Specification for

Structural Stainless
Steel Buildings

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ST : Smarter.
g) : Stronger.

& D| g‘l.\* § Steelo







ANSI/AISC 370-21
An American National Standard

Specification for

Structural Stainless
Steel Buildings

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

June 11, 2021
Approved by the Committee on Structural Stainless Steel

: Smarter.
: Stronger.
: Steel.




ii

© AISC 2021
by

American Institute of Steel Construction

All rights reserved. This book or any part thereof must not be
reproduced in any form without the written permission of the publisher.
The AISC logo is a registered trademark of AISC.

The information presented in this publication has been prepared by a balanced commit-
tee and recognized principles of design, construction, and contract interpretation. This
document is intended as a statement of custom and usage in structural stainless steel
construction. Competent design, construction, and legal advice should be sought when
applying the provisions of this document to a specific construction project or contract docu-
ment. The publication of this information is not a representation or warranty on the part of
the American Institute of Steel Construction, its officers, agents, employees, or committee
members, or of any other person named herein. All representations or warranties, express or
implied, other than as stated above, are specifically disclaimed. Anyone making use of the
information presented in this publication assumes all liability arising from such use.

Caution must be exercised when relying upon standards and guidelines developed by
other bodies and incorporated by reference herein, since such material may be modified
or amended from time to time subsequent to the publication of this edition. The American
Institute of Steel Construction bears no responsibility for such material other than to refer to
it and incorporate it by reference at the time of the initial publication of this edition.

Printed in the United States of America

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



il

PREFACE

(This Preface is not part of ANSI/AISC 370-21, Specification for Structural Stainless Steel
Buildings, but is included for informational purposes only.)

This is the first edition of the Specification for Structural Stainless Steel Buildings. Similar
to the AISC Specification for Structural Steel Buildings, ANSI/AISC 360-16, this Specifi-
cation provides an integrated treatment of allowable strength design (ASD) and load and
resistance factor design (LRFD). As indicated in Chapter B of the Specification, designs can
be made according to either ASD or LRFD provisions.

There are a wide array of stainless steel types available for structural applications. The
properties of stainless steels differ significantly from the properties of the steels covered in
the AISC Specification for Structural Steel Buildings. That specification is not appropriate
for the design and fabrication of structural stainless steel. Prior to this Specification there
was no specification for the use of stainless steel in building structural applications. The first
edition of AISC Design 27, Structural Stainless Steel, provided some guidance on the design
and fabrication of structural stainless steel buildings; that design guide is being updated, and
the second edition will serve as a companion to AISC 313-21 and ANSI/AISC 370-21.

This ANSI-approved Specification has been developed as a consensus document using ANSI-
accredited procedures to provide a uniform practice in the design of structural stainless
steel-framed buildings and other structures. The intention is to provide design criteria for
routine use and not to provide specific criteria for infrequently encountered problems, which
occur in the full range of structural design.

This Specification is the result of the consensus deliberations of a committee of structural
engineers with approximately equal numbers in private practice, in research and testing, and
employed by stainless steel fabricating and producing companies.

The Symbols, Glossary, Abbreviations, and Appendices to this Specification are an integral
part of the Specification. A nonmandatory Commentary has been prepared to provide back-
ground for the Specification provisions, and the user is encouraged to consult it. Additionally,
nonmandatory User Notes are interspersed throughout the Specification to provide concise
and practical guidance in the application of the provisions.

This Specification was approved by the AISC Committee on Structural Stainless Steel,

Mark V. Holland, Chair Catherine Houska
Benjamin W. Schafer, Vice-Chair Kristofer Lark
Benjamin Baer Nate Lindell

Richard Beldyk Patrick S. McCafferty
Hannah B. Blum Michael Mulhern
Ted Bush Patrick Olechno

Martin Denault
Daniel Fitzwilliam
Richard C. Garvin

Andrew Personett
Jason T. Provines
Mark Remsen

John Grubb Cynthia J. Duncan, Secretary
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The Committee also gratefully acknowledges AISC Board Oversight, Matt Smith; the advi-
sory members, Javier Avila Mendoza, Nancy Baddoo, Leroy Gardner, and Ben Young; as
well as Francisco Meza, for their contributions and involvement in the development of this
document.
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XX1

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 through-
out the document. The section or table number shown in the righthand column of the list
identifies the first time the symbol is used in this document. Symbols without text defini-
tions are omitted.

Symbol

Apm
Ap

Acurner

Definition Section
Cross-sectional area of the base metal, in.2 (mm?) ................... 24
Nominal unthreaded body area of bolt or threaded part, in2 (mm?)...... J3.6

Total corner area including a region of length 2¢ extending around
the perimeter of the cross section on both sides of the each corner,

INZ(MM2) . B4.3
Effective area, in.2 (MM2) . . ..o vure et e E7.2
Effective net area, in.2 (MM3). . . . ..ottt et D2
Summation of the effective areas of the cross section based on the

reduced effective widths, b,, d,, or h,, in.2 (mmz) ..................... E7
Area of compression flange, in.2 (mm?). .......................... G2.2
Gross area of tension flange, inZmm?) ... F11.1
Net area of tension flange, 2 mm?) .. F11.1
Area of tension flange, N2 Mm?) .. G2.2
Gross area of member, in.2 (mm?2) ... ........... oo, B4.3
Gross area subject to shear, in.2 (mmz) ............................ J4.2
Net area of member, in.2 (MM?%). . ...\t B4.4b
Net area subject to tension, inZmm?) ... J4.3
Net area subject to shear, nZmm?) ... J4.2
Gross area of pin, in.2 (mmz) .................................... J8.2
Projected area in bearing, N2 Mm?). .o J7
Net tensile area of bolt, in.2 (Mm?2) .. .......ooeiiiin... J3.8
Area on the shear failure path, in2mm?). .. D5.1
Net area in tension, in.2 (mm?). .............................. App. 3.4
Nominal forces and deformations due to the design-basis fire

defined in Section 4.2.1 ... ... .. .. App. 4.1.4
Area of web, in.2 (MM3). . ..ottt G2.1
Effective area of the weld, in.2 (mm?) . .......oouerneenenenn... 124
Area of steel concentrically bearing on a concrete support, in.2 (mm?) . ... J9

Maximum area of the portion of the supporting surface that is
geometrically similar to and concentric with the loaded area, in2 (mm?) .. J9

Overall width of square and rectangular HSS, in. (mm) ............. B4.3
Overall width of rectangular HSS main member, measured 90° to

the plane of the connection, in. (mm) ....................... Table D3.1
Overall width of square HSS main member, measured 90° to

plane of the connection, in. (mm) ............ .. .. .. ... K2.1
Overall width of HSS and box-section members, in. (mm). . ... ... App. 2.7.1
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Symbol

oo
[

SO

b

E;

E(T)
E(T)

ETy(T)

2

2

SRS RCR

2

SYMBOLS

Definition Section
Overall width of square HSS branch member or plate, measured
90° to the plane of the connection, in. (mm) . ...................... K2.1
Effective width of square HSS branch member or plate, in. (mm). . . ... K2.1
HSS torsional constant . ........... ...t G8
Coefficient from Table J12.1 .. .. ... . .. i J12
Lateral-torsional buckling modification factor for nonuniform
moment diagrams when both ends of the segment are braced ........... F1
Constant from Table A-3.1 for the fatigue category . ............. App. 3.3
Web slenderness coefficient from Table J12.1....................... J12
Bearing length coefficient from Table J12.1 .......... ... ... ... ... J12
Internal bend radius coefficient from Table J12.1.................... J12
Shear buckling strength coefficient ........... ... ... ... ... ... ... G4
Web shear strength coefficient. . .......... ... ... .. ... ... G2.1
Web shear buckling coefficient ........... ... ... .. ... ... ... G2.2
Warping constant, in.® (mm®) . ..... ... ... ... .. ... ... .. E4
Edge distance increment, in. (mm). .. ......... ... .. .. .. ... .. Table J3.3
Diameter of round HSS, in. (mm) . ............................. B4.1b
Outside diameter of round HSS, in. (mm)......................... B4.3
Outside diameter of round HSS main member, in. (mm) ............. K1.1
Nominal dead load, kips (N) .. ... B3.9
Nominal dead load rating . . ...........coi ... App. 5.4.1
Outside diameter of round HSS branch member, in. (mm)............ K2.1
Lateral-torsional buckling coefficient. .. ............ .. ... .. ... ..... F2.2
In slip-critical connections, a multiplier that reflects the ratio of the mean
installed bolt pretension to the specified minimum bolt pretension . . .. .. J3.8
Modulus of elasticity of stainless steel, ksi (MPa). ............. Table B4.1
Lateral-torsional buckling coefficient. . . ......... ... ... ... ... ... F4.2
Reduced modulus of elasticity, ksi (MPa) . .............. ... .. ... .... L3
Secant modulus, ksi (MPa). . . ......... ... . i L3
Secant modulus corresponding to the maximum compressive stress
in the cross section, ksi (MPa) .. ......... ... ... ... .. ... .. L3
Strain hardening modulus, ksi (MPa). .............. .. .. ... ... App. 2.2
Secant modulus corresponding to the maximum tensile stress in
the cross section, ksi (MPa) .. ......... .. .. . L3
Tangent modulus, ksi MPa) ........... .. .. .. . .. . ... App. 7.1.2
Tangent modulus at the specified minimum yield stress, ksi (MPa). . App. 7.1.1
Modulus of elasticity at elevated temperature, ksi (MPa) ... ..... App. 4.2.4d
Modulus of elasticity of stainless steel at elevated temperatures,
ksi (MPa) ..o App. 7.2
Tangent modulus at the yield stress at elevated temperatures,
ksi (MPa) ..o App 7.2
Available stress in main member, ksi (MPa)....................... K2.1
Buckling stress for the section as determined by analysis, ksi (MPa) ... .. G9
Critical stress, ksi (MPa) . ....... ... ... i E3
Lateral-torsional buckling stress for the section as determined by
analysis, ksi (MPa) . .. ... F10.2
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TH

Fy,avg
Fyp
Fyp

Fy, corner
Fyy

Fy, rnd
Fyst

Fyw

Fy, wall

F(T)

SYMBOLS Xxiii

Definition Section
Local buckling stress for the section as determined by analysis,
ksi (MPa) ... F10.3
Elastic buckling stress, ksi (MPa) ........... ... ... ... .. .. ... E3
Elastic local buckling stress, ksi (MPa) ............ .. .. ... .. ..... E7.1
Filler metal classification strength, ksi (MPa) . ...................... 124
Lateral-torsional buckling coefficient. .. .............. ... ... .. ..... F5.2
Nominal tensile stress or shear stress, ksi (MPa). .................... J2.6
Nominal stress of the base metal, ksi (MPa) . ....................... 124
Nominal tensile stress, ksi (MPa). . ........... ... ... .. ... J3.6
Nominal tensile stress modified to include the effects of shear
stress, ksi (MPa) . .. ..o 13.7
Nominal shear stress, ksi (MPa). . ............ ... ... ... ... ....... J3.6
Nominal stress of the weld metal, ksi (MPa)........................ 124
Maximum serviceability design stress, ksi (MPa)..................... L3
Allowable stress range, ksi (MPa) ........... ... .. ... .. ... .... App. 3.3
Threshold allowable stress range, maximum stress range for
indefinite design life from Table A-3.1,ksi MPa) ............... App. 3.3
Specified minimum tensile strength, ksi (MPa)..................... B4.3
Specified minimum yield stress, ksi (MPa). As used in this
Specification, “yield stress” denotes specified yield strength . . . .. Table B4.1
Average yield stress of full section, ksi MPa) ..................... B4.3
Specified minimum yield strength of bolt, ksi (MPa) ................. J3.8
Specified minimum yield stress of HSS branch member or
plate material, ksi (MPa) .......... ... ... . i K2.1
Tensile yield stress of corners of rectangular HSS, ksi (MPa) ......... B4.3
Specified minimum yield stress of the flange, ksi (MPa) ............. J11.1
Tensile yield stress of round HSS, ksi (MPa) ...................... B4.3
Specified minimum yield stress of the stiffener material, ksi (MPa). . . . . G2.3
Specified minimum yield stress of the web material, ksi (MPa)........ G2.3
Tensile yield stress of the flats of rectangular HSS, ksi (MPa)......... B4.3
Critical elastic buckling stress, ksi (MPa) .................... App. 4.2.4d
Tensile strength at elevated temperatures, ksi (MPa) ........... App. 4.2.4d
Yield stress at elevated temperatures, ksi (MPa)............... App. 4.2.4d
Stress at 2% strain at elevated temperatures, ksi (MPa) ......... App. 4.2.3b
Shear modulus of elasticity of stainless steel, ksi (MPa)................ E4
Flexural conStant. . . ......oouitnt it e E4
Overall height of square and rectangular HSS, in. (mm).............. B4.3
Overall height of rectangular HSS member, measured in the
plane of the connection, in. (mm) .............. ... .. ....... Table D3.1
Overall height of HSS and box-section member, in. (mm)........ App. 2.7.1

Moment of inertia of transverse stiffeners about an axis in the

web center for stiffener pairs, or about the face in contact with

the web plate for single stiffeners, in.* (mm®*)...................... G2.3
Minimum moment of inertia of transverse stiffeners required for

development of the full shear post buckling resistance of the

stiffened web panels, in* (mm®*) .. ... ... G2.3
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SYMBOLS

Definition Section
Minimum moment of inertia of transverse stiffeners required
for development of web shear buckling resistance, in (mm*)......... G2.3
Moment of inertia about the principal axes, in.* (mm*)................ E4
Moment of inertia about y-axis, indmmb. . F2.2
Effective out-of-plane moment of inertia, in.* (mm*) .. ... .. ... App. 6.3.2a
Moment of inertia of the compression flange about the y-axis,
A mmY) F4.2
Moment of inertia of the tension flange about the y-axis,
intmmty. App. 6.3.2a
Torsional constant, in.* (mm®*) .. ....... .. ... ... . .. .. E4
Effective length factor ......... ... ... ... .. E2
Effective length factor for flexural buckling about x-axis............... E4
Effective length factor for flexural buckling about y-axis............... E4
Effective length factor for torsional buckling about the longitudinal axis . . E4
Length of member, in. (mm) ........... ... i, GS8.1
Laterally unbraced length of member, in. (mm) ...................... E2
Laterally unbraced length, in. (mm). ......... ... ... ... ... ....... J4.4
Length of span, in. (mm) .............. ... ... ... ... .... App. 6.3.2a
Length of member between work points at truss chord
centerlines, in. (IMM) . ......... . ..ttt E5
Nominal liveload . . ..... ... .. .. B3.9
Nominal live load rating. . . ... .. App. 5.4.1
Nominal occupancy live load, kips (N) . .............. ... .... App. 4.1.4

Length between points that are either braced against lateral
displacement of compression flange or braced against twist
of the cross section, in. (MM). .. ...ttt F2.2
Length between points that are either braced against lateral
displacement of the compression region, or between points

braced to prevent twist of the cross section, in. (mm)................ F9.2
Largest laterally unbraced length along either flange at the

point of load, in. (mMm) ....... ... ... i J11.4
Laterally unbraced length, in. (mm). ........................ App. 1.3.2b
Unbraced length within the panel under consideration, in. (mm) . . App. 6.3.1a
Unbraced length adjacent to the point brace, in. (mm)........... App. 6.3.1b
Effective length of member, in. (mm) ............. ... .. ... .. ... .... E2
Effective length of member for buckling about minor axis, in. (mm). . . ... E5
Effective length, in. (mm) ........ .. .. .. .. . i J4.4
Effective length of member for buckling about x-axis, in. (mm) ......... E4
Effective length of member for buckling about y-axis, in. (mm) ......... E4
Effective length of member for buckling about longitudinal axis,

AN (M) L e e e e e e E4
Local buckling half-wavelength (mm). ...................... App. 1.3.3
Limiting laterally unbraced length for the limit state of yielding,

AN (M) e e e e e e e F2.2
Limiting laterally unbraced length for the limit state of inelastic
lateral-torsional buckling, in. (mm) .. ......... .. .. .. .. .. ... .. .. F2.2
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Definition Section
Nominal roof liveload . . ......... .. .. . ... App. 5.4.1
Distance from maximum to zero shear force, in. (mm)................. G4
Laterally unbraced length of the member for each axis, in. (mm) ........ E4
Laterally unbraced length required to achieve the yield moment,
AN (M) Lo e e e e F2.2
Absolute value of moment at one-quarter point of the unbraced
segment, kip-in. (N-mm) . ........ .. ... ... F1
Required flexural strength using ASD load combinations, kip-in.
(N-IIM) .« e e e e e e J11.4
Absolute value of moment at centerline of the unbraced segment,
kip-in. (N-MM) . ..o F1
Required flexural strength of the brace, kip-in. (N-mm)......... App. 6.3.2a
Absolute value of moment at three-quarter point of the unbraced
segment, kip-in. (N-mm) . ........ .. .. ... F1
Available flexural strength, kip-in. (N-mm). . ...................... HI1.1
Available CSM flexural strength, kip-in. (N-mm)................ App. 2.7
Available reduced CSM flexural strength, kip-in. (N-mm) . ....... App. 2.7.1

Available flexural strength about x-axis for the limit state of
tensile rupture of the flange, determined according to Section F10.1,

Kip-in. (N-IIM) . oo H3
Absolute value of maximum moment in the unbraced segment,

Kip-in. (N-IM) . ..o F1
Moment at middle of unbraced length, kip-in. (N-mm) ........ App. 1.3.2b
Nominal flexural strength, kip-in. (N-mm) ........... ... ... ... .... F1
Nominal CSM flexural strength at the limit state of yielding or

local buckling, kip-in. (N-mm). . .. ...... ... .. ..o ... App. 2.6
Required flexural strength, determined in accordance with Chapter C,

using LRFD or ASD load combinations, kip-in. (N-mm)............. H1.1

Required flexural strength of the beam within the panel under

consideration, using LRFD or ASD load combinations,

Kip-in. (N-IMM) .« .o App. 6.3.1a
Largest of the required flexural strengths of the beam within

the unbraced lengths adjacent to the point brace, using LRFD

or ASD load combinations, Kip-in. (N-mm).............c..cceoeeees . App. 6.3.1b
Required flexural strength at the location of the bolt holes,

determined in accordance with Chapter C, using LRFD or

ASD load combinations, positive for tension in the flange

under consideration, kip-in. (N-mm) . ......... .. .. .. . .. ... H3
Required flexural strength using LRFD load combinations,

Kip-in. (N-IMM) . oo J11.4
Yield moment, Kip-in. (N-mm) . ............ i, F2.2
Smaller moment at end of unbraced length, kip-in. (N-mm). . . . . App. 1.3.2b
Effective moment at the end of the unbraced length opposite

from Mo, kip-in. (N-mm) ... ... App. 1.3.2b
Larger moment at end of unbraced length, kip-in. (N-mm) . . ... App. 1.3.2b
Notional load applied at level i, kips (N).......... .. ... ... .. ... C2.2b
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Definition Section
Largest of the required axial strength of the column within the
unbraced lengths adjacent to the point brace, using LRFD or

ASD load combinations, kKips (N) ......... ..o ... App. 6.2.2
Available compressive strength determined in accordance with

Chapter E, kips (N). .. ..o o HI1.1
Available tensile strength determined in accordance with Chapter D,

KIPS (N . o et H1.2
Available tensile or compressive strength determined in accordance

with Chapter Dor E,kips (N) .. ... H2.1

Available axial strength for the limit state of tensile rupture of the
net section at the location of bolt holes, determined in accordance

with Section D2(b), kips (N) .« ... oo i H3
Available CSM compressive strength, kips (N). . ................ App. 2.7
Nominal compressive strength, kips (N) ......... ... . oot El
Cross-section compressive strength, kips (N) ...................... C2.3
Nominal bearing strength, kips (N) . ......... ... .. o ... J9
Required axial compressive strength using LRFD or ASD load

combinations, Kips (N) . . ...ttt C23
Required compressive strength, determined in accordance with

Chapter C, using LRFD or ASD load combinations, kips (N) ......... HI1.1
Required tensile strength, determined in accordance with Chapter C,

using LRFD or ASD load combinations, kips (N). .. ................ H1.2
Required axial strength, determined in accordance with Chapter C,

using LRFD or ASD load combination, kips (N) . .................. H2.2

Required axial strength of the member at the location of the bolt

holes, determined in accordance with Chapter C, using LRFD or

ASD load combinations, positive in tension, kips (N) ................ H3
Required axial strength of the column within the panel under

consideration, using LRFD or ASD load combinations, kips (N).. App. 6.2.1
Largest of the required axial strengths of the column within

the unbraced lengths adjacent to the point brace, using LRFD

or ASD load combinations, kips (N) . ... ... App. 6.2.2
Axial yield strength of the column, kips (N) ..................... J11.6
Radius of outside surface, in. (mm).......................... Table J2.2
Nominal load due to rainwater or snow, exclusive of the

ponding contribution. . ......... ... Lo i App. 5.4.1
Required strength using ASD load combinations ................... B3.2
Reduction factor for joints using a pair of transverse fillet welds only. . App. 3.3
Nominal strength ....... .. ... .. . B3.1
Combined strength of fillet weld group, kips (N) . .................. 2.4
Nominal strength of the connected material, kips (N)............... J3.10
Total nominal strength of longitudinally loaded fillet welds, as

determined in accordance with Table J2.5, kips (N) . ................ 124

Total nominal strength of transversely loaded fillet welds, as
determined in accordance with Table J2.5 without the increase
in Section J2.4(b), Kips (N) ... oot 2.4
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Definition Section
Web plastification factor. . . ........... ... . i F4.1
Bending strength reduction factor ........... ... ... ... .. oL F5.2
Reduction factor for reinforced or nonreinforced transverse
partial-joint-penetration (PJP) groove welds .. ........... ... ... App. 3.3
Required strength using LRFD load combinations . ................. B3.1
Elastic section modulus about the axis of bending, ind (mmd)......... F7.2
Elastic section modulus of pin, indmmd) .. J8.3
Nominal snow load, kips (N) . ... .o oi i App. 4.1.4
Effective section modulus with respect to the neutral axis
of the effective cross section, in.3 (Mm3). . ......ooveeie ... F7.2
Minimum elastic section modulus relative to the axis of
bending, 3 mmd) L F10
Minimum elastic section modulus taken about the x-axis, in.> (mm?) .. F11.1
Elastic section modulus taken about the x-axis, in.> (mm?®)............ F2.2
Elastic section modulus taken about the y-axis, indmmd............ F6.1
Effective section modulus taken about the y-axis with respect to
the neutral axis of the effective cross section, in.> (mm3)............. F6.2
Elevated temperature of steel due to unintended fire exposure,
OF (0t e e e . App. 4.2.4d
Required tension force using ASD load combinations, kips (N)........ J3.9
Minimum fastener tension for stainless steel bolts, kips (N). .. ........ J3.8
Available torsional strength determined in accordance with
Section H2.1, kip-in. (N-mm) .. ...ttt H2.2
Nominal torsional strength, kip-in. (N-mm) .......... ... ... ... .... Gl
Required torsional strength, determined in accordance with Chapter C,
using LRFD or ASD load combinations, kip-in. (N-mm)............. H2.2
Required tension force using LRFD load combinations, kips (N)....... J3.9
Shear lag factor. .. ...... .. ... . D3
Required shear strength of the bracing system, kips (N) ........ App. 6.2.1
Available shear strength, kips (N) ... ... . ... H2.2
Available shear strength, kips (N) ... ... . ... G2.3
Available shear strength, kips (N) ... ... . ... G2.3
Nominal shear strength, kips (N) .. ......... ... o o i Gl
Required shear strength in the panel being considered, kips (N) ....... G2.3
Required shear strength, determined in accordance with Chapter C,
using LRFD or ASD load combinations, kips (N). .. ................ H2.2
Gravity load applied at level i from the LRFD load combination or
ASD load combination, as applicable, kips (N). . .................. C2.2b
Gravity load acting on framing level i, kips (N) ............... App. 4.1.4
Plastic section modulus taken about the axis of bending, in? (mm?).... F7.1
Plastic section modulus taken about the x-axis, in.> (mm3)............ F2.1
Plastic section modulus taken about the y-axis, indmmd............ F6.1
Clear distance between transverse stiffeners, in. (mm) . .............. G2.1
Distance between connectors, in. (Mm) .. ...............oueuuon... E6.1
Shortest distance from edge of pin hole to edge of member
measured parallel to the direction of force, in. (mm) ................ D5.1
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Definition Section
Ratio of the flange area to the gross area of member ........... App. 2.7.1
Ratio of the web area to the gross area of member............. App. 2.7.1
Width of element, in. (mm) ........... ...t iririnenenennn.. B4.1a
Distance from face of plate to edge of rectangular HSS member,
measured 90° to the plane of the connection, in. (mm).......... Table D3.1
Width of compression flange, in. (mm) . .......................... F7.2
Width of column flange, in. (mm) . ......... ... ... ... ... ...... J11.6
Effective width, in. (mm) . ......... ... .. ... ... . . .. . ... E7.1
Distance from edge of hole to edge of part, measured in direction
normal to applied force, in. (mm) ........... ... ... ... .. ... ... D5.1
Width of flange, in. (mm). . ........... ... .. i B4.1a
Width of compression flange, in. (mm) . .......................... G2.2
Width of tension flange, in. (mm) .......... ... ... ... ... ... ... G2.2
Smaller of the dimension @ and A, in. (mm) ....................... G2.3
Stiffener width for one-sided stiffeners; twice the individual
stiffener width for pairs of stiffeners, in. (mm)............... App. 6.3.2a
Distance from the neutral axis to the extreme compressive
fibers, in. (MM) . ... ..o e App. 6.3.2a
For stems of tees, the full depth of section, in. (mm) ............... B4.1a
Depth of section, in. (mm) ............c.oiiuiininaenen .. Table D3.1
Depth of section from which the tee was cut, in. (mm).......... Table D3.1
Nominal diameter of fastener, in. (mm)........................... J3.3
Full nominal depth of member, in. (mm)......................... J11.2
Depth of beam, in. (mm) ............ .. ... .. ... J11.6
Nominal diameter (body or shank diameter), in. (mm)............ App. 3.4
Depth of column, in. (mm). ......... ... J11.6
Effective width for tees, in. (mm) . ........... ... ... .. ... ...... E7.1
Diameter of hole, in. (mm). .. .......... ... i, J3.10
Diameter of pin, in. (Mm). . ...t D5.1
Eccentricity in a truss connection, positive being away from
the branches, in. (mm) . ........... ... .. .. i, K2.1
Stress at outer compressive fiber, ksi (MPa) ................. App. 1.3.3d
Engineering stress, ksi (MPa). . ......... ... ... ... ... ... App. 7.1.1
Specified compressive strength of concrete, ksi (MPa)................. J9
Stress corresponding to €5y, ksi (MPa). . ... oo il App. 2.5
Tensile stress corresponding to 15¢y, ksi (MPa) ................. App. 2.4
Required shear stress using LRFD or ASD load combinations,
ksi (MPa) ..o J3.7
Engineering stress at elevated temperatures, ksi (MPa). ........... App. 7.2
Transverse center-to-center spacing (gage) between fastener
gagelines, in. (IMM) . .........o .ttt B4.4b
Gap between toes of branch members in a gapped K-connection,
neglecting the welds, in. (mm). ......... ... ... ... .. ... K2.1
Depth of web, in. (mm) . .......... . i B4.1b
Width resisting the shear force, in. (mm). . .............. ... .. ...... G3
Flat width of longer side, in. (mm) .......... ... ... ... .. G8.2
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Definition Section
For rolled I-shaped members, the clear distance between flanges
less the fillet at each flange; for built-up welded sections or
members, the clear distance between flanges; for built-up bolted
members, the distance between fastener lines, in. (mm) ............. G2.1
Clear distance between flanges less corner radius, in. (mm)............ J12
Twice the distance from the center of gravity to the following: the
inside face of the compression flange less the fillet or corner radius,
for rolled shapes; the nearest line of fasteners at the compression
flange or the inside faces of the compression flange when welds are

used, for built-up sections or members, in. (mm) .................. B4.1b
Effective width for webs, in. (mm) ........... ... ... ........... E7.1
Factor for fillers .. ........ .. ... . e J3.8
Distance between flange centroids, in. (mm)....................... F2.2

Twice the distance from the plastic neutral axis to the nearest line
of fasteners at the compression flange or the inside face of the

compression flange when welds are used, in. (mm) ................ B4.1b
Distance from outer face of flange to the web toe of fillet for rolled

sections or the thickness of flange for welded sections, in. (mm). . .. .. J11.2
Plate buckling coefficient. .......... ... ... ... ... L i E7.1
Web plate shear buckling coefficient ................. ... ... . ... G2.1
Actual length of end-loaded weld, in. (mm) ...................... J2.2b
Length of connection, in. (mm) . ........ ... ... ... ... Table D3.1
Length of bearing, in. (mm) . . .......... ... ... ... . . J11
Distance from the near side of the connecting branch to end of

chord, in. (MM) . ... ... i i K1.1
Overlap length measured along the connecting face of the chord

beneath the two branches, in. (mm).............................. K2.1
Projected length of the overlapping branch on the chord, in. (mm) .. ... K2.1

Half of the distance between the center of the hole and the center

of the adjacent hole or distance between the center of the hole and

the edge of the material, in the direction of the force, in. (mm) ........ J3.10
Connection weld length, in. (mm) .......................... Table D3.1
Half of the distance between the center of the hole and the center of the
adjacent hole or distance between the center of the hole and the edge of

the material, in the direction perpendicular to the force, in. (mm) .. ... J3.10
Strain hardening coefficient . . ........ ... .. .. .. .. ... ... ... App. 7.1.1
Number of braced points within the span ................... App. 6.3.2a
Threads perinch (permm) ............ ... ... ... ... ... ... App. 3.4
Number of bolts carrying the applied tension . ..................... J3.9
Auxiliary coefficient. . . ........ ... .. L Cc2.3
Number of slip planes required to permit the connection to slip. . ... ... J3.8
Number of stress range fluctuations in design life. .. ............. App. 3.3
Strain hardening coefficient at elevated temperatures . ............ App. 7.2
Pitch, in. per thread (mm per thread). .. ........... ... .. ... .... App. 3.4
Radius of gyration, in. (mm) ........... ... .. ... i E2
Internal radius of corner, in. (mm). .............................. B4.3
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Definition Section
Retention factor depending on bottom flange temperature . . . . .. App. 4.2.4d
Radius of gyration about the geometric axis, in. (mm) ................. E5
Minimum radius of gyration of individual component, in. (mm) . ... ... E6.1
Polar radius of gyration about the shear center, in. (mm) ............... E4
Effective radius of gyration for lateral-torsional buckling, in. (mm) . ... F4.2
Radius of gyration about the x-axis, in. (mm) ........................ E4
Radius of gyration about y-axis, in. (mm) . .......................... E4
Longitudinal center-to-center spacing (pitch) of any two consecutive
holes, in. (MM) . .. ...t ettt B4.4b
Design wall thickness of round HSS, in. (mm) .................... B4.1b
Design wall thickness of HSS member, in. (mm) .............. Table D3.1
Design thickness of plate, in. (mm) . ............ ... ... ... ...... D5.1
Design thickness, in. (Mm). .. ...t G4
Element design thickness, as defined in Section B4.2, in. (mm).......... G6
Design thickness, as defined in Section B4.2, corresponding to
longer side, in. (MM) ... ..ottt e GS8.2
Thickness of connected material, in. (mm) ....................... J3.10
Total thickness of fillers, in. (mm). .. ............................ J5.3
Design wall thickness of HSS main member, in. (mm)............... K2.1
Distance from the neutral axis to the extreme tensile fibers,
I (MMM e e e e App. 6.3.2a
Design wall thickness of HSS branch member, in. (mm) ............. K2.1
Design thickness of column flange, in. (mm) ..................... J11.6
Design thickness of flange, in. (mm) . ............. ... .. ... ...... B4.2b
Design thickness of the loaded flange, in. (mm) .. ................. J11.1
Design thickness of plate, in. (mm) . ........................ Table D3.1
Design thickness of tension loaded plate, in. (mm)............... App. 3.3
Design thickness of web stiffener, in. (mm) ................. App. 6.3.2a
Design thickness of web, in. (mm). ............... ... .. ... ... ... B4.2b
Design thickness of column web, in. (mm) . ...................... J11.6
Size of weld leg, in. (mm) .. ...t J2.2b
Width of plate, in. (mm). . ........... ... .. i Table D3.1
Leg size of the reinforcing or contouring fillet, if any, in the
direction of the thickness of the tension-loaded plate, in. (mm) . . ... App. 3.3
Subscript relating symbol to major-axis bending. . .................. HI1.1
Coordinates of the shear center with respect to the centroid, in. (mm). . ... E4
Eccentricity of connection, in. (mm) . ....................... Table D3.1
Subscript relating symbol to minor-axis bending ................... HI1.1
Upper bound strain limit. . ............ ... i App. 1.3.3d
Flexural buckling coefficient . .......... ... ... ... ... .. ... ... E3
Bending coefficient, determined from Table A-2.2.1 ............. App. 2.6
CSM interaction coefficient for biaxial bending ............... App. 2.7.2
Length reduction factor ............ ... ... ... ... .. ... J2.2b

Width ratio; the ratio of branch diameter to chord diameter for
round HSS; the ratio of overall branch width to chord width for
square HSS . ..o K2.1
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SYMBOLS XXX1

Definition Section
CSM interaction coefficient for biaxial bending .. ............. App. 2.7.2
Required shear stiffness of the bracing system, kip/in. (N/mm) .. App. 6.2.1a
Required flexural stiffness of the brace, kip/in. (N/mm)........ App. 6.3.2a
Effective width ratio; the sum of the perimeters of the two branch
members in a K-connection divided by eight times the chord width . ... K2.1
Elastic lateral-torsional buckling reduction coefficients determined
from Table F2.1 ... ... ... F2.2
Lateral-torsional buckling coefficient determined from Table F2.1 ... .. F2.2
Web distortional stiffness, including the effect of web transverse
stiffeners, kip-in./rad N-mm/rad) .......... ... .. .. ... ... ... App. 6.3.2a
Overall brace system required stiffness, kip-in./rad (N-mm/rad) . . App. 6.3.2a
Flexural buckling coefficients .......... ... ... ... ... ... ... ... E3

Chord slenderness ratio; the ratio of one-half the diameter to the
wall thickness for round HSS; the ratio of one-half the width to

wall thickness for square HSS .. ........ ... ... ... ... . . K2.1
Engineering Strain. ... ..ottt App. 7.1
Strain induced in the corner of the rectangular HSS .. ............... B4.3
CSM strain Hmit. . .....ooitn e App. 1.3.3d
Cross-section failure strain. ... ......... .. .. ... .. App. 2.3.2
Maximum CSM compressive Strain. . .. .........c..coouvenen... App. 2.6
Maximum CSM design strain. . .. ...........ciunenennenen .. App. 2.6
Specified minimum elongation after rupture determined over a

lengthof 2in. (S0mm) ........ ... i B4.3
Required strain ... ...t App. 1.3.3
Strain induced inround HSS .. ... . .. ... L oo i B4.3
Ultimate Strain .. .....oouit ettt e B4.3
Strain at the ultimate tensile Stress. .. ..., App. 2.2
Strain induced in the flats of the rectangular HSS............. ... ... B4.3
Yield strain. ... ..o App. 2.2
Engineering strain at elevated temperatures. .. .................. App. 7.2
Ultimate strain at elevated temperatures . ...................... App. 7.2
Strain at the yield stress at elevated temperatures . . .. ............ App. 7.2
Angle between the line of action of the required force and the

weld longitudinal axis, degrees ............. ... ... ... 2.4
Acute angle between the branch and chord, degrees................. K2.1
Gap ratio; the ratio of the gap between the branches of a gapped
K-connection to the width of the chord for square HSS .. ............ K2.1
Width-to-thickness ratio for the element . . .............. ... .. ... ... E7.1
Local cross-section slenderness . . ............c..coovuvenon... App. 1.3.3d
Cross-section SIenderness. . .. .....c.ouvenven ... App. 2.1
Limiting width-to-thickness ratio for compact flange . ................ F7.2
Limiting width-to-thickness ratio as defined in Table B4.1a............ E7.1
Limiting width-to-thickness ratio for noncompact flange . ............. F7.2
Mean slip coefficient . ......... ... .. .. i J3.8
Poisson’sratio =0.3. ... .. ... .. E7.1
Reduction factor. . ....... . . i App. 1.3.3e
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Definition Section
Maximum shear ratio within the web panels on each side of
the transverse stiffener . . .......... ... .. .. . G2.3
General stiffness reduction factor. . ............. ... .. ... .... App. 1.2.2b
General stiffness reduction factor. . .. ......... ... ... ... .. ...... C23
Resistance factor. . ......... ... . i B3.1
Safety factor . ... ... B3.2
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GLOSSARY

Notes:

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

(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.

(3) Terms designated with ** are usually qualified by the type of component, for example,
web local buckling and flange local bending.

Active fire protection. Building materials and systems that are activated by a fire to mitigate
adverse effects or to notify people to take action to mitigate adverse effects.

Allowable strength*t. Nominal strength divided by the safety factor, R,/Q.

Allowable stress*. Allowable strength divided by the applicable section property, such as
section modulus or cross-sectional area.

Alloy steel. A steel, other than a stainless steel, that conforms to the definition of alloy steel
given in ASTM A941.

Applicable building codet. 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).

Austenitic stainless steel. A stainless steel alloy that is predominantly face-centered cubic in
structure and hardenable only by cold working.

Authority having jurisdiction (AHJ). Organization, political subdivision, office, or individual
charged with the responsibility of administering and enforcing the provisions of this
Specification.

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

Available stress*. Design stress or allowable stress, as applicable.

Base metal. Alloy being welded, brazed, soldered, or cut.

Beam. Nominally horizontal structural member that has the primary function of resisting
bending moments.

Beam-column. Structural member that resists both axial force and bending moment.

Bearing7. In a connection, limit state of shear forces transmitted by the mechanical fastener
to the connection elements.

Bearing (local compressive yielding)+t. Limit state of local compressive yielding due to the
action of a member bearing against another member or surface.

Bearing-type connection. Bolted connection where shear forces are transmitted by the bolt
bearing against the connection elements.
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Bimetallic interface. Any location where stainless steel has a direct electrical contact to a
dissimilar metal.

Block shear rupturet. In a connection, limit state of tension rupture along one path and shear
yielding or shear rupture along another path.

Box section. Square or rectangular doubly symmetric member made with four plates welded
together at the corners such that it behaves as a single member.

Bracing. Member or system that provides stiffness and strength to limit the out-of-plane
movement of another member at a brace point.

Branch member. In an HSS connection, member that terminates at a chord member or main
member.

Bucklingt. Limit state of sudden change in the geometry of a structure or any of its elements
under a critical loading condition.

Buckling strength. Strength for instability limit states.

Built-up member. Member fabricated from stainless steel components, which may include
rolled or extruded sections, built-up sections, and/or plates, using intermittent welds or
fasteners.

Built-up section (or shape). Section fabricated from stainless steel elements welded together
with a continuous weld along the entire length of the member.

Camber. Curvature fabricated into a beam or truss so as to compensate for deflection
induced by loads.

Carbon steel. A steel, other than stainless steel, that conforms to the definition of carbon
steel given in ASTM A9%41.

Charpy V-notch impact test. Standard dynamic test measuring notch toughness of a specimen.

Chemical descaling (pickling). Chemical descaling agents including aqueous solutions of
sulfuric acid, or nitric and hydrofluoric acids in accordance with ASTM A380/A380M.

Chemical passivation. Chemical treatment of a stainless steel in accordance with ASTM
A967/A967M with a mild oxidant, such as a nitric acid solution, for the purpose of the
removal of free iron and other foreign matter, but which is generally not effective in
removal of heat tint or oxide scale on stainless steel.

Chord member. In an HSS connection, primary member that extends through a truss connection.

Cleaning. Removal of exogenous surface contamination, including dirt, grease, and free
iron from contact with tools and other equipment, which may interfere with the formation
of the passive metal oxide film.

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

Column. Nominally vertical structural member that has the primary function of resisting
axial compressive force.

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

Compact section. Section capable of developing a fully plastic stress distribution before the
onset of local buckling.
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Compartmentation. Enclosure of a building space with elements that have a specific fire
endurance.

Complete-joint-penetration (CJP) groove weld. Groove weld in which weld metal extends
through the joint thickness, except as permitted for HSS connections.

Composite. Condition in which stainless steel and concrete elements and members work as
a unit in the distribution of internal forces.

Connectiont. Combination of structural elements and joints used to transmit forces between
two or more members.

Construction documents. Written, graphic, and pictorial documents prepared or assembled
for describing the design (including the structural system), location, and physical charac-
teristics of the elements of a building necessary to obtain a building permit and construct
a building.

Continuous strength method (CSM). A deformation-based method that replaces the con-
cept of cross-section classification with a continuous relationship between cross-section
slenderness and deformation (strain) capacity, allowing for the incorporation of strain
hardening.

Cope. Cutout made in a structural member to remove a flange and conform to the shape of
an intersecting member.

Descaling. Removal of heavy, tightly adherent oxide films resulting from hot-forming, heat-
treatment, welding, and other high-temperature operations.

Design. The process of establishing the physical and other properties of a structure for the
purpose of achieving the desired strength, serviceability, durability, constructability,
economy, and other desired characteristics. Design for strength, as used in this Specifica-
tion, includes analysis to determine required strength and proportioning to have adequate
available strength.

Design-basis fire. Set of conditions that define the development of a fire and the spread of
combustion products throughout a building or portion thereof.

Design documents. The graphic and pictorial portions of the contract documents showing
the design, location, and dimensions of work. These documents generally include, but
are not necessarily limited to, plans, elevations, sections, details, schedules, diagrams,
and notes. Where the parties have agreed in the contract documents to provide digital
model(s), a dimensionally accurate 3D digital model of the structure that conveys the
structural steel requirements given in AISC Code of Standard Practice for Structural
Stainless Steel Buildings Section 3.1. A combination of drawings and digital models also
may be provided.

Design load7. Applied load determined in accordance with either LRFD load combinations
or ASD load combinations, as applicable.

Design strength*. Resistance factor multiplied by the nominal strength, OR,,.
Design thickness. Thickness assumed in the determination of section properties.
Design wall thickness. HSS wall thickness assumed in the determination of section properties.

Diagonal stiffener. Web stiffener at the column panel zone oriented diagonally to the flanges,
on one or both sides of the web.
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Diaphragm¥. Roof, floor, or other membrane or bracing system that transfers in-plane
forces to the lateral force-resisting system.

Distortional stiffness. Out-of-plane flexural stiffness of web.

Distributed plasticity. Analysis in which the development and spread of plasticity through
the depth of the cross section as well as along the length of the member is captured (see
plastic zone).

Double curvature. Deformed shape of a beam with one or more inflection points within the
span.

Double-concentrated forces. Two equal and opposite forces applied normal to the same
flange, forming a couple.

Doubler. Plate added to, and parallel with, a beam or column web to increase strength at
locations of concentrated forces.

Drift. Lateral deflection of structure.

Duplex (austenitic-ferritic) stainless steel. A stainless steel alloy that is a mixture of aus-
tenitic and ferritic structures, with at least one-fourth of the lesser phase, and hardenable
only by cold working.

Effective length factor, K. Ratio between the effective length and the unbraced length of
the member.

Effective length. Length of an otherwise identical compression member with the same
strength when analyzed with simple end conditions.

Effective net area. Net area modified to account for the effect of shear lag.

Effective section modulus. Section modulus reduced to account for buckling of slender
compression elements.

Effective width. Reduced width of a plate or slab with an assumed uniform stress distribution
that produces the same effect on the behavior of a structural member as the actual plate
or slab width with its nonuniform stress distribution.

Elastic analysis. Structural analysis based on the assumption that the structure returns to its
original geometry on removal of the load.

Elevated temperatures. Heating conditions experienced by building elements or structures
as a result of fire that are in excess of the anticipated ambient conditions.

End return. Length of fillet weld that continues around a corner in the same plane.

Engineer of record. Licensed professional responsible for sealing the design documents and
specifications.

Erection documents. The field-installation or member-placement drawings that are prepared
by the fabricator to show the location and attachment of the individual structural steel
shipping pieces. Where the parties have agreed in the contract documents to provide
digital model(s), a dimensionally accurate 3D digital model produced to convey the infor-
mation necessary to erect the structural steel, which may be the same digital model as
the fabrication model, but it is not required to be. A combination of drawings and digital
models also may be provided.

Fabrication documents. The shop drawings of the individual structural steel shipping pieces
that are to be produced in the fabrication shop. Where the parties have agreed in the con-
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tract documents to provide digital model(s), a dimensionally accurate 3D digital model
produced to convey the information necessary to fabricate the structural steel, which may
be the same digital model as the erection model, but it is not required to be. A combina-
tion of drawings and digital models also may be provided.

Factored loadt. Product of a load factor and the nominal load.
Fastener. Generic term for bolts, rivets, or other connecting devices.

Fatiguet. Limit state of crack initiation and growth resulting from repeated application of
live loads.

Faying surface. Contact surface of connection elements transmitting a shear force.
Filler metal. Alloy to be added to make a brazed, soldered, or welded joint.

Filler. Plate used to build up the thickness of one component.

Fillet weld reinforcement. Fillet welds added to groove welds.

Fillet weld. Weld of generally triangular cross section made between intersecting surfaces
of elements.

Finished surface. Surfaces fabricated with a roughness height value measured in accordance
with ANSI/ASME B46.1 that is equal to or less than 500 pin. (13 wm).

