of Section F4.
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Buckling-restraining system. System of restraints that limits buckling of the steel core in
BRBE. This system includes the casing surrounding the steel core and structural ele-
ments adjoining its connections. The buckling-restraining system is intended to permit
the transverse expansion and longitudinal contraction of the steel core for deformations
corresponding to 2.0 times the design earthquake displacement.

Casing. Element that resists forces transverse to the axis of the diagonal brace, thereby
restraining buckling of the core. The casing requires a means of delivering this force to the
remainder of the buckling-restraining system. The casing resists little or no force along
the axis of the diagonal brace.

Capacity-limited seismic load. The capacity-limited horizontal seismic load effect, E,
determined in accordance with these Provisions, substituted for E,,;, and applied as pre-
scribed by the load combinations in the applicable building code.

Collector. Also known as drag strut; member of seismic force-resisting system that serves
to transfer loads between diaphragms and the members of the vertical elements of the
seismic force-resisting system.

Column base. Assemblage of structural shapes, plates, connectors, bolts, and rods at the base
of a column used to transmit forces between the steel superstructure and the foundation.

Complete loading cycle. A cycle of rotation taken from zero force to zero force, including
one positive and one negative peak.

Composite beam. Structural steel beam in contact with and acting compositely with a rein-
forced concrete slab designed to act compositely for seismic forces.

Composite brace. Concrete-encased structural steel section (rolled or built-up) or concrete-
filled steel section used as a diagonal brace.

Composite column. Concrete-encased structural steel section (rolled or built-up) or concrete-
filled steel section used as a column.

Composite eccentrically braced frame (C-EBF). Composite braced frame meeting the
requirements of Section H3.

Composite intermediate moment frame (C-IMF). Composite moment frame meeting the
requirements of Section G2.

Composite ordinary braced frame (C-OBF). Composite braced frame meeting the require-
ments of Section HI1.

Composite ordinary moment frame (C-OMF). Composite moment frame meeting the
requirements of Section G1.

Composite ordinary shear wall (C-OSW). Composite shear wall meeting the requirements
of Section H4.

Composite partially restrained moment frame (C-PRMF). Composite moment frame meet-
ing the requirements of Section G4.

Composite plate shear wall—concrete encased (C-PSW/CE). Wall consisting of steel plate
with reinforced concrete encasement on one or both sides that provides out-of-plane stiff-
ening to prevent buckling of the steel plate and meeting the requirements of Section H6.
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Composite plate shear wall—concrete filled (C-PSW/CF). Wall consisting of two planar
steel web plates with concrete fill between the plates, with or without boundary elements,
and meeting the requirements of Section H7.

Composite shear wall. Steel plate wall panel composite with reinforced concrete wall panel
or reinforced concrete wall that has steel or concrete-encased structural steel sections as
boundary members.

Composite slab. Reinforced concrete slab supported on and bonded to a formed steel deck
that acts as a diaphragm to transfer load to and between elements of the seismic force-
resisting system.

Composite special concentrically braced frame (C-SCBF). Composite braced frame meeting
the requirements of Section H2.

Composite special moment frame (C-SMF). Composite moment frame meeting the require-
ments of Section G3.

Composite special shear wall (C-SSW). Composite shear wall meeting the requirements of
Section HS.

Concrete-encased shapes. Structural steel sections encased in concrete.

Continuity plates. Column stiffeners at the top and bottom of the panel zone; also known as
transverse stiffeners.

Coupling beam. Structural steel or composite beam connecting adjacent reinforced concrete
wall elements so that they act together to resist lateral loads.

Demand critical weld. Weld so designated by these Provisions.

Design earthquake displacement. Calculated displacement, taken at a specified point of
interest, including the effect of expected inelastic action, due to design level earthquake
forces as determined by the applicable building code.

Design earthquake ground motion. The ground motion represented by the design response
spectrum as specified in the applicable building code.

Design strength*7. Resistance factor multiplied by the nominal strength, OR,,.
Diagonal brace. Inclined structural member carrying primarily axial force in a braced frame.

Diaphragm plates. Stiffener plates at the top and bottom of the connection region of a filled
composite column, either internal or external to the column, or extending through the
column, which are used for load transfer in the composite connection.

Ductile limit state. Ductile limit states include member and connection yielding, bearing
deformation at bolt holes, as well as buckling of members that conform to the seismic
compactness limitations of Table D1.1. Rupture of a member or of a connection, or buck-
ling of a connection element, is not a ductile limit state.

Eccentrically braced frame (EBF). Diagonally braced frame meeting the requirements of
Section F3 that has at least one end of each diagonal brace connected to a beam with
a defined eccentricity from another beam-to-brace connection or a beam-to-column
connection.

Encased composite beam. Composite beam completely enclosed in reinforced concrete.
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Encased composite column. Structural steel column completely encased in reinforced
concrete.