Fire. Destructive burning, as manifested by any or all of the following: light, flame, heat,
or smoke.

Fire barrier. Element of construction formed of fire-resisting materials and tested in accor-
dance with an approved standard fire resistance test, to demonstrate compliance with the
applicable building code.

Fire resistance. Property of assemblies that prevents or retards the passage of excessive
heat, hot gases, or flames under conditions of use and enables the assemblies to continue
to perform a stipulated function.

First-order analysis. Structural analysis in which equilibrium conditions are formulated on
the undeformed structure; second-order effects are neglected.

Fitted bearing stiffener. Stiffener used at a support or concentrated load that fits tightly
against one or both flanges of a beam so as to transmit load through bearing.

Flare-bevel-groove weld. Weld in a groove formed by a member with a curved surface in
contact with a planar member.

Flare-V-groove weld. Weld in a groove formed by two members with curved surfaces.

Flashover. Transition to a state of total surface involvement in a fire of combustible materials
within an enclosure.

Flat width. Nominal width of rectangular HSS minus twice the outside corner radius. In the
absence of knowledge of the corner radius, the flat width is permitted to be taken as the
total section width minus three times the thickness.

Flexural bucklingt. Buckling mode in which a compression member deflects laterally with-
out twist or change in cross-sectional shape.

Flexural-torsional bucklingt. Buckling mode in which a compression member bends and
twists simultaneously without change in cross-sectional shape.

Force. Resultant of distribution of stress over a prescribed area.
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Free iron. Oxidizable deposit from contact with iron, other steel alloy, or substance containing
the element iron.

Fully restrained moment connection. Connection capable of transferring moment with negli-
gible rotation between connected members.

Gage. Transverse center-to-center spacing of fasteners.

Galling (of threads). Displacement of material between mating threads during tightening
that causes interface contact points to shear, producing high friction, increased resistance
to tightening, or seizing of the threads.

Gapped connection. HSS truss connection with a gap or space on the chord face between
intersecting branch members.

Geometric axis. Axis parallel to web, flange, or angle leg.
Girder. See beam.

Gouge. Relatively smooth surface groove or cavity resulting from plastic deformation or re-
moval of material.

Gravity load. Load acting in the downward direction, such as dead and live loads.
Grip (of bolt). Thickness of material through which a bolt passes.
Groove weld. Weld in a groove between connection elements.

Gusset plate. Plate element connecting truss members or a strut or brace to a beam or
column.

Heat flux. Radiant energy per unit surface area.
Heat release rate. Rate at which thermal energy is generated by a burning material.

HSS (hollow structural section). Square, rectangular, or round hollow stainless steel section
produced in accordance with one of the product specifications in Section A3.1b.

Inelastic analysis. Structural analysis that takes into account inelastic material behavior,
including plastic analysis.
Instabilityt. Limit state reached in the loading of a structural component, frame, or structure
in which a slight disturbance in the loads or geometry produces large displacements.
Jointt. Area where two or more ends, surfaces, or edges are attached. Categorized by type
of fastener or weld used and method of force transfer.

Joint eccentricity. In an HSS truss connection, perpendicular distance from chord member
center-of-gravity to intersection of branch member work points.

Joint root. Portion of a joint to be welded where the members approach closest to each other.

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 1% in. (38 mm) into the web beyond the
k-dimension.

K-connection. HSS connection in which forces in branch members or connecting elements
transverse to the main member are primarily equilibriated by forces in other branch mem-
bers or connecting elements on the same side of the main member.

Lap joint. Joint between two overlapping connection elements in parallel planes.

Lateral bracing. Member or system that is designed to inhibit lateral buckling or lateral-
torsional buckling of structural members.
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Lateral force-resisting system. Structural system designed to resist lateral loads and provide
stability for the structure as a whole.

Lateral load. Load acting in a lateral direction, such as wind or earthquake effects.

Lateral-torsional buckling7. Buckling mode of a flexural member involving deflection out
of the plane of bending occurring simultaneously with twist about the shear center of the
cross section.

Limit statet. Condition in which a structure or component becomes unfit for service and is
judged either to be no longer useful for its intended function (serviceability limit state) or
to have reached its ultimate load-carrying capacity (strength limit state).

Load. Force or other action that results from the weight of building materials, occupants
and their possessions, environmental effects, differential movement, or restrained dimen-
sional changes.

Load effecti. Forces, stresses, and deformations produced in a structural component by the
applied loads.

Load factor. Factor that accounts for deviations of the nominal load from the actual load, for
uncertainties in the analysis that transforms the load into a load effect and for the prob-
ability that more than one extreme load will occur simultaneously.

Local bending**f. Limit state of large deformation of a flange under a concentrated trans-
verse force.

Local buckling**. Limit state of buckling of a compression element within a cross section.
Local yielding**7f. Yielding that occurs in a local area of an element.

LRFD (load and resistance factor design)7. 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).

Main member. In an HSS connection, chord member, column, or other HSS member to
which branch members or other connecting elements are attached.

Member imperfection. Initial displacement of points along the length of individual members
(between points of intersection of members) from their nominal locations, such as the
out-of-straightness of members due to manufacturing and fabrication.

Mill scale. Heavy oxide layer on stainless steel formed during hot-forming, heat-treatment,
welding, and other high-temperature operations.

Moment connection. Connection that transmits bending moment between connected members.
Net area. Gross area reduced to account for removed material.

Net tensile area. Minimum area of the threaded section of a bolt.

Nominal dimension. Designated or theoretical dimension, as in tables of section properties.
Nominal loadi. Magnitude of the load specified by the applicable building code.

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

Nominal thickness. Designated or theoretical thickness, as provided in tables for the relevant
ASTM standard.
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Noncompact section. Section that is able to develop the yield stress in its compression elements
before local buckling occurs, but is unable to develop a fully plastic stress distribution.
Nondestructive testing. The process of determining acceptability of a material or a compo-

nent in accordance with established criteria without impairing its future usefulness.
Notch toughness. Energy absorbed at a specified temperature as measured in the Charpy
V-notch impact test.
Notional load. Virtual load applied in a structural analysis to account for destabilizing
effects that are not otherwise accounted for in the design provisions.

Other steel alloys. Any steel alloy other than those listed in Section A3.1b, including carbon
steel and alloy steel.

Overlapped connection. HSS truss connection in which intersecting branch members overlap.

Panel brace. Brace that controls the relative movement of two adjacent brace points along
the length of a beam or column or the relative lateral displacement of two stories in a
frame (see point brace).

Panel zone. Web area of beam-to-column connection delineated by the extension of beam
and column flanges through the connection, transmitting moment through a shear panel.

Partial-joint-penetration (PJP) groove weld. Groove weld in which the penetration is inten-
tionally less than the complete thickness of the connected element.

Passivation. Treatment for corrosion-resistant steel to eliminate corrodible surface impuri-
ties and provide a protective film.

Percent elongation. Measure of ductility, determined in a tensile test as the maximum elonga-
tion of the gage length divided by the original gage length expressed as a percentage.

Pipe. See HSS.

Pitch. Longitudinal center-to-center spacing of fasteners. Center-to-center spacing of bolt
threads along axis of bolt.

Plastic moment. Product of the strength at 0.2% offset permanent strain and the plastic section
modulus.

Plastic zone. Analysis in which the development and spread of plasticity through the depth
of the cross section as well as along the length of the member is captured (see distributed
plasticity).

Plastification. In an HSS connection, limit state based on an out-of-plane flexural yield line
mechanism in the chord at a branch member connection.

Plug weld. Weld made in a circular hole in one element of a joint fusing that element to
another element.

Point brace. Brace that prevents lateral movement or twist independently of other braces at
adjacent brace points (see panel brace).

Ponding. Retention of water due solely to the deflection of flat roof framing.

Procedure qualification records (PQR). Record of the actual variables used to weld a test
coupon and results of required destructive and nondestructive tests.

Precipitation hardening stainless steel. A stainless steel alloy that may be basically austenitic
or martensitic in structure and hardenable by precipitation hardening (sometimes called
age hardening).
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Prequalification. Requirements for exempting a welding procedure specification (WPS)
from qualification by testing.

Prequalified welding procedure specification (PWPS). A welding procedure specification
in compliance with the stipulated conditions of a particular welding code or specification
and therefore acceptable for use under that code or specification without a requirement
for qualification testing.

Pretensioned bolt. Bolt tightened to the specified minimum pretension.
Pretensioned joint. Joint with bolts tightened to the specified minimum pretension.

Prying action. Amplification of the tension force in a bolt caused by leverage between the
point of applied load, the bolt, and the reaction of the connected elements.

Punching load. In an HSS connection, component of branch member force perpendicular
to a chord.

P-3 effect. Effect of loads acting on the deflected shape of a member between joints or
nodes.

P-A effect. Effect of loads acting on the displaced location of joints or nodes in a structure.
In tiered building structures, this is the effect of loads acting on the laterally displaced
location of floors and roofs.

Qualification. Requirements for qualification of WPS and welding personnel (welders and
welding operators) by testing, including the tests required and ranges qualified.

Quality assurance. Monitoring and inspection tasks to ensure that the material provided
and work performed by the fabricator and erector meet the requirements of the approved
construction documents and referenced standards. Quality assurance includes those tasks
designated ‘““special inspection” by the applicable building code.

Quality assurance inspector (QAI). Individual designated to provide quality assurance
inspection for the work being performed.

Quality assurance plan (QAP). Program in which the agency or firm responsible for quality
assurance maintains detailed monitoring and inspection procedures to ensure confor-
mance with the approved construction documents and referenced standards.

Quality control. Controls and inspections implemented by the fabricator or erector, as appli-
cable, to ensure that the material provided and work performed meet the requirements of
the approved construction documents and referenced standards.

Quality control inspector (QCI). Individual designated to perform quality control inspection
tasks for the work being performed.

Quality control program (QCP). Program in which the fabricator or erector, as applicable,
maintains detailed fabrication or erection and inspection procedures to ensure confor-
mance with the approved design documents, specifications, and referenced standards.

Reentrant. In a cope or weld access hole, a cut at an abrupt change in direction in which the
exposed surface is concave.

Required strength*7. 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 this specification or standard.

Resistance factor, ¢7. Factor that accounts for unavoidable deviations of the nominal strength
from the actual strength and for the manner and consequences of failure.
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Restrained construction. Floor and roof assemblies and individual beams in buildings where
the surrounding or supporting structure is capable of resisting significant thermal expan-
sion throughout the range of anticipated elevated temperatures.

Reverse curvature. See double curvature.

Rotation capacity. Incremental angular rotation defined as the ratio of the inelastic rotation
attained to the idealized elastic rotation at first yield prior to significant load shedding.

Rupture strengtht. Strength limited by breaking or tearing of members or connecting elements.

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.

Second-order effect. Effect of loads acting on the deformed configuration of a structure;
includes P-A effect and P-8 effect.

Service loadt. Load under which serviceability limit states are evaluated.

Serviceability limit statet. Limiting condition affecting the ability of a structure to pre-
serve its appearance, maintainability, durability, comfort of its occupants, or function of
machinery, under typical usage.

Shear bucklingt. Buckling mode in which a plate element, such as the web of a beam, de-
forms under pure shear applied in the plane of the plate.

Shear lag. Nonuniform tensile stress distribution in a member or connecting element in the
vicinity of a connection.

Shear yielding (punching). In an HSS connection, limit state based on out-of-plane shear
strength of the chord wall to which branch members are attached.

Shim. Thin layer of material used to fill a space between faying or bearing surfaces.

Simple connection. Connection that transmits negligible bending moment between con-
nected members.

Single-concentrated force. Tensile or compressive force applied normal to the flange of a
member.

Single curvature. Deformed shape of a beam with no inflection point within the span.

Slender-element section. Cross section possessing plate components of sufficient slender-
ness such that local buckling in the elastic range will occur.

Slip. In a bolted connection, limit state of relative motion of connected parts prior to the
attainment of the available strength of the connection.

Slip-critical connection. Bolted connection designed to resist movement by friction on the
faying surface of the connection under the clamping force of the bolts.

Slot weld. Weld made in an elongated hole fusing an element to another element.
Snug-tightened joint. Joint with the connected plies in firm contact as specified in Chapter J.

Specifications. The portion of the construction documents that consist of the written require-
ments for materials, standards, and workmanship.

Specified minimum tensile strength. Lower limit of tensile strength specified for a material
as defined by ASTM.

Specified minimum yield stresst. Lower limit of yield stress specified for a material as
defined by ASTM.
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Splice. Connection between two structural elements joined at their ends to form a single,
longer element.

Stability. Condition in the loading of a structural component, frame, or structure in which a
slight disturbance in the loads or geometry does not produce large displacements.

Stainless steel. A steel that conforms to a specification that requires, by mass, a minimum
chromium content of 10.5%, and a maximum carbon content of 1.20%.

Standard welding procedure specification (SWPS). Welding procedure specification qualified
according to the requirements of AWS B2.1/AWS B2.1M, approved by AWS, and made
available for production welding by companies or individuals other than those performing
the qualification test.

Stiffened element. Flat compression element with adjoining out-of-plane elements along
both edges parallel to the direction of loading.

Stiffener. Structural element, typically an angle or plate, attached to a member to distribute
load, transfer shear, or prevent buckling.

Stiffness. Resistance to deformation of a member or structure, measured by the ratio of the
applied force (or moment) to the corresponding displacement (or rotation).

Story drift. Horizontal deflection at the top of the story relative to the bottom of the story.

Strength limit statet. Limiting condition in which the maximum strength of a structure or
its components is reached.

Stress. Force per unit area caused by axial force, moment, shear, or torsion.

Stress concentration. Localized stress considerably higher than average due to abrupt
changes in geometry or localized loading.

Strong axis. Major principal centroidal axis of a cross section.

Structural analysist. Determination of load effects on members and connections based on
principles of structural mechanics.

Structural componentt. Member, connector, connecting element, or assemblage.

Structural integrity. Performance characteristic of a structure indicating resistance to cata-
strophic failure.

Structural stainless steel. Stainless steel elements as defined in the AISC Code of Standard
Practice for Structural Stainless Steel Buildings Section 2.1.

Structural system. An assemblage of load-carrying components that are joined together to
provide interaction or interdependence.

System imperfection. Initial displacement of points of intersection of members from their
nominal locations, such as the out-of-plumbness of columns due to erection tolerances.

T-connection. HSS connection in which the branch member or connecting element is per-
pendicular to the main member and in which forces transverse to the main member are
primarily equilibrated by shear in the main member.

Tensile strength (of material)t. Maximum tensile stress that a material is capable of sustain-
ing as defined by ASTM.

Tensile strength (of member). Maximum tension force that a member is capable of sustaining.

Tension and shear rupturet. In a bolt or other type of mechanical fastener, limit state of
rupture due to simultaneous tension and shear force.
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Tension field action. Behavior of a panel under shear in which diagonal tensile forces develop
in the web and compressive forces develop in the transverse stiffeners in a manner similar
to a Pratt truss.

Thermally cut. Cut with powder, plasma, or laser.

Toe of fillet. Junction of a fillet weld face and base metal. Tangent point of a fillet in a rolled
shape.

Torsional bracing. Bracing resisting twist of a beam or column.

Torsional bucklingt. Buckling mode in which a compression member twists about its shear
center axis.

Transverse stiffener. Web stiffener oriented perpendicular to the flanges, attached to the
web.

Tubing. See HSS.

Turn-of-nut method. Procedure whereby the specified pretension in bolts is controlled by
rotating the fastener component a predetermined amount after the bolt has been snug-
tightened.

Unbraced length. Distance between braced points of a member, measured between the
centers of gravity of the bracing members.

Uneven load distribution. In an HSS connection, condition in which the stress is not dis-
tributed uniformly through the cross section of connected elements.

Unframed end. The end of a member not restrained against rotation by stiffeners or con-
nection elements.

Unstiffened element. Flat compression element with an adjoining out-of-plane element along
one edge parallel to the direction of loading.

Unrestrained construction. Floor and roof assemblies and individual beams in buildings that
are assumed to be free to rotate and expand throughout the range of anticipated elevated
temperatures.

UNS (unified numbering system) designation. 1dentification system for specific metals and
alloys; stainless steel alloys are identified in the ASTM standards in accordance with
ASTM E527 and SAE J1086.

Weak axis. Minor principal centroidal axis of a cross section.
Web local cripplingt. Limit state of local failure of web plate in the immediate vicinity of
a concentrated load or reaction.

Web sideways buckling. Limit state of lateral buckling of the tension flange opposite the
location of a concentrated compression force.

Weldability. The capacity of material to be welded under the imposed fabrication condi-
tions into a specific, suitably designed structure performing satisfactorily in the intended
service.

Welding procedure specification (WPS). A document providing the required welding variables
for a specific application to assure repeatability by properly trained welders and welding
operators.

Weld metal. Metal in a fusion weld consisting of that portion of the base metal and filler
metal melted during welding.
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Weld root. See joint root.

Y-connection. HSS connection in which the branch member or connecting element is not
perpendicular to the main member and in which forces transverse to the main member
are primarily equilibrated by shear in the main member.

Yield moment. Product of the strength at 0.2% offset permanent strain and the elastic
section modulus.

Yield strength. Stress at which a material exhibits a specified limiting deviation from the
proportionality of stress to strain as defined by ASTM A370, which is determined by the
offset method for stainless steel where a plastic strain of 0.2% is specified.

Yield stress. Generic term to denote yield strength.
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ABBREVIATIONS

The following abbreviations appear in this Specification. The abbreviations are written out
where they first appear within a Section.
ABC (applicable building code)
ACI (American Concrete Institute)
AHJ (authority having jurisdiction)
AISC (American Institute of Steel Construction)
AISI (American Iron and Steel Institute)
ANDE (ASME Nondestructive Examination)
ANSI (American National Standards Institute)
ASCE (American Society of Civil Engineers)
ASD (allowable strength design)
ASME (American Society of Mechanical Engineers)
ASNT (American Society for Nondestructive Testing)
ASTM (ASTM International)
AWI (associate welding inspector)
AWS (American Welding Society)
CJP (complete joint penetration)
CSM (continuous strength method)
CVN (Charpy V-notch)
ENA (elastic neutral axis)
EOR (engineer of record)
ERW (electric resistance welding)
FCAW (flux cored arc welding)
FR (fully restrained)
GMAW (gas metal arc welding)
GTAW (gas tungsten arc welding)
HBW (Brinell hardness number obtained using a tungsten carbide ball indenter)
HRC (Rockwell hardness scale C)
HSLA (high-strength low-alloy)
HSS (hollow structural section)
ISO (International Organization for Standardization)
LRFD (load and resistance factor design)
MIC (microbiological influenced corrosion)

MT (magnetic particle testing)
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NDT (nondestructive testing)

OSHA (Occupational Safety and Health Administration)
PJP (partial joint penetration)

PQOR (procedure qualification record)

PR (partially restrained)

PT (penetrant testing)

PWPS (prequalified welding procedure specification)
QA (quality assurance)

QAI (quality assurance inspector)

QAP (quality assurance plan)

QC (quality control)

QCI (quality control inspector)

QCP (quality control program)

RCSC (Research Council on Structural Connections)
RT (radiographic testing)

SAW (submerged arc welding)

SDI (Steel Deck Institute)

SEI (Structural Engineering Institute)

SFPE (Society of Fire Protection Engineers)

SMAW (shielded metal arc welding)

SSPC (Society for Protective Coatings)

SWI (senior welding inspector)

SWPS (standard welding procedure specification)
UNC (unified national coarse)

UNS (unified numbering system)

UT (ultrasonic testing)

WI (welding inspector)

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

This chapter states the scope of this Specification, lists referenced specifications, codes,
and standards, and provides requirements for materials, products, and structural design
documents.

The chapter is organized as follows:

Al.

Al. Scope

A2. Referenced Specifications, Codes, and Standards

A3. Material and Product Order Requirements

A4. Minimum Assessment Requirements for Specifying Alloy Corrosion
Resistance

AS.  Structural Design Documents and Specifications

User Note: User notes are intended to provide concise and practical guidance in
the application of the Specification provisions.

User Note: The Commentary and AISC Design Guide 27, Structural Stainless
Steel, give guidance on the design of stainless steel and how to select a stainless
steel alloy for a range of service conditions.

SCOPE

The Specification for Structural Stainless Steel Buildings (ANSI/AISC 370), hereafter
referred to as this Specification, shall apply to the design, fabrication, and erection
of structural stainless steel systems, where the stainless steel elements are defined
in AISC Code of Standard Practice for Structural Stainless Steel Buildings (AISC
313) Section 2.1.

This Specification sets forth criteria for the design, fabrication, and erection of struc-
tural stainless steel buildings and other structures, including industrial structures,
where other structures are defined as structures designed, fabricated, and erected in
a manner similar to buildings, with building-like vertical and lateral load-resisting
elements. This Specification provides criteria for the design of the austenitic and
duplex (austenitic-ferritic) stainless steel alloy families for structural shapes. Criteria
are also given for the design of the precipitation hardening stainless steel alloy family
for tension members, fittings, and fasteners.

User Note: Stainless steel alloys are typically specified based on the required
corrosion resistance.
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Wherever this Specification refers to the applicable building code and there is no code
listed, the loads, load combinations, system limitations, and general design require-
ments shall be those in ASCE Minimum Design Loads and Associated Criteria for
Buildings and Other Structures (ASCE/SEI 7).

Where conditions are not covered by this Specification, designs are permitted to be
based on tests or analysis, subject to the approval of the authority having jurisdiction.
Alternative methods of analysis and design are permitted, provided such alternative
methods or criteria are acceptable to the authority having jurisdiction.

User Note: This Specification applies to stainless steel structural members in a
range of product forms, including hollow structural sections. However, provisions
for cold-formed stainless steel structural members are also available in the ASCE
Specification for the Design of Cold-Formed Stainless Steel Structural Members
(ASCE/SEI 8-21).

This Specification includes the Symbols, the Glossary, Abbreviations, Chapters A
through N, and Appendices 1 through 7. The Commentary to this Specification and
the User Notes interspersed throughout are not part of this Specification. The phrases
“is permitted” and “are permitted” in this document identify provisions that comply
with this Specification, but are not mandatory.

Seismic Applications

The provisions of this standard do not address seismic applications.

User Note: This does not preclude the engineer of record (EOR) from employing
structural stainless steel in seismic applications; however, the provisions of ASCE/
SEI 7, Section 12.2.1.1, should be employed to justify and document selected seis-
mic response modification coefficients.

Nuclear Applications

The design, fabrication, and erection of structural stainless steel when used in nuclear
structures shall comply with the provisions of this Specification as modified by
the requirements of the AISC Specification for Safety-Related Steel Structures for
Nuclear Facilities (ANSI/AISC N690).

User Note: The current version of the AISC Specification for Safety-Related
Steel Structures for Nuclear Facilities, ANSI/AISC N690-18, was written as
a supplement to the AISC Specification for Structural Steel Buildings, ANSI/
AISC 360-16. At the time of the development of AISC/ANSI N690-18, this
Specification was not available. The intent of this Section is that the requirements
in ANSI/AISC N690-18 supersede the requirements in this Specification for
the type of stainless steels covered in this Specification when designing nuclear
structures. The next version of AISC N690 (2024) will directly reference this
Specification.
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A2. REFERENCED SPECIFICATIONS, CODES, AND STANDARDS
The following specifications, codes, and standards are referenced in this Specification:

(a) American Concrete Institute (ACI)

ACI 318-14 Building Code Requirements for Structural Concrete and Com-
mentary

ACI 318M-14 Metric Building Code Requirements for Structural Concrete and
Commentary

ACI 349-13 Code Requirements for Nuclear Safety-Related Concrete Structures
and Commentary

ACI 349M-13 Code Requirements for Nuclear Safety-Related Concrete Structures
and Commentary (Metric)

(b) American Institute of Steel Construction (AISC)
AISC 313-21 Code of Standard Practice for Structural Stainless Steel Buildings
ANSI/AISC N690-18 Specification for Safety-Related Steel Structures for Nuclear
Facilities

(c) American Iron and Steel Institute (AISI)
AISI S902-17 Test Standard for Determining the Effective Area of Cold-Formed
Steel Compression Members

(d) American Society of Civil Engineers (ASCE)
ASCE/SEI 7-16 Minimum Design Loads and Associated Criteria for Buildings
and Other Structures

(e) American Society of Mechanical Engineers (ASME)

ASME ANDE-1-2015 Nondestructive Examination and Quality Control Central
Qualification and Certification Program

ASME B1.1-2019 Unified Inch Screw Threads (UN, UNR, and UNJ Thread Forms)

ASME B18.2.1-2012 Square, Hex, Heavy Hex, and Askew Head Bolts and Hex,
Heavy Hex, Hex Flange, Lobed Head, and Lag Screws

ASME B18.2.2-2015 Nuts for General Applications: Machine Screw Nuts, Hex,
Square, Hex Flange, and Coupling Nuts

ASME B18.21.1-2009 Washers: Helical Spring-Lock, Tooth Lock, and Plain
Washers

ASME B46.1-09 Surface Texture, Surface Roughness, Waviness, and Lay

(f) American Society for Nondestructive Testing (ASNT)
ANSI/ASNT CP-189-2011 Standard for Qualification and Certification of Non-
destructive Testing Personnel
Recommended Practice No. SNT-TC-1A-2011 Personnel Qualification and
Certification in Nondestructive Testing

(g) ASTM International (ASTM)
A6/A6M-19 Standard Specification for General Requirements for Rolled Struc-
tural Steel Bars, Plates, Shapes, and Sheet Piling
A182/A182M-20 Standard Specification for Forged or Rolled Alloy and Stain-
less Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-
Temperature Service
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A193/A193M-20 Standard Specification for Alloy-Steel and Stainless Steel Bolting
for High Temperature or High Pressure Service and Other Special Purpose
Applications

A194/A194M-20a Standard Specification for Carbon Steel, Alloy Steel, and
Stainless Steel Nuts for Bolts for High Pressure or High Temperature Service,
or Both

A240/A240M-20a Standard Specification for Chromium and Chromium-Nickel
Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General
Applications

A276/A276M-17 Standard Specification for Stainless Steel Bars and Shapes

A312/A312M-19 Standard Specification for Seamless, Welded, and Heavily
Cold Worked Austenitic Stainless Steel Pipes

A320/A320M-18 Standard Specification for Alloy-Steel and Stainless Steel
Bolting for Low-Temperature Service

A351/A351M-18el Standard Specification for Castings, Austenitic, for Pressure
Containing Parts

A370-20 Standard Test Methods and Definitions for Mechanical Testing of
Steel Products

A380/A380M-17 Standard Practice for Cleaning, Descaling, and Passivation
of Stainless Steel Parts, Equipment, and Systems

A453/A453M-17 Standard Specification for High-Temperature Bolting, with
Expansion Coefficients Comparable to Austenitic Stainless Steels

A473-19 Standard Specification for Stainless Steel Forgings

A479/A479M-20 Standard Specification for Stainless Steel Bars and Shapes for
Use in Boilers and Other Pressure Vessels

A480/A480M-20a Standard Specification for General Requirements for Flat-
Rolled Stainless and Heat-Resisting Steel Plate, Sheet, and Strip

A484/A484M-20b Standard Specification for General Requirements for Stain-
less Steel Bars, Billets, and Forgings

A554-16 Standard Specification for Welded Stainless Steel Mechanical Tubing

A564/A564M-19a Standard Specification for Hot-Rolled and Cold-Finished
Age-Hardening Stainless Steel Bars and Shapes

A666/A666M-15 Standard Specification for Annealed or Cold-Worked Aus-
tenitic Stainless Steel Sheet, Strip, Plate, and Flat Bar

A673/A673M-17 Standard Specification for Sampling Procedure for Impact
Testing of Structural Steel

A693-16 Standard Specification for Precipitation-Hardening Stainless and
Heat-Resisting Steel Plate, Sheet, and Strip

A705/AT05M-20 Standard Specification for Age-Hardening Stainless Steel
Forgings

AT47/AT4TM-18 Standard Specification for Steel Castings, Stainless, Precipi-
tation Hardening

A751-20 Standard Test Methods, Practices, and Terminology for Chemical
Analysis of Steel Products

AT90/A790M-20 Standard Specification for Seamless and Welded Ferritic/
Austenitic Stainless Steel Pipe
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A890/A890M-18a Standard Specification for Castings, Iron Chromium Nickel
Molybdenum Corrosion Resistant, Duplex (Austenitic/Ferritic), for General
Application

A941-18 Standard Terminology Relating to Steel, Stainless Steel, Related Alloys,
and Ferroalloys

A962/A962M-19 Standard Specification for Common Requirements for Bolting
Intended for Use at any Temperature from Cryogenic to the Creep Range

A967/A96TM-17 Standard Specification for Chemical Passivation Treatments
for Stainless Steel Parts

A999/A999M-18 Standard Specification for General Requirements of Alloy and
Stainless Steel Pipe

A1049/A1049M-18 Standard Specification for Stainless Steel Forgings, Ferritic/
Austenitic (Duplex), for Pressure Vessels and Related Components

A1069/A1069M-19 Standard Specification for Laser and Laser Hybrid Welded
Stainless Steel Bars, Plates, and Shapes

A1082/A1082M-16 Standard Specificationfor High Strength Precipitation Hard-
ening and Duplex Stainless Steel Bolting for Special Purpose Applications

D4417-20a Standard Test Methods for Field Meaurement of Surface Profile of
Blast Cleaned Steel

D7127-17 Standard Test Method for Measurement of Surface Roughness of
Abrasive Blast Cleaned Metal Surfaces Using a Portable Stylus Instrument

E119-20 Standard Test Methods for Fire Tests of Building Construction and
Materials

E527-16 Standard Practice for Numbering Metals and Alloys in the Unified
Numbering System (UNS)

F436/F436M-19 Standard Specification for Hardened Steel Washers Inch and
Metric Dimensions

F593-17 Standard Specification for Stainless Steel Bolts, Hex Cap Screws, and
Studs

F594-09(2020) Standard Specification for Stainless Steel Nuts

F606/F606M-19 Standard Test Methods for Determining the Mechanical Proper-
ties of Externally and Internally Threaded Fasteners, Washers, Direct Tension
Indicators, and Rivets

F836M-20 Standard Specification for Style 1 Stainless Steel Metric Nuts

(h) American Welding Society (AWS)

®

G

AWS B2.1/B2.1M:2014-AMD1 Specification for Welding Procedure and Per-
formance Qualification

AWS B5.1:2013-AMD1 Specification for the Qualification of Welding Inspectors

AWS D1.1/D1.1M:2020 Structural Welding Code—Steel

AWS D1.6/D1.6M:2017 Structural Welding Code—Stainless Steel

International Organization for Standardization (ISO)
ISO 9712-2012 Nondestructive Testing—Qualification and Certification of NDT
Personnel

Research Council on Structural Connections (RCSC)

Specification for Structural Joints Using High-Strength Bolts, 2014
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(k) SAE Standard
J1086-2012 Practice for Numbering Metals and Alloys (UNS)

(1) Society for Protective Coatings (SSPC)
SSPC PA 17 (2012) Procedure for Determining Conformance to Steel Profile/
Surface Roughness/Peak Count Requirements

(m) Steel Deck Institute (SDI)
QA/QC-2017 Standard for Quality Control and Quality Assurance for Installa-
tion of Steel Deck

MATERIAL AND PRODUCT ORDER REQUIREMENTS

Structural Stainless Steel Materials

An appropriate stainless steel shall be selected which, in addition to strength, takes
into account factors including corrosion resistance suitable for the service envi-
ronment, design details, surface finish, availability, fabrication, and maintenance
requirements.

Material test reports and certifications shall comply with the requirements of the
relevant ASTM standard, standard practice, or the standard method(s), and any other
requirements in the order.

User Note: Stainless steel alloys are identified by the unified numbering system
(UNS) designation in accordance with SAE J1086 and ASTM E527.

Service Environment Assessment

The service environment shall be assessed prior to design to determine appropriate
candidate alloys.

User Note: This section is not intended to create or imply a contractual require-
ment for the EOR responsible for the structural design, but should be conducted
by a member of the design team or a designated consultant as determined by
contractual agreement. In many cases, it is best for a metallurgical engineer with
specific expertise in stainless steel to assist in selecting appropriate alloy(s) for the
intended applications and performance.

ASTM Standards and Minimum Order Requirements

The following stainless steel alloys in accordance with the ASTM standards in Table
A3.1 are approved for use as structural components under this Specification:

Alloy Family: Unified Numbering System (UNS)
Designation:
Austenitic stainless steels S30400, S30403, S31600, S31603, S31703,

S$32100, N08904, S31254, N08367, N08926
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Duplex stainless steels S$32003, S32101, S32202, S32205, S32304,
S32750, S32760, S82011, S82441
Precipitation hardening S15500, S17400

stainless steels

User Note: The UNS designations for the low carbon versions of the austenitic
stainless steels S30400 (304) and S31600 (316) are S30403 (304L) and S31603
(316L). Specification of the lower carbon or dual certified version of these aus-
tenitics is recommended to reduce the risk of sensitization (chromium carbide
precipitation to the grain boundaries) in the heat effected zones adjoining each
weld. The other austenitic and duplex stainless steels included in this Specification
are low carbon and have no special specification requirement.

User Note: Within the stainless steel industry, the terms “grade” and “type” are
commonly used to mean base metal “alloy,” not strength level.

User Note: The Commentary gives specified minimum mechanical properties for
stainless steel products according to the relevant ASTM standards.

When ordering stainless steel products, the order requirements given in Table A3.1
shall be followed. Finish, chemistry, product dimensions, special testing, special
tolerances, condition, and other mandatory or special ordering requirements of the
ASTM standards shall be specified as indicated for each product. The nominal thick-
ness shall be specified in inches or millimeters.

User Note: ASTM standards do not define stainless steel gage thicknesses. While
tables with typical industry gage thicknesses exist, they are not legally binding
and individual producers may define gage thicknesses differently. The typical
gage thicknesses associated with stainless steels are different from those for other
steel alloys.

It is permitted to specify dimensional tolerances tighter than those listed in the rele-
vant ASTM standards, and other special or supplementary requirements.

User Note: Any special and/or supplementary requirements that go beyond the
minimum requirements of the relevant ASTM standards should be agreed con-
tractually with the supplier and may limit material availability, lengthen delivery
times, and increase costs and minimum order requirements.
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TABLE A3.1

Order Requirements for Stainless Steel Products

(a) Hot-Rolled and Extruded Structural Shapes (Austenitic or Duplex)

Alloy Chemical Requirements

UNS designation

Condition

ASTM A276/A276M or A479/A479M

Finish

ASTM A484/A484M

Special or Supplementary
Requirements

ASTM A276/A276M, A479/A479M, or A484/A484M

Notes:

1. Condition (heat treatment or processing) determines mechanical properties.
2. Minimum mechanical and chemical requirements are in ASTM A276/276M or A479/A479M.

(b) Hollow Structural Sections (Austenitic or Duplex)

Product Form

Round, square, rectangular
hollow structural sections:
ASTM A554

Welded round pipe:
ASTM A312/312M (austenitic),
ASTM A790/790M (duplex)

Alloy Chemical Requirements

UNS designation or
ASTM A554 grade

UNS designation

Condition ASTM A554 -
Finish ASTM A554 ASTM A999/A999M
Special or Supplementary ASTM A554 ASTM A312/A312M or

Requirements

ASTM A999/A999M
(austenitic),
A790/A790M (duplex)

Notes:

1. Minimum mechanical and chemical requirements are in ASTM A554, A312/A312M, or A790/A790M.

2. ASTM A312/A312M and ASTM A790/A790M cover both seamless and welded pipe; welded pipe should
be specified for structural applications.

3. For duplex stainless steels specified to ASTM A554 manufactured without filler metal, a special require-
ment of heat treatment may be specified if the corrosion resistance of the weld needs to match that of the
base metal. ASTM A790/A790M requires heat treatment unless otherwise specified.

(c) Built-Up Shapes—Laser and Laser Hybrid (Austenitic or Duplex)

Product Form

I-shapes, channels, angles, tees, box sections

Alloy Chemical Requirements

UNS designation or ASTM A554 grade (box sections)

Mechanical Properties

Grade 1: ASTM A240/A240M, A276/A276M, or A479/A479M
Grades 2, 3, or 4: ASTM A1069/A1069M

Condition

ASTM 1069/A1069M

Finish

ASTM 1069/A1069M

Special and Supplementary
Requirements

ASTM 1069/A1069M

Notes:

1. ASTM A1069/A1069M uses the dimensional tolerance requirements of ASTM A554 (box sections), and
ASTM A6/ABM (built-up open or custom sections).
2. Specification of AWS D1.1/D1.1M, clause 7.22, member dimensional tolerances shall be a special ordering

requirement, as applicable.

3. Minimum chemical requirements are in ASTM A240/A240M, A276/A276M, or A479/A479M.
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TABLE A3.1 (continued)
Order Requirements for Stainless Steel Products

(d) Built-Up Shapes—Other Than Laser and Laser Hybrid (Austenitic or Duplex)[@]

Product Form I-shapes, channels, angles, tees, box sections

Weld Filler Material Weld strength and corrosion resistance
Requirements

Dimensional Tolerance Open Shapes

e ASTM AB6/ABM for member tolerances of built-up shapes

e Specification of AWS D1.1/D1.1M, clause 7.22, member
dimensional tolerances shall be a special ordering
requirement, as applicable

Box Sections

e ASTM A554, or as specified in design documents

Profile and Welding As shown in design documents
Requirements

Alloy Chemical Requirements | UNS designation

Base Metal Table A3.1 (a) and (e)

Weld Mechanical Properties As shown in design documents

Welding and Inspection AWS D1.6/D1.6M

Finish, Supplementary ASTM A1069/A1069M or ASTM A484/A484M

Requirements

Cleaning/Weld Restoration ASTM A380/A380M

[l User Note: Documentation for all purchased built-up shapes should comply with the requirements in Section
N3.2 and the requirements of Table A3.1(d). Acceptable documentation should consist of (1) mill certification
to the requirements listed in Table A3.1(d), or (2) a statement of compliance with the requirements of Table
A3.1(d) on company letterhead, including copies of the documentation required in Section N3.2.

Notes:

1. The minimum mechanical and chemical requirements for the base material are in ASTM A240/A240M,
A276/A276M, or A479/A4TIM.

2. Specify whether complete-joint-penetration groove welds are required.

3. If the strength of the base metal has been increased by cold work, the base metal around the weld and
standard filler metals will not have matching strength. Specialized filler metals can be used but they can
increase costs.

4. Heat treatment may be required for matching weld corrosion resistance, particularly if duplex stainless
steels are welded without filler metal.

5. Built-up shapes made by a fabricator shall be subject to the requirements of Chapter M and N.
Requirements from Chapter M and N for built-up shapes made by a manufacturer shall be defined in the
ordering requirements.

6. An AWS standard welding procedure specification (SWPS) based on AWS B2.1/B2.1M (AWS B2.1-X-XXX
series) is permitted.

7. It is permitted to use ASTM A1069/A1069M for marking, packaging, and other requirements that are not
related to product manufacture.

(e) Plate, Sheet, Strip (Austenitic or Duplex)

Product Form Sheet, strip, or plate

Alloy Chemical Requirements UNS designation

Condition ASTM A480/A480M
Finish ASTM A480/A480M
Special or Supplementary ASTM A240/A240M or ASTM A480/A480M

Requirements

Note: Minimum mechanical and chemical requirements are in ASTM A240/A240M.
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TABLE A3.1 (continued)
Order Requirements for Stainless Steel Products

(f) Hot- and Cold-Finished Bar and Flat Bar Cut from Strip or Plate

Austenitic or Duplex Precipitation Hardening
Product Form Round, square, or Round, square, or hexagonal
hexagonal bar bar
Flat bar cut from plate
Alloy Chemical Requirements | UNS designation UNS designation
Condition ASTM A276/A276M ASTM A564/A564M
Finish ASTM A484/A484M ASTM A484/A484M
Special or Supplementary ASTM A484/A484M ASTM A484/A484M or ASTM
Requirements ASTM A276/A276M A564/A564M

Note: Minimum mechanical and chemical requirements are in ASTM A276/A276M, A479/A479M, or A564/
A564M.

General Notes:

1. Dimensions shall be specified.

2. Special requirements for chemistry, testing, tolerances, marking, shipping, or packaging shall be specified
when needed. Magnetic permeability may be specified for austenitic stainless steels only.

3. ASTM A479/A479M includes supplementary requirements for high temperature service (S1), intergranular
corrosion testing (S2), high cycle fatigue service (S4), and optimal resistance to chloride stress corrosion
cracking (S5).

User Note: Table User Note A3.1 lists some physical properties of stainless steels.

TABLE USER NOTE AS3.1
Physical Properties of Stainless Steels

Coefficient
of Thermal
Modulus of il Expansion
. Elasticity. E Modulus of Density b tp 68
Alloy Family asticity, Elasticity, G etween
’ and 212°F

(20 and 100°C)
ksi | MPa | ksi | MPa | Ib/ft® |kg/m3| 10~%/°F | 10-6/°C

Austenitic
stainless 28,000(193 000 10,800 | 74 500 | 500 | 8 000 9.1 16
steell@

Duplex

) 29,000|200 000 11,200 | 77 200 | 485 | 7 800 7.4 13
stainless steel

Precipitation
hardening 28,500(197 000 11,000 | 75800 | 485 | 7 800 6.1 11
stainless steel

[elFor cold-finished austenitic bar in Condition B (relatively severe cold work) in accordance
with ASTM A276/A276M, the modulus of elasticity = 25,000 ksi (172 000 MPa) and shear
modulus of elasticity = 9,600 ksi (66 000 MPa).
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1c.

Built-Up Heavy Shapes

Built-up cross sections consisting of duplex stainless steel plates with a thickness
exceeding 2 in. (50 mm) are considered built-up heavy shapes. Built-up heavy shapes
used as members subject to tensile forces due to tension or flexure and spliced or
connected to other members using complete-joint-penetration groove welds that fuse
through the thickness of the plates, shall be in accordance with this section. The struc-
tural design documents shall require that the steel be supplied with Charpy V-notch
impact test results, including the frequency of testing, the test temperature to be used,
and the absorbed energy requirements. The impact test shall be conducted in accor-
dance with ASTM A673/A673M, Frequency P, and shall meet a minimum average
value of 20 ft-1b (27 J) absorbed energy at a maximum temperature of +70°F (+21°C).

When a built-up heavy shape is welded to the face of another member using groove
welds, these requirements apply only to the shape that has weld metal fused through
the cross section.

User Note: Impact tests are not required for austenitic stainless steels because
they are not susceptible to brittle rupture, even at low temperatures. They demon-
strate impact toughness well above 74 ft-1b (100 J) at —320°F (-196°C).

Castings and Forgings

Stainless steel castings and forgings shall conform to an ASTM standard and shall
provide strength, ductility, weldability, and toughness adequate for the purpose. Test
reports produced in accordance with the ASTM reference standards or standard test
methods shall constitute sufficient evidence of conformity with such standards. The
following specifications apply:

Castings

ASTM A351/A351M (austenitic stainless steel)

ASTM A747/A747TM (precipitation hardening stainless steel)
ASTM A890/A890M (duplex stainless steel)

Forgings

ASTM A182/A182M

ASTM A473

ASTM A705/A705M (precipitation hardening stainless steel)
ASTM A1049/A1049M (duplex stainless steel)

Bolts, Washers, and Nuts

The bolts, washers, and nuts shall all have equivalent or greater corrosion resistance
than the most corrosion resistant of the metal alloys joined.

Bolt, washer, and nut material conforming to one of the following ASTM standards
is approved for use under this Specification. In addition to the alloys listed in Section
A3.1b, precipitation hardening stainless steel S66286 is also approved for use.
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(a) Bolts
ASTM A193/A193M
ASTM A320/A320M
ASTM A453/A453M
ASTM A1082/A1082M
ASTM F593

(b) Nuts
ASTM A194/A194M
ASTM A453/A453M
ASTM A962/A962M
ASTM F594
ASTM F836M

(c) Washers
The chemical composition and mechanical properties of the stainless steel washer
raw material shall meet the requirements of ASTM A240/A240M, ASTM A453/
A453M, ASTM A666/A666M, or ASTM A693. Unless otherwise specified, the
requirements for hardness testing of ASTM F436/F436M shall apply.

User Note: There are no ASTM standards for stainless steel washers.

Stainless steel washers hardened to at least 290 Brinell HBW (31 Rockwell
HRC) shall be used under both the bolt head and nut in pretensioned joints sub-
ject to fatigue loading, and slip-critical joints.

Surface hardening shall conform to the requirements of Section A3.5.

User Note: It is good practice to use hardened stainless steel washers under
both the bolt head and nut in all pretensioned joints, not only in joints subject
to fatigue loading.

User Note: Other stainless steel or nonferrous alloys may be suitable for bolts,
washers, and nuts in specific applications, but the evaluation of those alloys is the
responsibility of the engineer specifying them.

User Note: Care is required for the use of S15500 and S17400 in structurally critical
applications. In H1150 heat conditions, these alloys present a lower risk of hydro-
gen embrittlement and stress corrosion cracking than in the other heat treatment
conditions. Precipitation hardening stainless steel S66286 is more resistant to
hydrogen embrittlement and stress corrosion cracking than S15500 and S17400.

Manufacturer’s certification shall constitute sufficient evidence of conformity with
the standards.
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4. Anchor Rods and Threaded Rods

Anchor rod and threaded rod made of austenitic, duplex, or precipitation hardening
stainless steel material shall conform to one of the following ASTM standards:

ASTM A193/A193M
ASTM A320/A320M
ASTM A1082/A1082M
ASTM F593

Threads on anchor rods and threaded rods shall conform to the Unified Standard
Series of ASME B18.2.1 and shall have Class 2A tolerances.

Manufacturer’s certification shall constitute sufficient evidence of conformity with
the standards.

S. Surface Hardening

The following methods for surface hardening of stainless steel are permitted at a
temperature below 850°F (450°C):

(a) Nitrocarburizing or low temperature carburizing of austenitic stainless steels

User Note: Nitriding of austenitic stainless steels is discouraged because it
produces a very thin hardened layer that may not provide adequate galling
or wear protection, and it reduces the alloy’s corrosion resistance. If this
method is used, the austenitic stainless steel alloy should be low carbon and
in the annealed condition prior to nitriding, and the effect of the reduction in
corrosion resistance on performance in the service environment should be
carefully evaluated.

(b) Low-temperature carburizing of duplex stainless steel

(c) Nitriding, nitrocarburizing, or low-temperature carburizing of precipitation-
hardening stainless steels

Hardness testing of materials other than washers shall be in conformance with ASTM
A370.

6. Consumables for Welding

Filler and base metal combinations shall be in accordance with the prequalified
materials listed in AWS D1.6/D1.6M, clause 5, or a filler and base metal combina-
tion documented to meet the structural and corrosion performance requirements of
the application. AWS D1.6/D1.6M, clause 6, shall be used to qualify all filler and
base material combinations that do not meet the prequalification requirements of
AWS D1.6/D1.6M, clause 5. Manufacturer’s certification shall constitute sufficient
evidence of conformity with the standards.
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User Note: Options for filler and base metal combinations, based on minimum
cost and strength considerations and not corrosion or service requirements, are
given in the informative Annex D of AWS D1.6/D1.6M.

MINIMUM ASSESSMENT REQUIREMENTS FOR SPECIFYING
ALLOY CORROSION RESISTANCE

Minimum assessment requirements for specifying corrosion resistance are established
in this section. A suitable stainless steel alloy(s) shall be selected for the service
environment.

Galvanic Corrosion

Whenever dissimilar metals are in direct contact in any location, the potential for
galvanic corrosion shall be assessed. If isolation is required by the assessment, the
means of isolation shall be specified.

Chloride Stress Corrosion Cracking

Structural members exposed to chloride salts shall be assessed for their potential for
chloride stress corrosion cracking.

User Note: Common austenitic stainless steels (i.e., S30400/S30403, S31600/
S31603) are susceptible to chloride stress corrosion cracking. Service environ-
ments potentially prone to chloride stress corrosion cracking include, but are not
limited to, indoor swimming pool areas, certain industrial and food processing
environments, the interface between air and brackish or sea water, and structural
members in areas with high accumulation of coastal or deicing salts.

Crevice Corrosion

Connections, assemblies, and the areas where surface deposits may accumulate shall
be assessed for their crevice corrosion potential.

Microbiological Corrosion

When structural members are exposed to water or moist soil where microbiological
organisms are expected to be present, the design and service environment shall be
assessed for the likelihood of microbiologically influenced corrosion (MIC), also
known as biocorrosion. In addition to specifying a suitable stainless steel alloy(s) for
the service environment, design or operation modifications shall be made to address
the risk.

Corrosion Caused by Immersion or Splashing by Liquids

Structural members that are immersed in liquids on a continuous, cyclical, or fre-
quent basis, or regularly splashed by them, shall be assessed for their corrosion
susceptibility.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Sect. AS.] STRUCTURAL DESIGN DOCUMENTS AND SPECIFICATIONS 15

AS. STRUCTURAL DESIGN DOCUMENTS AND SPECIFICATIONS

The structural design documents and specifications shall meet the requirements of
the Code of Standard Practice for Structural Stainless Steel Buildings.

User Note: Provisions in this Specification contain information that is to be
shown on design documents. These include:

» Section A3: UNS alloy designation for all components

» Section A3: Finish requirements

» Section A3.1c: Built-up heavy shapes where CVN toughness is required
 Section J3.1: Locations of connections using pretensioned bolts

Other information needed by the fabricator or erector should be shown on design
documents, including:

e Packaging, handing, and storage requirements

 Post installation cleaning and finish restoration requirements, as required

* Weld cleaning requirements

* Weld corrosion testing, if required

* Post fabrication passivation, if required

 Fatigue details requiring nondestructive testing

 Risk category (Chapter N)

e Indication of complete-joint-penetration (CJP) groove welds subject to tension
(Chapter N)
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CHAPTER B
DESIGN REQUIREMENTS

This chapter addresses general requirements for the design of austenitic and duplex stain-
less steel structures applicable to all chapters of this Specification, and for tension members,
fittings, and fasteners consisting of precipitation hardening stainless steel.

The chapter is organized as follows:

B1.

B2.

B3.

B1. General Provisions

B2. Loads and Load Combinations

B3. Design Basis

B4. Member Properties

B5. Fabrication and Erection

B6. Quality Control and Quality Assurance
B7. Evaluation of Existing Structures

GENERAL PROVISIONS

The design of members and connections shall be consistent with the intended behavior
of the framing system and the assumptions made in the structural analysis.

LOADS AND LOAD COMBINATIONS

The loads, nominal loads, and load combinations shall be those stipulated by the
applicable building code. In the absence of a building code, the loads, nominal loads,
and load combinations shall be those stipulated in ASCE Minimum Design Loads
and Associated Criteria for Buildings and Other Structures (ASCE/SEI 7).

User Note: When using ASCE/SEI 7 for design according to Section B3.1
(LRFD), the load combinations in ASCE/SEI 7, Section 2.3, apply. For design
according to Section B3.2 (ASD), the load combinations in ASCE/SEI 7, Section
2.4, apply.

DESIGN BASIS

Design shall be such that no applicable strength or serviceability limit state shall be
exceeded when the structure is subject to all applicable load combinations.

Design for strength shall be performed according to the provisions for load and resis-
tance factor design (LRFD) or to the provisions for allowable strength design (ASD).
Design for Strength Using Load and Resistance Factor Design (LRFD)

Design according to the provisions for load and resistance factor design (LRFD) satis-
fies the requirements of this Specification when the design strength of each structural
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component equals or exceeds the required strength determined on the basis of the
LRFD load combinations. All provisions of this Specification, except for those in
Section B3.2, shall apply.

Design shall be performed in accordance with Equation B3-1:

R, < OR, (B3-1)
where
R, =required strength using LRFD load combinations
R, =nominal strength
¢ = resistance factor
OR, = design strength

The nominal strength, R, and the resistance factor, ¢, for the applicable limit states
are specified in Chapters D through K.

2. Design for Strength Using Allowable Strength Design (ASD)

Design according to the provisions for allowable strength design (ASD) satisfies
the requirements of this Specification when the allowable strength of each structural
component equals or exceeds the required strength determined on the basis of the
ASD load combinations. All provisions of this Specification, except those of Section
B3.1, shall apply.

Design shall be performed in accordance with Equation B3-2:

R

R, < 5" (B3-2)
where
R, =required strength using ASD load combinations
R, =nominal strength
Q  =safety factor

R,/Q = allowable strength
The nominal strength, R,, and the safety factor, Q, for the applicable limit states are
specified in Chapters D through K.
3. Required Strength

The required strength of structural members and connections shall be determined by
structural analysis for the applicable load combinations as stipulated in Section B2.

Design by elastic or inelastic analysis is permitted. Requirements for analysis are
stipulated in Chapter C and Appendix 1.
4. Design of Connections and Supports

Connection elements shall be designed in accordance with the provisions of Chapters
J and K. The forces and deformations used in design of the connections shall be
consistent with the intended performance of the connection and the assumptions used
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in the design of the structure. Self-limiting inelastic deformations of the connections
are permitted. At points of support, beams, girders, and trusses shall be restrained
against rotation about their longitudinal axis unless it can be shown by analysis that
the restraint is not required.

User Note: AISC Code of Standard Practice for Structural Stainless Steel Build-
ings Section 3.1.2 addresses communication of necessary information for the
design of connections.

Simple Connections

A simple connection transmits a negligible moment. In the analysis of the structure,
simple connections may be assumed to allow unrestrained relative rotation between
the framing elements being connected. A simple connection shall have sufficient
rotation capacity to accommodate the required rotation determined by the analysis
of the structure.

Moment Connections

Two types of moment connections, fully restrained and partially restrained, are per-
mitted, as specified below.

(a) Fully Restrained (FR) Moment Connections
A fully restrained (FR) moment connection transfers moment with a negligible
rotation between the connected members. In the analysis of the structure, the
connection may be assumed to allow no relative rotation. An FR connection shall
have sufficient strength and stiffness to maintain the initial angle between the
connected members at the strength limit states.

(b) Partially Restrained (PR) Moment Connections

Partially restrained (PR) moment connections transfer moments, but the relative
rotation between connected members is not negligible. In the analysis of the struc-
ture, the moment-rotation response characteristics of any PR connection shall be
included. The response characteristics of the PR connection shall be established
by analytical or experimental means. The component elements of a PR connec-
tion shall have sufficient strength, stiffness, and deformation capacity such that
the moment-rotation response can be realized up to and including the required
strength of the connection.

Design of Diaphragms and Collectors

Diaphragms and collectors shall be designed for forces that result from loads as
stipulated in Section B2. They shall be designed in conformance with the provisions
of Chapters C through K, as applicable.

Design of Anchorages to Concrete

The design of column bases and anchor rods shall be in accordance with Chapter J.
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10.

Design for Stability

The structure and its elements shall be designed for stability in accordance with
Chapter C.

Design for Serviceability

The overall structure and the individual members and connections shall be evaluated
for serviceability limit states in accordance with Chapter L.

Design for Structural Integrity

When design for structural integrity is required by the applicable building code, the
requirements in this section shall be met.

(a) Column splices shall have a nominal tensile strength equal to or greater than
D + L for the area tributary to the column between the splice and the splice or
base immediately below,

where
D = nominal dead load, kips (N)
L =nominal live load, kips (N)

(b) Beam and girder end connections shall have a minimum nominal axial tensile
strength equal to (i) two-thirds of the required vertical shear strength for design
according to Section B3.1 (LRFD) or (ii) the required vertical shear strength for
design according to Section B3.2 (ASD), but not less than 10 kips in either case.

(c) End connections of members bracing columns shall have a nominal tensile
strength equal to or greater than (i) 1% of two-thirds of the required column axial
strength at that level for design according to Section B3.1 (LRFD) or (ii) 1% of
the required column axial strength at that level for design according to Section
B3.2 (ASD).

The strength requirements for structural integrity in this section shall be evalu-
ated independently of other strength requirements. For the purpose of satisfying
these requirements, bearing bolts in connections with short-slotted holes parallel
to the direction of the tension force and inelastic deformation of the connection
are permitted.

Design for Ponding

The roof system shall be investigated through structural analysis to ensure stability
and strength under ponding conditions unless the roof surface is configured to pre-
vent the accumulation of water.

Ponding stability and strength analysis shall consider the effect of the deflections
of the roof’s structural framing under all loads (including dead loads) present at the
onset of ponding and the subsequent accumulation of rainwater and snowmelt.
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Design for Fatigue

Fatigue shall be considered in accordance with Appendix 3, for members and their
connections subject to repeated loading. Fatigue need not be considered for the effects
of wind loading on typical building lateral force-resisting systems and building enclo-
sure components.

Design for Fire Conditions

Two methods of design for fire conditions are provided in Appendix 4: (a) by analy-
sis and (b) by qualification testing.

This section is not intended to create or imply a contractual requirement for the EOR
responsible for the structural design or any other member of the design team.

MEMBER PROPERTIES

User Note: If the production route for the section is not known at the time of
design, it is generally conservative to assume the section is built up when comput-
ing the cross-sectional properties required for strength verification in accordance
with Chapters E through K and Appendices 1, 2, and 4. However, if a hot-rolled
section with tapered flanges is subsequently selected, the assumption that the
flange thickness of the section is constant will lead to an overestimation of the
minor axis and torsional cross-sectional properties.

Classification of Sections for Local Buckling

For members subject to axial compression, sections are classified as nonslender-
element or slender-element sections. For a nonslender-element section, the width-to-
thickness ratios of its compression elements shall not exceed A, from Table B4.1a. If
the width-to-thickness ratio of any compression element exceeds A, the section is a
slender-element section.

For members subject to flexure, sections are classified as compact, noncompact, or
slender-element sections. For all sections addressed in Table B4.1b, flanges must be
continuously connected to the web or webs. For a section to qualify as compact, the
width-to-thickness ratios of its compression elements shall not exceed the limiting
width-to-thickness ratios, kp, from Table B4.1b. If the width-to-thickness ratio of
one or more compression elements exceeds kp, but does not exceed A, from Table
B4.1b, the section is noncompact. If the width-to-thickness ratio of any compression
element exceeds A, the section is a slender-element section.

For cases where the web and flange are not continuously attached, consideration of
element slenderness must account for the unattached length of the elements and the
appropriate plate buckling boundary conditions.

The section classification of rectangular and round hollow structural sections (HSS)
that are designed on the basis of the average yield strength, F), 4, as determined in
Section B4.3, shall be based on the average yield strength by substituting Fy 4, for
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F, when computing the limiting width-to-thickness ratios from Table B4.1a or Table
B4.1b.

User Note: The value of Fy used in the determination of the limiting width-
to-thickness ratios given in Tables B4.1a and B4.1b can be obtained from the
relevant ASTM standard or the Commentary on Section A3.

Unstiffened Elements

For unstiffened elements supported along only one edge parallel to the direction of
the compression force, the width shall be taken as follows:

(a) For flanges of [-shaped members and tees, the width, b, is one-half the full flange
width, by.

(b) For legs of angles and flanges of channels and zees, the width, b, is the full leg
or flange width.

(c) For plates, the width, b, is the distance from the free edge to the first row of
fasteners or line of welds.

(d) For stems of tees, d is the full depth of the section.

User Note: Refer to Table B4.1 for the graphic representation of unstiffened
element dimensions.

Stiffened Elements

For stiffened elements supported along two edges parallel to the direction of the
compression force, the width shall be taken as follows:

(a) For webs of rolled sections, # is the clear distance between flanges less the fillet
at each flange; A, is twice the distance from the centroid to the inside face of the
compression flange less the fillet or corner radius.

(b) For webs of built-up sections or members, & is the distance between adjacent
lines of fasteners or the clear distance between flanges when welds are used, and
h. is twice the distance from the centroid to the nearest line of fasteners at the
compression flange or the inside face of the compression flange when welds are
used; A, is twice the distance from the plastic neutral axis to the nearest line of
fasteners at the compression flange or the inside face of the compression flange
when welds are used.

(c) For flanges of rectangular hollow structural sections (HSS), the width, b, is the
clear distance between webs less the inside corner radius on each side. For webs
of rectangular HSS, % is the clear distance between the flanges less the inside
corner radius on each side. If the corner radius is not known, b and & shall be
taken as the corresponding outside dimension minus three times the thickness.
The thickness, ¢, shall be taken as the design wall thickness as defined in Section
B4.2a.
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(d) For flanges or webs of box sections and other stiffened elements, the width, b,
is the clear distance between the elements providing stiffening.

(e) For round hollow structural sections (HSS), the width shall be taken as the
diameter, D.

User Note: Refer to Table B4.1 for the graphic representation of stiffened ele-
ment dimensions.

User Note: If the production route for the section is not known at the time of
design, & should conservatively be taken as the clear distance between flanges.

For tapered flanges of rolled sections, the thickness is the nominal value halfway
between the free edge and the corresponding face of the web.

Design Thickness
Design Thickness for Built-Up, Hot-Rolled, and Flat Bar Sections

The design thickness—tr for flanges; f,, for webs; and ¢ for box sections, plates, or
flat bars—shall be used in calculations involving the thickness of built-up, hot-rolled,
plate, or flat bar sections. The design thickness shall be taken equal to the nominal
thickness for thicknesses greater than ¥is in. (5 mm). For thicknesses of any element
of the section less than or equal to 16 in. (5 mm), the design thickness of the element
shall be taken equal to 0.95 times the nominal thickness. For all sections with a mini-
mum thickness tolerance less than 0.05 times the nominal thickness, it is permitted
to use the nominal thickness for the design thickness.

Design Wall Thickness for HSS

The design wall thickness, #, shall be used in calculations involving the wall thick-
ness of hollow structural sections (HSS). The design wall thickness, #, shall be taken
equal to 0.95 times the nominal wall thickness unless the section has a minimum
thickness tolerance less than 0.05 times the nominal wall thickness, in which case it
is permitted to use the nominal wall thickness for the design wall thickness.

User Note: A pipe can be designed using the provisions of this Specification for
round HSS sections as long as the pipe conforms to one of the ASTM specifica-
tions in Table A3.1, and the appropriate limitations of this Specification are used.

Strength Increase in Stainless Steel HSS from Cold Forming

Strength increase from cold work in stainless steel HSS manufactured by cold form-
ing is permitted by substituting F), 4, for Fy, where Fy, 4, is the average yield stress
of the full section. Such increase shall be limited to Chapters D, E, F, and H, and
Appendix 2. The limits and methods for determining Fy, 4 shall be in accordance
with (a) and (b).
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(a) The average yield stress, F, 4y, of stainless steel cold-formed HSS shall be deter-

mined on the basis of one of the following methods:

(1) Full section tensile tests in accordance with ASTM A370, or
(2) Stub column tests in accordance with AISI S902, or
(3) Computed in accordance with Equation B4-1a or B4-1b:

(a) For cold-formed rectangular HSS

Fy,cornerAcorner + Fy,wall (Ag - Acomer)

Fyave = <F, (B4-1a)
Ag
(b) For cold-formed round HSS
Fy,avg = F_v,md (B4—1b)

where

Acorer = total corner area including a region of length 2¢ extending
around the perimeter of the cross section on both sides of
each corner, in.2 (mm?)
= (mt)(2r+1)+1612 (B4-2)
Ag = gross area of member, in.2 (mm?)
Fy corner = tensile yield stress of corners of cold-formed rectangular
HSS, ksi (MPa)

F, n
= 0.85—(€comer +€y) and Fy < Fy comer < Fy (B4-3)
€y
Fymq = tensile yield stress of cold-formed round HSS, ksi (MPa)

Fy n
=085—2(gq +€y) and Fy < Fyma< Fy (B4-4)
el :
Fywan = tensile yield stress of the flats of cold-formed rectangular
HSS, ksi (MPa)

F, n
= 0.855(%,, +ey)" and Fy < Fyan < Fy (B4-5)
y
log| F, /F,
_ log(Fy/F,) (B4-6)
log(s y/ 8,,)
€comer = strain induced in the corner of cold-formed rectangular HSS
t
=— B4-7
2(2r+1) B4
€rmd = strain induced in cold-formed round HSS
t
=— B4-8
2(D=1) B8
€ = ultimate strain, which may be approximated according to
Equation B4-9 if not known
—1- B, (B4-9)
F,
& = specified minimum elongation after rupture determined over

a length of 2 in. (50 mm)
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€ypan = strain induced in the flats of cold-formed rectangular HSS
-t Ll (B4-10)
3543 2(B+H-21)
L L (B4-10M)
900 2(B+H -2t)
F,
€y = 0'002+Ey (B4-11)
B = overall width of square and rectangular HSS, in. (mm)
D = outside diameter of round HSS, in. (mm)
E = modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic, and 29,000 ksi
(200 000 MPa) for duplex stainless steel
F, = specified minimum tensile strength, ksi (MPa)
Fy = specified minimum yield stress, ksi (MPa)
H = overall height of square and rectangular HSS, in. (mm)
r = internal radius of corner, which may be taken as 27 if not

known, in. (mm)

(b) The effect of any welding on mechanical properties of a cold-formed structural
stainless steel member shall be determined on the basis of tests of full-section
specimens containing, within the gage length, such welding as the manufacturer
intends to use. Any necessary allowance for such effect shall be made in the
structural use of the member.

User Note: Welding of the structural section may lead to annealing and hence
a localized reduction in the strength increase from cold forming. It is therefore
recommended that the strength at cross sections where the member is welded to
other components be based on the specified minimum yield stress, Fy, unless test
data justify the use of a higher value.

Gross and Net Area Determination

Gross Area

The gross area, Ag, of a member is the total cross-sectional area.

Net Area

The net area, A,, of a member is the sum of the products of the thickness and the net
width of each element computed as follows.

In computing net area for tension and shear, the width of a bolt hole shall be taken
as Y16 in. (2 mm) greater than the nominal dimension of the hole.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Sect. B7.] EVALUATION OF EXISTING STRUCTURES 25

BS.

Be.

B7.

For a chain of holes extending across a part in any diagonal or zigzag line, the net
width of the part shall be obtained by deducting from the gross width the sum of the
diameters or slot dimensions as provided in this section, of all holes in the chain, and
adding, for each gage space in the chain, the quantity s> /4g.

where
g = transverse center-to-center spacing (gage) between fastener gage lines, in. (mm)
s = longitudinal center-to-center spacing (pitch) of any two consecutive holes, in.
(mm)

For angles, the gage for holes in opposite adjacent legs shall be the sum of the gages
from the back of the angles less the thickness.

For slotted HSS welded to a gusset plate, the net area, A, is the gross area minus
the product of the thickness and the total width of material that is removed to form
the slot.

In determining the net area across plug or slot welds, the weld metal shall not be
considered as adding to the net area.

For members without holes, the net area, A, is equal to the gross area, A,.

FABRICATION AND ERECTION

Fabrication and erection documents shall satisfy the requirements stipulated in
Chapter M.

QUALITY CONTROL AND QUALITY ASSURANCE

Quality control and quality assurance activities shall satisfy the requirements stipu-
lated in Chapter N.

EVALUATION OF EXISTING STRUCTURES

The evaluation of existing structures shall satisfy the requirements stipulated in
Appendix 5.
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TABLE B4.1a
Width-to-Thickness Ratios: Compression
Elements Members Subject to Axial Compression

Description of
Element

Case

Width-
to-
Thick-
ness
Ratio

Limiting
Width-to-
Thickness

Ratio, A,

(nonslender/
slender)

Examples

1 | Flanges of built-up
or rolled I-shaped
sections and
channels, plates,
or angle legs
projecting from
built-up or rolled
|I-shaped sections,
outstanding legs
of pairs of angles
connected with
continuous contact,
flanges and stems
of tees, legs of
single angles, legs
of double angles
with separators,
and all other
unstiffened
elements

Unstiffened Elements

b/t
or
d/t

0.41 £
“WE,

A b

it
i
N

]
Vel

b
t t E !

2 | Webs of built-up

or rolled I-shaped
sections and
channels, and
walls of rectangular
HSS and box
sections of uniform
thickness

h/ty
or
b/t

1.24, | =

3 | Round HSS

Stiffened Elements

D/t

0.10—

less steels

E = modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic stainless steel, and 29,000 ksi (200 000 MPa) for duplex stain-

Fy = specified minimum yield stress, ksi (MPa), given in the relevant ASTM standard
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TABLE B4.1b
Width-to-Thickness Ratios: Compression
Elements Members Subject to Flexure

Limiting Width-to-
Thickness Ratios

Width-
to-
Thick- Ap Ar Examples
ness | (compact/| (non-
Ratio non- compact/
compact) | slender)

Description of
Element

Case

4 | Flanges of built-up b,

or rolled I-shaped mm:’t z:t
sections and N
channels, out-

standing legs of
pairs of angles L. | | ‘12_1
connected with i t
continuous con- E E N
tact, flanges and b/t 0-33\/% 0-41\/%

stems of tees, and ¢

all other unstiff-
ened elements of
sections in flexure

about the major or
minor axis

Unstiffened Elements

5 | Webs of built-up
or rolled I-shaped
sections, chan- h/ty
nels, rectangular or 254 |—
HSS, and box hit
sections of
uniform thickness

6 | Flanges of
rectangular HSS
and box sections
of uniform thick- b/t E
ness, and webs or 1.17 I
; y
of built-up or hity
rolled channels in

flexure about the
minor axis

7 | Round HSS

Stiffened Elements

E
D/t O'OSF

y

E = modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic stainless steel, and 29,000 ksi (200 000 MPa) for duplex stainless
steels
Fy = specified minimum yield stress, ksi (MPa), given in the relevant ASTM standard
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CHAPTER C
DESIGN FOR STABILITY

This chapter addresses requirements for the design of structures for stability. The direct
analysis method is presented herein.

The chapter is organized as follows:

Cl. General Stability Requirements
C2. Calculation of Required Strengths
C3. Calculation of Available Strengths

User Note: Alternative methods for the design of structures for stability are provided in
Appendix 1 that allow for considering member imperfections and/or inelasticity directly
within the analysis and may be particularly useful for more complex structures.

Cl1.

C2.

GENERAL STABILITY REQUIREMENTS

Stability shall be provided for the structure as a whole and for each of its elements.
The effects of all of the following on the stability of the structure and its elements
shall be considered: (a) flexural, shear, and axial member deformations, and all other
component and connection deformations that contribute to the displacements of the
structure; (b) second-order effects (including P-A and P-0 effects); (c) geometric
imperfections; (d) stiffness reductions due to inelasticity, including the effect of partial
yielding of the cross section that may be accentuated by the presence of residual
stresses; and (e) uncertainty in system, member, and connection strength and
stiffness. All load-dependent effects shall be calculated at a level of loading corre-
sponding to LRFD load combinations or 1.6 times ASD load combinations.

Any rational method of design for stability that considers all of the listed effects is
permitted.

The direct analysis method of design is permitted for all structures and can be based
on either elastic or inelastic analysis. For design by elastic analysis, required strengths
shall be calculated in accordance with Section C2 and the calculation of available
strengths in accordance with Section C3. For design by advanced analysis, the provi-
sions of Section 1.1 and Sections 1.2 or 1.3 of Appendix 1 shall be satisfied.

CALCULATION OF REQUIRED STRENGTHS

For the direct analysis method of design, the required strengths of components of the
structure shall be determined from an elastic analysis conforming to Section C2.1.
The analysis shall include consideration of initial imperfections in accordance with
Section C2.2 and adjustments to stiffness in accordance with Section C2.3.
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1.

General Analysis Requirements
The analysis of the structure shall conform to the following requirements:

(a) The analysis shall consider flexural, shear, and axial member deformations, and
all other component and connection deformations that contribute to displace-
ments of the structure. The analysis shall incorporate reductions in all stiffnesses
that are considered to contribute to the stability of the structure, as specified in
Section C2.3.

(b) The analysis shall be a second-order analysis that considers both P-A and P-§
effects, except that it is permissible to neglect the effect of P-0 on the response
of the structure when the following conditions are satisfied: (1) the structure
supports gravity loads primarily through nominally vertical columns, walls, or
frames; (2) the ratio of maximum second-order drift to maximum first-order drift
(both determined for LRFD load combinations or 1.6 times ASD load combina-
tions, with stiffnesses adjusted as specified in Section C2.3) in all stories is equal
to or less than 1.7; and (3) no more than one-third of the total gravity load on the
structure is supported by columns that are part of moment-resisting frames in the
direction of translation being considered. It is necessary in all cases to consider
P-§ effects in the evaluation of individual members subject to compression and
flexure.

(c) The analysis shall consider all gravity and other applied loads that may influence
the stability of the structure.

User Note: It is important to include in the analysis all gravity loads, includ-
ing loads on leaning columns and other elements that are not part of the lateral
force-resisting system.

(d) For design by LRFD, the second-order analysis shall be carried out under LRFD
load combinations. For design by ASD, the second-order analysis shall be carried
out under 1.6 times the ASD load combinations, and the results shall be divided
by 1.6 to obtain the required strengths of components.

Consideration of Initial System Imperfections

The effect of initial imperfections in the position of points of intersection of members
on the stability of the structure shall be taken into account either by direct modeling
of these imperfections in the analysis as specified in Section C2.2a or by the applica-
tion of notional loads as specified in Section C2.2b.

User Note: The imperfections required to be considered in this section are
imperfections in the locations of points of intersection of members (system imper-
fections). In typical building structures, the important imperfection of this type
is the out-of-plumbness of columns. Consideration of initial out-of-straightness
of individual members (member imperfections) is not required in the structural
analysis when using the provisions of this section; it is accounted for in the
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2b.
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compression member design provisions of Chapter E and need not be considered
explicitly in the analysis as long as it is within the limits specified in the AISC
Code of Standard Practice for Structural Stainless Steel Buildings. Appendix
1, Section 1.2, provides an extension to the direct analysis method that includes
modeling of member imperfections (initial out-of-straightness) within the struc-
tural analysis.

Direct Modeling of Imperfections

In all cases, it is permissible to account for the effect of initial system imperfections
by including the imperfections directly in the analysis. The structure shall be analyzed
with points of intersection of members displaced from their nominal locations. The
magnitude of the initial displacements shall be the maximum amount considered
in the design; the pattern of initial displacements shall be such that it provides the
greatest destabilizing effect.

User Note: Initial displacements similar in configuration to both displacements
due to loading and anticipated buckling modes should be considered in the model-
ing of imperfections. The magnitude of the initial displacements should be based
on permissible construction tolerances, as specified in the AISC Code of Standard
Practice for Structural Stainless Steel Buildings or other governing requirements,
or on actual imperfections, if known.

In the analysis of structures that support gravity loads primarily through nominally
vertical columns, walls, or frames, where the ratio of maximum second-order story
drift to maximum first-order story drift (both determined for LRFD load combina-
tions or 1.6 times ASD load combinations, with stiffnesses adjusted as specified in
Section C2.3) in all stories is equal to or less than 1.7, it is permissible to include
initial system imperfections in the analysis for gravity-only load combinations and
not in the analysis for load combinations that include applied lateral loads.

Use of Notional Loads to Represent Imperfections

For structures that support gravity loads primarily through nominally vertical columns,
walls, or frames, it is permissible to use notional loads to represent the effects of
initial system imperfections in the position of points of intersection of members in
accordance with the requirements of this section. The notional load shall be applied
to a model of the structure based on its nominal geometry.

User Note: In general, the notional load concept is applicable to all types of
structures and to imperfections in the positions of both points of intersection of
members and points along members, but the specific requirements in Sections
C2.2b(a) through C2.2b(d) are applicable only for the particular class of structure
and type of system imperfection identified here.
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(a) Notional loads shall be applied as lateral loads at all levels. The notional loads
shall be additive to other lateral loads and shall be applied in all load combina-
tions, except as indicated in Section C2.2b(d). The magnitude of the notional
loads shall be:

N;=0.0020Y; (C2-1)

where
o =1.0 (LRFD)
=1.6 (ASD)
N; = notional load applied at level i, kips (N)
Y; = gravity load applied at level i from the LRFD load combination or ASD
load combination, as applicable, kips (N)

User Note: The use of notional loads can lead to additional (generally small)
fictitious base shears in the structure. The correct horizontal reactions at the
foundation may be obtained by applying an additional horizontal force at the
base of the structure, equal and opposite in direction to the sum of all notional
loads, distributed among vertical load-carrying elements in the same propor-
tion as the gravity load supported by those elements. The notional loads can
also lead to additional overturning effects, which are not fictitious.

(b) The notional load at any level, &V;, shall be distributed over that level in the same
manner as the gravity load at the level. The notional loads shall be applied in the
direction that provides the greatest destabilizing effect.

User Note: For most building structures, the requirement regarding notional
load direction may be satisfied as follows: for load combinations that do not
include lateral loading, consider two alternative orthogonal directions of
notional load application, in a positive and a negative sense in each of the
two directions, in the same direction at all levels; for load combinations that
include lateral loading, apply all notional loads in the direction of the resultant
of all lateral loads in the combination.

(c) The notional load coefficient of 0.002 in Equation C2-1 is based on a nominal
initial story out-of-plumbness ratio of !/500; where the use of a different maxi-
mum out-of-plumbness is justified, it is permissible to adjust the notional load
coefficient proportionally.

User Note: An out-of-plumbness of /500 represents the maximum tolerance
on column plumbness specified in the AISC Code of Standard Practice for
Structural Stainless Steel Buildings. In some cases, other specified tolerances,
such as those on plan location of columns, will govern and will require a
tighter plumbness tolerance.
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(d) For structures in which the ratio of maximum second-order drift to maximum
first-order drift (both determined for LRFD load combinations or 1.6 times ASD
load combinations, with stiffnesses adjusted as specified in Section C2.3) in all
stories is equal to or less than 1.7, it is permissible to apply the notional load,
N;, only in gravity-only load combinations and not in combinations that include
other lateral loads.

3. Adjustments to Stiffness

The analysis of the structure to determine the required strengths of components shall
use reduced stiffnesses, as follows:

(a) A general stiffness reduction factor, T,, given by Table C2.1 for different mem-
ber types and axis of buckling shall be applied to all stiffnesses that are considered
to contribute to the stability of the structure. It is permissible to apply this reduc-
tion factor to all stiffnesses in the structure.

User Note: Applying the stiffness reduction to some members and not others
can, in some cases, result in artificial distortion of the structure under load and
possible unintended redistribution of forces. This can be avoided by applying
the reduction to all members, including those that do not contribute to the
stability of the structure.

(b) An additional factor, T, shall be applied to the flexural stiffnesses of all members
whose flexural stiffnesses are considered to contribute to the stability of the

structure.

1.
Tp = 0 (n ff—l) (C2-2)
1.0+0.002n E(“P’ j

A Fy ns

where

o =10 (LRFD)
= 1.6 (ASD)

P, = cross-section compressive strength; for nonslender-element sections,
P,s = FyA,, and for slender-element sections, P, = FyA,, where A, is as
defined in Section E7, kips (N)

P, =required axial compressive strength using LRFD or ASD load combina-
tions, kips (N)

nefr = auxiliary coefficient given in Table C2.1, where n is the strain hardening
coefficient given in Appendix 7.

User Note: Taken together, Sections (a) and (b) require the use of 7,7, mul-
tiplied by the nominal elastic flexural stiffness, and T, multiplied by other
nominal elastic stiffnesses, for structural stainless steel members in the analysis.
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C3.

Table C2.1
T Function Coefficients

Member Type Tg Neff
Rolled or built-up I-shaped sections buckling about the 0.70 0.45n
minor axis, and other sections not specified in this table ’ '
Rolled or built-up I-shaped sections buckling about the 0.70 0.55n
major axis, welded box sections, and round HSS ’ ’
Rectangular HSS 0.70 n

(c) In structures to which Section C2.2b is applicable, it is permitted to use 1, = 1.0
for all noncomposite members if a notional load of 0.002Y;, where Y; is defined in
Section C2.2b(a), is applied at all levels in the direction that provides the great-
est destabilizing effect, on all load combinations. These additional loads shall be
added to those, if any, used to represent the effects of initial system imperfections
in the position of points of intersection of members, and shall not be subject to
the provisions of Section C2.2b(d).

(d) Where components comprised of materials other than stainless steel are consid-
ered to contribute to the stability of the structure and the governing codes and
specifications for the other materials require greater reductions in stiffness, such
greater stiffness reductions shall be applied to those components.

CALCULATION OF AVAILABLE STRENGTHS

For the direct analysis method of design, the available strengths of members and con-
nections shall be calculated in accordance with the provisions of Chapters D through
K, as applicable, with no further consideration of overall structure stability. The effec-
tive length for flexural buckling of all members shall be taken as the unbraced length
unless a smaller value is justified by rational analysis.

Bracing intended to define the unbraced lengths of members shall have sufficient
stiffness and strength to control member movement at the braced points.

User Note: Methods of satisfying this bracing requirement are provided in Appen-
dix 6. The requirements of Appendix 6 are not applicable to bracing that is included
in the design of the lateral force-resisting system of the overall structure.
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CHAPTER D
DESIGN OF MEMBERS FOR TENSION

This chapter applies to austenitic and duplex stainless steel members and precipitation hard-
ening stainless steel rods subject to axial tension.

The chapter is organized as follows:

D1. Slenderness Limitations
D2. Tensile Strength

D3. Effective Net Area

D4. Built-Up Members

D5. Pin-Connected Members

User Note: For cases not included in this chapter, the following sections apply:
* B3.11 Members subject to fatigue
Chapter H Members subject to combined axial tension and flexure

J3 Threaded rods
J4.1 Connecting elements in tension
J4.3 Block shear rupture strength at end connections of tension members

User Note: The design of eyebars is outside the scope of this chapter.

D1.

D2.

SLENDERNESS LIMITATIONS

There is no maximum slenderness limit for members in tension.

User Note: For members designed on the basis of tension, the slenderness ratio,
L/r, preferably should not exceed 300. This suggestion does not apply to rods or
hangers in tension.

TENSILE STRENGTH

The design tensile strength, ¢,P,, and the allowable tensile strength, P,/€;, of
austenitic and duplex stainless steel tension members shall be the lower value
obtained according to the limit states of tensile yielding in the gross section and
tensile rupture in the net section.

The design tensile strength, ¢,P,, and the allowable tensile strength, P,/€2;, of an
unthreaded tension rod of precipitation hardening stainless steel in accordance with
ASTM A564/A564M shall be determined in accordance with the limit state of tensile
yielding in the gross section. If the ends of the rod are threaded, the available ten-
sile strength of the threaded portion shall also be checked according to Section J3.6.
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(a) For tensile yielding in the gross section
P,=F,A, (D2-1)
For austenitic and duplex stainless steel tension members
0; = 0.90 (LRFD) Q,=1.67 (ASD)
For precipitation hardening stainless steel tension rods
0; = 0.80 (LRFD) Q,=1.88 (ASD)
(b) For tensile rupture in the net section
P,=F,A, (D2-2)

0; = 0.75 (LRFD) Q,=2.00 (ASD)
where

A, = effective net area, in.2 (mm?2)

Ag = gross area of member, in.2 (mm?)

F, = specified minimum yield stress, which for cold-formed HSS,
may be replaced with Fy 4, determined in accordance with
Section B4.3, ksi (MPa)

F,, = specified minimum tensile strength, ksi (MPa)

User Note: Due to the high ductility and strain hardening in some stainless
steels, the limit state of tensile rupture in the net section may be associated
with large deformation. If it is necessary to limit the deformation, the stress in
the net section may be limited to f,,,x < Fy, based on the maximum member
elongation permitted, A, as:

F.—F, (A F,
=F tlh—— | ====
Fonax = Fy (su—Fy/E L E
where

E = modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic, 29,000 ksi (200 000 MPa) for

duplex, 28,500 ksi (197 000 MPa) for precipitation hardening stain-
less steel, and 25,000 ksi (172 000 MPa) for ASTM A276/A276M
(condition B) cold-finished austenitic stainless steel bar

L = length of the tensile member, in. (mm)

€ =strain at the ultimate stress, which may be approximated in accor-
dance with Equation A-7-3 if not known

Alternatively, a more accurate determination of the maximum stress in the net
section can be obtained by rearranging Equation A-7-1b and replacing € with
A/L. There is no reason to consider a strength lower than FyA..

User Note: Appendix 2 gives an alternative method for determining the ten-
sile strength of structural members made of austenitic or duplex stainless steel
that accounts for the beneficial effect of strain hardening.
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D3.

D4.

Ds.
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Where connections use plug, slot, or fillet welds in holes or slots, the effective net
area through the holes shall be used in Equation D2-2.

EFFECTIVE NET AREA

The gross area, Ag, and net area, A,, of austenitic and duplex stainless steel tension
members shall be determined in accordance with the provisions of Section B4.4.

The effective net area of tension members shall be determined as
A, =AU (D3-1)
where U, the shear lag factor, is determined as shown in Table D3.1.

For open cross sections, the shear lag factor, U, need not be less than the ratio of the
gross area of the connected element(s) to the member gross area. This provision does
not apply to closed sections, such as HSS, nor to plates.

BUILT-UP MEMBERS

For limitations on the longitudinal spacing of connectors between elements in con-
tinuous contact consisting of a plate and a shape, or two plates, see Section J3.5.

User Note: The longitudinal spacing of connectors between components should
preferably limit the slenderness ratio in any component between the connectors
to 300.

PIN-CONNECTED MEMBERS

Tensile Strength

The design tensile strength, ¢,P,,, and the allowable tensile strength, P,/€);, of austenitic
and duplex stainless steel pin-connected members, shall be the lower value deter-
mined according to the limit states of tensile yielding, tensile rupture, shear rupture,
and bearing.

(a) For tensile yielding on the gross section, Section D2(a) applies.

(b) For tensile rupture on the net effective area, Section D2(b) applies, with the effec-
tive net area, A., taken as
A, =2th, (D5-1)

(c) For shear rupture on the effective area

P, =0.6F,Ay (D5-2)

0y =0.75 (LRFD) Qg =2.00 (ASD)

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Sect. DS.] PIN-CONNECTED MEMBERS 37

TABLE D3.1
Shear Lag Factors for Connections
to Tension Members

Case Description of Element Shear Lag Factor, U Examples

1 All tension members where
the tension load is transmitted
directly to each of the cross-
sectional elements by fasteners u=1.0 -
or welds (except as in Cases 4,
5, and 6).

2 All tension members, except
HSS, where the tension load is
transmitted to some but not all of
the cross-sectional elements by
fasteners or by longitudinal welds u=1-=2
in combination with transverse !
welds. Alternatively, Case 7 is
permitted for W and S shapes.
(For angles, Case 8 is permitted
to be used.)

3 All tension members where the
. . . U=1.0and
tension load is transmitted only
Apn = area of the
by transverse welds to some . -
. directly connected
but not all of the cross-sectional

elements
elements.
4fal Plates, angles, channels with I
welds at heels, tees, and
W-shapes with connected 3/2 % T | Plateor T
elements, where the tension load | U=———5|1-> w| —— connected | /—=
X ! . R 3/2 w2 / element
is transmitted by longitudinal

welds only. See Case 2 for Iy
definition of x.

5 | Round and rectangular HSS with _ _Rsing 1 ¢
single concentric gusset through x= g oF
slots in the HSS.

where 0 is in rad

[T

_2b?+tH-2t2

2H + 4b— 4t
u=1-2
I

L+
@y =%, where /1 and I shall not be less than four times the weld size.
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TABLE D3.1 (continued)
Shear Lag Factors for Connections
to Tension Members

Case Description of Element Shear Lag Factor, U Examples
6 Rectangular HSS with two side U= BUg + HUy B
gusset plates. -~ H+B _
3
Ug=——=
#7324 B2 H
312
Uy =—5——
T
7 W- or With flange
S-shapes, connected with b2 gd, U=090
or tees cut three or more 3
from these fasteners per line 2 -
shapes. in the direction of br < gd’ U=08
(fUis loading
calculated With web
per Case 2,

connected with

the Iar.ger four or more
value is . U=0.70 -

} fasteners per line
permitted to

in the direction of

be used.) loading
8 Single and With four or more
double .fastenelfs pgr line U=0.80 _
angles. in the direction of
(fUis loading
Ca'cg'atedz With three
fherl ase 2, fasteners per line
T ar.ger in the direction
va “e_t'ts gio | Of loading (with
PErmitied 1o | to\ver than three U=0.60 -
be used.)

fasteners per line
in the direction
of loading, use
Case 2)

B = overall width of rectangular HSS member, measured 90° to the plane of the connection, in. (mm); D = out-
side diameter of round HSS, in. (mm); H = overall height of rectangular HSS member, measured in the plane
of the connection, in. (mm); b = distance from face of plate to edge of rectangular HSS member, measured
90° to the plane of the connection, in. (mm); bs = width of flange, in. (mm); d = depth of section, in. (mm);
for tees, d = depth of the section from which the tee was cut, in. (mm); [ = length of connection, in. (mm);
t = design wall thickness of HSS member, in. (mm); t, = design thickness of plate, in. (mm); w = width of plate,
in. (mm); X = eccentricity of connection, in. (mm).
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where
Ay = area on the shear failure path, in.2 (mm?)
= 2t(a+dp/2)
a = shortest distance from the edge of the pin hole to the edge of the member

measured parallel to the direction of the force, in. (mm)

b, = distance from the edge of the hole to the edge of the part, measured in
the direction normal to the applied force, in. (mm), but not greater than
2t + 0.63, in. (= 2f + 16, mm)

dpin = diameter of pin, in. (mm)

t  =design thickness of plate, as defined in Section B4.2, in. (mm)

(d) For bearing on the projected area of the pin, Section J7 applies.

2. Dimensional Requirements
Pin-connected members shall meet the following requirements:
(a) The pin hole shall be located midway between the edges of the member in the
direction normal to the applied force.

(b) When the pin is expected to provide for relative movement between connected
parts while under full load, the diameter of the pin hole shall not be more than
Y6 in. (1.5 mm) greater than the diameter of the pin.

(c) The width of the plate at the pin hole shall not be less than twice the diameter of
the pin hole.

(d) The minimum extension, a, beyond the bearing end of the pin hole, parallel to
the axis of the member, shall not be less than 1.33b,.

(e) The end beyond the pin hole may be chamfered, filleted, or trimmed, provided
the net area beyond the pin hole, on a plane perpendicular to the cut, is not less
than that required beyond the pin hole parallel to the axis of the member.

(f) The design thickness of the plate shall be enough to satisfy the bearing strength
limits of the pin material given in Section J8.

User Note: The provisions for designing the pin are included in Section J8.
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CHAPTER E

DESIGN OF MEMBERS FOR COMPRESSION

This chapter addresses austenitic and duplex stainless steel members subject to axial com-

pression.

The chapter is organized as follows:

El.
E2.
E3.
E4.

ES.
E6.
E7.

General Provisions

Effective Length

Flexural Buckling of Members without Slender Elements

Torsional and Flexural-Torsional Buckling of Single Equal-Leg Angles and
Members without Slender Elements

Single Equal-Leg-Angle Compression Members without Slender Elements
Built-Up Members

Members with Slender Elements

User Note: For cases not included in this chapter, the following sections apply:

* H1
* H2

Members subject to combined axial compression and flexure
Members subject to combined axial compression, torsion, shear, and flexure

e J4.4 Compressive strength of connecting elements

User Note: The design of unequal-leg angles is outside the scope of this chapter due to
insufficient research and test data to substantiate torsional and flexural-torsional buckling
of these members.