Engineer of record (EOR). Licensed professional responsible for sealing the contract
documents.

Exempted column. Column not meeting the requirements of Equation E3-1 for SMF.

Expected tensile strength*. Tensile strength of a member, equal to the specified minimum
tensile strength, F,, multiplied by R;.

Expected yield strength. Yield strength in tension of a member, equal to the expected yield
stress multiplied by A,.

Expected yield stress. Yield stress of the material, equal to the specified minimum yield
stress, Iy, multiplied by Ry,

Face bearing plates. Stiffeners attached to structural steel beams that are embedded in rein-
forced concrete walls or columns. The plates are located at the face of the reinforced
concrete to provide confinement and to transfer loads to the concrete through direct
bearing.

Filled composite column. Hollow structural section (HSS) filled with structural concrete.

Frame drift. The story drift at the location of the frame or wall.

Fully composite beam. Composite beam that has a sufficient number of steel headed stud
anchors to develop the nominal plastic flexural strength of the composite section.

Highly ductile member. A member that meets the requirements for highly ductile members
in Section D1.

Horizontal boundary element (HBE). A beam with a connection to one or more web plates
in an SPSW.

Intermediate boundary element (IBE). A member, other than a beam or column, that pro-
vides resistance to web plate tension adjacent to an opening in an SPSW.

Intermediate moment frame (IMF). Moment-frame system that meets the requirements of
Section E2.

Inverted-V-braced frame. See V-braced frame.

k-area. The region of the web that extends from the tangent point of the web and the flange-

web fillet (AISC “k” dimension) a distance of 1'% in. (38 mm) into the web beyond the k
dimension.

K-braced frame. A braced-frame configuration in which two or more braces connect to a
column at a point other than a beam-to-column or strut-to-column connection.

Link. In EBF, the segment of a beam that is located between the ends of the connections of
two diagonal braces or between the end of a diagonal brace and a column. The length
of the link is defined as the clear distance between the ends of two diagonal braces or
between the diagonal brace and the column face.

Link intermediate web stiffeners. Vertical web stiffeners placed within the link in EBF.

Link rotation angle. Inelastic angle between the link and the beam outside of the link at the
design earthquake displacement.
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Link rotation angle, total. The relative displacement of one end of the link with respect to the
other end (measured transverse to the longitudinal axis of the undeformed link), divided
by the link length. The total link rotation angle includes both elastic and inelastic compo-
nents of deformation of the link and the members attached to the link ends.

Link design shear strength. Lesser of the available shear strength of the link based on the
flexural or shear strength of the link member.

Load-carrying reinforcement. Reinforcement in composite members designed and detailed
to resist the required loads.

Lowest anticipated service temperature (LAST). Lowest daily minimum temperature, or
other suitable temperature, as established by the engineer of record.

LRFD (load and resistance factor design)t. Method of proportioning structural components
such that the design strength equals or exceeds the required strength of the component
under the action of the LRFD load combinations.

LRFD load combinationt. Load combination in the applicable building code intended for
strength design (load and resistance factor design).

Material test plate. A test specimen from which steel samples or weld metal samples are
machined for subsequent testing to determine mechanical properties.

Member brace. Member that provides stiffness and strength to control movement of another
member out-of-the plane of the frame at the braced points.

Moderately ductile member. A member that meets the requirements for moderately ductile
members in Section D1.

Multi-tiered braced frame (MTBF). A braced-frame configuration with two or more levels of
bracing between diaphragm levels or locations of out-of-plane bracing.

Nominal strength*t. Strength of a structure or component (without the resistance factor
or safety factor applied) to resist load effects, as determined in accordance with the
Specification.

Ordinary cantilever column system (OCCS). A seismic force-resisting system in which the
seismic forces are resisted by one or more columns that are cantilevered from the founda-
tion or from the diaphragm level below and that meets the requirements of Section ES.

Ordinary concentrically braced frame (OCBF). Diagonally braced frame meeting the
requirements of Section F1 in which all members of the braced-frame system are sub-
jected primarily to axial forces.

Ordinary moment frame (OMF). Moment-frame system that meets the requirements of Sec-
tion E1.

Overstrength factor, €. Factor specified by the applicable building code in order to deter-
mine the overstrength seismic load, where required by these Provisions.

Overstrength seismic load. The horizontal seismic load effect including overstrength
determined using the overstrength factor, €, and applied as prescribed by the load com-
binations in the applicable building code.

Partially composite beam. Steel beam with a composite slab with a nominal flexural strength
controlled by the strength of the steel headed stud anchors.
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Partially restrained composite connection. Partially restrained (PR) connections as defined
in the Specification that connect partially or fully composite beams to steel columns with
flexural resistance provided by a force couple achieved with steel reinforcement in the
slab and a steel seat angle or comparable connection at the bottom flange.