E1l. GENERAL PROVISIONS

The design compressive strength, ¢.P,, and the allowable compressive strength,
P,/Q., are determined as follows.

The nominal compressive strength, P,,, shall be the lowest value obtained based on the
applicable limit states of flexural buckling, torsional buckling, and flexural-torsional
buckling.

0. =0.90 (LRFD) Q. =1.67 (ASD)

User Note: For columns with short unbraced lengths, Appendix 2 gives an alter-
native method for determining the compressive strength of austenitic or duplex

stainless steel I-shaped members, channels, angles, tees, HSS, and box-section
members that accounts for the beneficial effect of strain hardening.
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TABLE USER NOTE E1.1
Selection Table for the Application of
Chapter E Sections

Without Slender With Slender
Elements Elements
Cross Section
Sections in Limit Sections in Limit
Chapter E States Chapter E States
T E3 FB E7 LB
== E4 B FB
i B
B E3 FB E7 LB
=l E4 FTB FB
L FTB
L1 E3 FB E7 LB
FB

E3 FB E7 LB
FB

S E3 FB E7 LB
| E4 FTB FB
FTB

E6 E6
* * E3 FB E7 LB
E4 FTB FB

FTB

A ES FB N/A N/A
— FTB

. I E3 FB N/A N/A

FB = flexural buckling, TB = torsional buckling, FTB = flexural-torsional buckling, LB = local buckling,
N/A = not applicable
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E2.

E3.

EFFECTIVE LENGTH [Sect. E2.

EFFECTIVE LENGTH

The effective length, L., for calculation of member slenderness, L./r, shall be deter-
mined in accordance with Chapter C,

where
K = effective length factor
L. = effective length of member, in. (mm)
=KL
L = laterally unbraced length of the member, in. (mm)
r =radius of gyration, in. (mm)

User Note: For members designed on the basis of compression, the effective

slenderness ratio, L./r, preferably should not exceed 200.

User Note: The effective length, L., can be determined through methods other
than those using the effective length factor, K.

FLEXURAL BUCKLING OF MEMBERS WITHOUT
SLENDER ELEMENTS

This section applies to nonslender-element compression members, as defined in
Section B4.1, for elements in axial compression.

User Note: When the torsional effective length is larger than the lateral effective length,
Section E4 may control the design of wide-flange and similarly shaped columns.

The nominal compressive strength, P, shall be determined based on the limit state
of flexural buckling:
P,=F.A, (E3-1)

The critical stress, F,, is determined as follows:

2
F,
(a) When & <Bo £ or _yg(B_O)
r Fy T
(b) When By | = <X <562 | =
Fy r Fy

12 [Bi?ﬁ

L. E F
(¢) When =< >5.62 |— or —~>320
r Fy F,

For = B2Fe (E3-4)

e

Fer=Fy (E3-2)

2
F
or (B—Oj <—yss.2o}
T F,

o

F, (E3-3)
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E4.

where
Ag = gross area of member, in.2 (mm?)
E = modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic, and 29,000 ksi (200 000
MPa) for duplex stainless steel
F. = elastic buckling stress determined according to Equation E3-5 or
through an elastic buckling analysis, as applicable, ksi (MPa)
’E
= 3 (E3-5)
L.
)

Fy = specified minimum yield stress, which for cold-formed HSS, may
be replaced by Fy, 4 determined in accordance with Section B4.3,
ksi (MPa)

r = radius of gyration, in. (mm)

o, Bo, B1, B2 = flexural buckling coefficients determined from Table E3.1

User Note: The two inequalities for calculating the limits of applicability of
Sections E3(a) to E3(c), one based on L./r and one based on Fy/F, provide the
same result for flexural buckling.

TORSIONAL AND FLEXURAL-TORSIONAL BUCKLING OF
SINGLE EQUAL-LEG ANGLES AND MEMBERS WITHOUT
SLENDER ELEMENTS

This section applies to channels, tees, and single equal-leg angles; certain doubly
symmetric members, such as built-up members; and doubly symmetric members
when the torsional unbraced length exceeds the lateral unbraced length, all without
slender elements.

The nominal compressive strength, P, shall be determined based on the limit states
of torsional and flexural-torsional buckling:

Py=F A, (E4-1)

The critical stress, F,,, shall be determined according to Equations E3-2 through
E3-4 and curve A in Table E3.1, and, using the torsional or flexural-torsional elastic
buckling stress, F,, determined as follows:

(a) For doubly symmetric members twisting about the shear center

2
F,= [“ Efw + GJ] ! (E4-2)
L. I+1,

(b) For singly symmetric members twisting about the shear center where y is the axis

of symmetry
F _(Fey+Fezj L | AFaFeH (E4-3)
e (e eyler? i
2H (Foy +F..)?
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TORSIONAL AND FLEXURAL-TORSIONAL BUCKLING [Sect. E4.

Flexural Buckling Coefficients
Alloy
Member Type Family Curve o Bo B4 B2
Rolled or built-up I-shaped
sections buckling about Austenitic
the minor axis, and other and A 0.56 0.759 0.409 0.690
sections not specified in duplex
this table
Coled o pulap 12024 | pn
. <ing and B 0.58 0.891 0.455 0.820
the major axis, welded box dublex
sections, and round HSS P
Austenitic
Rectangular HSS and C 0.69 1.195 0.501 0.820
duplex

User Note: For singly symmetric members with the x-axis as the axis of sym-
metry, such as channels, Equation E4-3 is applicable with F,y replaced by Fy.

where
C, = warping constant, in.% (mm®)
2
Fo =— E2 (E4-4)
Ly
( Ty ]
T’EC, 1
Fe, = ( 5 +GJ]A — (E4-5)
Z glo
G = shear modulus of elasticity of stainless steel, ksi (MPa)
= 10,800 ksi (74 500 MPa) for austenitic, and 11,200 ksi (77 200 MPa)
for duplex stainless steel
H  =flexural constant
2
- -t : (E4-6)
r0
I, I, = moment of inertia about the principal axes, in4 (mm4)
J = torsional constant, in.* (mm*)
K, = effective length factor for flexural buckling about y-axis
K, = effective length factor for torsional buckling about the longitudinal axis
L., = effective length of member for buckling about y-axis, in. (mm)
=KL,
L., =effective length of member for buckling about longitudinal axis, in.
(mm)
=K,L,

Ly, L, = laterally unbraced length of the member for the y- and longitudinal
axes, in. (mm)
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ES.

7, = polar radius of gyration about the shear center, in. (mm)
I.+1,
o= X tyit—— (E4-7)
g
ry  =radius of gyration about x-axis, in. (mm)
ry  =radius of gyration about y-axis, in. (mm)

X, Yo = coordinates of the shear center with respect to the centroid, in. (mm)

User Note: For doubly symmetric I-shaped sections, C,, may be taken as
1 yh,,z / 4, where h, is the distance between flange centroids, in lieu of a more
precise analysis. For tees and double angles, the term with C,, may be omitted
when computing F;.

(c) For members with lateral bracing offset from the shear center, the elastic buck-
ling stress, F,, shall be determined by analysis.

SINGLE EQUAL-LEG ANGLE COMPRESSION MEMBERS
WITHOUT SLENDER ELEMENTS

The nominal compressive strength, P,, of single equal-leg angle members without
slender elements shall be the lowest value based on the limit states of flexural buck-
ling in accordance with Section E3 or flexural-torsional buckling in accordance with
Section E4.

The effects of eccentricity on single equal-leg angle members are permitted to be
neglected and the member evaluated as axially loaded using one of the effective
slenderness ratios specified in Section E5(a) or E5(b), provided that the following
requirements are met:

(1) Members are loaded at the ends in compression through the same one leg.

(2) Members are attached by welding or by connections with a minimum of two bolts.
(3) There are no intermediate transverse loads.

(4) L./r as determined in this section does not exceed 200.

Single equal-leg angle members that do not meet these requirements or the require-
ments described in Section E5(a) or (b) are outside the scope of this Specification.

(a) For equal-leg angles that are individual members or are web members of planar
trusses with adjacent web members attached to the same side of the gusset plate
or chord

L
(1) When — <80
.

a

£=72+0.75£ (E5-1)
r ¥
L
(2) When — >80
r(l
L 34105k (E5-2)
r ta
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Ee.

SINGLE EQUAL-LEG ANGLE COMPRESSION MEMBERS [Sect. ES.

(b) For equal-leg angles that are web members of box or space trusses with adjacent
web members attached to the same side of the gusset plate or chord

L
(1) When —<75
.

a

iz60+0.8£ (E5-3)
r Ta
L
(2) When —>75
ra
L _y4s. L (E5-4)
r Y

where
L =length of member between work points at truss chord centerlines, in. (mm)
L. = effective length of the member for buckling about the minor axis, in. (mm)
=KL
r, = radius of gyration about the geometric axis, in. (mm)

BUILT-UP MEMBERS

Compressive Strength

This section applies to singly and doubly symmetric built-up members composed of
two shapes interconnected by bolts or welds. The end connection shall be welded or
connected by means of pretensioned bolts.

User Note: It is acceptable to design a bolted end connection of a built-up com-
pression member for the full compressive load with bolts in bearing and bolt
design based on the shear strength; however, the bolts must be pretensioned. In
built-up compression members, such as double-angle struts in trusses, a small
relative slip between the elements can significantly reduce the compressive
strength of the strut. Therefore, the connection between the elements at the ends
of built-up members should be designed to resist slip.

The nominal compressive strength of singly and doubly symmetric built-up mem-
bers composed of two shapes that are interconnected by bolts or welds shall be
determined in accordance with Sections E3, E4, or E7, subject to the following modi-
fication. In lieu of more accurate analysis, if the buckling mode involves relative
deformations that produce shear forces in the connectors between individual shapes,
L./r is replaced by (LC / r)m, determined as follows:

(a) For intermediate connectors that are bolted snug-tight

2 2
(&j - (i) +(£) (E6-1)
r m r 0 I
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E7.

(b) For intermediate connectors that are welded or are connected by means of pre-
tensioned bolts with faying surfaces as specified in Table J3.4

()44
r m r o
2 2
GAETE e
r m r 0 n

L
(—C) = modified slenderness ratio of built-up member
r m
‘C

(1) When £<40

Ui

(2) When <> 40

Ui

where

direction being addressed
c = effective length of built-up member, in. (mm)
K; = 0.50 for angles back-to-back
= (.75 for channels back-to-back
= (.86 for all other cases
a = distance between connectors, in. (mm)
T = minimum radius of gyration of individual component, in. (mm)

L
(—) = slenderness ratio of built-up member acting as a unit in the buckling
o
L

Dimensional Requirements

Singly and doubly symmetric built-up members shall meet the following require-
ments:

(a) Individual components of compression members composed of two or more shapes
shall be connected to one another at intervals, a, such that the slenderness ratio,
alr;, of each of the component shapes between the fasteners does not exceed
three-fourths times the governing slenderness ratio of the built-up member. The
least radius of gyration, r;, shall be used in computing the slenderness ratio of
each component part.

(b) At the ends of built-up compression members bearing on base plates or finished
surfaces, all components in contact with one another shall be connected by a
weld having a length not less than the maximum width of the member or by bolts
spaced longitudinally not more than four diameters apart for a distance equal to
1.5 times the maximum width of the member.

For additional spacing requirements, see Section J3.5.

MEMBERS WITH SLENDER ELEMENTS

This section applies to slender-element compression members, as defined in Section
B4.1 for elements in axial compression, excluding single angles.
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The nominal compressive strength, P, shall be the lowest value based on the applicable
limit states of flexural buckling, torsional buckling, and flexural-torsional buckling in
interaction with local buckling:

Py=F.A, (E7-1)

where
A, = summation of the effective areas of the cross section based on reduced effec-
tive widths, b, d,, or h,, in.? (mm?)
F .= critical stress determined in accordance with Section E3 or E4, ksi (MPa)

User Note: The effective area, A,, may be determined by deducting from the gross
area, Ag, the reduction in area of each slender element determined as (b — b,)t.

User Note: Alternative design rules for slender-element compression members
with open cross sections, cold-formed to shape from annealed and cold-rolled
stainless steel sheet, strip, or plate of less than 1 in. (25 mm) are given in the AISC
Specification for the Design of Cold-Formed Stainless Steel Structural Members
(ASCE/SEI 8-21).

1. Slender Element Members Excluding Round HSS

(a) The effective width, b,, (for tee stems, this is d,; for webs, this is A,) for slender
elements is determined as follows:

Fy

(1) When A<A,

cr

b,=b (E7-2)

(2) When A >\, ;y

cr

[Fu ) [F,

b, =0.772b| 1-0.10, | =L | |=<L (E7-3)
FC" Fcr

where

F,; = elastic local buckling stress of the full cross section, or conservatively
determined according to Equation E7-4 for each individual element of
the cross section, ksi (MPa)

2

M—E(l) (E7-4)

12(1-v2)\ %

Fy = specified minimum yield stress, which for cold-formed square or rectan-
gular HSS, may be replaced by F), 4, determined in accordance with
Section B4.3, ksi (MPa)

b = width of the element (for tee stems this is d and for webs this is £, as defined
in Section B4.1), in. (mm)

k = plate buckling coefficient

= 0.425 for unstiffened elements in compression
=4.00 for stiffened elements in compression
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A = width-to-thickness ratio for the element as defined in Section B4.1
Ar = limiting width-to-thickness ratio as defined in Table B4.1a
v = Poisson’s ratio

=03

User Note: The Commentary on Appendix 1, Section 1.3, gives analytical
expressions for determining the elastic local buckling stress for the full cross
section of I-shaped sections and square and rectangular HSS. Alternatively,
the elastic buckling stress of the full cross section may be determined using
numerical methods.

(b) Alternatively, for cold-formed square and rectangular HSS, the effective width,
b,, is permitted to be determined as follows:

by

(1) When A< A,

cr

be=b (E7-5)

(2) When A > A, Fy

cr

ro=tf 1o [Fe | [ &)

cr

If Equations E7-5 and E7-6 are used to calculate b,, then the use of F 4, is not
permitted.

2. Round HSS

The effective area, A,, is determined as follows:

F,
(a) When A <A, =2
Ae=A, (E7-7)
F F
(b) When A, F—y <A<2.8A,—L
0.67, F, 2
A, :( x Fy +§jAg (E7-8)

where
D = outside diameter of round HSS, in. (mm)
F, = specified minimum yield stress, which for cold-formed round HSS, may be
replaced by Fy 4, determined in accordance with Section B4.3, ksi (MPa)
t = design wall thickness, as defined in Section B4.2, in. (mm)

n =2
t

A = limiting width-to-thickness ratio as defined in Table B4.1a
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CHAPTER F
DESIGN OF MEMBERS FOR FLEXURE

This chapter applies to austenitic and duplex stainless steel members subject to simple bend-
ing about one principal axis. For simple bending, the member is loaded in a plane parallel
to a principal axis that passes through the shear center or is restrained against twisting at
load points and supports.

The chapter is organized as follows:

F1.
F2.

F3.

F4.

F5.

Fo6.
F7.
F8.
F9.
F10.
F11.

General Provisions

Doubly Symmetric Compact I-Shaped Members and Channels Bent about Their
Major Axis

Doubly Symmetric I-Shaped Members and Channels with Compact Webs and
Noncompact or Slender Flanges Bent about Their Major Axis

Doubly Symmetric I-Shaped Members with Noncompact Webs Bent about
Their Major Axis

Double Symmetric I-Shaped Members with Slender Webs Bent about Their
Major Axis

I-Shaped Members and Channels Bent about Their Minor Axis

Square and Rectangular HSS and Box Sections

Round HSS

Solid Rectangular Shapes and Rounds

Other Shapes

Proportions of Beams and Girders

User Note: For cases not included in this chapter, the following provisions apply:
e Chapter G Design provisions for shear
* Sections HI-H3 Members subject to biaxial flexure or to combined flexure and

axial force

* Appendix 3 Members subject to fatigue

For guidance in determining the appropriate sections of this chapter to apply, Table User
Note F1.1 may be used.

User Note: The design of single angles in flexure is outside the scope of this chapter due
to insufficient research and test data to substantiate the design of these members.
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TABLE USER NOTE F1.1
Selection Table for the Application
of Chapter F Sections

Section in Cross Section Flange Web Limit
Chapter F Slenderness | Slenderness States
F2 -1 -1 (¢} C Y, LTB
F3 —t —1 NC, S C LTB, FLB
I CFY, LTB,
F4 C,NC, S NC FLB
N CFY, LTB,
ES C,NC, S S FLB
F6 C,NC, S C,NC, S s
ﬁ
Y, FLB,
F7 C,NC, S C,NC, S WLB
F8 G N/A N/A Y, LB
F9 ‘ I N/A N/A Y, LTB
F10 Other s_hapes, other N/A N/A All limit
than single angles states

applicable

Y =yielding, CFY = compression flange yielding, LTB = lateral-torsional buckling, FLB = flange local buckling,
WLB = web local buckling, LB = local buckling, C = compact, NC = noncompact, S = slender, N/A = not
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GENERAL PROVISIONS [Sect. F1.

GENERAL PROVISIONS

The design flexural strength, ¢;M,, and the allowable flexural strength, M,,/€2;, shall
be determined as follows:

(a) For all provisions in this chapter
0p = 0.90 (LRFD) Q,=1.67 (ASD)

and the nominal flexural strength, M, shall be determined according to Sections
F2 through F11.

User Note: Alternative design rules for slender-element flexural members
with open cross sections, cold-formed to shape from annealed and cold-rolled
stainless steel sheet, strip, or plate of less than 1 in. (25 mm) are given in the
ASCE Specification for the Design of Cold-Formed Stainless Steel Structural
Members (ASCE/SEI 8-21).

(b) The provisions in this chapter are based on the assumption that points of support
for beams and girders are restrained against rotation about their longitudinal axis.

(c) For singly symmetric members in single curvature and all doubly symmetric
members:

The lateral-torsional buckling modification factor, Cp, for nonuniform moment
diagrams when both ends of the segment are braced is determined as follows:

12.5M
Cp= e (F1-1)
2.5M o +3M 4 +4M g +3M ¢
where
Mqx = absolute value of maximum moment in the unbraced segment, kip-in.
(N-mm)

My, = absolute value of moment at one-quarter point of the unbraced seg-
ment, kip-in. (N-mm)

Mp = absolute value of moment at centerline of the unbraced segment, kip-
in. (N-mm)

Mc = absolute value of moment at three-quarter point of the unbraced seg-
ment, kip-in. (N-mm)

User Note: For doubly symmetric members with no transverse loading
between brace points, Equation F1-1 reduces to 1.0 for the case of equal end
moments of opposite sign (uniform moment), 2.27 for the case of equal end
moments of the same sign (reverse curvature bending), and to 1.67 when one
end moment equals zero. For singly symmetric members, a more detailed
analysis for Cj, is presented in the Commentary on the AISC Specification for
Structural Steel Buildings, hereafter referred as the 2016 AISC Specification.
The Commentary on the 2016 AISC Specification provides additional equa-
tions for Cj, that provide improved characterization of the effects of a variety
of member boundary conditions.
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For cantilevers where warping is prevented at the support and where the free end
is unbraced, C, = 1.0.

(d) In singly symmetric members subject to reverse curvature bending, the lateral-tor-
sional buckling strength shall be checked for both flanges. The available flexural
strength shall be greater than or equal to the maximum required moment causing
compression within the flange under consideration.

User Note: When applicable, Appendix 2 gives an alternative method for determin-
ing the flexural strength of austenitic and duplex stainless steel laterally restrained
I-shaped members, channels, angles, tees, HSS, and box-section members that
accounts for the beneficial effect of strain hardening.

F2. DOUBLY SYMMETRIC COMPACT I-SHAPED MEMBERS AND
CHANNELS BENT ABOUT THEIR MAJOR AXIS

This section applies to doubly symmetric I-shaped members and channels bent about
their major axis, having compact webs and compact flanges as defined in Section
B4.1 for flexure.

The nominal flexural strength, M, shall be the lower value obtained according to the
limit states of yielding (plastic moment) and lateral-torsional buckling.
1. Yielding
M,=M,=F,Z, (F2-1)

where
F, = specified minimum yield stress, ksi (MPa)
Z, = plastic section modulus taken about the x-axis, in.3 (mm?)

2. Lateral-Torsional Buckling

(a) When L, < L, the limit state of lateral-torsional buckling does not apply.
(b) When L, < L, <L,

M, =Cy\ M, —(m,— F.5.)| 2L <y F2-2
n—%b P ( 14 yx) L _L =Mp ( )
y P

(¢c) When Ly <L, <L,

L-L, "
M, =Cy| My —(M, - 030F,S,)| 2—2| |<M, (F2-3)
L—L,
(d) When Ly, > L,
M, = BLTFchx < Mp (F2-4)
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where
L, =length between points that are either braced against lateral displacement of the
compression flange or braced against twist of the cross section, in. (mm)
F., = critical stress, ksi (MPa)

2 2
G E \/1+0.078 Je (ﬁ] (F2-5)

2
Lb ris

Tis

X0

E modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic, and 29,000 ksi (200 000 MPa) for
duplex stainless steel
J = torsional constant, in.* (mm®)
M, = yield moment, Kip-in. (N-mm)
=F,S,
S, = elastic section modulus taken about the x-axis, in.> (mm?)

h, = distance between the flange centroids, in. (mm)

L,-L,
orr = 0.60-0.40 (F2-6)
Tty
Brr = elastic lateral-torsional buckling reduction coefficient determined from
Table F2.1

User Note: The square root term in Equation F2-5 may be conservatively taken
equal to 1.0.

L, the limiting laterally unbraced length for the limit state of yielding, in. (mm), is:

[E
L, =Bp.rrts = (F2-7)
)

L,, the laterally unbraced length required to achieve the yield moment, in. (mm), is:

2 2
F
L, =195, rns PEE [ e |1 I g 6] o (F2-8)
Fy tho tho I?)LTE

L,, the limiting unbraced length for the limit state of inelastic lateral-torsional buck-
ling, in. (mm), is:

2 2

0.30F

L 1955 Pk | Je ( Je j +6.76[ y) (F2-9)
030F, \[ Sy, \\Syh, BLrE

where
Bp.L1s By.Lr = lateral-torsional buckling coefficient determined from Table F2.1

JI1,C
2 = % (F2-10)
X

and the coefficient ¢ is determined as follows:
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TABLE F2.1
Lateral-Torsional Buckling Coefficients

Alloy Family Bur Bo.LT Byt
Austenitic 0.82 0.90 0.40
Duplex 0.86 1.10 0.50

(1) For doubly symmetric I-shapes

c=1 (F2-11a)
(2) For channels
1
c=to |1y (F2-11b)
2\C,

where
I, = moment of inertia about the y-axis, in.* (mm?)

Iyhy?
User Note: For doubly symmetric I-shapes with rectangular flanges, C,, =———,
and thus, Equation F2-10 becomes 4
Ih,
=
28

Note that r; may be approximated accurately and conservatively as the radius of
gyration of the compression flange plus one-sixth of the web:

by
12| 141 Pitw
6bftf

F3. DOUBLY SYMMETRIC I-SHAPED MEMBERS AND CHANNELS
WITH COMPACT WEBS AND NONCOMPACT OR SLENDER
FLANGES BENT ABOUT THEIR MAJOR AXIS

Is =

This section applies to doubly symmetric I-shaped members and channels bent about
their major axis having compact webs and noncompact or slender flanges as defined
in Section B4.1 for flexure.

The nominal flexural strength, M, shall be the lower value obtained according to
the limit states of lateral-torsional buckling and compression flange local buckling.
1. Lateral-Torsional Buckling

For lateral-torsional buckling, the provisions of Section F2.2 shall apply.
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DOUBLY SYMMETRIC I-SHAPED MEMBERS WITH COMPACT WEBS [Sect. F3.

Compression Flange Local Buckling

(a) For sections with noncompact flanges

A—A
M, =M, (M, —Fysx)(rfff] (F3-1)
7 P

(b) For sections with slender flanges

M, = F,S, (F3-2)

where

Sye = effective section modulus, in.3 (mm3), referred to the extreme compressive
fibers with respect to the neutral axis of the effective cross section determined
with the effective width, b,, of the compression flange taken as:

be =0.7726 1-0.10 | 2L | [Fel (F3-3)
Fy Fy

F,; = elastic local buckling stress of the full cross section, or conservatively deter-
mined for the compression flange according to Equation F3-4, ksi (MPa)

mE (1Y
= k—lz(l_vz)[z) (F3-4)

b =width of element; for flanges of I-shaped members, half the full flange
width, by ; for flanges of channels, the full nominal dimension of the flange,
in. (mm)

k = plate buckling coefficient

0.425 for the compression flange of I-shaped members and channels

R

Iy

ty = design thickness of the flange, as defined in Section B4.2, in. (mm)

Aps =Ap, the limiting width-to-thickness ratio for a compact flange, defined in
Table B4.1b

Ay = A, the limiting width-to-thickness ratio for a noncompact flange, defined in
Table B4.1b

User Note: The Commentary on Appendix 1, Section 1.3, gives analytical expres-
sions for determining the elastic local buckling stress for the full cross section of
I-shaped sections. Alternatively, the elastic buckling stress of the full cross sec-
tion may be determined using numerical methods.

DOUBLY SYMMETRIC I-SHAPED MEMBERS WITH NONCOMPACT
WEBS BENT ABOUT THEIR MAJOR AXIS

This section applies to doubly symmetric I-shaped members bent about their major
axis with noncompact webs, as defined in Section B4.1 for flexure.

The nominal flexural strength, M, shall be the lowest value obtained according to
the limit states of compression flange yielding, lateral-torsional buckling, and com-
pression flange local buckling.
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1. Compression Flange Yielding
M, =R,M, (F4-1)

where
M, = yield moment, Kip-in. (N-mm)
=FyS«
R, = web plastification factor, determined in accordance with Section F4.2
S, = elastic section modulus taken about the x-axis, in.> (mm?)

2. Lateral-Torsional Buckling

(a) When L, < L, the limit state of lateral-torsional buckling does not apply.
(b) When L, < L, <L,

L,—L
M, =c{M,, ~(M,- R, sx)[L — HSR,)My (F4-2)
y P

(¢c) When Ly <Ly<L,

I I orr

b - 5

M, =Cy| My —(M, - 0.30F, SX)(TJJ <R,M, (F4-3)
y

(d) When L, > L,
M, =BrrF.Sy <R,M, (F4-4)

where

o7 = lateral-torsional buckling coefficient determined by Equation F2-6

Brr = elastic lateral-torsional buckling reduction coefficient determined from
Table F2.1

F., = critical stress, determined by Equation F2-5, ksi (MPa)

L, = limiting laterally unbraced length for the limit state of yielding, determined
by Equation F2-7, in. (mm)

L, =limiting laterally unbraced length for the limit state of inelastic lateral-
torsional buckling, determined by Equation F2-9, in. (mm)

L, = laterally unbraced length required to achieve the yield moment, determined
by Equation F2-8, in. (mm)

The web plastification factor, R,, is determined as follows:

(1) When I,4/1, > 0.23
M M A=A M
R, = {—” —(—P - 1][—’”}1 <2 (F4-5a)
M, \M, Mo = Rpuy M,
(2) When I,4/1, < 0.23
R,=1.0 (F4-5b)
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DOUBLY SYMMETRIC I-SHAPED MEMBERS WITH NONCOMPACT WEBS [Sect. F4.

where

I,y =moment of inertia of the flange about the y-axis, in.4 (mm%)

M, =F,Z,

h = depth of web, as defined in Section B4.1b, in. (mm)

A =
Ly

Apw = Ap, the limiting width-to-thickness ratio for a compact web, given in Table
B4.1b

Amw = Ay, the limiting width-to-thickness ratio for a noncompact web, given in
Table B4.1b

Compression Flange Local Buckling

(a) For sections with compact flanges, the limit state of local buckling does not
apply.
(b) For sections with noncompact flanges

M, = RyMy (R, M, —Fysx)[%] (F4-6)
7 4

(c) For sections with slender flanges
M, = FySx, (F4-7)

where
Sye = effective section modulus referred to the extreme compressive fibers with
respect to the neutral axis of the effective cross section determined with the
effective width, b,, of the compression flange given by Equation F3-3, and
based on the elastic Equation F3-4, in.3 (mm?%)
R, = web plastification factor, determined by Equation F4-5a or F4-5b
by
- 2t f
Apr = Ap, the limiting width-to-thickness ratio for a compact flange, defined in
Table B4.1b
Ay = Ay, the limiting width-to-thickness ratio for a noncompact flange, defined in
Table B4.1b

DOUBLY SYMMETRIC I-SHAPED MEMBERS WITH SLENDER
WEBS BENT ABOUT THEIR MAJOR AXIS

This section applies to doubly symmetric I-shaped members with slender webs bent
about their major axis as defined in Section B4.1 for flexure.

The nominal flexural strength, M, shall be the lowest value obtained according to
the limit states of compression flange yielding, lateral-torsional buckling, and com-
pression flange local buckling.
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1. Compression Flange Yielding

M, = RygFy S, (F5-1)

2. Lateral-Torsional Buckling

(a) When L, < L,, the limit state of lateral-torsional buckling does not apply.
(b) When Ly < L, <L,

oLy
M, =CpR, | M M, -0.30F,S L= 1y <R, F,S F5-2
n = “bfpg y_( y— Y yx)L_ = Npglydx (F5-2)

r y
(c) When L, > L,
M, = BLTRngchx < Rngny (F5-3)

where

o= lateral-torsional buckling coefficient determined by Equation F2-6

Br = elastic lateral-torsional buckling reduction coefficient determined from Table
F2.1

F., = critical stress, determined by Equation F2-5

L, =laterally unbraced length required to achieve the yield moment, determined
by Equation F2-8

L, =limiting laterally unbraced length for the limit state of inelastic lateral-
torsional buckling, determined by Equation F2-9

R,, = bending strength reduction factor

ST RS P (F5-4)
6.75+2.12a,, \ Ay
where
ht,,
a, = ——<10.0 (F5-5)

brty
by = width of flange, in. (mm)
h = depth of web, as defined in Section B4.1b, in. (mm)
tr = design thickness of flange, as defined in Section B4.2, in. (mm)

t, = design thickness of web, as defined in Section B4.2, in. (mm)
h

A= —
Iy

Armw = Ay, the limiting width-to-thickness ratio for a noncompact web, de-
fined in Table B4.1b
3. Compression Flange Local Buckling

(a) For sections with compact or noncompact flanges, the limit state of compression
flange local buckling does not apply.
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(b) For sections with slender flanges
M, = RygFySye (F5-6)

where

R;, = bending strength reduction factor, determined by Equation F5-4

Sye = effective section modulus referred to the extreme compressive fibers with
respect to the neutral axis of the effective cross section determined with
the effective width, b, of the compression flange given by Equation F3-3,
and based on the elastic local buckling stress of the full cross section,
or conservatively determined for the compression flange according to
Equation F3-4, in.? (mm?)

F6. I-SHAPED MEMBERS AND CHANNELS BENT ABOUT THEIR
MINOR AXIS

This section applies to I-shaped members and channels bent about their minor axis.

The nominal flexural strength, M, shall be the lower value obtained according to
the limit states of yielding (plastic moment), flange local buckling, and web local
buckling.

1. Yielding
M,=M,=F,Z, (Fo-1)

where
Z, = plastic section modulus taken about the y-axis, in.3 (mm3)

2. Flange Local Buckling

The limit state of flange local buckling is only applicable to I-shaped members, and
channels bent with the flange tips in compression.

(a) For sections with compact flanges, the limit state of flange local buckling does
not apply.
(b) For sections with noncompact flanges

A=hpy
M, =M, -(M, -F, Syc)(—”f) (F6-2)

(c) For sections with slender flanges
M, =F\Sy. (F6-3)

where

Syc = elastic section modulus referred to the extreme compressive fibers, in.
(mm®)

Sye =effective section modulus refered to the extreme compressive fibers with
respect to the neutral axis of the effective cross section determined with the
effective width, b,, of the compression flange given by Equation F3-3, in.?
(mm?)

3
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F7.

b = width of element; for flanges of I-shaped members, half the full flange width,
by; for flanges of channels, the full nominal dimension of the flange, in.
(mm)

tr = design thickness of the flange, as defined in Section B4.2, in. (mm)

=
Ay = Ap, the limiting width-to-thickness ratio for a compact flange, defined in
Table B4.1b
Ay = Ay, the limiting width-to-thickness ratio for a noncompact flange, defined in
Table B4.1b
Web Local Buckling

The limit state of web local buckling is only applicable to channels bent with the flange

tips in tension.

(a) For channels with compact webs, the limit state of web local buckling does not
apply.

(b) For channels with noncompact webs

A=A
Mn:MP_(MP_FySyt)(ﬁ] (F6-4)
w — Mpw
(¢) For channels with slender webs when A, <A <1.5X,,,
M, = FySyt (F6-5)
where
Sy = elastic section modulus referred to the extreme tensile fibers, in.? (mm?)
h
A o=—
Iy

h = depth of web, as defined in Section B4.1b, in. (mm)

t, = design thickness of the web, as defined in Section B4.2, in. (mm)

Apw = Ap, the limiting width-to-thickness ratio for a compact web, defined in Table
B4.1b

Arw = Ar, the limiting width-to-thickness ratio for a noncompact web, defined in
Table B4.1b

SQUARE AND RECTANGULAR HSS AND BOX SECTIONS

This section applies to square and rectangular HSS and doubly symmetric box sec-
tions with /b < 3 bent about either axis, having compact, noncompact, or slender
webs or flanges, as defined in Section B4.1 for flexure.

The nominal flexural strength, M, shall be the lowest value obtained according to
the limit states of yielding (plastic moment), flange local buckling, and web local
buckling under pure flexure.
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User Note: In most practical cases, rectangular HSS and box sections with
h/b < 3 will not be susceptible to lateral-torsional buckling. For longer lengths,
beam deflection is likely to be critical.

1. Yielding
M,=M,=F,Z (F7-1)

where
F, = specified minimum yield stress, which for cold-formed square or rectangular
HSS, may be replaced by F 4, determined in accordance with Section B4.3,
ksi (MPa)
Z = plastic section modulus about the axis of bending, in.> (mm?)

2. Flange Local Buckling

(a) For compact sections, the limit state of flange local buckling does not apply.

(b) For sections with noncompact flanges

M, = M, — (M, - FVS)[MJ <M, (F7-2)
N

(c) For sections with slender flanges
M, =F,S, (F7-3)

where

S = elastic section modulus about the axis of bending, in.? (mm?)

S, =effective section modulus referred to the extreme compressive fiber with respect
to the neutral axis of the effective cross section determined with the effec-
tive width, b,, of the compression flange given by Equation F3-3, and based
on the elastic local buckling stress of the full cross section, or conservatively
determined for the compression flange according to Equation F3-4, in.?
(mm?)

b

t

b = wthh of compression flange as defined in Section B4.1b, in. (mm)

tr = design thickness of the flange, as defined in Section B4.2, in. (mm)

Apr = Ap, the limiting width-to-thickness ratio for a compact flange, defined in
Table B4.1b

Ay = Ar, the limiting width-to-thickness ratio for a noncompact flange, defined in
Table B4.1b

User Note: The Commentary on Appendix 1, Section 1.3, gives analytical expres-
sions for determining the elastic local buckling stress for the full cross section of
square and rectangular HSS and box sections. Alternatively, the elastic buckling
stress of the full cross section may be determined using numerical methods.
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F8.

Alternatively, for cold-formed square and rectangular HSS, it is permitted to calcu-
late the effective section modulus, S,, based on the effective width of the compres-
sion flange, b,, given by Equation F7-4. However, if Equation F7-4 is used, then the
use of F) 4, when calculating b, or M), is not permitted.

be=b| 1-022 [Tl | [Tt o (F7-4)
F, )\ F,

(a) For compact sections, the limit state of web local buckling does not apply.

Web Local Buckling

(b) For sections with noncompact webs

M, =M, - (M, -F,S )[%] <M, (F7-5)
w— Apw
(c) For sections with slender webs
(1) Compression flange yielding
M, = R,F\S (F7-6)
(2) Compression flange local buckling
My, = RygF\S. (F7-7)

where
Ry, = bending strength reduction factor, determined by Equation F5-4 with
ay = 2ht,,/(bty)
S, = effective section modulus, as defined in Section F7.2
h = depth of web, as defined in Section B4.1b, in. (mm)
t, = design thickness of the web, as defined in Section B4.2, in. (mm)

v =
Ly
kpw = hp, the limiting width-to-thickness ratio for a compact web, defined in Table
B4.1b
A = Ay, the limiting width-to-thickness ratio for a noncompact web, defined in
Table B4.1b
ROUND HSS

This section applies to compact and noncompact round HSS, as defined in Table
B4.1b.

The nominal flexural strength, M, shall be the lower value obtained according to the
limit states of yielding (plastic moment) and local buckling.

Yielding
M,=M,=F,Z (F8-1)
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2. Local Buckling

(a) For compact sections, the limit state of flange local buckling does not apply.

(b) For noncompact sections

M, = (M + 1)FyS (F8-2)
A

where

A==
t

D = outside diameter of round HSS, in. (mm)
t =design wall thickness of HSS member, as defined in Section B4.2, in. (mm)
A = limiting width-to-thickness ratio as defined in Table B4.1b

F9. SOLID RECTANGULAR SHAPES AND ROUNDS

This section applies to solid rectangular shapes bent about either geometric axis, and
rounds.

The nominal flexural strength, M, shall be the lower value obtained according to the
limit states of yielding (plastic moment) and lateral-torsional buckling.
1. Yielding
For solid rectangular shapes and rounds
M,=M,=F,Z (F9-1)

2. Lateral-Torsional Buckling

L E
(a) For solid rectangular shapes with Ld < 0.306
12

bent about their major axis,

¥y
solid rectangular shapes bent about their minor axis, and rounds, the limit state

of lateral-torsional buckling does not apply.

0.306E L,d _2.00E
<——<
F.

(b) For solid rectangular shapes with
axis Y

> bent about their major
t F,

M, C;,{161—036(Lbd) E}M <M, (F9-2)
t

where
Lj, = length between points that are either braced against lateral displacement
of the compression region, or between points braced to prevent twist of
the cross section, in. (mm)
d = depth of solid rectangular shape, in. (mm)
t = width of rectangular bar parallel to axis of bending, in. (mm)

d 2.00E . . .
(c) For solid rectangular shapes with b — > bent about their major axis
y
M,=F, S <M, (F9-3)
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where
_L78EC,
Fcr - Lb—d (F9—4)
7

F10. OTHER SHAPES

This section applies to other doubly and singly symmetric shapes, such as singly
symmetric I-shaped members and tees, and all unsymmetrical shapes except single
angles, all without slender elements.

User Note: Design rules for cold-formed stainless steel flexural members with
slender elements are given in the ASCE Specification for the Design of Cold-
Formed Stainless Steel Structural Members (ASCE/SEI 8-21).

The nominal flexural strength, M, shall be the lowest value obtained according to
the limit states of yielding (yield moment) and lateral-torsional buckling.

1. Yielding
My, = FySpin (F10-1)
where
Smin = minimum elastic section modulus relative to the axis of bending, in.3 (mm3)
2. Lateral-Torsional Buckling
(a) When L, < Ly, the limit state of lateral-torsional buckling does not apply.

(b) When L, <L, <L,

L-L,
L—L,

orr
M,y = Cp| FySpin = (FySmin —O.30FySm,-n)( j <FySpin  (F10-2)

(c) When L, > L,
M, = 0.82F,Spmin < FySpin (F10-3)

where

F., = lateral-torsional buckling stress for the section as determined by analysis,
ksi (MPa)

L, =limiting laterally unbraced length for the limit state of inelastic lateral-
torsional buckling, determined as the length at which F,, = 0.37F), in. (mm)

L, = laterally unbraced length required to achieve the yield moment, determined
as 0.4 times the length at which F, = 1.22F,, in. (mm)

o7 = lateral-torsional buckling coefficient determined by Equation F2-6
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F11. PROPORTIONS OF BEAMS AND GIRDERS

1.

Strength Reductions for Members with Holes in the Tension Flange

This section applies to rolled or built-up shapes with bolt holes, proportioned on the
basis of flexural strength of the gross section.

In addition to the limit states specified in other sections of this Chapter, the nominal
flexural strength, M, shall be limited according to the limit state of tensile rupture
of the tension flange.

(a) When F,Ag, = FyAg,, the limit state of tensile rupture does not apply.

(b) When F Ay, < FyAg, the nominal flexural strength, M, at the location of the bolt
holes in the tension flange shall not be taken greater than

FuAfn

M, =
A

A\ (F11-1)
where
Ag, = gross area of tension flange, calculated in accordance with the provisions of
Section B4.4a, in.2 (mm?)
Ag, = net area of tension flange, calculated in accordance with the provisions of
Section B4.4b, in.2 (mm?)
F,, = specified minimum tensile strength, ksi (MPa)
S, = minimum elastic section modulus taken about the x-axis, in.> (mm?)

Built-Up Beams

Where two or more beams or channels are used side by side to form a flexural member,
they shall be connected together in compliance with Section E6.2. When concen-
trated loads are carried from one beam to another or distributed between the beams,
diaphragms having sufficient stiffness to distribute the load shall be welded or bolted
between the beams.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



67

CHAPTER G

DESIGN OF MEMBERS FOR SHEAR
AND TORSION

This chapter addresses austenitic and duplex stainless steel singly or doubly symmetric
members subject to shear in the plane of the web or in the weak direction, austenitic and
duplex stainless steel HSS and box sections subject to shear, and austenitic and duplex stain-
less steel doubly symmetric I-shaped members, channels, HSS, and box sections subject to
torsion only.

The chapter is organized as follows:
Gl. General Provisions
G2. I-Shaped Members and Channels Subject to Major-Axis Shear
G3. Rectangular HSS and Box Sections Subject to Shear
G4. Round HSS Subject to Shear
G5. Doubly Symmetric I-Shaped Members and Channels Subject to Minor-Axis
Shear
G6. Other Singly or Doubly Symmetric Shapes Subject to Shear
G7. Beams and Girders with Web Openings Subject to Shear
G8. Round and Rectangular HSS and Box Sections Subject to Torsion
G9. Doubly Symmetric I-Shaped Members and Channels Subject to Torsion

User Note: For cases not included in this chapter, the following sections apply:
° J4.2 Shear strength of connecting elements
* J11.6 Web panel-zone shear

User Note: Single angles subject to shear are outside the scope of this chapter due to
insufficient research and test data. Angles, tees, and singly symmetric I-shaped members
subject to torsion are also not included.

G1. GENERAL PROVISIONS

(a) The design shear strength, ¢, V,,, and the allowable shear strength, V,,/Q,, shall be
determined as follows:

(1) For the provisions in Sections G2 through G6
0, =0.90 (LRFD) Q,=1.67 (ASD)

(2) The nominal shear strength, V;,, shall be determined according to Sections
G2 through G6.
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(b) The design torsional strength, ¢77,,, and the allowable torsional strength, 7,,/Q7,
shall be determined as follows:

(1) For the provisions in Sections G8 and G9
o7 =0.90 (LRFD) Qr=1.67 (ASD)

(2) The nominal torsional strength, T}, shall be determined according to Sections
G8 and G9Y.

G2. I-SHAPED MEMBERS AND CHANNELS SUBJECT TO
MAJOR-AXIS SHEAR

Two methods of calculating shear strength are presented. The method in Section G2.1
utilizes post-buckling strength without considering tension field action. It is appli-
cable for webs with and without stiffeners. The method presented in Section G2.2 is
applicable to webs with stiffeners and utilizes post-buckling strength as modeled by
tension field action.

1. Shear Strength of Webs without Tension Field Action
The nominal shear strength, V,, is:
Vi =0.6FyA,,Cyy (G2-1)

where
A,, = area of web, the overall depth times the web design thickness, dt,,, in.2 (mmz)
F, = specified minimum yield stress, ksi (MPa)

(a) The web shear strength coefficient, C,y, is determined as follows:

(1) When A <0.59,/k,E/F,

C1=12 (G2-2)

(2) When A >0.59,/k,E/F,

155 /k,E/F,

Cy = LSSJKEIE, (G2-3)
0.7 Jk,E/ Fy +A

where

E = modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic, and 29,000 ksi (200 000 MPa)
for duplex stainless steel
A= —
Ly
h = for rolled I-shaped members, the clear distance between flanges less the
fillet at each flange, in. (mm)
= for built-up welded sections or members, the clear distance between flanges,
in. (mm)
= for built-up bolted members, the distance between fastener lines, in. (mm)
t,, = design thickness of web, as defined in Section B4.2, in. (mm)
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(b) The web plate shear buckling coefficient, k,, is determined as follows:

(1) For webs without transverse stiffeners
k,=5.34

(2) For webs with transverse stiffeners

ky=5+ Lz (G2-4)
(a/h)
=534 when a/h > 3.0
where

a = clear distance between transverse stiffeners, in. (mm)

2. Shear Strength of Interior Web Panels with a/h < 3 Considering
Tension Field Action

The nominal shear strength, V,, is determined as follows:
(a) When A <0.65,/k,E/F,

V,=0.6C\oF\A,, (G2-5)
(b) When 4> 0.65,/k,E/F,

(1) When 2A,/(Ag + Az )<2.5, hfbr <6.0, and h/by <6.0

1-C
Vo =0.6F,A,| Cop + —22 (G2-6)
1.15\1+(a/h)
(2) Otherwise
1-Cy»
V,=0.6F,A,|Cyp+ v (G2-7)
1.15[a/h+,/1+(a/h)2}
where
the web shear buckling coefficient, C,;, is determined as follows:
(i) When A<0.33,/k,E/F,
Co=12 (G2-8)
(ii) When 0.331/kVE/Fy <A< 0.97kaE/Fy
A
Cn=12-0.62| ———-0.33 (G2-9)
JkE/F,
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I-SHAPED MEMBERS AND CHANNELS SUBJECT TO MAJOR-AXIS SHEAR [Sect. G2.