Plastic hinge. Yielded zone that forms in a structural member when the plastic moment is
attained. The member is assumed to rotate further as if hinged, except that such rotation is
restrained by the plastic moment.

Power-actuated fastener. Nail-like fastener driven by explosive powder, gas combustion, or
compressed air or other gas to embed the fastener into structural steel.

Prequalified connection. Connection that complies with the requirements of Section K1 or
ANSI/AISC 358.

Protected zone. Area of members or connections of members in which limitations apply to
fabrication and attachments.

Prototype. The connection or diagonal brace that is to be used in the building (SMF, IMF,
EBF, BRBF, C-IMF, C-SMF, and C-PRMF).

Provisions. Refers to this document, the AISC Seismic Provisions for Structural Steel Build-
ings (ANSI/AISC 341).

Quality assurance plan. Written description of qualifications, procedures, quality inspec-
tions, resources, and records to be used to provide assurance that the structure complies
with the engineer’s quality requirements, specifications, and contract documents.

Reduced beam section (RBS). Reduction in cross section over a discrete length that promotes
a zone of inelasticity in the member.

Required strength*. Forces, stresses, and deformations acting on a structural component,
determined by either structural analysis, for the LRFD or ASD load combinations, as
applicable, or as specified by the Specification and these Provisions.

Resistance factor, ¢. Factor that accounts for unavoidable deviations of the nominal strength
from the actual strength and for the manner and consequences of failure.

Risk category. Classification assigned to a structure based on its use as specified by the
applicable building code.

Safety factor, Q7. Factor that accounts for deviations of the actual strength from the nominal
strength, deviations of the actual load from the nominal load, uncertainties in the analysis
that transforms the load into a load effect, and for the manner and consequences of failure.

Seismic force-resisting system (SFRS). That part of the structural system that has been con-
sidered in the design to provide the required resistance to the seismic forces prescribed in
the applicable building code.

Special cantilever column system (SCCS). A seismic force-resisting system in which the
seismic forces are resisted by one or more columns that are cantilevered from the founda-
tion or from the diaphragm level below and that meets the requirements of Section E6.

Special concentrically braced frame (SCBF). Diagonally braced frame meeting the require-
ments of Section F2 in which all members of the braced-frame system are subjected
primarily to axial forces.
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Special moment frame (SMF). Moment-frame system that meets the requirements of Section
E3.

Special plate shear wall (SPSW). Plate shear wall system that meets the requirements of
Section F5.

Special truss moment frame (STMF). Truss moment frame system that meets the require-
ments of Section E4.

Specification. Refers to the AISC Specification for Structural Steel Buildings (ANSI/AISC
360).

Steel core. Axial-force-resisting element of a buckling-restrained brace. The steel core con-
tains a yielding segment and connections to transfer its axial force to adjoining elements;
it is permitted to also contain projections beyond the casing and transition segments
between the projections and yielding segment.

Story drift angle. Interstory displacement divided by story height.
Strut. A horizontal member in a multi-tiered braced frame interconnecting brace connection
points at columns.

Subassemblage test specimen. The combination of members, connections, and testing
apparatus that replicate as closely as practical the boundary conditions, loading, and
deformations in the prototype.

Test setup. The supporting fixtures, loading equipment, and lateral bracing used to support
and load the test specimen.

Test specimen. A member, connection, or subassemblage test specimen.

Test subassemblage. The combination of the test specimen and pertinent portions of the test

setup.

V-braced frame. Concentrically braced frame (SCBF, OCBF, BRBF, C-OBF, or C-SCBF)
in which a pair of diagonal braces located either above or below a beam is connected to a
single point within the clear beam span. Where the diagonal braces are below the beam,
the system is also referred to as an inverted-V-braced frame.

Vertical boundary element (VBE). A column with a connection to one or more web plates in
an SPSW.

X-braced frame. Concentrically braced frame (OCBF, SCBF, C-OBF, or C-SCBF) in which
a pair of diagonal braces crosses near the midlength of the diagonal braces.

Yield length ratio. In a buckling-restrained brace, the ratio of the length over which the core

area is equal to Ay, to the length from intersection points of brace centerline and beam or
column centerline at each end.
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ABBREVIATIONS

The following abbreviations appear in the AISC Seismic Provisions for Structural Steel
Buildings.

ACI (American Concrete Institute)

AHJ (authority having jurisdiction)

AISC (American Institute of Steel Construction)

AISI (American Iron and Steel Institute)

ANSI (American National Standards Institute)

ASCE (American Society of Civil Engineers)

ASD (allowable strength design)

AWS (American Welding Society)

BRBF (buckling-restrained braced frame)

CJP (complete joint penetration)

CPRP (connection prequalification review panel)

C-EBF (composite eccentrically braced frame)

C-IMF (composite intermediate moment frame)

C-OBF (composite ordinary braced frame)

C-OMF (composite ordinary moment frame)

C-OSW (composite ordinary shear wall)

C-PRMF (composite partially restrained moment frame)
C-PSW/CE (composite plate shear wall—concrete encased)
C-PSW/CF (composite plate shear wall—concrete filled)
C-SCBF (composite special concentrically braced frame)
C-SMF (composite special moment frame)

C-SSW (composite special shear wall)

CC-PSW/CF (coupled composite plate shear wall—concrete filled)
CVN (Charpy V-notch)

EBF (eccentrically braced frame)

EOR (engineer of record)

FCAW (flux cored arc welding)

FEMA (Federal Emergency Management Agency)

FR (fully restrained)

HBE (horizontal boundary element)

HSS (hollow structural section)

IBE (intermediate boundary element)

IMF (intermediate moment frame)

LAST (lowest anticipated service temperature)

LRFD (load and resistance factor design)

MT (magnetic particle testing)

MT-OCBF (multi-tiered ordinary concentrically braced frame)
MT-SCBF (multi-tiered special concentrically braced frame)
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MT-BRBF (multi-tiered buckling-restrained braced frame)
NDT (nondestructive testing)

OCBF (ordinary concentrically braced frame)
OCCS (ordinary cantilever column system)

OMF (ordinary moment frame)

OVS (oversized)

PJP (partial joint penetration)

PR (partially restrained)

QA (quality assurance)

QC (quality control)

RBS (reduced beam section)

RCSC (Research Council on Structural Connections)
SCBF (special concentrically braced frame)

SCCS (special cantilever column system)

SEI (Structural Engineering Institute)

SFRS (seismic force-resisting system)

SMF (special moment frame)

SPSPW (special perforated steel plate wall)
SPSW (special plate shear wall)

STMF (special truss moment frame)

UT (ultrasonic testing)

VBE (vertical boundary element)

VT (visual testing)

WPQR (welder performance qualification records)
WPS (welding procedure specification)
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CHAPTER A
GENERAL REQUIREMENTS

This chapter states the scope of these Provisions, summarizes referenced specification, code,
and standard documents, and provides requirements for materials and contract documents.

The chapter is organized as follows:

Al.

Al. Scope

A2. Referenced Specifications, Codes, and Standards

A3. Materials

A4. Structural Design Documents and Specifications Issued for Construction

SCOPE

The Seismic Provisions for Structural Steel Buildings, hereafter referred to as these
Provisions, shall apply to the design, fabrication, erection, and quality of structural
steel members and connections in the seismic force-resisting systems (SFRS), and
splices and bases of columns in gravity framing systems of buildings and other
structures with moment frames, braced frames, and shear walls. Other structures are
defined as those structures designed, fabricated, and erected in a manner similar to
buildings, with building-like vertical and lateral force-resisting elements. These Pro-
visions shall apply to the design of seismic force-resisting systems of structural steel
or of structural steel acting compositely with reinforced concrete, unless specifically
exempted by the applicable building code.

Wherever these Provisions refer to the applicable building code and there is none, the
loads, load combinations, system limitations, and general design requirements shall
be those in ASCE Minimum Design Loads and Associated Criteria for Buildings and
Other Structures (ASCE/SEI 7).

User Note: As specified in ASCE/SEI 7, Section 14.1.2.2.1, buildings with
structural steel systems in seismic design categories B and C do not need to meet
the requirements of these Provisions provided that they are designed in accordance
with the AISC Specification for Structural Steel Buildings and the seismic design
coefficients and factors of ASCE/SEI 7, Table 12.2-1, Item H. These Provisions
do not apply in seismic design category A. ASCE/SEI 7 specifically exempts some
systems from the requirements of these Provisions. Further discussion is provided
in the Commentary.

User Note: Composite seismic force-resisting systems include those systems
with members of structural steel acting compositely with reinforced concrete,
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as well as systems in which structural steel members and reinforced concrete
members act together to form a seismic force-resisting system.

These Provisions shall be applied in conjunction with the AISC Specification for
Structural Steel Buildings, hereafter referred to as the Specification. All requirements
of the Specification are applicable unless otherwise stated in these Provisions. Mem-
bers and connections of the SFRS shall satisfy the requirements of the applicable
building code, the Specification, and these Provisions. The phrases “is permitted” and
“are permitted” in these Provisions identify provisions that comply with the Specifi-
cation but are not mandatory.

In these Provisions, Building Code Requirements for Structural Concrete (ACI 318)
and the Metric Building Code Requirements for Structural Concrete and Commen-
tary (ACI 318M) are referred to collectively as ACI 318. ACI 318, as modified in
these Provisions, shall be used for the design and construction of reinforced con-
crete components in composite construction. For the SFRS in composite construction
incorporating reinforced concrete components designed in accordance with ACI 318,
the requirements of Specification Section B3.1, Design for Strength Using Load and
Resistance Factor Design, shall be used.