(iii) When 0.97,/k,E/F,, <A <2.68,/k,E/F,

502,k,E/Fy -

v2 = (G2-10)
1.62,/k,E/F, +3.55\
(iv) When A >2.68,/k,E/F,
1.51k,E
Cp=——"2" G2-11
2 A°F, ( )

Ay, = area of compression flange, in.2 (mm?)
Ay, = area of tension flange, in.2 (mmz)

bs. = width of compression flange, in. (mm)
by = width of tension flange, in. (mm)

ky 1s as defined in Section G2.1

h
A= —

Ly
The nominal shear strength is permitted to be taken as the larger of the values from
Sections G2.1 and G2.2.

User Note: Section G2.1 may predict a higher strength for members that do not
meet the requirements of Section G2.2(b)(1).

Transverse Stiffeners
For transverse stiffeners, the following shall apply.

(a) Transverse stiffeners are not required where A <2.46, IE/ F, , or where the avail-
able shear strength provided in accordance with Section G2.1 for k, = 5.34 is
greater than the required shear strength.

(b) Transverse stiffeners are permitted to be stopped short of the tension flange, pro-
vided bearing is not needed to transmit a concentrated load or reaction. The weld
by which transverse stiffeners are attached to the web shall be terminated not less
than four times nor more than six times the web thickness from the near toe of
the web-to-flange weld or web-to-flange fillet. When single stiffeners are used,
they shall be attached to the compression flange to resist any uplift tendency due
to torsion in the flange.

(c) Bolts connecting stiffeners to the girder web shall be spaced not more than 12
in. (300 mm) on center. If intermittent fillet welds are used, the clear distance
between welds shall not be more than 16 times the web thickness nor more than
10 in. (250 mm).

E

(@) (p/t), <041 (G2-12)

yst

(e) Ist 2 IstZ + (]stl - IstZ)pw (G2-13)
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where
Fys = specified minimum yield stress of the stiffener material, ksi (MPa)
Iy = moment of inertia of the transverse stiffeners about an axis in the web

center for stiffener pairs, or about the face in contact with the web plate
for single stiffeners, in.* (mm%)

Iy =minimum moment of inertia of the transverse stiffeners required for
development of the full shear post-buckling resistance of the stiffened
web panels, V, =V, in? (mm4)

4013 (F 19
= hﬂ _w (G2-14)
40 E
Fy,, = specified minimum yield stress of the web material, ksi (MPa)
Iy, =minimum moment of inertia of the transverse stiffeners required for
development of the web shear buckling resistance, V, = Vo, in.* (mm*)
2.5 3 3
=|l—- 2 |bpty, 20.5b,t5, (G2-15)
(a/h)
V.1 = available shear strength calculated with V,, as defined in Section G2.1 or

G2.2, as applicable, kips (N)
V.2 =available shear strength, kips (N), calculated with V,, = 0.6F\A,,C,»
vV = required shear strength in the panel being considered, kips (N)
by = smaller of the dimension a and £, in. (mm)
(b/ t)st = width-to-thickness ratio of the stiffener
ps = larger of F,,,/Fy, and 1.0

Vr - VcZ

Vcl - Vc2
side of the transverse stiffener

Py  =maximum shear ratio, ( jz 0, within the web panels on each

User Note: /;; may conservatively be taken as Iy. Equation G2-15 provides
the minimum stiffener moment of inertia required to attain the web shear post-
buckling resistance according to Sections G2.1 and G2.2, as applicable. If less
post-buckling shear strength is required, Equation G2-13 provides a linear inter-
polation between the minimum moment of inertia required to develop web shear
buckling and that required to develop the web shear post-buckling strength.

G3. RECTANGULAR HSS AND BOX SECTIONS SUBJECT TO SHEAR

The nominal shear strength, V,,, of rectangular HSS and box section members shall
be determined as:

V,, = 0.6FyA,,Cy2 (G3-1)
where
A, =2ht, in.2 (mm?)

C,» = web shear buckling coefficient, as defined in Section G2.2, with A = i/t and
k,=5
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h = width resisting the shear force, taken as the clear distance between the flanges
less the inside corner radius on each side for HSS or the clear distance
between flanges for box sections, in. (mm). If the corner radius is not known,
h shall be taken as the corresponding outside dimension minus 3 times the
thickness.

t = design wall thickness, as defined in Section B4.2, in. (mm)

G4. ROUND HSS SUBJECT TO SHEAR
The nominal shear strength, V,, of round HSS, shall be determined as:

Vi =0.6C,FyA,/2 (G4-1)
where
Ag = gross area of member, in.2 (mm?)
Fy = specified minimum yield stress, ksi (MPa)

The shear buckling strength coefficient, C,, is determined as follows:
(a) When % <4210
C,=Cyy (G4-2)

(b) When % > 4210
Cy=CyL (G4-3)

where
D = outside diameter, in. (mm)
L, = distance from the point of maximum shear force to the point of zero shear
force, in. (mm)

D
r==
t

(1) The shear buckling strength coefficient, Cyyy, is determined as follows:

E/Fy 0.80
JLV/DJ

Cy=1.0 (G4-4)

E/F 0.80 E/F 0.80
(i) When 0.32[—”] <A< 4.65[—y)

(i) When A< 0.32[

JL,/D JL,/D

[ 1.25
Com =1-0.61{ 047 L”/i—o.m (G4-5)
E[F,
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GS.

G6.

(iii)) When A > 4.65(

E/Fy 0.80
JL./D J

2.67E

(2) The shear buckling strength coefficient, C,y, is determined as follows:
(i) When A<0.24(E/F,)""
Cpr=10 (G4-7)
(i) When 024(E/F,)"" << 223(E/F,)™

xl.SO
Cy, =1-0.61/0.68 |———0.23 (G4-8)
E/F,

(ii)) When % >223(E/F,)""

1.30F

Cor = 2150 F,

(G4-9)

DOUBLY SYMMETRIC I-SHAPED MEMBERS AND CHANNELS
SUBJECT TO MINOR-AXIS SHEAR

For doubly symmetric I-shaped members and channels loaded in the minor axis
without torsion, the nominal shear strength, V,, for each shear resisting element is:

Vi = 0.6F,bytyCy2 (G5-1)

where
C\»> = web shear buckling coefficient, as defined in Section G2.2 with A = by/2t;
for I-shaped members, or A = byltr for channels, and k, = 1.2
by = width of flange, in. (mm)
tr = design thickness of flange, as defined in Section B4.2, in. (mm)

OTHER SINGLY OR DOUBLY SYMMETRIC SHAPES
SUBJECT TO SHEAR

The nominal shear strength, V,,, of other singly or doubly symmetric shapes shall be
determined as:

V= 0.6C,oFyA,, (G6-1)

where
A,, = area of element or elements resisting the shear force, taken as the sum of the
overall depth times the element design thickness, in.? (mm?)
C,»> = web shear buckling coefficient, as defined in Section G2.2, with A = d/t and
k, =5 for stiffened elements and &, = 1.2 for unstiffened elements
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d = width of element resisting the shear force, in. (mm)
= for built-up welded sections or members, the clear distance between flanges,
h, in. (mm)
= for built-up bolted members, the distance between fastener lines, £, in. (mm)
= for tee sections, depth of tee stem, b, in. (mm)
t = element design thickness, as defined in Section B4.2, in. (mm)

G7. BEAMS AND GIRDERS WITH WEB OPENINGS
SUBJECT TO SHEAR

The effect of all web openings on the shear strength of beams shall be determined.
Reinforcement shall be provided when the required strength exceeds the available
strength of the member at the opening.

G8. ROUND AND RECTANGULAR HSS AND BOX SECTIONS
SUBJECT TO TORSION

The nominal torsional strength, 7}, of round and rectangular HSS, according to the
limit states of torsional yielding and torsional buckling, shall be determined as follows:

T, = 0.6CC,F,y (G8-1)

where
C = HSS torsional constant, in.> (mm?)

User Note: The torsional constant, C, may be conservatively taken as:

4_pt D—1)t
For round HSS: C = D" - D7) = Tt( )
32D /2 2

For rectangular HSS: C=2(B—t)(H — 1)t —4.5(4 - )13

1. Round HSS

The shear buckling strength coefficient, C,, is determined as follows:

L
(a) When =< 421N
C,=Cuy (G8-2)

(b) When % > 421N
C,=Cyr (G8-3)

where
D = outside diameter, in. (mm)
L =length of member, in. (mm)
t =design thickness, as defined in Section B4.2, in. (mm)
D

e
t
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(1) Cyp is determined as follows:

E /Fy 0.80
)

Cm=1.0 (G8-4)

E/F 0.80 E/F 0.80
(ii) When 0.26[#] <xs3.77( Y J

L/D JL/p

1.25
Comt = 1—0.61[0.54 /—VLE/?;‘ —0.23} (G8-5)
:

(i) When A SO.26(

EJF 0.80
(iii)) When A >3.77 J
JL/D
c 2.05E 8.6
vM = /L/DXI'ZSF}, (G8-6)
(2) C,p is determined as follows:
(i) When A<0.20(E/F,)"
Cpr=10 (G8-7)

(i) When 020(E/F, )" <% <187(E/F,)""

kl.SO
C,. =1-061/077, | ——-023 (G8-8)
EJF,

(i) When A>1.87(E/F,)""
E
Ci= PETS (G8-9)
2. Rectangular HSS and Box Sections
The shear buckling strength coefficient, C,, is determined as follows:
(a) When A<0.74,/E/F,
C,=12 (G8-10)
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G9.

ROUND AND RECTANGULAR HSS AND BOX SECTIONS [Sect. G8.

(b) When 0.74/E/F, <A<2.17,[E[F,

C, =1.2—0.28[L—0.74] (G8-11)

JE/F,
(¢c) When 2.17,/E/F, <A <5.99,[E/F,

1123JE/ Fy = &

L= (G8-12)
3.62\E/ Fy +3.55\
(d) When A >5.991/E/Fy
C. = 7.56E
v ?nsz (G8-13)
where
7\, = ﬁ

t

h = flat width of longer side, as defined in Section B4.1b(d), in. (mm)

t = design thickness, as defined in Section B4.2, corresponding to the longer side,
in. (mm)

DOUBLY SYMMETRIC I-SHAPED MEMBERS AND CHANNELS
SUBJECT TO TORSION

The nominal torsional strength, 7,, of doubly symmetric I-shaped members and
channels shall be the lowest value obtained according to the limit states of yielding
under normal stress, shear yielding under shear stress, or buckling, determined as
follows:

(a) For the limit state of yielding under normal stress

F,=F, (G9-1)
(b) For the limit state of shear yielding under shear stress
F,=0.6F, (G9-2)
(c) For the limit state of buckling
Fp,=F, (G9-3)

where
F., = buckling stress for the section as determined by analysis, ksi (MPa)
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CHAPTERH

DESIGN OF MEMBERS FOR
COMBINED FORCES

This chapter addresses austenitic and duplex stainless steel doubly symmetric I-shaped mem-
bers, channels, HSS, and box sections subject to axial force and flexure about one or both
axes, with or without torsion.

The chapter is organized as follows:

H1. Doubly Symmetric I-Shaped Members, Channels, HSS, and Box Sections
Subject to Flexure and Axial Force

H2. Doubly Symmetric I-Shaped Members, Channels, HSS, and Box Sections
Subject to Combined Torsion, Flexure, Shear, and/or Axial Force

H3. Rupture of Flanges with Holes Subject to Tension

User Note: When applicable, Appendix 2 gives an alternative method that accounts
for the beneficial effect of strain hardening when determining the strength of laterally
restrained [-shaped, HSS, and box-section members made of austenitic or duplex stain-
less steel subject to axial force and flexure about one or both axes.

User Note: The design of tees, single equal-leg angles, and double angles used in com-
pression when other forces are present is outside the scope of this chapter.

H1. DOUBLY SYMMETRIC I-SHAPED MEMBERS, CHANNELS,
HSS, AND BOX SECTIONS SUBJECT TO FLEXURE AND
AXTAL FORCE

1. Doubly Symmetric I-Shaped Members, Channels, HSS, and Box
Sections Subject to Flexure and Compression

The interaction of flexure and compression in doubly symmetric members and channels
constrained to bend about a geometric axis (x and/or y) shall be limited by Equations
H1-1a and H1-1b.

P,
(a) When — >0.2

P.
ﬁﬁ[&

ﬂ -
+ <1.0 (H1-1a2)
F. 9\ M

<y
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P
(b) When Fr <0.2

c

P (Mn
2P (M

M, ]
+—|<1.0 (H1-1b)
cy
where
P, =required compressive strength, determined in accordance with Chapter C,
using LRFD or ASD load combinations, kips (N)
P, = available compressive strength, ¢P, or P,/Q, determined in accordance with
Chapter E, kips (N)
M, = required flexural strength, determined in accordance with Chapter C, using
LRFD or ASD load combinations, kip-in. (N-mm)
M, = available flexural strength, M, or M,/Q, determined in accordance with
Chapter F, kip-in. (N-mm)
x = subscript relating symbol to major-axis bending
y = subscript relating symbol to minor-axis bending

2. Doubly Symmetric I-Shaped Members, Channels, HSS, and Box
Sections Subject to Flexure and Tension

The interaction of flexure and tension in doubly symmetric members and channels
constrained to bend about a geometric axis (x and/or y) shall be limited by Equations
Hl1-1a and H1-1b,

where
P, =required tensile strength, determined in accordance with Chapter C, using
LRFD or ASD load combinations, kips (N)
P. = available tensile strength, ¢P, or P,/€2, determined in accordance with Chap-
ter D, kips (N)

For doubly symmetric members, Cp, in Chapter F is permitted to be multiplied by

1+ oFy when axial tension acts concurrently with flexure,

ey

where
2
n°El,

Py = z (H1-2)
o = 1.0 (LRFD)

=1.6 (ASD)

E = modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic, and 29,000 ksi (200 000 MPa) for
duplex stainless steel
I, =moment of inertia about the y-axis, in.* (mm®*)
L, = length between points that are either braced against lateral displacement of
the compression flange or braced to prevent twist of the cross section, in.
(mm)
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H2.

H3.

DOUBLY SYMMETRIC I-SHAPED MEMBERS, CHANNELS,
HSS, AND BOX SECTIONS SUBJECT TO COMBINED TORSION,
FLEXURE, SHEAR, AND/OR AXIAL FORCE

HSS and Box Sections Subject to Combined Torsion, Shear,
Flexure, and Axial Force

When the required torsional strength, T}, is less than or equal to 20% of the available
torsional strength, 7, the interaction of torsion, shear, flexure, and/or axial force for
HSS and box sections may be determined by Section H1 and the torsional effects
may be neglected. When T, exceeds 20% of T,, the interaction of torsion, shear,
flexure, and/or axial force shall be limited, at the point of consideration, by

2
(£+M’J+[&+£] <1.0 (H2-1)
P’C MC C C

where

M, = required flexural strength, determined in accordance with Chapter C, using
LRFD or ASD load combinations, kip-in. (N-mm)

M, = available flexural strength, ¢,M,, or M,/Q}, determined in accordance with
Chapter F, kip-in. (N-mm)

P, =required axial strength, determined in accordance with Chapter C, using
LRFD or ASD load combinations, kips (N)

P. = available tensile or compressive strength, ¢P,, or P,/€2, determined in accor-
dance with Chapter D or E, kips (N)

T, =required torsional strength, determined in accordance with Chapter C, using
LRFD or ASD load combinations, kip-in. (N-mm)

T. = available torsional strength, ¢77,, or T,/Qr, determined in accordance with
Section G8, kip-in. (N-mm)

V, =required shear strength, determined in accordance with Chapter C, using
LRFD or ASD load combinations, kips (N)

V. =available shear strength, ¢,V, or V,/Q,, determined in accordance with
Chapter G, kips (N)

Doubly Symmetric I-Shaped Members and Channels Subject to
Combined Stress

The available strength of doubly symmetric I-shaped members and channels subject
to torsion combined with shear, flexure, and/or axial force shall be the lowest value
determined in accordance with Section G9 for the limit states of yielding under
normal stress, shear yielding under shear stress, or buckling.

RUPTURE OF FLANGES WITH HOLES SUBJECT TO TENSION

At locations of bolt holes in flanges subject to tension under combined axial force
and major axis flexure, flange tensile rupture strength shall be limited by Equation
H3-1. Each flange subject to tension due to axial force and flexure shall be checked
separately.

P M

—+—2<1.0 (H3-1)

c ML‘.X
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where

P, =required axial strength of the member at the location of the bolt holes,
determined in accordance with Chapter C, using LRFD or ASD load com-
binations, positive in tension, kips (N)

P. =available axial strength for the limit state of tensile rupture of the net section
at the location of bolt holes, ¢,P, or P,/Q;, determined in accordance with
Section D2(b), kips (N)

M, =required flexural strength at the location of the bolt holes, determined in
accordance with Chapter C, using LRFD or ASD load combinations, posi-
tive for tension in the flange under consideration, kip-in. (N-mm)

M, = available flexural strength about x-axis for the limit state of tensile rupture
of the flange, ¢»M,, or M,,/€2}, determined in accordance with Section F11.1.
When the limit state of tensile rupture in flexure does not apply, use the
plastic moment, M), determined with bolt holes not taken into consider-
ation, kip-in. (N-mm)
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CHAPTER |
DESIGN OF COMPOSITE MEMBERS

The design of composite members is permitted by rational analysis subject to approval by
the authority having jurisdiction.

User Note: Discussion of some aspects of the design of composite structural stainless
steel and structural concrete members is given in the Commentary.
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CHAPTER J
DESIGN OF CONNECTIONS

This chapter addresses connecting elements, connectors, and the affected elements of con-
nected austenitic and duplex stainless steel members not subject to fatigue loads. It also
addresses precipitation hardening connectors.

The chapter is organized as follows:

J1. General Provisions

J2. Welds

J3.  Bolts and Threaded Parts

J4.  Affected Elements of Members and Connecting Elements
J5.  Fillers

J6.  Splices
J7.  Bearing Strength
J8.  Pins

J9.  Column Bases and Bearing on Concrete

J10.  Anchor Rods and Embedments

J11. Doubly Symmetric I-Shaped Members with Concentrated Forces
J12. Square and Rectangular HSS with Concentrated Forces

User Note: For cases not included in this chapter, the following sections apply:
e Chapter K  Additional Requirements for HSS and Box-Section Connections
» Appendix 3 Fatigue

J1.
1.

GENERAL PROVISIONS

Design Basis

The design strength, OR,,, and the allowable strength, R,/Q, of connections shall be
determined in accordance with the provisions of this chapter and the provisions of
Chapter B.

The required strength of the connections shall be determined by structural analysis
for the specified design loads, consistent with the type of construction specified, or
shall be a proportion of the required strength of the connected members when so
specified herein.

Where the gravity axes of intersecting axially loaded members do not intersect at one
point, the effects of eccentricity shall be considered.
Simple Connections

Simple connections of beams, girders, and trusses shall be designed as flexible and
are permitted to be proportioned for the reaction shears only, except as otherwise
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indicated in the design documents. Flexible beam connections shall accommodate
end rotations of simple beams. Some inelastic but self-limiting deformation in the
connection is permitted to accommodate the end rotation of a simple beam.

Moment Connections

End connections of restrained beams, girders, and trusses shall be designed for the
combined effect of forces resulting from moment and shear induced by the rigidity of
the connections. Response criteria for moment connections are provided in Section
B3.4b.

User Note: See Chapter C for analysis requirements to establish the required
strength for the design of connections.

Compression Members with Bearing Joints

Compression members relying on bearing for load transfer shall meet the following
requirements:

(a) For columns bearing on bearing plates or finished to bear at splices, there shall
be sufficient connectors to hold all parts in place.

(b) For compression members other than columns finished to bear, the splice mate-
rial and its connectors shall be arranged to hold all parts in line and their required
strength shall be the lesser of:

(1) An axial tensile force equal to 50% of the required compressive strength of
the member; or

(2) The moment and shear resulting from a transverse load equal to 2% of the
required compressive strength of the member. The transverse load shall be
applied at the location of the splice exclusive of other loads that act on the
member. The member shall be taken as pinned for the determination of the
shears and moments at the splice.

User Note: All compression joints should also be proportioned to resist any ten-
sion developed by the load combinations stipulated in Section B2.

Splices in Heavy Sections

When tensile forces due to applied tension or flexure are to be transmitted through
splices in heavy sections, as defined in Section A3.1c, by complete-joint-penetration
(CJP) groove welds, the following provisions apply: (a) material notch-toughness
requirements as given in Sections A3.1c; (b) weld access hole details as given in
Section J1.6; (c) filler metal requirements as given in Section J2.6; and (d) thermal
cut surface preparation and inspection requirements as given in Section M2.4. The
foregoing provision is not applicable to splices of elements of built-up shapes that
are welded prior to assembling the shape.
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User Note: CJP groove welded splices of heavy sections can exhibit detrimental
effects of weld shrinkage. Members that are sized for compression that are also
subject to tensile forces may be less susceptible to damage from shrinkage if they
are spliced using partial-joint-penetration (PJP) groove welds on the flanges and
fillet-welded web plates, or using bolts for some or all of the splice.

Beam Copes and Weld Access Holes

All beam copes and weld access holes shall be free of notches or sharp reentrant
corners. Beam cope radii and access holes shall provide a smooth transition past the
points of tangency of adjacent surfaces and shall meet the following requirements:

(a) All weld access holes required to facilitate welding operations shall be detailed
to provide room for weld backing as needed.

(b) The size and shape of weld access holes shall be adequate for deposition of sound
weld metal and provide clearance for weld tabs.

(c) The weld access hole shall have a length from the toe of the weld preparation not
less than 1.5 times the thickness of the material in which the hole is made, nor
less than 1'% in. (38 mm).

(d) Reentrant corners or cut materials shall be formed to provide a gradual transition
with a minimum radius of 1 in. (25 mm). A radius of less than 1 in. (25 mm) is
permitted if the 1-in. (25-mm) radius is unattainable due to the dimensions of
the parts. The reentrant corner is permitted to be formed by mechanical cutting.
Thermal cutting by plasma or laser is also permitted if at least & in. (3 mm) of
material is mechanically removed from any cut edge. Both shall meet the surface
requirements of Section M2.4.

(e) For sections that are rolled or welded prior to cutting, the edge of the web shall
be sloped or curved from the surface of the flange to the reentrant surface of the
weld access hole and weld access holes shall be free of notches and sharp reen-
trant corners.

(f) The weld access hole shall have a minimum radius of % in. (10 mm). A radius of
less than ¥s-in. (10 mm) is permitted if the ¥-in. (10-mm) radius is unattainable
due to the dimensions of the parts.

(g) The weld access hole is permitted to terminate perpendicular to the flange, pro-
viding the weld is terminated at least a distance equal to the weld size away from
the weld access hole.

Placement of Welds and Bolts

Groups of welds or bolts at the ends of any member that transmit axial force into
that member shall be sized so that the center of gravity of the group coincides with
the center of gravity of the member, unless provision is made for the eccentricity.
The foregoing provision is not applicable to end connections of single-angle, double-
angle, and similar members.
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J2.

1a.

Welded Alterations to Structures with Existing Bolts

In making welded alterations to structures, existing stainless steel bolts shall not be
considered as sharing the load in combination with welds. The alteration shall be
accomplished using either an all welded or all bolted connection.

WELDS

All provisions in AWS D1.6/D1.6M apply to austenitic and duplex stainless steels
under this Specification. Weld procedures shall be qualified in accordance with AWS
B2.1/B2.1M. An AWS standard welding procedure specification (SWPS) based on
AWS B2.1/B2.1M (AWS B2.1-X-XXX series) is also permitted.

User Note: Details of welds for stainless steel are generally similar to details of
welds for other steel alloys. Further information is given in AISC Design Guide
27, Structural Stainless Steel.

User Note: Although they are regularly welded, AWS D1.6/D1.6M does not
have a prequalified welding procedure specification (PWPS) for higher alloyed
austenitic stainless steels (N08904, S31254, N08367, N08926) or the duplex
stainless steels.

User Note: When the contract documents require corrosion testing of duplex
stainless steel welds, Standard Test Method ASTM A1084 is used for the lean
duplex steels S32101, S32202, and S32304. Standard Test Method ASTM A923
is used for the higher alloyed duplex steels S32003, S32205, S32760, S32750,
and S82441.

Groove Welds
Effective Area

The effective area of groove welds shall be taken as the length of the weld times the
effective throat.

The effective throat of a CJP groove weld shall be the thickness of the thinner part
joined. No effective throat increase for weld reinforcement shall be allowed.

For prequalified austenitic stainless steel partial-joint-penetration (PJP) groove
welds filled flush, the effective throat shall be determined as given in Table J2.1.
For all flare groove welds filled flush, the weld shall be as shown in Table J2.2. The
effective throat of a PJP groove weld or flare groove weld filled less than flush shall
be as shown in Table J2.1 or Table J2.2, less the greatest perpendicular dimension
measured from a line flush to the base metal surface to the weld surface.

For PJP groove welds with reinforcing fillet welds, the effective throat shall be the
shortest distance from the joint root to the weld face of the diagrammatic weld minus
% in. (3 mm) for any groove detail requiring such deduction as provided in Table
J2.1. For flare-bevel-groove welds with reinforcing fillet welds, the effective throat
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TABLE J2.1
Prequalified Partial-Joint-Penetration
Groove Weld Effective Throat for
Austenitic Stainless Steels

Welding Position Groove Type

- F (flat), (AWS D1.6/AWS Effective
Welding Process H (horizontal),
V (vertical) D1.6M, Throat
§ Figure 5.3)

OH (overhead)

Shielded metal arc (SMAW)

J or U groove

Gas metal arc (GMAW) Al 60° V

Flux cored arc (FCAW) Depth of groove

Submerged arc (SAW) F éjooorbi\?erf (c));/\e;

Gas metal arc (GMAW) R

Flux cored arc (FCAW) F,H 45° bevel Depth of groove

Shielded metal arc (SMAW) All Depth of groove
o H 1 H

Gas metal arc (GMAW) v on 45° bevel m'g‘fﬂ fl)'”'

Flux cored arc (FCAW)

TABLE J2.2
Effective Throat of Flare-Groove Welds

Flare-Bevel-Groove Welds Flare-V-Groove Welds

(%16)R (V2R

el Use (3%&)R for GMAW. Effective size shall be qualified for the GMAW short circuiting transfer process.
Note: R = radius of outside surface
Source: AWS D1.6/D1.6M, Table 4.2 (see also AWS D1.6/D1.6M, clauses 4.4.1.2 and 4.4.2.2)

shall be the shortest distance from the joint root to the weld face of the diagrammatic

weld minus the deduction for incomplete joint penetration.

Larger effective throats than those in Table J2.2 are permitted for a given welding
procedure specification (WPS), provided the fabricator establishes by qualification
the consistent production of such larger effective throat. Qualification shall consist
of sectioning the weld normal to its axis, at mid-length, and terminal ends. Such sec-
tioning shall be made on a number of combinations of material sizes representative
of the range to be used in the fabrication. No weld size increase for penetration into

the joint root or for weld reinforcement shall be allowed.

The maximum effective length of any groove weld, regardless of orientation, shall
be the width of the part perpendicular to the direction of the tensile or compressive
stress. For groove welds transmitting shear, the effective length is the length specified.
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1b.

2a.

2b.

User Note: The effective throat of a PJP groove weld is dependent on the pro-
cess used and the weld position. The design documents should either indicate the
effective throat required or the weld strength required, and the fabricator should
detail the joint based on the weld process and position to be used to weld the
joint. When a complete-joint-penetration groove weld is required and the weld-
ing will be from one side of the joint, there should be a root gap when welding
higher alloyed austenitic (N08904, S31254, N08367, N08926) and duplex stain-
less steels.

Limitations

The minimum effective throat of a PJP groove weld shall not be less than the size
required to transmit calculated forces nor the size shown in Table J2.3. Minimum
weld size is determined by the thinner of the two parts joined.

Fillet Welds
Effective Area

The effective area of a fillet weld shall be the effective weld length multiplied by
the effective throat. The effective throat of a fillet weld shall be the shortest distance
from the root to the face of the diagrammatic weld. An increase in effective throat
is permitted if consistent penetration beyond the root of the diagrammatic weld is
demonstrated by tests using the production process and procedure variables.

For fillet welds in holes and slots, the effective length shall be the length of the
centerline of the weld along the center of the plane through the throat. In the case
of overlapping fillets, the effective area shall not exceed the nominal cross-sectional
area of the hole or slot in the plane of the faying surface.

Limitations
Fillet welds shall meet the following limitations:

(a) The minimum size of fillet welds shall be not less than the size required to trans-
mit calculated forces, nor the size as shown in Table J2.4. These provisions do
not apply to fillet weld reinforcements of PJP or CJP groove welds.

(b) The maximum size of fillet welds of connected parts shall be:

(1) Along edges of material less than % in. (6 mm) thick; not greater than the
thickness of the material.

(2) Along edges of material % in. (6 mm) or more in thickness; not greater
than the thickness of the material minus Yi6 in. (2 mm), unless the weld is
especially designated on the drawings to be built out to obtain full-throat
thickness. In the as-welded condition, the distance between the edge of the
base metal and the toe of the weld is permitted to be less than Yis in. (2 mm),
provided the weld size is clearly verifiable.
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TABLE J2.3
Minimum Effective Throat of
Partial-Joint-Penetration Groove Welds

Material Thickness of
Thinner Part Joined, in. (mm)

Minimum Effective
Throat,[@l in. (mm)

To Y4 (6) inclusive
Over Y4 (6) to V2 (13)
Over 2 (13) to % (19)
Over ¥ (19) to 172 (38)
Over 12(38) to 2V4 (56)
Over 2V4 (56) to 6 (150)
Over 6 (150)

s (3)
%16 (5)
Y4 (6)
%16 (8)
% (10)
o (13)
% (16)

[al See Table J2.1.

TABLE J2.4
Minimum Size of Fillet Welds

Material Thickness of
Thinner Part Joined, in. (mm)

Minimum Size of
Fillet Weld, in. (mm)

To Y4 (6) inclusive
Over Y (6) to V2 (13)
Over 2 (13) to ¥ (19)
Over % (19)

s (3)
Y6 (5)
Y4 (6)
%6 (8)

[al |eg dimension of fillet welds. Single pass welds must be used.
Note: See Section J2.2b for maximum size of fillet welds.

(c) The minimum length of fillet welds designed on the basis of strength shall be not less

than four times the nominal weld size, or else the effective size of the weld shall
not be taken to exceed one-quarter of its length. The minimum length of an inter-
mittent fillet weld segment shall be 1% in. (38 mm) unless otherwise shown on
approval drawings.

(d) The effective length of fillet welds shall be determined as follows:

(1) For end-loaded fillet welds with a length up to 100 times the weld size, it is
permitted to take the effective length equal to the actual length.

(2) When the length of the end-loaded fillet weld exceeds 100 times the weld
size, the effective length shall be determined by multiplying the actual length
by the reduction factor, [, determined as:

B=12-0.002(l/w) < 1.0 J2-1)

where
| = actual length of end-loaded weld, in. (mm)
w = size of weld leg, in. (mm)
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(3) When the length of the weld exceeds 300 times the leg size, w, the effective
length shall be taken as 180w.

(e) Intermittent fillet welds are permitted to be used to transfer calculated stress

®

across a joint or faying surface and to join components of built-up members. The
length of any segment of intermittent fillet welding shall be not less than four
times the weld size, with a minimum of 1% in. (38 mm).

In lap joints, the minimum amount of overlap in stress carrying lap joints shall be
five times the thickness of the thinner part joined, but not less than 1 in. (25 mm).
Lap joints in parts carrying axial stress shall be fillet welded along the end of
both lapped parts, except where deflection of the joint is sufficiently restrained
to prevent it from opening under load. Unless lateral deflection of the parts is
prevented, they are to be connected by at least two transverse lines of plug or slot
welds, or by two or more longitudinal welds.

(g) Unless otherwise specified, fillet welds need not start nor terminate less than the

weld size from the end of the joint.

(h) For structures not cyclically loaded, fillet welds stressed by forces not parallel to

the faying surface shall not terminate at corners of parts or members, but shall be
returned continuously, full size, around the corner for a length equal to twice the
weld size where such return can be made in the same plane. Weld returns shall
be indicated on design and detail drawings where required.

User Note: Fillet weld terminations should be detailed in a manner that does not
result in a notch in the base metal transverse to applied tension loads that can
occur as a result of normal fabrication. An accepted practice to avoid notches in
base metal is to stop fillet welds short of the edge of the base metal by a length
approximately equal to the size of the weld. In most welds, the effect of stopping
short can be neglected in strength calculations.

There are two common details where welds are terminated short of the end of the
joint to permit relative deformation between the connected parts:

* Welds on the outstanding legs of beam clip-angle connections are returned on
the top of the outstanding leg and stopped no more than 4 times the weld size
and not greater than half the leg width from the outer toe of the angle.

* Fillet welds connecting transverse stiffeners to webs of girders that are % in.
(19 mm) thick or less are stopped 4 to 6 times the web thickness from the web
toe of the flange-to web fillet weld, except where the end of the stiffener is
welded to the flange.

Details of fillet weld terminations may be shown on shop standard details.
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(i) Fillet welds in holes or slots are permitted to be used to transmit shear and to
prevent the buckling or separation of lapped parts. Fillet welds in holes or slots
are not to be considered plug or slot welds. Sizes of holes and slots in which fil-
let welds are to be deposited shall be large enough to ensure that the fillet welds
do not overlap, and base metal is visible between the weld toes. Should the fillet
welds in holes or slots overlap, the welds shall be considered as partially filled
plug or slot welds. For fillet welds in slots, the ends of the slot shall be semicir-
cular or shall have the corners rounded to a radius of not less than the thickness
of the part containing it, except those ends that extend to the edge of the part.

Plug and Slot Welds
Effective Area

The effective shearing area of plug and slot welds shall be taken as the nominal cross-
sectional area of the hole or slot in the plane of the faying surface.

Limitations

Plug or slot welds made by SMAW, GMAW, GTAW, and FCAW are permitted to
be used to transmit shear in lap joints or to prevent buckling or separation of lapped
parts, subject to the following limitations:

(a) The diameter of the holes for a plug weld shall not be less than the thickness of
the part containing it plus ¥i6 in. (8§ mm), rounded to the next larger odd Y6 in.
(even 2 mm), nor greater than the minimum diameter plus & in. (3 mm) or 2%
times the thickness of the weld.

(b) The minimum center-to-center spacing of plug welds shall be four times the
diameter of the hole.

(c) The minimum width of the slot in which a slot weld is to be deposited shall be
the thickness of the part in which it is made plus ¥is in. (8 mm) or 2" times the
thickness of the member, whichever is smaller. The maximum width of the slot
shall be the minimum plus % in. (3 mm) or 2% times the thickness of the weld,
whichever is greater. The ends of the slot shall be semicircular.

(d) The minimum spacing of lines of slot welds in a direction transverse to their
length shall be four times the width of the slot.

(e) The minimum center-to-center spacing in a longitudinal direction on any line
shall be two times the length of the slot.

(f) The depth of the filling of plug or slot welds in material % in. (16 mm) or less in
thickness shall be equal to the thickness of the material. In material over % in.
(16 mm) thick, the thickness of the weld shall be at least one-half the thickness
of the material, but not less than % in. (16 mm). The engineer of record (EOR)
may specify an alternative limit of depth of the filling. In no case is the depth of
filling required to be greater than the thickness of the thinner part being joined.
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4. Strength

(a)

(b)

The design strength, OR,, and the allowable strength, R,/Q2, of welded joints shall
be the lower value of the base material strength determined according to the limit
states of tensile rupture and shear rupture and the weld metal strength determined
according to the limit state of rupture as follows:

For the base metal
R, = FupmApm J2-2)

For the weld metal
Ry = Fw Aye J2-3)

where
Apy = cross-sectional area of the base metal, in.2 (mm?2)
Aye = effective area of the weld, in.2 (mm?2)
F,py = nominal stress of the base metal, ksi (MPa)
F,, =nominal stress of the weld metal, ksi (MPa)

The values of ¢, Q, F,py, and Fy,,, and limitations thereon, are given in Table
J2.5.

In welded joints of cold-worked austenitic stainless steel, due to the effect of
annealing in the heat affected zone, F;p)s shall be taken as the tensile strength of
the annealed material, as given in the relevant ASTM standard for the product.

For fillet welds, the available strength is permitted to be determined accounting
for a directional strength increase of (1.0 + 0.50sin'~ @) if strain compatibility of
the various weld elements is considered,

where
¢ =0.75 (LRFD);  =2.00 (ASD)
0 = angle between the line of action of the required force and the weld longi-
tudinal axis, degrees

(1) For alinear weld group with a uniform leg size, loaded through the center of
gravity

Ry = FuwAye J2-4)

where
F,w = 0.60Fgxx (1.0 +0.50sin!- 6) J2-5)
FExx = filler metal classification strength, ksi (MPa)

User Note: A linear weld group is one in which all elements are in a line or
are parallel.
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TABLE J2.5
Available Strength of Welded Joints,
ksi (MPa)lal [b]

Load Type and Pertinent Nominal Stress Effective Area
Direction Relative Metal o and Q (Fnem or Fpy), (Agm or Aye),
to Weld Axis ksi (MPa) in.2 (mm?)
COMPLETE-JOINT-PENETRATION GROOVE WELDS
Base Governed by J4
Tension—
Normal to weld axis $=0.75 [l
Weld Q=200 Fexx! See J2.1a
6=0.90
Base F, See J4
Compression— Q=1.67 Y
Normal to weld axis 6=0.75
: [c]
Weld Q=200 FEexx! See J2.1a
Tension or

Tension or compression in parts joined parallel to a weld is permit-

compression— ted to be neglected in design of welds joining the parts.

Parallel to weld axis

Base Governed by J4
Shear 0=0.75
Weld Q=2.00

PARTIAL-JOINT-PENETRATION GROOVE WELDS, INCLUDING FLARE-V-GROOVE
AND FLARE-BEVEL-GROOVE WELDS

0=0.75

0.60Fexxl°] See J2.1a

Base F, See J4
Tension— Q=2.00 Y
Normal to weld axis =
weld | 27 ?'88% 0.60F £xxl See J2.1a

Compression—
Column to base
plate and column
splices designed per
Section J1.4(a)

Compressive stress is permitted to be neglected in design
of welds joining the parts.

Compression—
Connections of Base ¢=0.90 F, See J4
members designed Q=167
to bear other than
columns as described 6=0.80 I
Weld 0.60Fxx! See J2.1a
in Section J1.4(b) Q=188 Exx
6=0.90
Compression— Base Q=167 Fy See J4
Connections not
finished-to-bear Weld ¢=080 0.90Fgx! See J2.1a
0=1.88
Tension or

Tension or compression in parts joined parallel to a weld is

compression— permitted to be neglected in design of welds joining the parts.

Parallel to weld axis
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TABLE J2.5 (continued)
Available Strength of Welded Joints,
ksi (MPa)lal [b]

Load Type and Pertinent Nominal Stress Effective Area
Direction Relative to Metal o and Q (Fnem or Fpy), (Agm or Aye),
Weld Axis ksi (MPa) in.2 (mm?)
Base Governed by J4
Shear =0.75
weid | 2757 0.60Fgx( See J2.1a
FILLET WELDS, INCLUDING FILLETS IN HOLES AND SLOTS AND SKEWED T-JOINTS
Base Governed by J4
Shear 6=0.75
: c] [d]
Weld 0200 0.60Fgxx! See J2.2a
Tension or Tension or compression in parts joined parallel
compression— to a weld is permitted to be neglected in design
Parallel to weld axis of welds joining the parts.
PLUG AND SLOT WELDS
Shear— Base Governed by J4
Parallel to faying
surface on the 6=0.75 [l
effective area Weld Q=2.00 0.80FExx J2.3a

[al The strength of laser and laser hybrid welds is equivalent to the base metal.

bl See AWS D1.6/D1.6M, Table 5.3, for filler metals for matching strength to PWPS base metals in AWS D1.6/
D1.6M, Table 5.2. For alloys without AWS D1.6/D1.6M PWPS, the producers and welding consumable
manufacturers can advise if matching strength filler metals are available.

[l Nominal tensile strength of filler metals for austenitic and duplex stainless steels, Fexx, shall be determined
from the relevant specification of AWS A5, Committee on Filler Metals and Allied Materials.

4 The provisions of Section J2.4(b) are also applicable.

(2) For fillet weld groups concentrically loaded and consisting of elements with
a uniform leg size that are oriented both longitudinally and transversely to
the direction of applied load, the combined strength, R,, of the fillet weld
group shall be determined as the greater of the following:

(1) Ry = Ruwi+ R (J2-6a)
or

(i1) R, =0.85Rp + 1.5R (J2-6b)
where

R, = total nominal strength of longitudinally loaded fillet welds, as deter-
mined in accordance with Table J2.5, kips (N)

R, = total nominal strength of transversely loaded fillet welds, as deter-
mined in accordance with Table J2.5 without the increase in Section
J2.4(b), kips (N)
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User Note: The instantaneous center method is a valid way to calculate the
strength of weld groups consisting of weld elements in various directions
based on strain compatibility.

Combination of Welds

If two or more of the general types of welds (groove, fillet, plug, slot) are combined
in a single joint, the strength of each shall be separately computed with reference to
the axis of the group in order to determine the strength of the combination.

Welding Consumable and Electrode Requirements

When welding consumables are used, the specified filler metal shall have welded
corrosion resistance equivalent to or exceeding that of the base metal.

User Note: In some cases, the combination of base metal, prequalified filler
metal, welding procedure specification, and desired corrosion resistance can cre-
ate conditions where the filler metal has a lower strength than the base metal and
will govern design of the connection.

When qualifying a weld procedure, if the filler metal has a lower strength than the
base metal, mechanical testing shall be carried out in accordance with AWS D1.6/
D1.6M, clause 6.9.3.3(2), and the tensile strength of the joint shall be greater than or
equal to the specified minimum tensile strength of the filler metal. The filler metal
shall be specified to ensure adequate corrosion resistance and strength.

User Note: AISC Design Guide 27, Structural Stainless Steel, gives a table of
appropriate filler metals for common alloys of stainless steel and guidance on
their corrosion resistance.

A complete list of austenitic stainless steels with base metal prequalification and
PWPS filler metals is in AWS D1.6/D1.6M. Welding for highly alloyed aus-
tenitic stainless steels and duplex stainless steels is not prequalified so welding
procedure specification (WPS) qualification is required. Guidance for filler metals
should be obtained from the steel producer.

Mixed Weld Metal

When Charpy V-notch toughness is specified, the process consumables for all weld
metal, tack welds, root pass, and subsequent passes deposited in a joint shall be
compatible to ensure notch-tough composite weld metal.

Welding Dissimilar Steels

When welding dissimilar stainless steels, both corrosion resistance and strength
matching shall be considered during design.
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User Note: AWS D1.6/1.6M, Annex D, gives suggested filler metals for welding
austenitic stainless steels to themselves or to other steels. When welding stain-
less steels to other steel alloys, the most important consideration is avoiding the
formation of hard, brittle martensite in the weld joint and hot cracking. E309L,
ER309L, E309LMo, or ER309LMo are commonly used to avoid these problems.

For welded joints between other steel alloys and stainless steels, any paint system
applied to the other steel alloys shall extend over the bimetallic weldment onto the
stainless steel to a distance of at least 2 in. (50 mm).

Any coating system applied to the other steel alloys shall be completely removed
prior to any welding operation. In addition, coatings systems applied to the dissimi-
lar weld shall be designed and applied to avoid any zinc or zinc components from
contacting the stainless steel material and the weld.

User Note: Zinc can cause a phenomenon called solid metal embrittlement of
stainless steel, resulting in potentially catastrophic failure.

BOLTS AND THREADED PARTS

Stainless Steel Bolts

Use of stainless steel bolts shall conform to the following provisions of the RCSC
Specification for Structural Joints Using High-Strength Bolts, hereafter referred
to as the RCSC Specification, as approved by the Research Council on Structural
Connections, with modifications listed:

e SECTION 1. GENERAL REQUIREMENTS: Sections 1.2, 1.3, 1.4, and 1.6.

e SECTION 2. FASTENER COMPONENTS: Sections 2.1, 2.2, 2.3.2 (except that
structural bolt dimensions shall meet the requirements of this Specification),
Table C-2.1, Table C-2.2, and Section 2.4.2 (except that nut dimensions shall
meet the requirements of this Specification).

SECTION 3. BOLTED PARTS: Sections 3.2.1 (uncoated faying surfaces only),
3.2.2 (1) (uncoated faying surfaces only), 3.3, and 3.4.

SECTION 4. JOINT TYPE

SECTION 7. PRE-INSTALLATION VERIFICATION: Except the minimum
bolt pretension for pre-installation verification is given as 1.057), where T, is
given in Equation J3-5 and not by Table 7.1 of the RCSC Specification.

SECTION 8. INSTALLATION: Sections 8.1, 8.2.1, and 8.2.2, except the mini-
mum bolt pretensions in Table 8.1 are given in Equation J3-5 and the nut or
head rotations in Table 8.2 do not apply to stainless steel bolts. Twist-off-type
tension-control bolt pretensioning and direct tension-indicator pretensioning are
outside the scope of this Specification.
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e SECTION 9. INSPECTION: Sections 9.1, 9.2.1, 9.2.2, and 9.3, except that
a pretension greater than that given by Equation J3-5 shall not be cause for rejection.

e SECTION 10. ARBITRATION: Except the pretension is given by Equation
J3-5 and not Table 8.1.

Stainless steel bolts and nuts shall be in accordance with one of the ASTM standards
listed in Section A3.3.

The dimensions of a bolting assembly shall comply with the following specifications:

Bolts: ASME B18.2.1

Bolts used in bearing-type connections shall have either hex heads or heavy hex
heads. Bolts used in pretensioned or slip-critical connections shall have heavy
hex heads. Threads shall be cut or rolled in accordance with ASME B1.1 unified
coarse (UNC) or 8 thread series (8 UN), Class 2A.

Nuts: ASME B18.2.2

Nuts used in bearing-type connections shall be either hex or heavy hex. Nuts used
in pretensioned or slip-critical connections shall be heavy hex. Threads shall be in
accordance with ASME B1.1 UNC or 8 UN, Class 2B.

Washers: ASME B18.21.1

The bolts, washers, and nuts shall all have equivalent or greater corrosion resistance
than the most corrosion resistant of the metal alloys joined.

User Note: The installation parameters used in the pre-installation verification
may be developed using the bolt tightening qualification procedure provided in
AISC Design Guide 27, Structural Stainless Steel.

Stainless steel bolts used in slip-critical and pretensioned applications shall not be
reused after they have been tightened to their design preload. Stainless steel washer-
type indicating devices and twist-off-type tension control bolt assemblies are outside
the scope of this Specification. Other alternative-design fasteners, as described in
RCSC Specification Section 2.8, are permitted if they meet the manufacturing, chemi-
cal composition, and mechanical property requirements for the alloys permitted in
Section A3.1b and ASTM standards listed in Section A3.3 of this Specification.

The faying surface of slip-critical joints shall be grit blasted.

When assembled, all joint surfaces, including those adjacent to the washers, shall be
free of scale, including tight mill scale, and cleaned in accordance with ASTM A380/
A380M or A967/A967M, whichever is appropriate.

Galling shall be considered in design if the disassembly of bolted connections is a
performance requirement.

User Note: When surfaces are under load and in relative motion, fastener thread
galling may occur. Galling is more likely to occur in stainless steel bolting assem-
blies than in other steel alloy bolting assemblies. Galling can be avoided by taking
the following measures:
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» Lubricate the internal or external threads with products containing molybde-
num disulfide, anti-seize products containing silver or copper powders, mica,
graphite, or talc, or a suitable proprietary pressure wax.

* Reduce bolt tightening speed.

» Use of galling-resistant, high-silicon (e.g., S21800) stainless steels or alloys of
different hardness for the bolt and nut.

* Make sure that the threads, as well as the bearing surfaces, are undamaged with
no burrs.

» Keep the bolted interface clean and free of grit and abrasive materials.

(a) Bolts are permitted to be installed to the snug-tight condition when used in:
(1) Bearing-type connections, except as stipulated in Section E6

(2) Tension or combined shear and tension applications, where loosening or
fatigue due to vibration or load fluctuations are not design considerations

(b) Bolts in the following connections shall be pretensioned:
(1) As required by the RCSC Specification Section 4
(2) Connections subject to vibratory loads where bolt loosening is a consideration

(3) End connections of built-up members composed of two shapes intercon-
nected by bolts, as required in Section E6.1

(c) Connections shall be designed as slip critical where required by the RCSC
Specification Section 4.

The snug-tight condition is defined in the RCSC Specification. Bolts to be tightened
to a condition other than snug tight shall be clearly identified on the design docu-
ments. (See Equation J3-5 for minimum bolt pretension for connections designated
as pretensioned or slip critical.)

User Note: There are no specific minimum or maximum tension requirements
for snug-tight bolts. Bolts that have been pretensioned are permitted in snug-tight
connections unless specifically prohibited on design documents.

2. Size and Use of Holes
The following requirements apply for bolted connections:

(a) The maximum sizes of holes for bolts are given in Table J3.1 or Table J3.1M,
except that larger holes, required for tolerance in the location of anchor rods in
concrete foundations, are permitted in column base details.

(b) Standard holes or short-slotted holes transverse to the direction of the load
shall be provided in accordance with the provisions of this Specification, unless
oversized holes, short-slotted holes parallel to the load, or long-slotted holes are
approved by the EOR.

(c) Finger shims up to % in. (6 mm) are permitted in slip-critical connections designed
on the basis of standard holes without reducing the nominal shear strength of the
fastener to that specified for slotted holes.
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Nominal Hole Dimensions, in.
Hole Dimensions
Di BOItt Standard Oversize Short-Slot Long-Slot

lameter (Dia.) (Dia.) (Width x Length) (Width x Length)
Yo %6 % %6 X V16 %6 X 14
% e %16 e X 78 e x 1%6
%4 %416 %/16 1316 x 1 1346 X 17
s %46 146 %46 x 18 %16 x 2%16
1 1V 1Y 18 x 1%6 1% x 2V

> 1% d+ d+ % (d + Vo) x (d + ¥s) (d+ V6) x 2.5d

Nominal Hole Dimensions, mm
Hole Dimensions
Di BOItt Standard Oversize Short-Slot Long-Slot

lameter (Dia.) (Dia.) (Width x Length) | (Width x Length)
M16 18 20 18 x 22 18 x 40
M20 22 24 22 x 26 22 x 50
M22 24 28 24 x 30 24 x 55
M24 271 30 27 x 32 27 x 60
M27 30 35 30 x 37 30 x 67
M30 33 38 33 x 40 33 x75

> M36 d+3 d+8 (d+3)x(d+10) (d+3)x2.5d

[ Clearance provided allows the use of a 1-in.-diameter bolt.

(d) Oversized holes are permitted in any or all plies of slip-critical connections, but

they shall not be used in bearing-type connections.

(e) Short-slotted holes are permitted in any or all plies of slip-critical or bearing-

®

type connections. The slots are permitted without regard to direction of loading
in slip-critical connections, but the length shall be normal to the direction of the
loading in bearing-type connections.

Long-slotted holes are permitted in only one of the connected parts of either a
slip-critical or bearing-type connection at an individual faying surface. Long-
slotted holes are permitted without regard to direction of loading in slip-critical
connections, but shall be normal to the direction of loading in bearing-type con-
nections.

(g) Washers shall be made of stainless steel of equivalent corrosion resistance to

the fasteners and nuts. They are not required for snug-tightened joints, except
when the outer face of the joint has a slope greater than 1:20 with respect to a
plane that is normal to the bolt axis or when a slotted hole occurs in an outer ply.
Hardened stainless steel washers shall be used under both the bolt head and nut
in pretensioned connections subject to fatigue loading, and slip-critical joints.
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3. Minimum Spacing

The distance between centers of standard, oversized, or slotted holes shall not be less
than 2% times the nominal diameter, d, of the fastener. However, the clear distance
between bolt holes or slots shall not be less than d.

User Note: A distance between centers of standard, oversize, or slotted holes of
3d is preferred.

4. Minimum Edge Distance

The distance from the center of a standard hole to an edge of a connected part in
any direction shall not be less than either the applicable value from Table J3.2 or Table
J3.2M, or as required in Section J3.10. The distance from the center of an oversized
or slotted hole to an edge of a connected part shall be not less than that required for a
standard hole to an edge of a connected part plus the applicable increment, C5, from
Table J3.3 or Table J3.3M.

User Note: The edge distances in Tables J3.2 and J3.2M are minimum edge dis-
tances based on standard fabrication practices and workmanship tolerances. The
appropriate provisions of Sections J3.10 and J4 must be satisfied.

S. Maximum Spacing and Edge Distance

The maximum distance from the center of any bolt to the nearest edge of parts in
contact shall be 12 times the thickness of the connected part under consideration, but
shall not exceed 6 in. (150 mm). The longitudinal spacing of fasteners between ele-
ments consisting of a plate and a shape, or two plates, in continuous contact shall not
exceed 24 times the thickness of the thinner part or 12 in. (300 mm).

6. Tensile and Shear Strength of Bolts and Threaded Parts

The design tensile or shear strength, OR,, and the allowable tensile or shear strength,
R,/Q, of a snug-tightened bolt or pretensioned austenitic and duplex stainless steel
bolt or threaded part shall be determined according to the limit states of tension
rupture and shear rupture as:

R,=F, A, J3-1)
¢ =0.75 (LRFD) Q =2.00 (ASD)

where
Ap = nominal unthreaded body area of bolt or threaded part, in.2 (mm?)
F, =nominal tensile stress, F,;, or shear stress, F,,, ksi (MPa)
F,; =0.75F,
F,, = 0.45F, if threads are not excluded from the shear planes
= 0.55F, if threads are excluded from the shear planes
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TABLE J3.2
Minimum Edge Distancel® from Center of
Standard Holel®! to Edge of Connected Part, in.

Bolt Diameter Minimum Edge Distance

i %
%8 s
Y4 1

s 1V

1 1%

1 1%

1Va 1%

Over 1V 1ud

[al |f necessary, lesser edge distances are permitted provided the applicable provisions from Sections J3.10
and J4 are satisfied, but edge distances less than one bolt diameter are not permitted without approval
from the EOR.

I For oversized or slotted holes, see Table J3.3.

TABLE J3.2M
Minimum Edge Distancel® from Center of
Standard Hole®! to Edge of Connected Part, mm

Bolt Diameter Minimum Edge Distance
16 22
20 26
22 28
24 30
27 34
30 38
36 46
Over 36 1.25d

al | necessary, lesser edge distances are permitted provided the applicable provisions from Sections J3.10
and J4 are satisfied, but edge distances less than one bolt diameter are not permitted without approval
from the EOR.

I For oversized or slotted holes, see Table J3.3M.

TABLE J3.3
Values of Edge Distance Increment, Cy, in.

Slotted Holes
Nominal i
Diaz:;:? of Ov:(r,ls;zsed Long Axis Perpendicular to Edge Long Axis

Fastener Short Slots Long Slotsfe! Parallel to Edge

<7 Ve g

3,
1 A N Yad 0
>1Y% s %6

[l When the length of the slot is less than the maximum allowable (see Table J3.1), Cy is permitted to be
reduced by one-half the difference between the maximum and actual slot lengths.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Sect. J3.] BOLTS AND THREADED PARTS 101
Values of Edge Distance Increment, C3, mm
Slotted Holes
Nominal Long Axis Perpendicular to Edge Long Axis
Diameter of Oversized [al Parallel to
Fastener Holes Short Slots Long Slots Edge
<22 2 3
o4 3 3 0.75d 0
> 27 3 5

[ When the length of the slot is less than the maximum allowable (see Table J3.1M), Cs is permitted to be
reduced by one-half the difference between the maximum and actual slot lengths.

The value for F, shall be taken as the specified minimum tensile strength of the bolt
given in the relevant ASTM standard.

The required tensile strength shall include any tension resulting from prying action

produced by deformation of the connected parts.

Matching bolt/nut assemblies shall be used to preclude the possibility of failure by
thread stripping, such as bolts in accordance with ASTM F593 used with nuts in
accordance with ASTM F594.

The above design requirements shall also apply to precipitation hardening fasteners
in accordance with ASTM F593 and ASTM A453/A453M but with the following
resistance and safety factors:

¢ =0.67 (LRFD)

Q=225 (ASD)

User Note: The force that can be resisted by a snug-tightened or pretensioned bolt
or threaded part may be limited by the bearing or tearout strength of the material
at the bolt hole per Section J3.10. The effective strength of an individual fastener
may be taken as the lesser of the fastener shear strength per Section J3.6 or the
bearing strength at the bolt hole per Section J3.10. The strength of the bolt group
is taken as the sum of the effective strengths of the individual fasteners.

7. Combined Tension and Shear in Bearing-Type Connections

The available tensile strength of a bolt subject to combined tension and shear shall be
determined according to the limit states of tension and shear rupture as:

R, :Fn,tAb

For austenitic and duplex stainless steel bolts:

¢ =0.75 (LRFD)

Q =2.00 (ASD)

For precipitation hardening stainless steel bolts:

¢ =0.67 (LRFD)

Q=225 (ASD)
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where

’

= nominal tensile stress modified to include the effects of shear stress, ksi (MPa)

—13F, - <. (LRFD) (J3-3a)
Fl’lV
= 13F, - iF’” fin < Foe (ASD) (J3-3b)

nv

F,; = nominal tensile stress from Section J3.6, ksi (MPa)

F,,, = nominal shear stress from Section J3.6, ksi (MPa)

fr =required shear stress using LRFD or ASD load combinations, ksi (MPa)

The available shear stress of the fastener shall equal or exceed the required shear
stress, fi.

User Note: Note that when the required stress, f,, in either shear or tension, is less
than or equal to 30% of the corresponding available stress, the effects of combined
stress need not be investigated. Also note that Equations J3-3a and J3-3b can be
rewritten so as to find a nominal shear stress, F;,,, as a function of the required
tensile stress, f.

8. Stainless Steel Bolts in Slip-Critical Connections

Slip-critical connections are permitted using austenitic and duplex stainless steel
bolts. Slip-critical connections shall be designed to prevent slip and for the limit states
of bearing-type connections. When slip-critical bolts pass through fillers, all surfaces
subject to slip shall be prepared to achieve the design slip resistance.

For bolts used in slip-critical connections,
80 ksi (550 MPa) < Fy;, < 116 ksi (800 MPa)

where
Fyp, = specified minimum yield strength of bolt, ksi (MPa)

User Note: The installation parameters used in the pre-installation verification
may be developed using the bolt tightening qualification procedure provided in
AISC Design Guide 27, Structural Stainless Steel. The bolt tightening qualifi-
cation procedure given in AISC Design Guide 27, Structural Stainless Steel,
includes suitability tests on the bolting assemblies to be used in the project. The
test results are used to evaluate the strength, ductility, and lubrication of the bolt-
ing assemblies, and to determine the tightening parameters for the turn-of-nut,
calibrated wrench, or combined installation methods.

The single bolt available slip resistance for the limit state of slip shall be determined

as follows:
Rn = HDuthbns (J3—4)

(a) For standard size and short-slotted holes perpendicular to the direction of the load

¢ =1.00 (LRFD) Q=1.50 (ASD)
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(b) For oversized and short-slotted holes parallel to the direction of the load
¢ =0.85 (LRFD) Q =1.76 (ASD)

(c) For long-slotted holes
¢ =0.70 (LRFD) Q=2.14 (ASD)

where
D, = 1.0, a multiplier that reflects the ratio of the mean installed bolt pretension
to the specified minimum bolt pretension.
T, = minimum fastener tension for stainless steel bolts, determined as:
=0.7FypAg J3-5)
A = net tensile area of bolt, in.2 (mm?)

User Note: The Commentary provides common values for the net tensile area
of bolts.

hy = factor for fillers, determined as follows:
(1) For one filler between connected parts
hy=1.0
(2) For two or more fillers between connected parts
hy =0.85

ng = number of slip planes required to permit the connection to slip
L = mean slip coefficient, given in Table J3.4

User Note: If other faying surface types are employed, such as with a blast
media other than grit or a different surface roughness, tests can be conducted
according to the testing method given in AISC Design Guide 27, 2nd Edition,
Structural Stainless Steel, to determine the slip coefficient of the potential fay-
ing surface.

9. Combined Tension and Shear in Slip-Critical Connections

When a slip-critical connection is subject to an applied tension that reduces the net
clamping force, the available slip resistance per bolt from Section J3.8 shall be multi-
plied by the factor, k., determined as follows:

ko=1-—1 >0 (LRFD) (J3-6a)
ulbilp

ko=1-—la 50 (AsD) (J3-6b)
W Tpnyp

where
T, = required tension force using ASD load combinations, kips (N)
T, = required tension force using LRFD load combinations, kips (N)
np = number of bolts carrying the applied tension
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TABLE J3.4
Slip Coefficients, u, for Friction Surfaces

Classld Slip coefficient, pl°]
SSB 0.20
SSC 0.40
SSD 0.50

el Surface classes are defined in Section M2.13.
bl The potential loss of preloading force due to time dependent relaxation from its initial value is considered
in these slip coefficient values.

10. Bearing and Tearout Strength at Bolt Holes

The available strength, OR, and R,/Q, at bolt holes shall be determined for the limit
states of bearing and tearout, as follows:

& =0.75 (LRFD) Q =2.00 (ASD)
The nominal strength of the connected material, R, is determined as follows:

(a) For a bolt in a connection with standard, oversized, and short-slotted holes, inde-
pendent of the direction of loading, or a long-slotted hole with the slot parallel to
the direction of the bearing force

(1) Bearing
(i) When deformation at the bolt hole at service load is a design consideration

R, =1.25dtF, (J3-7a)

(ii)) When deformation at the bolt hole at service load is not a design
consideration

For lz/dh >1.5
R, =2.5dtF, (J3-7b)

For L /d,<1.5
R, =2.0dtF, (J3-7c¢)

User Note: The use of Equation J3-7b may lead to the occurrence of
plastic deformation under service loads.

(2) Tearout

(i) When deformation at the bolt hole at service load is a design consideration
[
R, = 1.25[?) diF, (J3-7d)

h
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(i) When deformation at the bolt hole at service load is not a design

consideration
h

R,=25| — |dtF, .
( 3 dh] (J3-7e)

(b) For a bolt in a connection with long-slotted holes with the slot perpendicular to
the direction of force

(1) Bearing

R, =1.04dtF, (J3-71)
(2) Tearout
R, =1.04 o dtF, J3-7¢)
2d,

(c) For connections made using bolts that pass completely through an unstiffened
box member or HSS, see Section J7 and Equation J7-1

where

F,, = specified minimum tensile strength of the connected material, ksi (MPa)

d =nominal diameter of fastener, in. (mm)

dy, = diameter of hole, in. (mm)

1 = half of the distance between the center of the hole and the center of the adjacent
hole or distance between the center of the hole and the edge of the material, in
the direction of the force, in. (mm)

[, = half of the distance between the center of the hole and the center of the adjacent
hole or distance between the center of the hole and the edge of the material, in
the direction perpendicular to the force, in. (mm)

t = design thickness of connected material, as defined in Section B4.2, in. (mm)

Bearing strength and tearout strength shall be checked for both bearing-type and
slip-critical connections. The use of oversized holes and short- and long-slotted holes
parallel to the line of force is restricted to slip-critical connections per Section J3.2.

11.  Special Fasteners

The nominal strength of special fasteners other than the bolts included in the rel-
evant ASTM standard shall be verified by tests. These suitability tests shall include
the verification of the ductility of the bolting assembly as well as the friction in the
paired threads and the bearing surfaces. Furthermore, the achievable bolt force level
should be evaluated. If the fasteners are to be pretensioned, relaxation tests shall also
be carried out.

12. Wall Strength at Tension Fasteners

When bolts or other fasteners in tension are attached to an unstiffened box or HSS
wall, the strength of the wall shall be determined by rational analysis.
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Bolting Dissimilar Metals

The use of other steel alloy bolts, including galvanized bolts, with stainless steel
elements shall not be allowed.

In a bolted joint involving stainless steel in combination with one or more dissimilar
metals that may become wet from rain, fog, spray, occasional or regular immersion,
high humidity, or condensation, the metals shall be electrically isolated to prevent
galvanic and crevice corrosion. The method of isolation shall be appropriate for the
type of exposure and shall not permit moisture infiltration into the joint, particularly
in immersed or otherwise regularly wet applications. It shall also accommodate any
differences in the thermal movement of the connected materials.

When insulating washers and bushings are used to provide corrosion protection in
snug-tightened connections, the product used in the bolt grip shall be specified by
the EOR.

User Note: The amount of tightening required in the connection should be
provided in the design documents, based on recommendations of the isolation
material manufacturer. Further information about bolting dissimilar metals is
given in AISC Design Guide 27, 2nd Edition, Structural Stainless Steel.

AFFECTED ELEMENTS OF MEMBERS AND CONNECTING
ELEMENTS

This section applies to elements of austenitic and duplex stainless steel members at
connections and connecting elements, such as plates, gussets, angles, and brackets;
all of them made of austenitic or duplex stainless steel.

Strength of Elements in Tension

The design strength, 0R,, and the allowable strength, R,/€2, of affected and connect-
ing elements loaded in tension shall be the lower value obtained according to the
limit states of tensile yielding and tensile rupture.

(a) For tensile yielding of connecting elements
R, = FyA, (J4-1)
¢ =0.90 (LRFD) Q =1.67 (ASD)
(b) For tensile rupture of connecting elements
R,=F.A, (J4-2)
¢ =0.75 (LRFD) Q =2.00 (ASD)

where
A, = effective net area as defined in Section D3, in.2 (mm?)
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User Note: The effective net area of the connection plate may be limited due to
stress distribution as calculated by methods such as the Whitmore section.

User Note: To restrict irreversible deformations in bolted connections, the
stresses at the net cross section of the connecting material at bolt holes should be
limited to a stress smaller than F,, as described in Section D2.

2. Strength of Elements in Shear

The available shear strength of affected and connecting elements in shear shall be
the lower value obtained according to the limit states of shear yielding and shear
rupture:

(a) For shear yielding of the element
R, =0.60C,FyAyg, J4-3)
¢ =0.90 (LRFD) Q=1.67 (ASD)

where
Ayg, = gross area subject to shear, in.? (mm?)
C, = shear buckling strength coefficient
=12

(b) For shear rupture of the element
R, =0.60F A, J4-4)
& =0.75 (LRFD) Q =2.00 (ASD)

where
Apy = net area subject to shear, in.2 (mm?)

3. Block Shear Strength

The available strength for the limit state of block shear rupture along a shear failure
path or paths and a perpendicular tension failure path shall be determined as follows:

Ry = 0.60F, Ay, +UpF, Ay <0.60C,FyAg, +UpgF, Ay (J4-5)
®»=0.75 (LRFD)  Q=2.00 (ASD)

where
Ay = net area subject to tension, in.2 (mm?)

Where the tension stress is uniform, Uy = 1; where the tension stress is nonuniform,
Ups=0.5.
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Strength of Elements in Compression

The available strength of connecting elements in compression for the limit states
of yielding and buckling shall be determined in accordance with the provisions of
Chapter E,

where
L. = effective length of connecting element, in. (mm)
=KL
K = effective length factor
L =laterally unbraced length of connecting element, in. (mm)

User Note: The effective length factors used in computing compressive strengths
of connecting elements are specific to the end restraint provided and may not
necessarily be taken as unity when the direct analysis method is employed.

Strength of Elements in Flexure

The available flexural strength of affected elements shall be the lower value obtained
according to the limit states of flexural yielding, local buckling, flexural lateral-
torsional buckling, and flexural rupture.

FILLERS

General

Fillers shall be made of a stainless steel with equivalent corrosion resistance and
strength to that of the structure.

Fillers in Welded Connections

Whenever it is necessary to use fillers in joints required to transfer applied force, the
fillers and the connecting welds shall conform to the requirements of Section J5.2a
or Section J5.2b, as applicable.

Thin Fillers

Fillers less than % in. (6 mm) thick shall not be used to transfer stress. When the
thickness of the fillers is less than Y in. (6 mm), or when the thickness of the filler
is ¥4 in. (6 mm) or greater but not sufficient to transfer the applied force between the
connected parts, the filler shall be kept flush with the edge of the outside connected
part, and the size of the weld shall be increased over the required size by an amount
equal to the thickness of the filler.

Thick Fillers

When the thickness of the fillers is sufficient to transfer the applied force between
the connected parts, the filler shall extend beyond the edges of the outside connected
base metal. The welds joining the outside connected base metal to the filler shall be
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Jo.

J7.

J8.

sufficient to transmit the force to the filler and the area subject to the applied force in
the filler shall be sufficient to prevent overstressing the filler. The welds joining the
filler to the inside connected base metal shall be sufficient to transmit the applied force.

Fillers in Bolted Bearing-Type Connections

When a bolt that carries load passes through fillers that are equal to or less than
Y4 in. (6 mm) thick, the shear strength shall be used without reduction. When a bolt
that carries load passes through fillers that are greater than "4 in. (6 mm) thick, one
of the following requirements shall apply:

(a) The shear strength of the bolts shall be multiplied by the factor
1 -0.4(-0.25)
1 —0.0154(t - 6) (S.1.)
but not less than 0.85, where ¢ is the total thickness of the fillers.

(b) The fillers shall be welded or extended beyond the joint and bolted to uniformly
distribute the total force in the connected element over the combined cross section
of the connected element and the fillers.

(c) The size of the joint shall be increased to accommodate a number of bolts that is
equivalent to the total number required in (b).
SPLICES

Groove-welded splices in beams shall develop the nominal strength of the smaller
spliced section. Other types of splices in cross sections of beams shall develop the
strength required by the forces at the point of the splice.

BEARING STRENGTH

The design bearing strength, ¢R,, and the allowable bearing strength, R,,/Q2, of sur-
faces in contact shall be determined for the limit state of bearing (local compressive
yielding) as follows:

¢ =0.75 (LRFD) € =2.00 (ASD)

For finished surfaces; pins in reamed, drilled, or bored holes; and ends of fitted bear-
ing stiffeners, the nominal bearing strength, R, shall be determined as follows:

Ry = 1.8F\A, (J7-1)

where
App = projected area in bearing, in.2 (mm?)
F, = specified minimum yield stress, ksi (MPa)

PINS

This section applies to pins that are used in pin-connected members, as addressed
in Section D5.
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Bearing Strength

The design bearing strength, OR,, and the allowable bearing strength, R,/Q, of pins
shall be determined in accordance with Section J7.

Shear Strength

The design shear strength, OR,, and the allowable shear strength, R, /€, of pins shall
be determined as follows:

R,=0.6F,A, Js-1)
& =0.75 (LRFD) Q =2.00 (ASD)
where

A, = gross area of the pin, in.? (mm?)
F, = specified minimum tensile strength of the pin, ksi (MPa)

Flexural Strength

The design flexural strength, $M,,, and the allowable flexural strength, M,,/Q, of pins
shall be determined as follows:

M, =1.5F,S (J8-2)
¢» =0.90 (LRFD) Q=1.67 (ASD)

where
F, = specified minimum yield stress of the pin, ksi (MPa)
S = elastic section modulus of the pin, in.? (mm?)

The moment in a pin shall be calculated on the basis that it is simply supported by
the connected parts.

User Note: For a typical pin-connected assembly, the Commentary gives a method
for calculating the maximum moment in a pin by representing the load transfer
between the pin and the mating parts as concentrated forces.

Combined Shear and Flexure

The interaction of shear and flexure in pins shall be limited by Equation J8-3:

2 2
(&j +[&j <1.0 J8-3)
Ve M,
where

V, =required shear strength, determined in accordance with Chapter C, using
LRFD or ASD load combinations, kips (N)

V. = available shear strength, OR,, or R,/Q2, determined in accordance with Section
J8.2, kips (N)

M, =required flexural strength, ¢M, or M,/Q, determined in accordance with
Chapter C, using LRFD or ASD load combinations, kip-in. (N-mm)

M, = available flexural strength, determined in accordance with Section J8.3, kip-
in. (N-mm)
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J9.

J10.

COLUMN BASES AND BEARING ON CONCRETE

Provisions shall be made to transfer the column loads and moments to the footings
and foundations.

In the absence of code regulations, the design bearing strength, ¢.P, and the allow-
able bearing strength, P,/€, for the limit state of concrete crushing are permitted to
be taken as follows:

0. =0.65 (LRFD) Q. =2.31(ASD)
The nominal bearing strength, P, is determined as follows:
(a) On the full area of a concrete support
P, =0.85fA J9-1)
(b) On less than the full area of a concrete support

P, =0.85f/A Ay J Al <1.7 /A, 19-2)

where
A} = area of steel concentrically bearing on a concrete support, in.> (mm?)
A, = maximum area of the portion of the supporting surface that is geometrically
similar to and concentric with the loaded area, in.2 (mm?)

£ = specified compressive strength of concrete, ksi (MPa)

ANCHOR RODS AND EMBEDMENTS

Anchor rods shall be designed to provide the required resistance to loads on the
completed structure at the base of columns, including the net tensile components of
any bending moment resulting from load combinations stipulated in Section B2. The
anchor rods shall be designed in accordance with the requirements of Section J3.6.

Design of anchor rods for the transfer of forces to the concrete foundation shall sat-
isfy the requirements of ACI 318 (ACI 318M) or ACI 349 (ACI 349M).

User Note: Column bases should be designed considering bearing against con-
crete elements, including when columns are required to resist a horizontal force
at the base plate. See AISC Design Guide 1, Base Plate and Anchor Rod Design,
for column base design information.

When anchor rods are used to resist horizontal forces, hole size, anchor rod setting
tolerance, and the horizontal movement of the column shall be considered in the
design.

Larger oversized holes and slotted holes are permitted in base plates when adequate
bearing is provided for the nut by using washers or plate washers to bridge the hole.

User Note: There is no separate ASTM standard covering stainless steel anchor
rods; they should be specified in accordance with one of the ASTM standards
listed in Section A3.4.
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User Note: See ACI 318 (ACI 318M) for embedment design and for shear fric-
tion design. OSHA requirements for eccentric loads on columns during steel
erection may affect anchor rod design.

DOUBLY SYMMETRIC I-SHAPED MEMBERS WITH
CONCENTRATED FORCES

This section applies to single- and double-concentrated forces applied normal to
the flange(s) of doubly symmetric I-shaped members. A single-concentrated force
is either tensile or compressive. Double-concentrated forces are one tensile and one
compressive and form a couple on the same side of the loaded member.

When the required strength exceeds the available strength as determined for the limit
states listed in this section, stiffeners and/or doublers shall be provided and shall
be sized for the difference between the required strength and the available strength
for the applicable limit state. Stiffeners shall also meet the design requirements in
Section J11.8. Doublers shall also meet the design requirements in Section J11.9.

User Note: See Appendix 6, Section 6.3, for requirements for the ends of canti-
lever members.

Stiffeners shall be provided at unframed ends of beams in accordance with the
requirements of Section J11.7.

Flange Local Bending

This section applies to tensile single-concentrated forces and the tensile component
of double-concentrated forces.

The design strength, R, and the allowable strength, R,/Q, for the limit state of
flange local bending shall be determined as:

R, = 6.25F 17 J11-1)
$»=0.90 (LRFD) Q= 1.67 (ASD)

where
Fyp = specified minimum yield stress of the flange, ksi (MPa)
ty = design thickness of the loaded flange, as defined in Section B4.2, in. (mm)

If the length of loading across the member flange is less than 0.15b5, where by is the
member flange width, Equation J11-1 need not be checked.

When the concentrated force to be resisted is applied at a distance from the member
end that is less than 10z, R, shall be reduced by 50%.

When required, a pair of transverse stiffeners shall be provided.
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2. Web Local Yielding

This section applies to single-concentrated forces and both components of double-
concentrated forces.

The available strength for the limit state of web local yielding shall be determined
as follows:

=100 (LRFD)  Q=1.50 (ASD)
The nominal strength, R, shall be determined as follows:

(a) When the concentrated force to be resisted is applied at a distance from the mem-
ber end that is greater than the full nominal depth of the member, d

R, = Fyuty (Sk+1y) (J11-2)

(b) When the concentrated force to be resisted is applied at a distance from the mem-
ber end that is less than or equal to the full nominal depth of the member, d

R, = Fyut,, (2.5k +1,) J11-3)
where
Fy,, = specified minimum yield stress of the web material, ksi (MPa)
k = distance from outer face of the flange to the web toe of the fillet for rolled

sections, or the thickness of the flange for welded sections, in. (mm)
I, = length of bearing (not less than k for end beam reactions), in. (mm)
t, = design thickness of web, as defined in Section B4.2, in. (mm)

When required, a pair of transverse stiffeners or a doubler plate shall be provided.

3. Web Local Crippling

This section applies to compressive single-concentrated forces or the compressive
component of double-concentrated forces.

The available strength for the limit state of web local crippling shall be determined
as follows:

& =0.75 (LRFD) Q =2.00 (ASD)
The nominal strength, R,, shall be determined as follows:

(a) When the concentrated compressive force to be resisted is applied at a distance
from the member end that is greater than or equal to d/2

1.5
EF i
R, = 0.801,2 1+3(lij LT O e J11-4)
d ty ty
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(b) When the concentrated compressive force to be resisted is applied at a distance
from the member end that is less than d/2

(1) For I,/d < 0.2

1.5
EF,t
R, = 0.400,2| 1+ 3(lﬁj[t—wj 2wty (J11-5a)
d lf ty
(2) For lyjd > 0.2
Al 15 F
R, =0.401,2| 1+ (—b - 0.2j[t—W] il LU (J11-5b)
d lf ty

where
E = modulus of elasticity, ksi (MPa)
d = full nominal depth of the member, in. (mm)

When required, a transverse stiffener, a pair of transverse stiffeners, or a doubler
plate extending at least three-quarters of the depth of the web shall be provided.
4. Web Sidesway Buckling

This section applies only to compressive single-concentrated forces applied to mem-
bers where relative lateral movement between the loaded compression flange and the
tension flange is not restrained at the point of application of the concentrated force.

The available strength of the web for the limit state of sidesway buckling shall be
determined as follows:

& = 0.85 (LRFD) Q=1.76 (ASD)
The nominal strength, R, shall be determined as follows:
(a) If the compression flange is restrained against rotation

(1) When (h/t,)/(Ly/by)<2.3

C.t3t hit ’
R, =2/ 1+o.4[—wj (J11-6)

h? Ly/by

(2) When (h/1,,)/(Ls/bs)>2.3, the limit state of web sidesway buckling does
not apply.

When the required strength of the web exceeds the available strength, local lat-
eral bracing shall be provided at the tension flange or either a pair of transverse
stiffeners or a doubler plate shall be provided.
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(b) If the compression flange is not restrained against rotation

(1) When (h/t,)/(Ly/br)<1.7

3

C it W

R,=—""1104 byt J11-7)
h Ly /by

(2) When (h/t,,)/(Ls/bs)>1.7, the limit state of web sidesway buckling does
not apply.

When the required strength of the web exceeds the available strength, local
lateral bracing shall be provided at both flanges at the point of application of the
concentrated forces.

In Equations J11-6 and J11-7, the following definitions apply:

C, =960,000 ksi (6.6 x 10 MPa), when M,, < M, (LRFD) or 1.5M, < M, (ASD)

at the location of the force
= 480,000 ksi (3.3 x 10% MPa), when M,, < M, (LRFD) or 1.5M, < M, (ASD)

at the location of the force

L, =largest laterally unbraced length along either flange at the point of load, in.
(mm)

M, = required flexural strength using ASD load combinations, kip-in. (N-mm)

M,, = required flexural strength using LRFD load combinations, kip-in. (N-mm)

by = width of flange, in. (mm)

h = clear distance between flanges less the fillet or corner radius for rolled shapes;
distance between adjacent lines of fasteners or the clear distance between
flanges when welds are used for built-up shapes, in. (mm)

User Note: For determination of adequate restraint, refer to Appendix 6.

S. Web Compression Buckling

This section applies to a pair of compressive single-concentrated forces or the com-
pressive components in a pair of double-concentrated forces, applied at both flanges
of a member at the same location.

The available strength for the limit state of web compression buckling shall be deter-

mined as follows:
2413 [EF.
R,=—— " J11-8)
h
¢ =0.90 (LRFD) Q=1.67 (ASD)

When the pair of concentrated compressive forces to be resisted is applied at a dis-
tance from the member end that is less than d/2, R, shall be reduced by 50%.

When required, a single transverse stiffener, a pair of transverse stiffeners, or a dou-
bler plate extending the full depth of the web shall be provided.
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6. Web Panel-Zone Shear

This section applies to double-concentrated forces applied to one or both flanges of
a member at the same location.

The available strength of the web panel zone for the limit state of shear yielding shall
be determined as follows:

& =0.90 (LRFD) Q=1.67 (ASD)
The nominal strength, R, shall be determined as follows:

(a) When the effect of inelastic panel-zone deformation on frame stability is not
accounted for in the analysis:

(1) For aP, <0.4P,
R, =0.60F,d,t, (J11-9)

(2) For ap- >0.4P,

R, = 0.60Fydctw[l 4 O;P’ J J11-10)
X

(b) When the effect of inelastic panel-zone deformation on frame stability is ac-
counted for in the analysis:

(1) For aB- <0.75P,

3best
R, =0.60F,d1,,| 1+ (J11-11)
dbdctw
(2) For ap, >0.75P,
3best? P
R, =0.60F,d,1,,| 1+ Al |y g_L20F (J11-12)
dpd.t,, Py

In Equations J11-9 through J11-12, the following definitions apply:
A, = gross area of member, in.2 (mm?)
F, = specified minimum yield stress of the column web, ksi (MPa)
P, =required axial strength using LRFD or ASD load combinations, kips (N)
Py = FyA,, axial yield strength of the column, kips (N)
ber = width of column flange, in. (mm)
dp = depth of beam, in. (mm)
d. = depth of column, in. (mm)
tos = design thickness of column flange, as defined in Section B4.2, in. (mm)
t, = design thickness of column web, as defined in Section B4.2, in. (mm)
o =1.0 (LRFD)
=1.6 (ASD)

When required, doubler plate(s) or a pair of diagonal stiffeners shall be provided
within the boundaries of the rigid connection whose webs lie in a common plane.

See Section J11.9 for doubler plate design requirements.
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7. Unframed Ends of Beams and Girders

At unframed ends of beams and girders not otherwise restrained against rotation
about their longitudinal axes, a pair of transverse stiffeners, extending the full depth
of the web, shall be provided.

8. Additional Stiffener Requirements for Concentrated Forces

Stiffeners required to resist tensile concentrated forces shall be designed in accor-
dance with the requirements of Section J4.1 and welded to the loaded flange and the
web. The welds to the flange shall be sized for the difference between the required
strength and available strength. The stiffener to web welds shall be sized to transfer
to the web the algebraic difference in tensile force at the ends of the stiffener.

Stiffeners required to resist compressive concentrated forces shall be designed in
accordance with the requirements in Section J4.4 and shall either bear on or be
welded to the loaded flange and welded to the web. The welds to the flange shall be
sized for the difference between the required strength and the applicable limit state
strength. The weld to the web shall be sized to transfer to the web the algebraic dif-
ference in compression force at the ends of the stiffener. For fitted bearing stiffeners,
see Section J7.

Transverse full depth bearing stiffeners for compressive forces applied to a beam
flange(s) shall be designed as axially compressed members (columns) in accordance
with the requirements of Section E6.2 and Section J4.4. The member properties shall
be determined using an effective length of 0.75h, a cross section composed of two
stiffeners, and a strip of the web having a width of 0.94¢,,,/E/F, at interior stiffeners
and 0.471,,/E/F, at the ends of members. The weld connecting full depth bearing
stiffeners to the web shall be sized to transmit the difference in compressive force at
each of the stiffeners to the web.

Transverse and diagonal stiffeners shall comply with the following additional re-
quirements:

(a) The width of each stiffener plus one-half the thickness of the column web shall
not be less than one-third of the flange or moment connection plate width deliver-
ing the concentrated force.

(b) The thickness of a stiffener shall not be less than one-half the thickness of the
flange or moment connection plate delivering the concentrated load, nor less than
the width divided by 16.

(c) Transverse stiffeners shall extend a minimum of one-half the depth of the mem-
ber, except as required in Sections J11.3, J11.5, and J11.7.
9. Additional Doubler Plate Requirements for Concentrated Forces

Doubler plates required for compression strength shall be designed in accordance
with the requirements of Chapter E.

Doubler plates required for tensile strength shall be designed in accordance with the
requirements of Chapter D.
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Doubler plates required for shear strength (see Section J11.6) shall be designed in
accordance with the provisions of Chapter G.

Doubler plates shall comply with the following additional requirements:

(a) The thickness and extent of the doubler plate shall provide the additional mate-
rial necessary to equal or exceed the strength requirements.

(b) The doubler plate shall be welded to develop the proportion of the total force
transmitted to the doubler plate.

Transverse Forces on Plate Elements

When a force is applied transverse to the plane of a plate element, the nominal strength
shall consider the limit states of shear and flexure in accordance with Sections J4.2
and J4.5.

User Note: The flexural strength can be checked based on yield-line theory and
the shear strength can be determined based on a punching shear model. See AISC
Steel Construction Manual Part 9 for further discussion.

SQUARE AND RECTANGULAR HSS WITH CONCENTRATED
FORCES

This section applies to compressive single- and double-concentrated forces applied
normal to the flange(s) of square and rectangular HSS.

The design strength, ¢R,, and the allowable strength, R,/€, for the limit state of web
local yielding, web local crippling, and web compression buckling of square and rect-
angular HSS under compressive concentrated forces shall be determined as follows:

¢ =0.90 (LRFD) Q=1.67 (ASD)

The nominal strength, R, shall be determined as follows:

Rn=Ctsz[l—Cr\/gj[l+C,\/g][l—@,\/?] Jd12-1)
where

C = coefficient from Table J12.1

Cj, = web slenderness coefficient from Table J12.1

C; = bearing length coefficient from Table J12.1

C, = internal bend radius coefficient from Table J12.1

Fy = specified minimum yield stress, ksi (MPa)

h = clear distance between flanges less the corner radius, in. (mm)

I, = length of bearing, in. (mm)

r = internal radius of corner, which may be taken as 27 if not known, in. (mm)
t =design wall thickness, as defined in Section B4.2, in. (mm)
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TABLE J12.1
Coefficients for Square and Rectangular HSS

Case (o] C, (o] Ch
End one-flange loading (EOF) 4 0.32 1.60 0.040
Interior one-flange loading (IOF) 2 0.04 2.30 0.001
End two-flange loading (ETF) 2 0.35 2.60 0.050
Interior two-flange loading (ITF) 8 0.21 0.75 0.010

TABLE J12.2
Loading Cases for Square and Rectangular HSS

Case lllustrations

s ‘ ‘

EOF hJ lend! lb! % hJ leng | 1y % long < 1.5h

IOF hl lena ‘ Iy

% h lend | Iy | leng > 1.5h

s ‘ !

l I |/ / l I, I} lend < 1.5h
T h end | ‘b | ‘tspac, ‘b h end | ‘b ‘spac| ‘b en
ETF ! ! i i ‘ ‘ Ispac < 1.5h

i H |
s o !

| h| | tend | Dy }lspaci Iy | b | tend | I ilspac

e Hi |

End one-flange loading (EOF): distance from the bearing edge to the end of the member < 1.5h, and the clear
distance between the bearing edges of adjacent opposite concentrated forces or reactions > 1.5h.

leng > 1.5h
Ispac < 1.5h

Interior one-flange loading (IOF): distance from the bearing edge to the end of the member > 1.5h, and the
clear distance between the bearing edges of adjacent opposite concentrated forces or reactions > 1.5h.

End two-flange loading (ETF): distance from the bearing edge to the end of the member < 1.5h, and the clear
distance between the bearing edges of adjacent opposite concentrated forces or reactions < 1.5h.

Interior two-flange loading (ITF): distance from the bearing edge to the end of the member > 1.5h, and the
clear distance between the bearing edges of adjacent opposite concentrated forces or reactions < 1.5h.
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Table J12.1 shall apply to square and rectangular HSS subject to the loading cases
defined in Table J12.2, when the following limitations are satisfied:

(a) h/t<60

(b) I/t <55

(c) Iy/h<3

(d) r/t<2
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CHAPTER K

ADDITIONAL REQUIREMENTS FOR HSS AND
BOX-SECTION CONNECTIONS

This chapter addresses additional requirements for connections to austenitic and duplex
stainless steel square or round HSS members and square box sections of uniform thickness,
where seam welds between box-section elements are complete-joint-penetration (CJP)
groove welds in the connection region. The provisions are only applicable to truss connec-
tions. The requirements of Chapter J also apply.

The chapter is organized as follows:

K1. General Provisions
K2. HSS-to-HSS Truss Connections

User Note: The design of moment connections to square, rectangular, and round HSS
members, and truss connections to rectangular HSS members is outside the scope of this
chapter due to insufficient research and test data to substantiate the design of these types
of connections.

Ki1.

GENERAL PROVISIONS

For the purposes of this chapter, the centerlines of branch members and chord mem-
bers shall lie in a common plane. Square HSS connections are further limited to having
all members oriented with walls parallel to the plane.

The tables in this chapter are often accompanied by limits of applicability. Connec-
tions complying with the limits of applicability listed can be designed considering
only those limit states provided for each joint configuration. Connections not com-
plying with the limits of applicability listed are not prohibited and must be designed
by rational analysis.

User Note: The connection strengths calculated in Chapter K, including the appli-
cable sections of Chapter J, are based on strength limit states only.

User Note: Connection strength is often governed by the size of HSS members,
especially the thickness of truss chords, and this must be considered in the initial
design. To ensure economical and dependable connections can be designed, the
connections should be considered in the design of the members. Angles between
the chord and the branch(es) of less than 30° can make welding and inspection
difficult and should be avoided. The limits of applicability provided reflect limita-
tions on tests conducted to date, measures to eliminate undesirable limit states,
and other considerations. See Section J3.10(c) for through-bolt provisions.
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The design strength, ¢P,, and the allowable strength, P,/€2, of connections shall be
determined in accordance with the provisions of this chapter and the provisions of
Chapter B.