REFERENCED SPECIFICATIONS, CODES, AND STANDARDS

The documents referenced in these Provisions shall include those listed in Specifica-
tion Section A2 with the following additions:

(a) American Institute of Steel Construction (AISC)
ANSI/AISC 342-22 Seismic Provisions for Evaluation and Retrofit of Existing
Structural Steel Buildings
ANSI/AISC 358-22 Prequalified Connections for Special and Intermediate
Steel Moment Frames for Seismic Applications
ANSI/AISC 360-22 Specification for Structural Steel Buildings

(b) American Iron and Steel Institute (AISI)
AISI S310-20 North American Standard for the Design of Profiled Steel Dia-
phragm Panels

(c) American Welding Society (AWS)
AWS B4.0:2016 Standard Methods for Mechanical Testing of Welds (U.S. Cus-
tomary Units)
AWS B4.0M:2000(R2010) Standard Methods for Mechanical Testing of Welds
(Metric Customary Units)
AWS D1.4/D1.4M:2018 Structural Welding Code—Steel Reinforcing Bars
AWS D1.8/D1.8M:2021 Structural Welding Code—Seismic Supplement

(d) ASTM International (ASTM)
ASTM A615/615M-20 Standard Specification for Deformed and Plain Carbon
Steel Bars for Concrete Reinforcement
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A3.

ASTM A706/A706M-16 Standard Specification for Deformed and Plain Low-
Alloy Steel Bars for Concrete Reinforcement

ASTM C31/C31M-19a Standard Practice for Making and Curing Concrete
Test Specimens in the Field

ASTM C39/C39M-20 Standard Test Method for Compressive Strength of Cylin-
drical Concrete Specimens

ASTM ES8/ES8M-21 Standard Test Methods for Tension Testing of Metallic
Materials

MATERIALS

Material Specifications

Structural steel used in the seismic force-resisting system (SFRS) shall satisfy the
requirements of Specification Section A3.1, except as modified in these Provisions.
Unless a material is determined suitable by testing or other rational criteria to exceed
the specified yield stresses described herein, the specified minimum yield stress of
structural steel to be used for members in which inelastic behavior is expected shall
not exceed 50 ksi (345 MPa) for systems defined in Chapters E, F, G, and H, with the
following exceptions:

(a) For systems defined in Sections E1 (Ordinary Moment Frames), F1 (Ordinary
Concentrically Braced Frames), G1 (Composite Ordinary Moment Frames),
H1 (Composite Ordinary Braced Frames), and H4 (Composite Ordinary Shear
Walls), this limit shall not exceed 55 ksi (380 MPa), except for columns in the
system defined by Section H1, for which the limit of 70 ksi (485 MPa) applies,
and except as allowed in exception (b).

(b) For columns in systems defined in Chapter F and Section E3 (Special Moment
Frames), E4 (Special Truss Moment Frames), G3 (Composite Special Moment
Frames), H2 (Composite Special Concentrically Braced Frames), and H3
(Composite Eccentrically Braced Frames), this limit shall not exceed 70 ksi
(485 MPa).

The ASTM materials shown in Table A3.1 are permitted to be used in the SFRS
described in Chapters E, F, G, and H.

The structural steel used for column base plates shall meet one of the ASTM speci-
fications in Table A3.1 or ASTM A283/A283M Grade D. Other steels and nonsteel
materials in buckling-restrained braced frames are permitted to be used subject to the
requirements of Sections F4 and K3.

User Note: This section only covers material properties for structural steel used
in the SFRS and included in the definition of structural steel given in Section 2.1
of the AISC Code of Standard Practice. Other steel, such as cables for permanent
bracing, is not covered. Steel reinforcement used in components in composite
SERS is covered in Section A3.5.
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TABLE A3.1