HSS-TO-HSS TRUSS CONNECTIONS

HSS-to-HSS truss connections are defined as connections that consist of one or more
branch members that are directly welded to a continuous chord that passes through
the connection and shall be classified as follows:

(a) When the punching load, P,sin®, in a branch member is equilibrated by beam
shear in the chord member, the connection shall be classified as a T-connection
when the branch is perpendicular to the chord, and classified as a Y-connection
otherwise.

(b) When the punching load, P,sin6, in a branch member is essentially equilibrated
(within 20%) by loads in other branch member(s) on the same side of the con-
nection, the connection shall be classified as a K-connection. The relevant gap is
between the primary branch members whose loads equilibrate. An N-connection
can be considered as a type of K-connection.

User Note: A K-connection with one branch perpendicular to the chord is
often called an N-connection.

(c) When the punching load, P,sin®, is transmitted through the chord member and is
equilibrated by branch member(s) on the opposite side, the connection shall be
classified as a cross-connection.

(d) When a connection has more than two primary branch members, or branch
members in more than one plane, the connection shall be classified as a general
or multiplanar connection.

When branch members transmit part of their load as K-connections and part of their
load as T-, Y-, or cross-connections, the adequacy of the connections shall be deter-
mined by interpolation on the proportion of the available strength of each in total.

For trusses that are made with HSS that are connected by welding branch members to
chord members, eccentricities within the limits of applicability are permitted without
consideration of the resulting moments for the design of the connection.

Definitions of Parameters

Ag = gross area of member, in.2 (mm?)

B = overall width of square HSS main member, measured 90° to the plane of the
connection, in. (mm)

By, = overall width of square HSS branch member, measured 90° to the plane of the
connection, in. (mm)

B, = effective width of square HSS branch member, in. (mm)

D = outside diameter of round HSS main member, in. (mm)

D, = outside diameter of round HSS branch member, in. (mm)
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F. = available stress in main member, ksi (MPa)

= F) for LRFD; 0.60F), for ASD
F, = specified minimum tensile strength of HSS member material, ksi (MPa)
F, = specified minimum yield stress of HSS main member material, ksi (MPa)
Fyp, = specified minimum yield stress of HSS branch member, ksi (MPa)
0, = lw/lp %100, %

e = eccentricity in a truss connection, positive being away from the branches, in.
(mm)
g = gap between toes of branch members in a gapped K-connection, neglecting the

welds, in. (mm)
lona = distance from the near side of the connecting branch to end of chord, in. (mm)
l,y = overlap length measured along the connecting face of the chord beneath the
two branches, in. (mm)
I, = projected length of the overlapping branch on the chord, in. (mm)

t =design wall thickness of HSS main member, as defined in Section B4.2, in.
(mm)

t, = design wall thickness of HSS branch member, as defined in Section B4.2, in.
(mm)

B = width ratio; the ratio of branch diameter-to-chord diameter, Dy/D, for round
HSS; the ratio of overall branch width-to-chord width, By/B, for square HSS

Befr = effective width ratio; the sum of the perimeters of the two branch members in
a K-connection divided by eight times the chord width

Y = chord slenderness ratio; the ratio of one-half the diameter to the thickness,
D/2t, for round HSS; the ratio of one-half the width to thickness, B/2t, for
square HSS

0 = acute angle between the branch and chord (degrees)

€ = gap ratio; the ratio of the gap between the branches of a gapped K-connection

to the width of the chord
= g/B for square HSS

2. Round HSS

The available strength of round HSS-to-HSS truss connections, within the limits in
Table K2.1a, shall be taken as the lowest value obtained according to the limit states
shown in Table K2.1.

User Note: Some round HSS-to-HSS cross-connections may exceed the maxi-
mum deformation criteria of 1% of the chord diameter, D, at serviceability limit
states associated with the strength equations given in Table K2.1. Therefore,
if deformations at service loads are critical for these types of joints, the design
should be based on a more detailed analysis.

User Note: For connections outside the range of validity given in Table K2.1a,
a detailed analysis should be made. This analysis should take account of the
secondary moments in the joints caused by the bending stiffness of the joints.
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HSS-TO-HSS TRUSS CONNECTIONS

[Sect. K2.

TABLE K2.1
Available Strengths of Round
HSS-to-HSS Truss Connections

Connection Type

Connection Available Axial Strength

General check for T-, Y-,
cross-, and K-connections
with gap, when
Dp (tens/comp) < (D - Zt)

Limit state: shear yielding (punching)
1+ sinej

K2-2
2sin%@ ( )

Q=1.58 (ASD)

P, = o.ertnDb(

¢ =0.95 (LRFD)

T- and Y-connections

Limit state: chord plastification
PosinG = Fyt(3.1+15.6p2) 702
Q=1.67 (ASD)

(K2-3)
¢ =0.90 (LRFD)

Limit state: chord plastification
5.7

P.sing = Ft?| ——— |Q

" v [1_ 0.81 B] !

¢ =0.90 (LRFD) Q =1.67 (ASD)

(K2-4)

K-connections with gap or overlap

o b
Db comp 2omp R 2 b tens
b g 7
Ocomp ' \t
b

(Pssine)

(P, sin6)

compression branch™

Limit state: chord plastification

D
Ft2 [2.0+ 11 .ss%jogof (K2-5)

tension branch — (P” sin e)comprt-:*ssion branch (K2-6)

$=0.90 LRFD)  Q=1.67 (ASD)

3. Square HSS

The available strength, ¢P, and P,/Q2, of square HSS-to-HSS truss connections
within the limits in Table K2.2a, shall be taken as the lowest value obtained accord-
ing to limit states shown in Table K2.2 and Chapter J.

User Note: Outside the limits in Table K2.2a, the limit states of Chapter J are
still applicable and the applicable limit states of Chapter K are not defined.
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TABLE K2.1 (continued)
Available Strengths of Round
HSS-to-HSS Truss Connections

Functions
Q=1 for chord (connecting surface) in tension
=1.0-0.3U (1 + U) for HSS (connecting surface) in compression (K2-7)
P, M
_ ro 4 ro (K2-8)
Ay RS

where Py, and My, are determined on the side of the joint that has the lower compression stress. Py,
and M, refer to required strengths in the HSS: P, = P, for LRFD and P, = P, for ASD; M,, = M, for
LRFD and M,, = M, for ASD.

02|q, 0.024y"-2

— 0. K2-9
Qg =7 0.50 (K2-9)
exp 1.33 |+1
Note that exp(x) is equal to €*, where e is the base of the natural logarithm.
TABLE K2.1a
Limits of Applicability of Table K2.1
Joint eccentricity: -0.55 <e/D < 0.25 for K-connections
Chord wall slenderness: | D/t < 50 for T-, Y-, and K-connections
D/t < 40 for cross-connections
Branch wall slenderness: | Dp/tp < 50 for tension and compression branch
Dp/ty < 0.05E/Fyp, for compression branch
Width ratio: 0.2 <Dp/D <1.0 for T-, Y-, cross-, and overlapped K-connections
0.4 < Dp/D < 1.0 for gapped K-connections
Gap: g > th comp + tb tens for gapped K-connections
Overlap: 25% <0y, £100% for overlapped K-connections
Branch thickness: tb overiapping < tb overlapped for branches in overlapped K-connections
End distance: lend > D(1 .25 - g) for T-, Y-, cross-, and K-connections

3a. Effective Width for Connections to Square HSS

The effective width of square HSS branches perpendicular to the longitudinal axis
of a square HSS member that deliver a force component transverse to the face of the

member shall be taken as:
1 F.t
B, :[ﬁj[ J JB;, <B, (K2-1)

B Fybl‘b
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TABLE K2.2
Available Strengths of Square
HSS-to-HSS Truss Connections

Connection Type Connection Available Axial Strength

Gapped K-connections

Limit state: chord wall plastification, for all

i K%
tb/®\f’ ,;,@Ub P,sin® = F,t2 (9.8136ﬁy°-5)of (K2-10)
g
NN\ NI B
Gﬁ\ﬁ ( A e I 0=0.90 LRFD)  Q=1.67 (ASD)
ey
Overlapped K-connections Limit state: Local yielding of branch/

branches due to uneven load distribution

~Bo B%A 9=0.95 (LRFD)  Q=1.58 (ASD)
/
‘bﬁ\f D D P/@‘b When 25% < 0, < 50%
0 e B <
/ \ LL & t Fri= Fypitbi {5*6(28;31 — Atp)+ Bej + Be,} (K2-11)

—e -

]

Note that the force arrows shown
for overlapped K-connections may
be reversed; i and j control member

identification.

When 50% <O, < 80%
Pri= Fypitsi (2Bbi — 4tpi + Bei + Bej)  (K2-12)

When 80% <O, < 100%
Pri= Fpitpi (QBbi — dtp; + Bpj + Bej) (K2-13)

Subscript i refers to the overlapping branch
Subscript j refers to the overlapped branch

Fybj Abj
Poj= Ri| 222 K2-14
" "”[Fybi Api ( )
Functions
Q=1 for chord (connecting surface) in tension
- U
1.3-0.4—<1.0 (K2-15)
Beff
_| Pro | Mro (K2-8)
FAy FcS

where Py, and M,, are determined on the side of the joint that has the lower compression stress.
Py and M, refer to required strengths in the HSS:
P, = P, for LRFD and P, = P, for ASD; M,, = M, for LRFD and M,, = M, for ASD.

B eff = |:(Bb )compression branch + (Bb)tension branch :| / 2B (K2_1 6)
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TABLE K2.2a
Limits of Applicability of Table K2.2

Joint eccentricity: -0.55 <e/B < 0.25 for K-connections
Chord wall slenderness: | B/t < 35 for gapped K-connections

B/t < 30 for overlapped K-connections
Branch wall slenderness: | Bp/ty < 35 for tension branch

E

<1.25 = for compression branch of gapped K-connections
yb

< 35 for compression branch of gapped K-connections

/ E ) .
<11 = for compression branch of overlapped K-connections
yb

Width ratio: Byp/B > 0.25 for overlapped K-connections
Overlap: 25% <0y £100% for overlapped K-connections
Branch width ratio: Byi/Bpj > 0.75 for overlapped K-connections, where subscript i

refers to the overlapping branch and subscript j refers
to the overlapped branch

Branch thickness ratio: tpilthj < 1.0 for overlapped K-connections, where subscript i
refers to the overlapping branch and subscript j refers
to the overlapped branch

Additional Limits for Gapped K-Connections

Width ratio: Bo so14 X
’ B 50
& >0.35
B
Gap ratio: {=9g/B 20.5 (1- Ber)
{=9/B <1.5 (1- Ber)
Gap: 9 2 tp compression branch + tb tension branch
Branch size: smaller By > 0.63 (larger Bp)
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CHAPTER L
DESIGN FOR SERVICEABILITY

This chapter addresses the evaluation of the structure and its components for the service-
ability limit states of deflections, drift, vibration, wind-induced motion, thermal distortion,
and connection slip.

The chapter is organized as follows:

L1. General Provisions

L2. Deflections

L3. Drift

L4. Vibration

L5. Wind-Induced Motion

L6. Thermal Expansion and Contraction
L7. Connection Slip

User Note: Stainless steel is usually specified because of its corrosion resistance or for
aesthetic reasons. Section A4 gives minimum alloy requirements for specific service
environments. The Commentary lists the information that is typically necessary for
appropriate alloy specification. AISC Design Guide 27, 2nd Edition, Structural Stainless
Steel, gives further guidance on the assessment and importance of those service environ-
ment characteristics in selection of an appropriate alloy and surface finish in order to
achieve the design life of the structure.

L1. GENERAL PROVISIONS

Serviceability is a state in which the function of a building, its appearance, maintain-
ability, durability, and the comfort of its occupants are preserved under typical usage.
Limiting values of structural behavior for serviceability (such as maximum deflec-
tions and accelerations) shall be chosen with due regard to the intended function of
the structure. Serviceability shall be evaluated using applicable load combinations.

User Note: Serviceability limit states, service loads, and appropriate load combi-
nations for serviceability considerations can be found in ASCE Minimum Design
Loads and Associated Criteria for Buildings and Other Structures (ASCE/SEI
7), Appendix C, and its Commentary. The performance requirements for service-
ability in this chapter are consistent with ASCE/SEI 7, Appendix C. Service loads
are those that act on the structure at an arbitrary point in time and are not usually
taken as the nominal loads.

Reduced stiffness values used in the direct analysis method, described in Chapter
C, are not intended for use with the provisions of this chapter.
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L2.

L3.

DEFLECTIONS

Deflections in structural members and structural systems shall be limited so as not to
impair the serviceability of the structure.

Deflections shall be determined for the load combination at the relevant service-

ability limit state. Unless a more exact method is used, standard structural theory is

permitted for estimating the deflection of elastic beams, except that the modulus of

elasticity shall be replaced with the reduced modulus of elasticity, E,, determined in

accordance with Equation L2-1:

— Est + Esc
2

E, L2-1)

where
E,. = secant modulus corresponding to the maximum compressive stress in the
cross section, which may be determined in accordance with Appendix 7,
Equation A-7-5, ksi (MPa)
E = secant modulus corresponding to the maximum tensile stress in the cross
section, which may be determined in accordance with Appendix 7, Equation
A-7-5, ksi (MPa)

User Note: Replacing the modulus of elasticity by the reduced modulus provides
accurate predictions of the deflection when the maximum stress in the cross sec-
tion does not exceed 65% of Fy. At higher levels of stress, the method becomes
very conservative.

Table User Note L2.1 gives the secant modulus for common types of stainless
steel at a maximum stress in the cross section equal to 0.6F),, which may be con-
servatively adopted in preliminary estimates of deflection.

TABLE USER NOTE L2.1
Secant Modulus
= Fy: ES!
Stainless Steel ksi (MPa) ksi (MPa)
S30400 and S31600 30 (205) 25,800 (177 000)
Austenitic
S30403 and S31603 25 (170) 25,400 (175 000)
S$32101, S32202, S32205,
Duplex and S82011 65 (450) 28,300 (195 000)
S32304 58 (400) 28,200 (194 000)
DRIFT

Drift shall be limited so as not to impair the serviceability of the structure.
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L4.

LS.

Le.

L7.

VIBRATION [Sect. L4.

VIBRATION

The effect of vibration on the comfort of the occupants and the function of the struc-
ture shall be considered. The sources of vibration to be considered include occupant
loading, vibrating machinery, and others identified for the structure.

WIND-INDUCED MOTION

The effect of wind-induced motion of buildings on the comfort of occupants shall
be considered.

THERMAL EXPANSION AND CONTRACTION

The effects of thermal expansion and contraction of a building shall be considered.

CONNECTION SLIP

The effects of connection slip shall be included in the design where slip at bolted
connections may cause deformations that impair the serviceability of the structure.
Where appropriate, the connection shall be designed to preclude slip.

User Note: For the design of slip-critical connections, see Sections J3.8 and J3.9.
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CHAPTER M
FABRICATION AND ERECTION

This chapter addresses requirements for fabrication and erection documents, fabrication,
and erection.

The chapter is organized as follows:

Mi1.

M2.

MI1. Fabrication and Erection Documents
M2. Fabrication
M3. Erection

FABRICATION AND ERECTION DOCUMENTS

Fabrication and erection documents are permitted to be prepared in stages. Fabri-
cation documents shall be prepared in advance of fabrication and give complete
information necessary for the fabrication and alloy traceability of the component
parts of the structure, including the location, type, and size of welds and bolts. The
necessary treatment for bimetallic interface connections between the stainless steel
and other steel alloy components must be specified. Erection documents shall be
prepared in advance of installation and give information necessary for erection of the
structure. Fabrication and erection documents shall clearly distinguish between shop
and field welds and bolts. They shall clearly identify pretensioned and slip-critical
bolted connections. Fabrication and erection documents shall be made with due
regard to speed and economy in fabrication and erection.

FABRICATION

Identification

Hard stamped, punched, or drilled marks are not permitted for stainless steel. Soft
or low stress stamps, or stamped metal tags attached by stainless steel wire, may be
used. Temporary color coding or marking with paint, crayon, ink stencil, or similar
approved chloride and sulfide free marking products is permitted during fabrication,
but shall be fully removed prior to on-site welded fabrication and project completion.

Handling and Storage

Contractors shall be required during all stages of handling, shipment, storage, and
erection to take preventative measures to avoid surface finish damage, free iron, or
other material contamination due to exposure to steel cutting or grinding, and other
potential sources of damage that may adversely affect appearance or performance.

Contact with chemicals and acids, including dyes, glues, adhesive tape, hydrochloric
acid, chloride containing cleaning products, and undue amounts of oil and grease
shall be avoided. If it is necessary to use them, their suitability and the maximum
duration of exposure shall be determined.
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User Note: See AISC Design Guide 27, 2nd Edition, Structural Stainless Steel,
and ASTM A967/A967M for information on chemical passivation methods for
removing embedded metals and other surface contamination from stainless steels
to restore corrosion resistance. Deeply embedded metal contamination may need

to be removed by chemical descaling or another acceptable method in accordance
with ASTM A380/A380M.

Cambering, Curving, and Straightening

Mechanical means, such as stretcher- or tension-leveling, may be specified to intro-
duce or correct camber, curvature, and straightness. Stretcher- or tension-leveling
tolerances shall be specified in accordance with the applicable general requirements
in the ASTM standards listed in Section A3 for the product or as agreed in the con-
tract documents.

If the temperature and exposure time cannot be carefully controlled, warm form-
ing or straightening shall not be permitted. Unless otherwise indicated by the alloy
producer or when there will be solution annealing after forming, the maximum
austenitic stainless steel temperature for warm forming or straightening shall be
900°F (480°C). For duplex stainless steel the maximum allowable temperature for
warm forming or straightening is 750°F (400°C). If the working temperature exceeds
750°F (400°C), a full solution anneal and rapid quench of the duplex stainless steel
shall be required. Annealing colors and oxide scales shall be completely removed in
accordance with ASTM A380/A380M.

User Note: Duplex stainless steels have very low strength at annealing tempera-
tures, and distortion is likely during annealing.

Cutting

Oxyacetylene cutting shall not be used for cutting stainless steel without a powder
fluxing technique and is strongly discouraged. If it is used, then the resulting surface
shall be cleaned in accordance with AWS D1.6/1.6M, clause 7.20, Weld Cleaning.

Shearing, sawing, abrasive cutting, water jet cutting, and thermal cutting by plasma
or laser are permitted for structural stainless steel. Thermal cutting shall not be used
unless at least %4 in. (3 mm) of material is mechanically removed from any thermally
cut edge. Oxyacetylene torch cutting shall not be used.

Notches or gouges on cut surfaces (edges) not exceeding Yis in. (2 mm) for materials
less than % in. (16 mm) in thickness or 10% of the material thickness for materials
¥ in. (16 mm) or greater need not be repaired unless specified by the engineer of
record (EOR) or contract specifications. If fatigue service is anticipated, the EOR
shall establish limits for notches and gouges in areas with stress concentrations.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Sect. M2.] FABRICATION 133

Notches, gouges, or other material discontinuities may be repaired by grinding or
machining provided the depth of the notch or gouge does not exceed the lesser of
Y& in. (3 mm) or 20% of the material thickness, and shall be blended smoothly into
the surrounding surfaces to a slope not exceeding 1 in. in 4 in. (25 mm in 100 mm).
Notches or gouges exceeding this size shall be repaired by excavation and welding
in accordance with AWS D1.6/D1.6M, clause 7.5, unless otherwise directed by the
EOR. Repaired surfaces shall be cleaned to bright metal after completing the repair.

Reentrant corners shall be formed with a curved transition. The radius need not
exceed that required to fit the connection. The requirements of AWS D1.6/D1.6M,
clause 8, Part C, Acceptance Criteria, shall be used to evaluate discontinuities and
determine if repair is required.

Beam copes and weld access holes shall meet the requirements given in Section J1.6.

5. Planing of Edges

Planing or finishing of sheared or cut edges of plates or shapes is not required unless
specifically called for in the construction documents or included in a stipulated edge
preparation for welding.

6. Welded Construction

Welding shall be performed in accordance with AWS D1.6/D1.6M, except as
modified in Section J2. Welding consumables that produce weld deposits of at least
equivalent corrosion resistance to the parent metal shall be used.

If the weld is not fully shielded to prevent heat tint and scale formation, the cor-
rosion resistance of the weld shall be restored by chemical descaling or another
suitable method in accordance with ASTM A380/A380M. The contract documents
shall specify a cleaning procedure in accordance with ASTM A380/A380M that is
suitable for the corrosiveness of the service environment. Chemical passivation and
electropolishing are not permissible methods of restoring weld corrosion resistance
unless combined with methods suitable for removing the chromium depleted layer.

User Note: The need for back-side shielding of welds should be considered.

General cleanliness and the absence of contamination shall be required for good weld
quality. Oils, dirt, plastic film, and wax crayon marks shall be removed in accordance
with ASTM A967/A967M or A380/A380M to avoid weld contamination.

User Note: Duplex stainless steel requires careful control and monitoring of the
heat input and interpass temperature during welding and, in rare cases, requires
postweld annealing per the material specification. An appropriate filler metal in
accordance with AWS D1.6/D1.6M or the alloy producer’s recommendation if
no guidance is given by AWS D1.6/D1.6M should be used. Verification of the
postweld heat treatment through corrosion testing or other means should be con-
sidered unless the product or process has been prequalified.
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User Note: Weld distortion is generally greater in stainless steel than in other
steel alloys, particularly with austenitic stainless steel which has a higher coef-
ficient of thermal expansion. Heat input and interpass temperatures should be
controlled to minimize distortion and avoid potential metallurgical problems, and
follow an appropriate weld procedure approved by the EOR.

Bimetallic interfaces in welded joints combining stainless steels with other steel
alloys shall be protected from galvanic corrosion by a waterproof coating suitable
for the service environment and intended maintenance frequency, unless the environ-
ment has consistently low humidity levels and no exposure to moisture from rain,
fog, immersion, high humidity, and condensation. The coating shall consist of an
epoxy coating, metal primer, and paint system, or other durable waterproof coating
that is applied to the other steel alloy and extends over the weldment onto the stain-
less steel to a distance of at least 2 in. (50 mm).

If stainless steel will be painted, the passive film shall be abrasively or chemically
removed immediately before application of the metal primer or a suitable etchant
primer shall be used.

User Note: The passive film on stainless steel fully reforms after 24 hours and its
presence will cause poor paint adherence.

Bolted Construction

Parts of bolted members shall be pinned or bolted and rigidly held together during
assembly. Use of a drift pin in bolt holes during assembly shall not distort the metal
or enlarge the holes. Poor matching of holes shall be cause for rejection.

Machined, drilled, or water jet cut holes are permitted. Thermal cutting of holes by
plasma or laser shall not be used unless at least %8 in. (3 mm) of material is mechani-
cally removed from any cut edge. Gouges shall not exceed a depth of ¥is in. (2 mm).
If fatigue service is anticipated, the EOR shall establish limits for notches and gouges
in areas with stress concentrations.

Fully inserted finger shims, with a total thickness of not more than % in. (6 mm)
within a joint, are permitted without changing the strength (based upon hole type)
for the design of connections. The orientation of such shims is independent of the
direction of application of the load.

The use of bolts shall conform to the requirements of Section J3.

User Note: The lubrication of bolts is beneficial but corrosion arising from con-
tamination of pre-applied lubrication by chloride salts, industrial pollutants, or
other corrosive substances and metallic particles during storage may occur. This
contamination could cause corrosion that might not otherwise occur, and may
lead to premature failure. Application of lubricants shortly before use is advisable.
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10.

11.

12.

13.

Compression Joints

Compression joints that depend on contact bearing as part of the splice strength shall
have the bearing surfaces of individual fabricated pieces prepared by milling, saw-
ing, or other equivalent means.

Dimensional Tolerances

Dimensional tolerances for fabrication shall be in accordance with AISC Code of
Standard Practice for Structural Stainless Steel Buildings Chapter 6. Dimensional
tolerances for structural shapes shall be specified in accordance with Table A3.1.

Finish of Column Bases

Column bases and base plates shall be finished in accordance with the following
requirements:

(a) Steel bearing plates 2 in. (50 mm) or less in thickness are permitted without mill-
ing provided a smooth and notch-free contact bearing surface is obtained. Steel
bearing plates over 2 in. (50 mm) but not over 4 in. (100 mm) in thickness are
permitted to be straightened by pressing or, if presses are not available, by mill-
ing for bearing surfaces, except as stipulated in subparagraphs (b) and (c) of this
section, to obtain a smooth and notch-free contact bearing surface. Steel bearing
plates over 4 in. (100 mm) in thickness shall be milled for bearing surfaces, except
as stipulated in subparagraphs (b) and (c) of this section.

(b) Bottom surfaces of bearing plates and column bases that are grouted to ensure
full bearing contact on foundations need not be milled.

(c) Top surfaces of bearing plates need not be milled when complete-joint-penetra-
tion groove welds are provided between the column and the bearing plate.

Holes for Anchor Rods

Holes for anchor rods shall be cut in accordance with Section M2.7.

Drain Holes

When water can collect inside HSS or box members, either during construction or
during service, the member shall be sealed, provided with a drain hole at the base, or
otherwise protected from water infiltration.

Faying Surfaces for Slip-Critical Bolted Connections

Faying surfaces of slip-critical bolted connections shall be grit-blasted and shall have
a defined surface roughness, as specified in Table M2.1, using either Rz or Rt. Every
production faying surface does not require surface roughness inspection; however,
a blast process shall be qualified to produce the required surface roughness and pro-
duction faying surfaces shall require intermittent inspection. SSPC PA 17 shall be
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TABLE M2.1
Definition of Surface Classes for Slip-Critical
Faying Surfaces

RzI?l Rilbl
Class
pin. pm pin. pm
SSB > 1400 >35 > 2000 > 50
SSC >1800 > 45 > 2400 > 60
SSD >2200 >55 > 2800 >70

[al Rz is the surface roughness according to ASTM D7127.
] Rt is the surface roughness according to ASTM D4417.

Ma.

used for development of a qualified blast process and production inspection of the
faying surfaces. Appendices A and B of SSPC PA 17 shall be mandatory with the
following additional requirements in SSPC PA 17, Appendix B, Section B1:

The representative sample shall have a minimum thickness of at least %4 in. (6 mm)
and shall be made of the same stainless steel material as the faying surfaces in the
project. A copy of the information contained in SSPC PA 17 Tables B1 or B3 shall
be submitted to the engineer of record for approval.

Clean stainless steel grit media shall be used when blast cleaning these surfaces to
avoid contamination.

User Note: The use of brand new media is advisable due to the likelihood of con-
tamination by free iron embedded into the surface being blasted when recycled
media is used.

ERECTION

Column Base Setting

Column bases shall be set level and to correct elevation with full bearing on concrete
or masonry as defined in AISC Code of Standard Practice for Structural Stainless
Steel Buildings Chapter 7.

Stability and Connections

The frame of structural steel buildings shall be carried up true and plumb within
the limits defined in AISC Code of Standard Practice for Structural Stainless Steel
Buildings Chapter 7. As erection progresses, the structure shall be secured to support
dead, erection, and other loads anticipated to occur during the period of erection.
Temporary bracing shall be provided, in accordance with the requirements of the
AISC Code of Standard Practice for Structural Stainless Steel Buildings, wherever
necessary to support the loads to which the structure may be subjected, including
equipment and the operation of same. Such bracing shall be left in place as long as
required for safety.
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3. Alignment

No permanent bolting or welding shall be performed until the affected portions of the
structure have been aligned as required by the construction documents.

4. Fit of Column Compression Joints and Base Plates

Lack of contact bearing not exceeding a gap of i in. (2 mm), regardless of the type
of splice used (partial-joint-penetration groove welded or bolted), is permitted. If
the gap exceeds Y6 in. (2 mm), but is equal to or less than "4 in. (6 mm), and if an
engineering investigation shows that sufficient contact area does not exist, the gap
shall be packed out with nontapered steel shims. Shims shall be made of a stainless
steel with similar or better durability than that of the structure.

S. Field Welding

Surfaces in and adjacent to joints to be field welded shall be prepared as necessary to
assure weld quality. This preparation shall include surface preparation necessary to
correct for damage or contamination occurring subsequent to fabrication.

6. Cleaning after Erection

Contamination of stainless steel by contact with free iron shall be avoided. Other
steel alloy brushes, wool, scrapers, or other products shall not be used. To limit
surface contamination, the stainless steel shall either be protected by removable
plastic film or another barrier, and final cleaning shall be performed after completion
of the structure in accordance with ASTM A967/A967M. Cleaning procedures shall
be appropriate for the material, surface finish, function of the component, and cor-
rosion risk, and shall not contain chlorides or hydrochloric acid. The method, level,
and extent of cleaning shall be specified.

User Note: Some stainless steel products like bar, HSS, and pipe contain higher
levels of sulfur. Chemical descaling by the manufacturer removes surface sulfides.
If the surface finish is subsequently disturbed by finishing, machining, welding, or
some other process that removes metal, additional sulfides will be exposed and the
stainless steel will be more susceptible to corrosion. In corrosive environments,
chemical passivation in accordance with ASTM A967/A967M is advisable after
the last processing step that disturbs the surface to remove surface sulfides and
achieve maximum corrosion resistance.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



138

CHAPTER N

QUALITY CONTROL AND QUALITY ASSURANCE

This chapter addresses minimum requirements for quality control, quality assurance, and
nondestructive testing for structural stainless steel systems for buildings and other struc-

tures.

User Note: This chapter does not address quality control or quality assurance for the
following items:

(@)
(b)
(©
(d)

Steel (open web) joists and girders

Tanks or pressure vessels

Cables, cold-formed steel products, or gage material

Surface preparations or coatings

The chapter is organized as follows:

N1.

NI1. General Provisions

N2. Fabricator and Erector Quality Control Program

N3. Fabricator and Erector Documents

N4. Inspection and Nondestructive Testing Personnel

N5. Minimum Requirements for Inspection of Structural Stainless Steel Buildings
N6. Approved Fabricators and Erectors

N7. Nonconforming Material and Workmanship

GENERAL PROVISIONS

Quality control (QC) as specified in this chapter shall be provided by the fabricator
and erector. Quality assurance (QA) as specified in this chapter shall be provided by
others when required by the authority having jurisdiction (AHJ), applicable building
code, purchaser, owner, or engineer of record (EOR). Nondestructive testing (NDT)
shall be performed by the agency or firm responsible for quality assurance, except as
permitted in accordance with Section N6.

User Note: The QA/QC requirements in Chapter N are considered adequate and
effective for most stainless steel structures and are strongly encouraged without
modification. When the applicable building code and AHJ requires the use of a
QA plan, this chapter outlines the minimum requirements deemed effective to
provide satisfactory results in stainless steel building construction. There may
be cases where supplemental inspections are advisable, including weld inspec-
tion in accordance with AWS D1.6/D1.6M. Additionally, where the contractor’s
QC program has demonstrated the capability to perform some tasks this plan has
assigned to QA, modification of the plan could be considered.
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N2.

User Note: The producers of materials manufactured in accordance with the
standard specifications referenced in Section A3 and stainless steel deck manu-
facturers are not considered to be fabricators or erectors.

FABRICATOR AND ERECTOR QUALITY CONTROL PROGRAM

The fabricator and erector shall establish, maintain, and implement QC procedures
to ensure that their work is performed in accordance with this Specification and the
construction documents.

Material Identification

Material identification procedures shall comply with the requirements of this Speci-
fication, referenced ASTM standards, if applicable, and AISC Code of Standard
Practice for Structural Stainless Steel Buildings Section 6.1, and shall be monitored
by the fabricator’s quality control inspector (QCI).

Fabricator Quality Control Procedures

The fabricator’s QC procedures shall address inspection of the following as a mini-
mum, as applicable:

(a) Shop welding, bolting, and details in accordance with Section N5

(b) Handling of material in accordance with Section M2.2

(c) Shop cut and finished surfaces in accordance with Section M2.4

(d) Shop heating for cambering, curving, and straightening in accordance with
Section M2.3

(e) Tolerances for shop fabrication in accordance with AISC Code of Standard
Practice for Structural Stainless Steel Buildings Section 6.4. Dimensional toler-
ances for structural shapes shall be specified in accordance with Table A3.1.

Erector Quality Control Procedures

The erector’s quality control procedures shall address inspection of the following as
a minimum, as applicable:

(a) Field welding, bolting, and details in accordance with Section N5

(b) Handling of material in accordance with Section M2.2

(c) Steel deck in accordance with SDI Standard for Quality Control and Quality
Assurance for Installation of Steel Deck

(d) Field cut surfaces in accordance with Section M2.4
(e) Field heating for straightening in accordance with Section M2.3

(f) Tolerances for field erection in accordance with AISC Code of Standard Practice
for Structural Stainless Steel Buildings Section 7.13
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N3.

1.

FABRICATOR AND ERECTOR DOCUMENTS [Sect. N3.

FABRICATOR AND ERECTOR DOCUMENTS

Submittals for Stainless Steel Construction

The fabricator or erector shall submit the following documents for review by the
EOR or the EOR’s designee, in accordance with AISC Code of Standard Practice
Sfor Structural Stainless Steel Buildings, prior to fabrication or erection, as applicable:

(a) Fabrication documents, unless fabrication documents have been furnished by
others

(b) Erection documents, unless erection documents have been furnished by others

Available Documents for Stainless Steel Construction

The following documents shall be available in electronic or printed form for review
by the EOR or the EOR’s designee prior to fabrication or erection, as applicable,
unless otherwise required in the construction documents to be submitted:

(a) For main structural stainless steel elements, copies of material test reports and
certifications in accordance with Section A3.1.

(b) For stainless steel castings and forgings, copies of material test reports and cer-
tifications in accordance with Section A3.2.

(c) For fasteners, copies of manufacturer’s test reports and certifications in accor-
dance with Section A3.3.

(d) For anchor rods and threaded rods, copies of material test reports in accordance
with Section A3.4.

(e) For welding consumables, copies of manufacturer’s certifications in accordance
with Section A3.6.

(f) Manufacturer’s product data sheets or catalog data for welding filler metals and
fluxes to be used. The data sheets shall describe the product, limitations of use,
recommended or typical welding parameters, and storage and exposure require-
ments, including baking, if applicable.

(g) Welding procedure specifications (WPS) or documentation of prequalified weld-
ing procedure specifications (PWPS).

(h) Procedure qualification records (PQR) for WPS that are not prequalified in
accordance with AWS D1.6/D1.6M.

(i) Welding personnel performance qualification records (WPQR) for the stainless
steel alloy and WPS and continuity records.

(j) Fabricator’s or erector’s, as applicable, written QC manual that shall include, as
a minimum:

(1) Material control procedures
(2) Inspection procedures
(3) Nonconformance procedures
(k) Fabricator’s or erector’s, as applicable, QCI qualifications.

(1) Fabricator NDT personnel qualifications, if NDT is performed by the fabricator.
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N4.

INSPECTION AND NONDESTRUCTIVE TESTING PERSONNEL

Quality Control Inspector Qualifications

QC welding inspection personnel shall be qualified to the satisfaction of the fabricator’s
or erector’s QC program, as applicable, and in accordance with either of the following:

(a) Associate welding inspectors (AWI) or higher as defined in Standard for the
Qualification of Welding Inspectors (AWS B5.1) with the addition in AWS B5.1,
clause 7, that testing for fundamental knowledge of stainless be required, or

(b) Qualified under the provisions of AWS D1.6/D1.6M, clause 8.

QC bolting inspection personnel shall be qualified on the basis of documented train-
ing and experience in structural bolting inspection for both other steel alloy and
stainless steel fasteners, including the issues related to bimetallic contact between
dissimilar metals.

Quality Assurance Inspector Qualifications

QA welding inspectors shall be qualified to the satisfaction of the QA agency’s written
practice, and in accordance with either of the following:

(a) Welding inspectors (WI) or senior welding inspectors (SWI), as defined in Standard
for the Qualification of Welding Inspectors (AWS B5.1) with the addition in clause
7 of AWS B5.1 that testing for fundamental knowledge of stainless be required,
except AWI are permitted to be used under the direct supervision of WI, who are
on the premises and available when weld inspection is being conducted, or

(b) Qualified under the provisions of AWS D1.6/D1.6M, clause 8.1.4.

QA bolting inspection personnel shall be qualified on the basis of documented train-
ing and experience in structural bolting inspection for fasteners made from stainless
steel and other steel alloys including the issues related to bimetallic interface contact
between dissimilar metals.

NDT Personnel Qualifications

NDT personnel, for NDT other than visual, shall be qualified in accordance with
their employer’s written practice, which shall meet or exceed the criteria of AWS
D1.6/D1.6M, clause 8.1.4, and,

(a) Personnel Qualification and Certification Nondestructive Testing (ASNT SNT-
TC-1A), or

(b) Standard for the Qualification and Certification of Nondestructive Testing Per-
sonnel (ANSI/ASNT CP-189), or

(c) Qualification and certification of NDT personnel (ISO 9712).

(d) Alternatively, performance-based qualification programs, in accordance with
ASME ANDE-1 ASME Nondestructive Examination and Quality Control Central
Qualification and Certification Program, may be used for training, examination,
and certification activities as specified in the employer’s written practice.
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NS.

MINIMUM REQUIREMENTS FOR INSPECTION [Sect. N5.

MINIMUM REQUIREMENTS FOR INSPECTION OF
STRUCTURAL STAINLESS STEEL BUILDINGS

Quality Control

QC inspection tasks shall be performed by the fabricator’s or erector’s QCI, as appli-
cable, in accordance with Sections N5.4, N5.6, and N5.7.

Tasks in Tables N5.4-1 through N5.4-3 and Tables N5.6-1 through N5.6-3 listed for
QC are those inspections performed by the QCI to ensure that the work is performed
in accordance with the construction documents.

For QC inspection, the applicable construction documents are the fabrication
documents and the erection documents, and the applicable referenced specifications,
codes, and standards.

User Note: The QCI need not refer to the design documents and project specifica-
tions. The AISC Code of Standard Practice for Structural Stainless Steel Buildings
requires the transfer of information from the contract documents (design docu-
ments and project specification) into accurate and complete fabrication and
erection documents, allowing QC inspection to be based upon fabrication and
erection documents alone.

Quality Assurance

The QAI shall review the material test reports and certifications as listed in Section
N3.2 for compliance with the construction documents.

QA inspection tasks shall be performed by the QAI, in accordance with Sections
N5.4, N5.6, and N5.7.

Tasks in Tables N5.4-1 through N5.4-3 and N5.6-1 through N5.6-3 listed for QA
are those inspections performed by the QAI to ensure that the work is performed in
accordance with the construction documents.

Concurrent with the submittal of such reports to the AHJ, EOR, or owner, the QA
agency shall submit to the fabricator and erector:

(a) Inspection reports
(b) NDT reports

Coordinated Inspection

When a task is noted to be performed by both QC and QA, it is permitted to coor-
dinate the inspection function between the QCI and QAI so that the inspection
functions are performed by only one party. When QA relies upon inspection func-
tions performed by QC, the approval of the EOR and the AHJ is required.
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Sa.

Inspection of Welding

Observation of welding operations and visual inspection of in-process and completed
welds shall be the primary method to confirm that the materials, procedures, and
workmanship are in conformance with the construction documents.

User Note: The technique, workmanship, appearance, and quality of welded
construction are addressed in Section M2.6.

As a minimum, welding inspection tasks shall be in accordance with Tables N5.4-1,
N5.4-2, and N5.4-3. In these tables, the inspection tasks are as follows:

(a) Observe (O): The inspector shall observe these items on a random basis. Operations
need not be delayed pending these inspections.

(b) Perform (P): These tasks shall be performed for each welded joint or member and
shall be documented including the part inspected, date inspected, and results of
the inspection.

Nondestructive Testing of Welded Joints
Procedures

Ultrasonic testing (UT), magnetic particle testing (MT), penetrant testing (PT), and
radiographic testing (RT), where required, shall be performed by QA in accordance
with AWS D1.6/D1.6M.

User Note: The technique, workmanship, appearance, and quality of welded
construction is addressed in Section M2.6.

User Note: MT is not an acceptable inspection method for austenitic stainless
steels due to their nonmagnetic properties.

User Note: Final inspection of austenitic and duplex stainless steels may begin
immediately after welds have cooled to ambient temperature.

User Note: Ultrasonic methods are of limited use on welds because of difficulties
in interpretation; however, they can be used on parent material.

The following are required for UT:

(a) A weld mockup with reference reflectors placed in the weld is required to estab-
lish the validity of the inspection technique.

(b) The use of angle beam longitudinal wave transducers.

(c) A procedure demonstration acceptable to the EOR.

User Note: Special weld preparation may be required as angle beam longitudinal
wave transducers can only be used as a first leg inspection. The sound beam will
not “bounce up” into the weld.
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TABLE N5.4-1

Inspection Tasks Prior to Welding

Inspection Tasks Prior to Welding

Qc

QA

Welder qualification records and continuity records

WPS available

Manufacturer certifications for welding consumables available

Material identification (type/grade)

Welder identification systeml@

Verify handling procedures to avoid contamination

O|O0O|O|T|T|T

O|O0O|O|T|T|O

Fit-up of groove welds (including joint geometry)
e Joint preparations
¢ Dimensions (alignment, joint root opening, joint root face, bevel)
¢ Cleanliness (condition of steel surfaces)
e Tacking (tack weld quality and location)
e Backing type and fit (if applicable)

Fit-up of CJP groove welds of HSS K-joints without backing (including
joint geometry)
e Joint preparations
e Dimensions (alignment, joint root opening, joint root face, bevel)
e Cleanliness (condition of steel surfaces)
e Tacking (tack weld quality and location)

Configuration and finish of access holes

Fit-up of fillet welds
e Dimensions (alignment, gaps at joint root)
e Cleanliness (condition of steel surfaces)
e Tacking (tack weld quality and location)

Check welding equipment

(0]

[l The fabricator or erector, as applicable, shall maintain a system by which a welder who has welded a joint
or member can be identified. Stamps, if used on cyclically loaded members, require the approval of the
EOR and shall be the low-stress type and compatible with the stainless steel base metal.
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TABLE N5.4-2
Inspection Tasks During Welding

Inspection Tasks During Welding QcC QA

Control and handling of welding consumables
e Packaging (0] O
e Exposure control

No welding over cracked tack welds O (0]

Environmental conditions
e Wind speed within limits O (0]
® Precipitation and temperature

WPS followed

Settings on welding equipment

Travel speed

Selected welding materials

Shielding gas type/flow rate

Preheat applied

Interpass temperature maintained (min./max.)
Proper position (F, V, H, OH)

Welding techniques
e Interpass and final cleaning
e Each pass within profile limitations
e Each pass meets quality requirements

5b.

Sc.

CJP Groove Weld NDT

For structures in risk category III or IV as determined from ASCE/SEI 7, UT shall
be performed by QA on all complete-joint-penetration (CJP) groove welds subject to
transversely applied tension loading in butt, T-, and corner joints, in material ¥i6 in.
(8 mm) thick or greater. For structures in risk category II, UT shall be performed by
QA on 10% of CJP groove welds in butt, T-, and corner joints subject to transversely
applied tension loading, in materials %16 in. (8§ mm) thick or greater.

User Note: For structures in risk category I, NDT of CJP groove welds is not
required. For all structures in all risk categories, NDT of CJP groove welds in
materials less than 16 in. (8§ mm) thick is not required.

Welded Joints Subject to Fatigue

When required by Appendix 3, Table A-3.1, welded joints requiring weld soundness
to be established by radiographic or ultrasonic inspection shall be tested by QA as
prescribed. Reduction in the rate of UT is prohibited.
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TABLE N5.4-3
Inspection Tasks After Welding

Inspection Tasks After Welding QcC QA

Welds cleaned
Size, length, and location of welds P P
Welds meet visual acceptance criteria

e Crack prohibition

e Weld/base-metal fusion

e Crater cross section p p

e Weld profiles

* Weld size

e Undercut

e Porosity
Arc strikes P P
k-areal® P P
Weld access holes in built-up heavy shapes!®! P P
Backing removed and weld tabs removed (if required) P P
Repair activities P P
Document acceptance or rejection of welded joint or member P P
No prohibited welds have been added without the approval of the EOR O O

[ When welding of doubler plates, continuity plates, or stiffeners has been performed in the k-area, visually
inspect the web k-area for cracks within 3 in. (75 mm) of the weld.
o] After built-up heavy shapes (see Section A3.1c) are welded, visually inspect the weld access hole for cracks.

5d.

Se.

Ultrasonic Testing Rejection Rate

The ultrasonic testing rejection rate shall be determined as the number of welds
containing defects divided by the number of welds completed. Welds that contain
acceptable discontinuities shall not be considered as having defects when the rejec-
tion rate is determined. For evaluating the rejection rate of continuous welds over 3 ft
(1 m) in length where the effective throat is 1 in. (25 mm) or less, each 12 in. (300 mm)
increment or fraction thereof shall be considered as one weld. For evaluating the
rejection rate on continuous welds over 3 ft (1 m) in length where the effective throat
is greater than 1 in. (25 mm), each 6 in. (150 mm) of length, or fraction thereof, shall
be considered one weld.

Reduction of Ultrasonic Testing Rate

For projects that contain 40 or fewer welds, there shall be no reduction in the ultra-
sonic testing rate. The rate of UT is permitted to be reduced if approved by the EOR
and the AHJ. Where the initial rate of UT is 100%, the NDT rate for an individual
welder or welding operator is permitted to be reduced to 25%, provided the rejection
rate, the number of welds containing unacceptable defects divided by the number of
welds completed, is demonstrated to be 5% or less of the welds tested for the welder
or welding operator. A sampling of at least 40 completed welds shall be made for
such reduced evaluation on each project.
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Sf.

Sg.