Listed Materials Permitted for Use in SFRS
Described in Chapters E, F, G, and H

Standard Designation|

Permissible Grades/Strengths

| Other Limitations

(a) Hot-Rolled Shapes

ASTM A36/A36M - Z
ASTM A529/A529M Gr. 50 [345] or Gr. 55 [380] -
ASTM A572/A572M Gr. 42 [290], Gr. 50 [345], or Gr. 55 [380] Type 1, 2, or 3
ASTM A588/A588M - -
Gr. 36 [250], Gr. 50 [345], Gr. 50S [345S],
ASTMATOOIATOM | SR Oi AR habe), GST 68 (ST 4501, or -
QST 70 [QST 485]
X X , Gr. 65 [450], or
ASTM A913/A913M g: %0 [[%2]]’ Gr. 60 [415], Gr. 65 [450] -
ASTM A992/A992M - _
Gr. 36 [250] or Gr. 50
ASTM A1043/A1043M | Gr. 36 [250] or Gr. 50 [345] [33?5%2[3'255532"}??
(50 mm)
(b) Hollow Structural Sections (HSS)
ASTM A53/A53M Gr.B Z
ASTM A500/A500M Gr.B, Gr.C, or Gr.D _
ASTM A501/A501M Gr.B ERW or Seamless
ASTM A1085/A1085M= | Gr. A _
(c) Plates
ASTM A36/A36M - -
ASTM A529/A529M Gr. 50 [345] or Gr. 55 [380] -
ASTM A572/A572M Gr. 42 [290], Gr. 50 [345], or Gr. 55 [380] ;Xpiﬁ. 1(% 2 ?1:;)
ASTM A588/A588M - _
ASTM A709/A709M Gr. 36 [250], Gr. 50 [345], Gr. 50W [345W] _
ASTM A1011/A1011M | Gr. 55 [380] HSLAS
ASTM A1043/A1043M | Gr. 36 [250] or Gr. 50 [345] Gr. 3?5[55;?5 2in.
(d) Bars
ASTM A36/A36M - -
ASTM A529/A529M Gr 50 [345] or Gr. 55 [380] -
ASTM A572/A572M Gr 42 [290], Gr. 50 [345], or Gr. 55 [380] Type 1,2, 0r 3
ASTM A709/A709M Gr. 36 [250], Gr. 50 [345], Gr. 50W [345W] _
(e) Sheet
ASTM A1011/ATO1IM | Gr. 55 [380] | HSLAS
(f) Steel Reinforcement
ASTM A615/A615M Gr. 60 [420] and Gr. 80 [550] -
ASTM A706/A706M Gr. 60 [420] and Gr. 80 [550] -

— Indicates no restriction applicable on grades/strengths or there are no limitations, as applicable.

1Bl ASTM A1085/A1085M material is only available in Grade A; therefore, it is permitted to specify ASTM A1085/
A1085M without any grade designation.
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2. Expected Material Strength

When required in these Provisions, the required strength of an element (a member
or a connection of a member) shall be determined from the expected yield stress,
RyFy, of the member or an adjoining member, as applicable, where Fy is the specified
minimum yield stress of the steel to be used in the member and Ry is the ratio of the
expected yield stress to the specified minimum yield stress, Fy, of that material. For
composite members or adjoining members, as applicable, whose nominal strength is
a function of the specified concrete compressive strength, f7, the expected strength
of an element shall be determined from the expected concrete compressive strength,
R.f’. R, is the factor to account for the expected strength of concrete. The value of R,
shall be taken as 1.3.

When required to determine the nominal strength, R, for limit states within the same
member from which the required strength is determined, the expected yield stress,
RyFy, and the expected tensile strength, R/, are permitted to be used in lieu of F)
and F,, respectively, where F, is the specified minimum tensile strength and R, is the
ratio of the expected tensile strength to the specified minimum tensile strength, F,,, of
that material. When R, is a function of f7, R.f is permitted to be used in lieu of f

User Note: In several instances, a member, or a connection limit state within
that member, is required to be designed for forces corresponding to the expected
strength of the member itself. Such cases include determination of the nominal
strength, R,, of the beam outside of the link in eccentrically braced frames,
diagonal brace rupture limit states (block shear rupture and net section rupture
in the diagonal brace in SCBF), etc. In such cases, it is permitted to use the
expected material strength in the determination of available member strength. For
connecting elements and for other members, specified material strength should
be used.

The values of Ry and R; for various steel and steel reinforcement materials are given
in Table A3.2. Other values of R, and R; are permitted if the values are determined
by testing of specimens, similar in size and source to the materials to be used, con-
ducted in accordance with the testing requirements per the ASTM specifications for
the specified grade of steel.

3. Heavy Sections

For structural steel in the SFRS, in addition to the requirements of Specification Sec-
tion A3.1d, hot rolled shapes with flange thickness equal to or greater than 1'% in.
(38 mm) shall have a minimum Charpy V-notch (CVN) toughness of 20 ft-1bf (27 J)
at 70°F (21°C), tested in the alternate core location as described in ASTM A6/A6M,
Supplementary Requirement S30. Plates with thickness equal to or greater than 2 in.
(50 mm) shall have a minimum Charpy V-notch toughness of 20 ft-1bf (27 J) at 70°F
(21°C), measured at any location permitted by ASTM A673/A673M, Frequency P,
where the plate is used for the following:
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TABLE A3.2
Ry and R; Values for Steel and
Steel Reinforcement Materials
Application Ry | R;
Hot-Rolled Structural Shapes and Bars
e ASTM A36/A36M 15 12
* ASTM A529 Gr. 50 [345] 12 12
« ASTM A529 Gr. 55 [380] 1.1 1.2
o ASTM A572/A572M Gr. 50 [345], or 55 [380] 1.1 1.1
¢ ASTM A588/A588M 1.1 11
* ASTM A709/A709M Gir. 36 [250] 15 12
o ASTM A709/A709M Gr. 50 [345] 1.1 1.1
o ASTM A709/A709M Gr. 50S [345S] 1.1 1.1
o ASTM A709/A709M Gr. 50W [345W] 1.1 1.1
* ASTM A709/A709M QST 50 [QST 345], A709/A709M QST 50S [QST 345S], | ., 11
A709/A709M QST 65 [QST 450], or A709/A709M QST 70 [QST 485]
o ASTM A913/A913M Gr. 50 [345], 60 [415], 65 [450], or 70 [485] 1.1 1.1
* ASTM A992/A992M 1.1 1.1
¢ ASTM A1043/A1043M Gr. 36 [250] 13 11
e ASTM A1043/A1043M Gr. 50 [345] 12 11
Hollow Structural Sections (HSS)
¢ ASTM A53/A53M 16 12
* ASTM A500/A500M Gr. B 14 1.3
e ASTM A500/A500M Gr. C 1.3 1.2
* ASTM A501/A501M 14 13
* ASTM A1085/A1085M Gr. Al 125 1.15
Plates, Strips, and Sheets
¢ ASTM A36/A36M 13 12
e ASTM A572/A572M Gir. 42 [290] 13 1.0
o ASTM A572/A572M Gr. 50 [345], Gr. 55 [380] 1.1 1.2
¢ ASTM A588/A588M 1.1 1.2
* ASTM A709/A709M Gir. 36 [250] 13 12
o ASTM A709/A709M Gr. 50 [345] 1.1 1.2
* ASTM A709/A709M Gr. 50W [345W] 1.1 12
¢ ASTM A1011/A1011M HSLAS Gr. 55 [380] 1.1 1.1
e ASTM A1043/A1043M Gr. 36 [250] 13 11
* ASTM A1043/A1043M Gr. 50 [345] 12 1.1
Steel Reinforcement
* ASTM A615/A615M Gr. 60 [420] 12 12
* ASTM A615/A615M Gr. 80 [550] 1.1 1.2
o ASTM A706/A706M Gr. 60 [420] and Gr. 80 [550] 12 1.2

A1085/A1085M without any grade designation.

&l ASTM A1085/A1085M material is only available in Grade A; therefore, it is permitted to specify ASTM
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4a.

4b.

(a) Members built up from plate
(b) Connection plates where inelastic strain under seismic loading is expected

(c) The steel core of buckling-restrained braces
Consumables for Welding

Seismic Force-Resisting System Welds

All welds used in members and connections in the SFRS shall be made with filler
metals meeting the requirements specified in clauses 6.1, 6.2, and 6.3 of Structural
Welding Code—Seismic Supplement (AWS D1.8/D1.8M), hereafter referred to as
AWS D1.8/D1.8M.

User Note: AWS D1.8/D1.8M, clauses 6.2.1, 6.2.2, 6.2.3, and 6.3.1 apply only
to demand critical welds.

AWS D1.8/D1.8M requires that all seismic force-resisting system welds are to
be made with filler metals classified using AWS A5 standards that achieve the
following mechanical properties:

Filler Metal Classification Properties for
Seismic Force-Resisting System Welds

Classification
70 ksi 80 ksi 90 ksi
Property (480 MPa) (550 MPa) (620 MPa)

Yield strength, ksi 58 (400) 68 (470) 78 (540)
(MPa) min. min. min.
Tensile strength, ksi 70 (480) 80 (550) 90 (620)
(MPa) min. min. min.
Elongation, % 22 min. 19 min. 17 min.
CVN toughness, 3 R 25 (34) min. @
ft-Ibf (J) 20 (27) min. @ 0°F (-18°C) —20°F (~30°C)P!

[ Filler metals classified as meeting 20 ft-lbf (27 J) minimum at a temperature lower than 0°F
(—18°C) also meet this requirement.

I Filler metals classified as meeting 25 ft-lof (34 J) minimum at a temperature lower than —20°F
(-30°C) also meet this requirement.

Demand Critical Welds

Welds designated as demand critical shall be made with filler metals meeting the
requirements specified in AWS D1.8/D1.8M, clauses 6.1, 6.2, and 6.3.

User Note: In addition to the requirements in Section A3.4a, AWS D1.8/D1.8M
requires, unless otherwise exempted from testing, that all demand critical welds
are to be made with filler metals receiving heat input envelope testing that achieve
the following mechanical properties in the weld metal:
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Mechanical Properties for Demand Critical Welds

Classification
70 ksi 80 ksi 90 ksi
Property (480 MPa) (550 MPa) (620 MPa)

Yiel h . . )
e ("Msgrae)”gt ' 58 (400) min. 68 (470) min. 78 (540) min.
Tensile st th . . .
kgi"(sl\'ﬂ’f,:)reng ' 70 (480) min. 80 (550) min. 90 (620) min.
Elongation (%) 22 min. 19 min. 17 min.
CVN toughness, " o o [b] 40 (54) min. @
ft-lbf (J) @ 40 (54) min. @ 70°F (20°C) 50°F (10°C) &

1@ For lowest anticipated service temperature (LAST) of +50°F (+10°C). For LAST less than +50°F
(+10°C), see AWS D1.8/D1.8M, Part B of clause 6.

Pl Tests conducted in accordance with AWS D1.8/D1.8M, Annex A, meeting 40 ft-Ibf (54 J) mini-
mum at a temperature lower than +70°F (+20°C) also meet this requirement.

[l Tests conducted in accordance with AWS D1.8/D1.8M, Annex A, meeting 40 ft-Ibf (54 J) mini-
mum at a temperature lower than +50°F (+10°C) also meet this requirement.

Concrete and Steel Reinforcement

Concrete and steel reinforcement used in composite components in composite inter-
mediate or special SFRS of Sections G2, G3, G4, H2, H3, HS, H6, and H7 shall satisfy
the requirements of ACI 318, Chapters 18 and 20. Concrete and steel reinforcement
used in composite components in composite ordinary SFRS of Sections G1, H1, and
H4 shall satisfy the requirements of ACI 318, Section 18.2.1.4, and Chapter 20.

STRUCTURAL DESIGN DOCUMENTS AND SPECIFICATIONS
ISSUED FOR CONSTRUCTION

Structural design documents and specifications shall indicate the work to be per-
formed, and include items required by the Specification, the AISC Code of Standard
Practice for Steel Buildings and Bridges, the applicable building code, and this sec-
tion, as applicable.

General

The structural design documents and specifications shall indicate the following gen-
eral items, as applicable:

(a) Designation of the seismic force-resisting system (SFRS)
(b) Identification of the members and connections that are part of the SFRS

(c) Connection details between concrete floor diaphragms and the structural steel
elements of the SFRS

(d) Fabrication documents and erection document requirements not addressed in
Section I1

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Sect. A4.] STRUCTURAL DESIGN DOCUMENTS AND 9.1-9

2.

SPECIFICATIONS ISSUED FOR CONSTRUCTION

Steel Construction

The structural design documents and specifications shall include the following items
pertaining to steel construction, as applicable:

(a) Configuration of the connections
(b) Connection material specifications and sizes

(c) Locations where gusset plates are to be detailed to accommodate inelastic
rotation

(d) Locations of connection plates requiring Charpy V-notch toughness in accor-
dance with Section A3.3(b)

(e) Locations of stability bracing members

(f) Lowest anticipated service temperature of the steel structure, if the structure is
not enclosed and maintained at a temperature of 50°F (10°C) or higher

(g) Locations and dimensions of protected zones
(h) Connection detailing

The structural design documents and specifications shall include the following
items pertaining to elements of connection details, as applicable:

(1) Locations of demand critical welds

(2) Locations where weld backing is required to be removed and where fillet
welds are required after backing is removed

(3) Locations where fillet welds are required when weld backing is permitted
to remain

(4) Locations where weld tabs are required to be removed
(5) Locations where tapered splices are required

(6) The shape of weld access holes, if a shape other than those provided for in
the Specification is required, and location of weld access holes

User Note: These Provisions and ANSI/AISC 358 include requirements related
to protected zones, demand critical welds, removal of weld backing and repair
after backing is removed, fillet welding of weld backing, weld tab removal, tapered
transitions at splices, and special weld access hole geometry. These explicit
requirements are considered adequate and effective for the great majority of steel
structures and are strongly encouraged to be used without modification. There
may be special or unique conditions where supplemental requirements are deemed
to be necessary by the engineer of record. In such cases, these project-specific
requirements must also be clearly delineated in the structural design documents.
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STRUCTURAL DESIGN DOCUMENTS AND [Sect. A4.
SPECIFICATIONS ISSUED FOR CONSTRUCTION

Composite Construction

For the steel components of reinforced concrete or composite elements, structural
design documents and specifications for composite construction shall indicate the
following items, as applicable:

(a) Bar placement, cutoffs, lap and mechanical splices, hooks and mechanical
anchorage, placement of ties, and other transverse reinforcement

(b) Requirements for dimensional changes resulting from temperature changes,
creep, and shrinkage

(c) Location, magnitude, and sequencing of any prestressing or post-tensioning
present

(d) Location of steel headed stud anchors and welded reinforcing bar anchors
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CHAPTER B
GENERAL DESIGN REQUIREMENTS

This chapter addresses the general requirements for the seismic design of steel structures
that are applicable to all chapters of these Provisions.

This chapter is