Increase in Ultrasonic Testing Rate

For structures in risk category II and higher (where the initial rate for UT is 10%) the
NDT rate for an individual welder or welding operator shall be increased to 100% if
the rejection rate (the number of welds containing unacceptable defects divided by
the number of welds completed) exceeds 5% of the welds tested for the welder or
welding operator. A sampling of at least 20 completed welds on each project shall
be made prior to implementing such an increase. If the rejection rate for the welder
or welding operator falls to 5% or less on the basis of at least 40 completed welds,
the rate of UT may be decreased to 10%.

Documentation

All NDT performed shall be documented. For shop fabrication, the NDT report shall
identify the tested weld by piece mark and location in the piece. For field work, the
NDT report shall identify the tested weld by location in the structure, piece mark,
location in the piece, and date tested.

When a weld is rejected on the basis of NDT, the NDT record shall indicate the loca-
tion of the defect and the basis of rejection.

Inspection of Bolting

Observation of bolting operations shall be the primary method used to confirm that
the materials, procedures, and workmanship incorporated in construction are in
conformance with the construction documents and the applicable provisions of the
RCSC Specification in accordance with Section J3.

(a) For snug-tight joints, pre-installation verification testing as specified in Table
N5.6-1 and monitoring of the installation procedures as specified in Table N5.6-2
are not applicable. The QCI and QAI need not be present during the installation
of fasteners in snug-tight joints.

(b) For pretensioned joints and slip-critical joints, when the installer is using the
turn-of-nut method with matchmarking techniques, monitoring of bolt preten-
sioning procedures shall be as specified in Table N5.6-2. The QCI and QAI need
not be present during the installation of fasteners when these methods are used
by the installer.

(c) For pretensioned joints and slip-critical joints, when the installer is using the
calibrated wrench method or the turn-of-nut method without matchmarking,
monitoring of bolt pretensioning procedures shall be as specified in Table N5.6-2.
The QCI and QALI shall be engaged in their assigned inspection duties during
installation of fasteners when these methods are used by the installer.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



148 MINIMUM REQUIREMENTS FOR INSPECTION [Sect. N5.
Inspection Tasks Prior to Bolting
Inspection Tasks Prior to Bolting QcC QA

Manufacturer’s certifications available for fastener materials

Fasteners marked in accordance with ASTM requirements (0]
Correct fasteners selected for the joint detail (grade, type, bolt length

if threads are to be excluded from shear plane) o o
Correct bolting procedure selected for joint detail (6] (6]
Connecting elements, including the appropriate faying surface condition O (0]
and hole preparation, if specified, meet applicable requirements

Pre-installation verification testing by installation personnel observed

and documented for fastener assemblies and methods used P o
Protected storage provided for bolts, nuts, washers, and other fastener

components 0 o

Inspection Tasks During Bolting
Inspection Tasks During Bolting QcC QA

Fastener assemblies placed in all holes and washers and nuts are

positioned as required 0 0
Joint brought to the snug-tight condition prior to the pretensioning o o
operation

Fastener component not turned by the wrench prevented from rotating 0 0
Fasteners are pretensioned in accordance with the applicable provisions

of the RCSC Specification in accordance with Section J3, progressing (0] 0

systematically from the most rigid point toward the free edges

As a minimum, bolting inspection tasks shall be in accordance with Tables N5.6-1,

N5.6-2, and N5.6-3. In these tables, the inspection tasks are as follows:

(a) Observe (O): The inspector shall observe these items on a random basis.

Operations need not be delayed pending these inspections.

(b) Perform (P): These tasks shall be performed for each bolted connection. These
tasks shall be performed for each joint or member and shall be documented
including the part inspected, date inspected, and results of the inspection.
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TABLE N5.6-3
Inspection Tasks After Bolting

Inspection Tasks After Bolting QcC QA

Document acceptance or rejection of bolted connections P P

7.

Other Inspection Tasks

The fabricator’s QCI shall inspect the fabricated structural stainless steel to verify
compliance with the details shown on the fabrication documents.

User Note: This includes such items as the correct application of shop joint
details at each connection.

The erector’s QCI shall inspect the erected structural stainless steel frame to verify
compliance with the field installed details shown on the erection documents.

User Note: This includes such items as braces, stiffeners, member locations, and
correct application of field joint details at each connection.

The QAI shall be on the premises for inspection during the placement of anchor rods
(other steel alloys or stainless steel) and other embedments supporting other struc-
tural steel alloys or structural stainless steel for compliance with the construction
documents. As a minimum, the diameter, grade, type, and length of the anchor rod
or embedded item, and the extent or depth of embedment into the concrete, shall be
verified and documented prior to placement of concrete.

The QALI shall inspect the fabricated structural stainless steel or erected structural
stainless steel frame, as applicable, to verify compliance with the details shown on
the construction documents.

User Note: This includes such items as braces, stiffeners, member locations, and
the correct application of joint details at each connection.

The acceptance or rejection of joint details and the correct application of joint details
shall be documented.

N6. APPROVED FABRICATORS AND ERECTORS

QA inspection is permitted to be waived when the work is performed in a fabricating
shop or by an erector approved by the AHJ to perform the work without QA.

NDT of welds completed in an approved fabricator’s shop is permitted to be per-
formed by that fabricator when approved by the AHJ. When the fabricator performs
the NDT, the QA agency shall review the fabricator’s NDT reports.
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At completion of fabrication, the approved fabricator shall submit a certificate of
compliance to the AHJ stating that the materials supplied and work performed by the
fabricator are in accordance with the construction documents. At completion of erec-
tion, the approved erector shall submit a certificate of compliance to the AHJ stating
that the materials supplied and work performed by the erector are in accordance with
the construction documents.

N7. NONCONFORMING MATERIAL AND WORKMANSHIP

Identification and rejection of material or workmanship that is not in conformance
with the construction documents is permitted at any time during the progress of the
work. However, this provision shall not relieve the owner or the inspector of the
obligation for timely, in-sequence inspections. Nonconforming material and work-
manship shall be brought to the immediate attention of the fabricator or erector, as
applicable.

Nonconforming material or workmanship shall be brought into conformance or made
suitable for its intended purpose as determined by the EOR.

Concurrent with the submittal of such reports to the AHJ, EOR, or owner, the QA
agency shall submit to the fabricator and erector:

(a) Nonconformance reports

(b) Reports of repair, replacement, or acceptance of nonconforming items
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APPENDIX 1
DESIGN BY ADVANCED ANALYSIS

This appendix permits the use of more advanced methods of structural analysis to directly
model system and member imperfections and/or allow for the redistribution of member and
connection forces and moments as a result of yielding.

The appendix is organized as follows:

1.1.

1.2

1.1 General Requirements
1.2 Design by Elastic Analysis
1.3 Design by Inelastic Analysis

GENERAL REQUIREMENTS

The analysis methods permitted in this appendix shall ensure that equilibrium and
compatibility are satisfied for the structure in its deformed shape, including all flexural,
shear, axial, and torsional deformations, and all other component and connection
deformations that contribute to the displacements of the structure.

Design by the methods of this appendix shall be conducted in accordance with
Section B3.1, using load and resistance factor design (LRFD).

DESIGN BY ELASTIC ANALYSIS

General Stability Requirements

Design by a second-order elastic analysis that includes the direct modeling of system
and member imperfections is permitted for all structures subject to the limitations
defined in this section. All requirements of Section C1 apply, with additional require-
ments and exceptions as noted below. All load-dependent effects shall be calculated
at a level of loading corresponding to LRFD load combinations.

The influence of torsion shall be considered, including its impact on member defor-
mations and second-order effects.

The provisions of this method apply only to doubly symmetric members, includ-
ing I-shapes, HSS, and box sections, unless evidence is provided that the method is
applicable to other member types.

Calculation of Required Strengths

For design using a second-order elastic analysis that includes the direct modeling of
system and member imperfections, the required strengths of components of the struc-
ture shall be determined from an analysis conforming to Section C2, with additional
requirements and exceptions as noted in the following.
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2a. General Analysis Requirements
The analysis of the structure shall also conform to the following requirements:

(a) Torsional member deformations shall be considered in the analysis.

(b) The analysis shall consider geometric nonlinearities, including P-A, P-, and
twisting effects as applicable to the structure.

User Note: A rigorous second-order analysis of the structure is an important
requirement for this method of design. Many analysis routines common in
design offices are based on a more traditional second-order analysis approach
that includes only P-A and P-9 effects without consideration of additional
second-order effects related to member twist, which can be significant for
some members with unbraced lengths near or exceeding L,, as defined in
Section F2.2. The type of second-order analysis defined herein also includes
the beneficial effects of additional member torsional strength and stiffness
due to warping restraint, which can be conservatively neglected. Refer to the
Commentary on the 2016 AISC Specification for additional information and
guidance.

(c) In all cases, the analysis shall directly model the effects of initial imperfections
due to both points of intersection of members displaced from their nominal loca-
tions (system imperfections), and initial out-of-straightness or offsets of members
along their length (member imperfections). The magnitude of the initial displace-
ments shall be the maximum amount considered in the design; the pattern of
initial displacements shall be such that it provides the greatest destabilizing effect
for the load combination being considered. The use of notional loads to represent
either type of imperfection is not permitted.

User Note: Initial displacements similar in configuration to both displace-
ments due to loading and anticipated buckling modes should be considered
in the modeling of imperfections. The magnitude of the initial points of
intersection of members displaced from their nominal locations (system
imperfections) should be based on permissible construction tolerances, as
specified in the AISC Code of Standard Practice for Structural Stainless
Steel Buildings or other governing requirements, or on actual imperfections, if
known. When these displacements are due to erection tolerances, !/500 is often
considered, based on the tolerance of the out-of-plumbness ratio specified in
the AISC Code of Standard Practice for Structural Stainless Steel Buildings.
For out-of-straightness of members (member imperfections), a /1000 out-of-
straightness ratio is often considered.

2b. Adjustments to Stiffness

The analysis of the structure to determine the required strengths of components shall
use reduced stiffnesses as defined in Section C2.3. The stiffness reduction factors,

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



App. 1.3] DESIGN BY INELASTIC ANALYSIS 153

1.3.

T, and Ty, shall be applied to all stiffnesses that are considered to contribute to the
stability of the structure. The use of notional loads to represent T, is not permitted
in this appendix.

User Note: Stiffness reduction should be applied to all member properties includ-
ing torsional properties (GJ and EC,,) affecting twist of the member cross section.
One practical method of including stiffness reduction is to reduce E and G by
T4Tp, thereby leaving all cross-section geometric properties at their nominal value.

Applying this stiffness reduction to some members and not others can, in some
cases, result in artificial distortion of the structure under load and thereby lead
to an unintended redistribution of forces. This can be avoided by applying the
reduction to all members, including those that do not contribute to the stability
of the structure.

Calculation of Available Strengths

For design using a second-order elastic analysis that includes the direct modeling of
system and member imperfections, the available strengths of members and connec-
tions shall be calculated in accordance with the provisions of Chapters D through
K, as applicable, except as defined below, with no further consideration of overall
structure stability.

The nominal compressive strength of members, P,, may be taken as the cross-section
compressive strength, FyA,, or as FyA, for members with slender elements, where A,
is defined in Section E7. Alternatively, the cross-section strength is permitted to be
determined using the continuous strength method (CSM), following the provisions
of Appendix 2, but with A =5 (i.e., the maximum strain is limited to 5 times the
yield strain).

DESIGN BY INELASTIC ANALYSIS

User Note: Design by the provisions of this section is independent of the require-
ments of Section 1.2.

General Requirements

The design strength of the structural system and its members and connections shall
equal or exceed the required strength as determined by inelastic analysis with the
CSM strain limits.

The inelastic (plastic zone, distributed plasticity) analysis using the nonlinear material
stress-strainmodel givenin Appendix 7, shall take into account: (a) flexural, shear, axial,
and torsional member deformations, and all other component and connection defor-
mations that contribute to the displacements of the structure; (b) second-order effects
(including P-A, P-3, and twisting effects); (¢) geometric imperfections; (d) CSM strain
limits; and (e) uncertainty in system, member, and connection strength and stiffness.
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DESIGN BY INELASTIC ANALYSIS [App. 1.3.

Strength limit states detected by an inelastic analysis that incorporates all of the pre-
ceding requirements in this Section are not subject to the corresponding provisions of
this Specification when a comparable or higher level of reliability is provided by the
analysis. Strength limit states not detected by the inelastic analysis shall be evaluated
using the corresponding provisions of Chapters D through K.

Connections shall meet the requirements of Section B3.4.

Members and connections subject to inelastic deformations shall be shown to have
ductility consistent with the intended behavior of the structural system. Force redis-
tribution due to rupture of a member or connection is not permitted.

Traditional plastic hinge analysis is not appropriate, and an inelastic analysis, incor-
porating a nonlinear material stress-strain response, must be carried out for stainless
steel design, as outlined in the following sections.

The provisions of this method apply only to doubly symmetric members, including
I-shapes, HSS, and box sections.

Ductility Requirements

Members and connections with elements subject to yielding shall be proportioned
such that all inelastic deformation demands are less than or equal to their inelastic
deformation capacities. In lieu of explicitly ensuring that the inelastic deformation
demands are less than or equal to their inelastic deformation capacities, the following
requirements shall be satisfied for steel members subject to inelastic deformation.

Material

The specified minimum yield stress, F,, of members subject to inelastic deformation
shall not exceed 80 ksi (550 MPa).

Unbraced Length

In prismatic member segments that experience significant plasticity (M, > M, where
M, is the required strength and M), is F'yZ), the laterally unbraced length, L;, shall not
exceed Ly, determined as follows. For members subject to flexure only, or to flexure
and axial tension, L shall be taken as the length between points braced against lateral
displacement of the compression flange, or between points braced to prevent twist
of the cross section. For members subject to flexure and axial compression, Ly, shall
be taken as the length between points braced against both lateral displacement in the
minor axis direction and twist of the cross section.

(a) For I-shaped members bent about their major axis:

M ’
Lpd:(1.83—1.17 'ij (A-1-1)
M,
where
L, = limiting laterally unbraced length for the limit state of yielding, as defined
by Equation F2-7, in. (mm)
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(1) When the magnitude of the bending moment at any location within the
unbraced length exceeds M

M{/M>=+1 (A-1-2a)
Otherwise:

(2) When M4 < (M +M,)/2
M{=M, (A-1-2b)

(3) When M4 >(M;+M,)/2

M{=(2M g —M2)< M (A-1-2¢)

where
M; = smaller moment at end of unbraced length, kip-in. (N-mm)
M, =larger moment at end of unbraced length, kip-in. (N-mm) (shall be
taken as positive in all cases)
M,iq = moment at middle of unbraced length, kip-in. (N-mm)
M{ = effective moment at end of unbraced length opposite from M5, kip-in.
(N-mm)

The moments, M and M,,;4, are individually taken as positive when they cause
compression in the same flange as the moment M;, and taken as negative
otherwise.

(b) For solid rectangular shapes bent about their major axis

My | Ei
Lya=| 0.57-0362L |=2 (A-1-3)
M, |Fd

where
E = modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic, and 29,000 ksi (200 000 MPa)
for duplex stainless steel
Fy = specified minimum yield stress, ksi (MPa)
d = depth of section, in. (mm)
t = design wall thickness of HSS as defined in Section B4.2, in. (mm)

For all types of members subject to axial compression and containing inelastic defor-
mation, the laterally unbraced lengths about the cross-section major and minor axes
shall not exceed 4.71rX</E/ F, and 4.71ry1/E/ F,, respectively, where r, and ry are
the radii of gyration about the major and minor axes, respectively.

There is no Ly, limit for member segments in the following cases:
(a) Members with round or square cross sections subject only to flexure or to com-
bined flexure and tension

(b) Members subject only to flexure about their minor axis or combined tension and
flexure about their minor axis

(c) Members subject only to tension
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Axial Force

To ensure ductility in compression members with inelastic deformation, the design
strength in compression shall not exceed 0.75F,Ag, where Ay is the gross area of the
member.

Analysis Requirements

The structural analysis shall satisfy the general requirements of Section 1.3.1. These
requirements are permitted to be satisfied by a second-order inelastic analysis meet-
ing the requirements of this section.

Exception: For continuous beams not subject to axial compression, a first-order
inelastic or plastic analysis is permitted and the requirements of Sections 1.3.3b and
1.3.3¢c are waived.

The structural analysis shall be carried out using finite element analysis with beam
elements. In the analysis, the beam finite elements shall have a maximum length
equal to the elastic local buckling half-wavelength of the full cross section, L.

User Note: The local buckling half-wavelength of the full cross section, L,;, may
be determined numerically or, for I-shaped sections and square and rectangular
HSS, using the expressions given in the Commentary.

Strain limits, defined by the continuous strength method and outlined in Section
1.3.3d, shall be applied to the compressive strains of all cross sections in the struc-
tural system to simulate local buckling and control the extent to which spread of
plasticity, moment redistribution, and strain hardening are exploited. The compres-
sive strains may be averaged over the elastic local buckling half-wavelength, L,
to allow for the beneficial effect of the local moment gradient. If L,; is not exactly
divisible by the length of the finite elements, the strains should be averaged over the
number of whole finite elements within L,;.

A cross section can withstand the required strain demands if the design strain, €,
is less than or equal to the CSM strain limit, €.y, at that location, as discussed in
Section 1.3.3d.

Material Properties and Yield Criteria

The specified minimum yield stress, Fy, and the stiffness of all steel members and
connections shall be reduced by a factor of 0.9 for the analysis, except as stipulated
in Section 1.3.3c.

The plastic strength of the member cross section shall be represented in the analysis
by explicit modeling of the nonlinear material stress-strain response. The stress-strain
curve with strain hardening may be modeled in accordance with Equation A-7-1.

Geometric Imperfections

In all cases, the analysis shall directly model the effects of initial imperfections due
to both points of intersection of members displaced from their nominal locations
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3c.

3d.

(system imperfections), and initial out-of-straightness or offsets of members along
their length (member imperfections). The magnitude of the initial displacements shall
be the maximum amount considered in the design; the pattern of initial displacements
shall be such that it provides the greatest destabilizing effect.

Residual Stress and Partial Yielding Effects

The analysis shall include the influence of residual stresses and partial yielding. This
shall be done by explicitly modeling these effects.

User Note: As an alternative to explicitly modeling residual stresses, an enhanced
geometric imperfection magnitude may be utilized—see the Commentary.

Continuous Strength Method Strain Limits

Strain limits are used in conjunction with second-order inelastic analysis to verify
the capacity of the structure. For all cross sections, the following requirement shall
be met:
& < Eesm (A-1-4)
€& &
Where €, is the required compressive strain, averaged over the local buckling half-
wavelength, L., €, = F\/E is the yield strain, and the ratio €,,/¢, shall be determined
using Equations A-1-5 and A-1-6.

User Note: The required strain is determined at the outer compressive fiber and
may be averaged over the local buckling half-wavelength of the full cross section.
Note that the presence of stiffeners locally constrains the shape of the cross sec-
tion and hence the local buckling half-wavelength is located to either side of the
stiffener—see Commentary for further explanation.

When A; < 0.68
€csm _ 0.25 N 0.002

== <A (A-1-5)
ey A gy

When 0.68 < A;< 1.00

n
sﬂz(l_o.zzzJ 1 0.002(f/Fy) (A1-6)
£, 205 105 £,
where
F, = specified minimum yield stress, ksi (MPa)
[ =stress at outer compressive fiber, ksi (MPa)
A =upper bound strain limit with a recommended value of 15
€csm = CSM strain limit
g, =FJ/E
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A, =local cross-section slenderness

Fy
= = (A-1-7)
Fel

F,; =elastic local buckling stress of full cross section, ksi (MPa)

User Note: The elastic local buckling stress of the full cross section may be
obtained numerically or, for I-shaped sections and square and rectangular HSS,
using the expressions given in the Commentary.

3e.  Shear, Torsion, and Bending Interaction

The interaction between bending, torsion, and shear shall be accounted for through
a reduction factor, pegy,, applied to the CSM strain limit, €., as given by Equation
A-1-8:

& <10 (A-1-8)

pcsmscsm

where p.qy, shall be determined as follows:

When & + 5 <0.5
[ TC
Pesm =1.0 (A-1-9)
When 14 + I, >0.5
C C
0.5
=D (A-1-10)
Pam =05+ P

where

V, =required shear strength, determined in accordance with Section 1.3, using
LRFD load combinations, kips (N)

V. = available shear strength, ¢, V,,, determined in accordance with Chapter G, kips
(N)

T, = required torsional strength, determined in accordance with Section 1.3, using
LRFD load combinations, kip-in. (N-mm)

T. = available torsional strength, ¢77},, determined in accordance with Chapter G,
kip-in. (N-mm)

2
p ={2(“;—:+%)—1} (A-1-11)
In addition, Equations A-1-12 and A-1-13 shall be satisfied.
V. <V, (A-1-12)
T, <T, (A-1-13)
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APPENDIX 2
THE CONTINUOUS STRENGTH METHOD

This appendix presents an alternative design method for determining the strength of aus-
tenitic and duplex stainless steel doubly symmetric I-shaped members, HSS members, and
doubly symmetric box sections of uniform thickness in tension, compression, flexure, and
combined flexure and compression, and channels, angles, and tees in tension, compression,
and flexure, according to the limit states of yielding and local buckling.

The appendix is organized as follows:

2.1.

2.2.

2.3.

2.1. Limitations

2.2. Material Modeling

2.3. Deformation Capacity

2.4. Tensile Strength

2.5. Compressive Strength

2.6. Flexural Strength

2.7. Combined Flexure and Compression

LIMITATIONS

The continuous strength method (CSM) only applies to I-shapes, channels, angles,
tees, HSS, and box sections that satisfy the slenderness limitations given in Table
A-2.1.1. There is no maximum slenderness limit for members subject to axial ten-
sion. The method only applies to static design at ambient temperatures.

MATERIAL MODELING

The elastic, linear hardening material model used with the CSM is shown in Figure
A-2.2.1,

where
Egj, = strain hardening modulus, ksi (MPa)
F,—F,
= (A-2-1)
0.16(1—F /F,)—&,
F, = specified minimum tensile strength, ksi (MPa)
€, =yield strain
=F,/E (A-2-2)

DEFORMATION CAPACITY

The normalized deformation capacity, €.4,/€y, shall be determined as follows.
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DEFORMATION CAPACITY

[App. 2.3.

TABLE A-2.1.1

Range of Applicability of the CSM

Description of Compression Members Flexural Combined
Element Members Loading
I-shapes, channels, L, E [a] F l Requirements
angles, tees, square | —°< 0.63 oo Fy <0.048 | Lp<0.50Lp® | for both
and y e and compression and
rectangular HSS, and flexural members
and box sections M<1.6 M<16 shall be satisfied
[a] Requirements
Lecpes |E or B < 0.0t for both
Round HSS r Fy Fe A <0.6 compression and
and flexural members
1 <0.6 shall be satisfied

where

E = modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic, and 29,000 ksi (200 000 MPa) for duplex stainless steel
Fe = elastic buckling stress determined in accordance with Chapter E, ksi (MPa)
Fy = specified minimum yield stress, which for cold-formed HSS, may be replaced with Fy, »,; determined in
accordance with Section B4.3, ksi (MPa)
Lp = length between points that are either braced against lateral displacement of the compression flange or
between points braced to prevent twist of the cross section, in. (mm)
L. = effective length of member, as defined in Section E2, in. (m
Lp = limiting laterally unbraced length for the limit state of yielding, as defined in Section F2, in. (mm)
r = radius of gyration, in. (mm)
A, = cross-section slenderness, as defined in Section 2.3.2

m)

[l Limitations on member length shall not apply when designing according to Appendix 1.

L__ ==

Fig. A-2.2.1. CSM material model.
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1. I-Shapes, Channels, Angles, Tees, Square and Rectangular HSS,
and Box Sections

(a) When A; <0.68

0.10(1-F, /F,
Eam _ % < minimum(A, M] (A-2-3)
gy Aj €y
(b) When A, >0.68
Eom 0222) 1
Soom [y 2222} 1 A2-4
& ( K}'(’SJU'OS A2y

User Note: The CSM strain limit is given by Equations A-2-3 and A-2-4 when
the bilinear material model defined in Section 2.2 is used and by Equations A-1-5
and A-1-6 when the rounded two-stage Ramberg-Osgood material model is used
in Appendix 1, Section 1.3.

2. Round HSS
(a) When A; <0.30

-3 0.10(1-F, /F,
Eesm _ % < minimum| A, M (A-2-5)
€y A g,
(b) When A; >0.30
€com 0.224 1
g, - (1 - K?-342 7‘10'342 (A-2-6)
where
€.s5m = cross-section failure strain
A; = cross-section slenderness, determined according to Equation A-2-7
Ey
RV A-2-7
F, ( )

F,; = elastic local buckling stress of full cross section, ksi (MPa)
A =upper bound strain limit; for use in Appendix 1, Section 1.2, A =5. In all
other cases, A = 15.

User Note: The elastic local buckling stress may be obtained numerically or, for
I-shaped members and square and rectangular HSS, using the expressions given
in the Commentary.

Alternatively, F,; may be determined using the simple equations given in this
User Note. However, these equations may lead to very conservative estimations
(especially the expression for sections comprised of flat plates, because it is based
on the most slender constituent element of the cross section).
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For I-shaped members, channels, angles, tees, rectangular HSS, and box sections

km2Er?

I =75\ 5
T o2(1-v?)p?

For round HSS
E 2t
F, = ey
3(1 = v2) D

where

D = cross-section diameter, in. (mm)

b = width of the most slender element of the cross section, in. (mm)

t =design thickness of the most slender element for I-shaped members,
channels, angles, tees, square and rectangular HSS, and box sections, and
design wall thickness for round HSS, in. (mm)

v = Poisson’s ratio

=03
k = plate buckling coefficient
= (0.425 for unstiffened compression elements
= 4.00 for stiffened compression elements
= 23.9 for stiffened elements subject to flexure

2.4. TENSILE STRENGTH

The design CSM tensile strength, ¢,P,, and the allowable CSM tensile strength, P,/€2;,
of austenitic and duplex stainless steel tension members shall be the lower value ob-
tained according to the limit states of tensile yielding in the gross section and tensile
rupture in the net section.

(a) For tensile yielding in the gross section
Py = fesmiAg (A-2-8)
0; = 0.90 (LRFD) Q; =1.67 (ASD)
(b) For tensile rupture in the net section
P,=F,A, (A-2-9)
0, =0.75 (LRFD) €,=2.00 (ASD)

where
A, = effective net area, in.2 (mm?)
A, = gross area of member, in.2 (mm?)
F, = specified minimum tensile strength, ksi (MPa)
Sesmy = stress corresponding to €y, ¢, ksi (MPa)
= Fy + Egy (€coms —€y) (A-2-10)
€cymy = Minimum [158,,,0.10(1 -F, /Fu)] (A-2-11)
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User Note: Due to the high ductility and strain hardening in some stainless steels
the rupture in the net section limit state may be associated with large deforma-
tion. Engineers requiring smaller deformation may examine the net section using
a stress, far, smaller than F,, as described in Section D2.

2.5. COMPRESSIVE STRENGTH

The design CSM compressive strength, ¢.P,, and the allowable CSM compressive
strength, P,/€., shall be determined as follows:

0.=0.90 (LRFD) Q.= 1.67 (ASD)

The nominal CSM compressive strength for the limit state of yielding or local buck-
ling, P,, is given by:

(a) When €, /€,<1.0

€
P=Somp A, (A-2-12)
€y
(b) When €, /€, 2 1.0
By = fesm Ag (A-2-13)

where
Jesm = stress corresponding to €.y, ksi (MPa)

=F +Eg¢, [@—1] (A-2-14)
€y
2.6. FLEXURAL STRENGTH

The design CSM flexural strength, ¢, M,,, and the allowable CSM flexural strength,
M,,/Qp, shall be determined as follows:

0, = 0.90 (LRFD) Q,=1.67 (ASD)

The nominal CSM flexural strength for the limit state of yielding or local buckling,
M, is given by:

(a) For I-shapes, channels, tees, HSS, and box-section members bent about an axis
of symmetry

(1) When €y /€, <1.0

M, =Sy (A-2-15)
gy

(2) When g, /€, 21.0

o
M,=M, 14 Esn S| Eeom _, _(1_SJ Eesm (A-2-16)
E Z| e, Z €y
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2.7.

FLEXURAL STRENGTH [App. 2.6.

where
M,=F,Z
M,=F,S

S = elastic section modulus about axis of bending, in.3 (mm%)
Z = plastic section modulus about axis of bending, in.> (mm?)
o = bending coefficient, determined from Table A-2.6.1.

(b) For channels and angles bent about an axis that is not one of symmetry

The nominal CSM flexural strength of channels and angles bent about an axis
that is not one of symmetry shall be determined as follows.

(1) The maximum attainable compressive strain, €.y ¢, shall be determined in
accordance with Section 2.3.1. The corresponding outer-fiber tensile strain,
€csm,» May then be determined assuming a linearly-varying through-depth
strain distribution. Initially, €.y, ; may be calculated based on the location of
the elastic neutral axis (ENA). The maximum design strain, €qgm,max, shall
then be taken as the maximum of €.y, - and €qgp ;.

(2) If €commax is less than the yield strain, €,, the nominal CSM flexural strength
shall be determined in accordance with Equation A-2-15, with €., = €com,max-

(3) If €cymmax is greater than the yield strain, €, the location of the design neu-
tral axis shall be recalculated based on cross-section equilibrium or, as an
approximation, it may be considered to lay at mid-distance between the elas-
tic and plastic neutral axes. €¢gy,; and €4y max shall then be recalculated using
the new location of the neutral axis, and the nominal CSM flexural strength
shall be determined in accordance with Equation A-2-16, with €., = €cgm,max
and using the values of the bending coefficient, o, taken from Table A-2.6.1.

As an alternative to using Equation A-2-16, the CSM flexural strength is permitted
to be obtained by integration of stresses.

COMBINED FLEXURE AND COMPRESSION

The interaction of single-axis flexure and compression in I-shapes, square and rec-
tangular HSS, and box-section members constrained to bend about a geometric axis
(x or y), and of round HSS members shall be limited as follows:

(a) For I-shapes; square, rectangular, and round HSS; and box-section members sub-
ject to flexure and compression

(1) When A; <0.60

Equations H1-1a and H1-1b shall be satisfied, but with P. and M, as defined
in this section.

(2) When A; > 0.60

M
B My My <1.0 (A-2-17)
Pc Mcx cy
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CSM Bending Coefficient, o
Member Type Axis of Bending Aspect Ratio o
Square and rectangular
HSS and box sections Any Any 20
Round HSS Any - 2.0
Major Any 2.0
I-shaped members
Minor Any 1.2
Major Any 2.0
Channels _ hib<2 1.5
Minor
h/b=>2 1.0
h/b <A1 1.0
Major
Tees h/b>1 1.5
Minor Any 1.2
Equal-leg angles Any - 1.0
Major Any 1.5
Unequal-leg angles
Minor Any 1.0

(b) For round HSS subject to flexure and compression

(1) When A; £0.27, Equations H1-1a and H1-1b shall be satisfied, but with P,
and M. as defined in this section.

(2) When A; >0.27, Equation A-2-17 shall be satisfied.

where

P, =required compressive strength, determined in accordance with Chapter C,
using LRFD or ASD load combinations, kips (N)

P. = available CSM compressive strength, ¢.P, or P,/Q., determined in accor-
dance with Section 2.5, kips (N)

M, = required flexural strength, determined in accordance with Chapter C, using
LRFD or ASD load combinations, kip-in. (N-mm)

M, = available CSM flexural strength, ¢»M,,, or M,,/€)p,, determined in accordance
with Section 2.6, kip-in. (N-mm)
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APPENDIX 3
FATIGUE

This appendix applies to austenitic and duplex stainless steel members and connections
subject to high-cycle loading within the elastic range of stresses of frequency and magnitude
sufficient to initiate cracking and progressive failure.

The appendix is organized as follows:

3.1.

3.1.  General Provisions

3.2. Calculation of Maximum Stresses and Stress Ranges
3.3.  Plain Material and Welded Joints

3.4. Bolts and Threaded Parts

3.5. Fabrication and Erection Requirements for Fatigue
3.6. Nondestructive Examination Requirements for Fatigue

GENERAL PROVISIONS

The fatigue resistance of members consisting of shapes or plate shall be determined
when the number of cycles of application of live load exceeds 20,000. No evaluation
of fatigue resistance of members consisting of HSS in building-type structures sub-
ject to code mandated wind loads is required. When the applied cyclic stress range is
less than the threshold allowable stress range, Fry, no further evaluation of fatigue
resistance is required. See Table A-3.1.

The engineer of record (EOR) shall provide either complete details, including weld
sizes, or shall specify the planned cycle life and the maximum range of moments,
shears, and reactions for the connections.

The provisions of this appendix shall apply to stresses calculated on the basis of
the applied cyclic load spectrum. The maximum permitted stress due to peak cyclic
loads shall be 0.66F). In the case of a stress reversal, the stress range shall be com-
puted as the numerical sum of maximum repeated tensile and compressive stresses
or the numerical sum of maximum shearing stresses of opposite direction at the point
of probable crack initiation.

The cyclic load resistance determined by the provisions of this appendix is applicable
to structures with suitable corrosion protection or subject only to mildly corrosive
atmospheres, such as normal atmospheric conditions.

The cyclic load resistance determined by the provisions of this appendix is applicable
only to structures subject to temperatures not exceeding 300°F (150°C).
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3.2. CALCULATION OF MAXIMUM STRESSES AND STRESS RANGES

Calculated stresses shall be based upon elastic analysis. Stresses shall not be ampli-
fied by stress concentration factors for geometrical discontinuities.

For bolts and threaded rods subject to axial tension, the calculated stresses shall
include the effects of prying action, if any. In the case of axial stress combined with
bending, the maximum stresses of each kind shall be those determined for concurrent
arrangements of the applied load.

For members having symmetric cross sections, the fasteners and welds shall be
arranged symmetrically about the axis of the member, or the total stresses, includ-
ing those due to eccentricity, shall be included in the calculation of the stress range.

For axially loaded angle members where the center of gravity of the connecting
welds lies between the line of the center of gravity of the angle cross section and the
center of the connected leg, the effects of eccentricity shall be ignored. If the center
of gravity of the connecting welds lies outside this zone, the total stresses, including
those due to joint eccentricity, shall be included in the calculation of stress range.

3.3. PLAIN MATERIAL AND WELDED JOINTS

1. Allowable Stress Range

In plain material and welded joints, the range of stress due to the applied cyclic loads
shall not exceed the allowable stress range computed as follows.

(a) For stress categories A, B, B, C, D, E, and E’, the allowable stress range, Fsg,
shall be determined by Equation A-3-1 or A-3-1M, as follows:

0.333
Fog = 1,000(—fj > Fry (A-3-1)
nsg
\0.333
Fsr =6 900(—fj > Fry (A-3-1M)
nsr

where
Cr = constant from Table A-3.1 for the fatigue category
Frp = threshold allowable stress range, maximum stress range for indefinite
design life from Table A-3.1, ksi (MPa)
nsg = number of stress range fluctuations in design life

(b) For stress category F, the allowable stress range, Fsg, shall be determined by
Equation A-3-2 or A-3-2M as follows:

0.167
Fsg = 100(;j > 8 ksi (A-3-2)
nsg
15 0.167
Fsp = 690(;j >55 MPa (A-3-2M)
nsr
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168 PLAIN MATERIAL AND WELDED JOINTS [App. 3.3.

(c) For tension-loaded plate elements connected at their end by cruciform, T, or
corner details with partial-joint-penetration (PJP) groove welds transverse to the
direction of stress, with or without reinforcing or contouring fillet welds, or if
joined with only fillet welds, the allowable stress range on the cross section of the
tension-loaded plate element shall be determined as the lesser of the following:

(1) Based upon crack initiation from the toe of the weld on the tension-loaded
plate element (i.e., when Rpjp = 1.0), the allowable stress range, Fsg, shall
be determined by Equation A-3-1 or A-3-1M for stress category C.

(2) Based upon crack initiation from the root of the weld, the allowable stress
range, Fgg, on the tension loaded plate element using transverse PJP groove
welds, with or without reinforcing or contouring fillet welds, the allowable
stress range on the cross section at the root of the weld shall be determined
by Equation A-3-3 or A-3-3M, for stress category C’ as follows:

0.333
Fsg =1,000Rp p (—j (A-3-3)
nsr
44 0.333
Fsg =6900Rp;p (—] (A-3-3M)
nsR

where
Rpyp, the reduction factor for reinforced or nonreinforced transverse PJP
groove welds, is determined as follows:

0.65 —0.59(?“] + 0.72[?)
Rpyp = L P72 <1.0 (A-3-4)
lp'
1.12— 1.01[3“} 1.24(?]
RPJP = [Oﬁ67 P < 10 (A_3_4M)
P

2a = length of the nonwelded root face in the direction of the thickness of
the tension-loaded plate, in. (mm)

t, = design thickness of tension loaded plate, as defined in Section B4.2,
in. (mm)

w = leg size of the reinforcing or contouring fillet, if any, in the direction
of the thickness of the tension-loaded plate, in. (mm)

If Rpjp = 1.0, the stress range will be limited by the weld toe and category
C will control.
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(3) Based upon crack initiation from the roots of a pair of transverse fillet welds on

2. S

opposite sides of the tension loaded plate element, the allowable stress range,
Fsg, on the cross section at the root of the welds shall be determined by Equation
A-3-5 or A-3-5M, for stress category C” as follows:

0.333
Fsg =1,000Rp; [—] (A-3-5)
nsr
0.333
FSR = 6900RF1L (—j (A'3'5M)
ISR
where
Rpz, = reduction factor for joints using a pair of transverse fillet welds only
0.06+0.72(w/1,)
B ) (A-3-6)
Iy

0.103+1.24(w/1,)

= T <1.0 (A-3-6M)
P

If Rpy = 1.0, the stress range will be limited by the weld toe and category C will
control.

User Note: Stress categories C' and C” are cases where the fatigue crack initiates
in the root of the weld. These cases do not have a fatigue threshold and cannot
be designed for an infinite life. Infinite life can be approximated by use of a very
high cycle life such as 2 x 10%. Alternatively, if the size of the weld is increased
such that Rpy;, or Rpyp is equal to 1.0, then the base metal controls, resulting in
stress category C, where there is a fatigue threshold and the crack initiates at the
toe of the weld.

pecific Requirements for Welded Connections in Cyclically

Loaded Structures

In accordance with AWS D1.6/D1.6M, clause 4.14 and Figure 4.2, when a member is
built up of two or more pieces, the pieces shall be connected along their longitudinal
joints by sufficient continuous welds to make the pieces act in unison.

T

he following types of welds and joints are prohibited:

(a) In butt joints, PJP welds subject to tension normal to their longitudinal axes. In

other joints, transversely loaded PJP welds are prohibited, unless fatigue design
criteria allow for their application.

(b) Intermittent groove welds.

(c) Intermittent fillet welds.

(d) Plug and slot welds on primary tension members.
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34.

3.5.

BOLTS AND THREADED PARTS [App. 3.4.

BOLTS AND THREADED PARTS

In bolts and threaded parts, the range of stress of the applied cyclic load shall not
exceed the allowable stress range computed as follows:

(a) For mechanically fastened connections loaded in shear, the maximum range of
stress in the connected material of the applied cyclic load shall not exceed the
allowable stress range computed using Equation A-3-1 or A-3-1M, where Crand
Fry are taken from Section 2 of Table A-3.1.

(b) For bolts, threaded anchor rods, and hanger rods with cut, ground, or rolled
threads, the maximum range of tensile stress on the net tensile area from applied
axial load and moment plus load due to prying action shall not exceed the allow-
able stress range computed using Equation A-3-1 or A-3-1M, where Crand Fry
are taken from Section 8.4 (stress category G). The net area in tension, A;, is
given by Equation A-3-7 or A-3-7M:

0.9743\?
(A-3-7)

n
A —Z(db -

A= g(db -0.9382 p)2 (A-3-7M)

where
dp = nominal diameter (body or shank diameter), in. (mm)
n = threads per in. (per mm)
p = pitch, in. per thread (mm per thread)

For joints in which the material within the grip is not limited to steel, or joints that
are not tensioned to a pretension given by Equation J3-5, all axial load and moment
applied to the joint plus effects of any prying action shall be assumed to be carried
exclusively by the bolts or rods.

For joints in which the material within the grip is limited to steel and which are ten-
sioned to a pretension given by Equation J3-5, an analysis of the relative stiffness of
the connected parts and bolts is permitted to be used to determine the tensile stress
range in the pretensioned bolts due to the total applied cyclic load and moment,
plus effects of any prying action. Alternatively, the stress range in the bolts shall be
assumed to be equal to the stress on the net tensile area due to 20% of the absolute
value of the applied cyclic axial load and moment from dead, live, and other loads.

FABRICATION AND ERECTION REQUIREMENTS FOR FATIGUE

Longitudinal steel backing, if used, shall be continuous. If splicing of steel backing
is required for long joints, the splice shall be made with a complete-joint-penetration
(CJP) groove weld, ground flush to permit a tight fit. If fillet welds are used to attach
left-in-place longitudinal backing, they shall be continuous.

In transverse CJP groove welded T- and corner-joints, a reinforcing fillet weld, not
less than %4 in. (6 mm) in size, shall be added at reentrant corners.
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3.6.

The surface roughness of thermally cut edges subject to cyclic stress ranges that
include tension, shall not exceed 1,000 pin. (25 wm), where Surface Texture, Surface
Roughness, Waviness, and Lay (ASME B46.1) is the reference standard.

User Note: AWS C4.1, Sample 3, may be used to evaluate compliance with this
requirement.

Reentrant corners at cuts, copes, and weld access holes shall form a radius not less
than the prescribed radius in Table A-3.1 by predrilling or subpunching and reaming
a hole, or by thermal cutting to form the radius of the cut.

For transverse butt joints in regions of tensile stress, weld tabs shall be used to pro-
vide for cascading the weld termination outside the finished joint. End dams shall
not be used. Weld tabs shall be removed and the end of the weld finished flush with
the edge of the member.

Fillet welds subject to cyclic loading normal to the outstanding legs of angles or on
the outer edges of end plates shall have end returns around the corner for a distance
not less than two times the weld size; the end return distance shall not exceed four
times the weld size.

NONDESTRUCTIVE EXAMINATION REQUIREMENTS FOR
FATIGUE

In the case of CJP groove welds, the maximum allowable stress range calculated by
Equation A-3-1 or A-3-1M applies only to welds that have been ultrasonically or
radiographically tested and meet the acceptance requirements in AWS D1.6/D1.6M,
clause 8.12.2 or clause 8.13.2.
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FATIGUE DESIGN PARAMETERS

[Table A-3.1.

TABLE A-3.1
Fatigue Design Parameters

Description Stress |Constant,| Threshold, | Potential Crack
P Category Cr Frh, ksi (MPa) | Initiation Point
SECTION 1—PLAIN MATERIAL AWAY FROM ANY WELDING
1.1 Base metal with as-rolled A 25 24 Away from
or cleaned surfaces; cut edges (165) all welds or
with surface roughness value of structural
1,000 uin. (25 um) or less, but connections
without reentrant corners
1.2 Members with reentrant corners At any external
at copes, cuts, block-outs, or other edge or at hole
geometrical discontinuities, except perimeter
weld access holes
R =1 in. (25 mm), with radius, R, C 4.4 10
formed by predrilling, subpunching, (69)
and reaming, or cut and ground to
a bright metal surface
R > %sin. (10 mm) and the radius, E' 0.39 2.6
R, need not be ground to a bright (18)
metal surface
1.3 Rolled cross sections with weld At reentrant
access holes made to requirements corner of weld
of Section J1.6 access hole
Access hole R > 1 in. (25 mm) with C 4.4 10
radius, R, formed by predrilling, (69)
subpunching, and reaming, or cut
and ground to a bright metal surface
Access hole R > % in. (10 mm) and E’ 0.39 2.6
the radius, R, need not be ground (18)
to a bright metal surface
1.4 Members with drilled or reamed In net section
holes originating at
side of the hole
Holes containing pretensioned bolts C 4.4 10
(©9)
Open holes without bolts D 2.2 7
(48)

SECTION 2—CONNECTED MATERIAL IN MECHANI

CALLY FASTENED JOINTS

2.1 Gross area of base metal in
lap joints connected by bolts in
joints satisfying all requirements
for slip-critical connections

B

12

16
(110)

Through gross
section near
hole
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TABLE A-3.1 (continued)
Fatigue Design Parameters

lllustrative Typical Examples

SECTION 1—PLAIN MATERIAL AWAY FROM ANY WELDING

1.1
\
(a)

1.2

L7

\/‘ R

(a)

1.3
14

_ As seen with
bracing removed

SECTION 2—CONNECTED MATERIAL IN MECHANICALLY FASTENED JOINTS

2. As seen with lap

1
— e plate removed\ \\ @
_—— T
Tl L]
(a) (b)

(©)

(Note: Figures are for slip-critical bolted connections.)
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FATIGUE DESIGN PARAMETERS

[Table A-3.1.

TABLE A-3.1
Fatigue Design Parameters

Description Stress |Constant,| Threshold, |Potential Crack
P Category Ct FrH, ksi (MPa) | Initiation Point
SECTION 2—CONNECTED MATERIAL IN MECHANICALLY FASTENED JOINTS (cont’d)
2.2 Base metal at net section of B 12 16 In net section
bolted joints, designed on the basis (110) originating at
of bearing resistance, but fabricated side of hole
and installed to all requirements for
slip-critical connections
2.3 Base metal at net section of pin E 1.1 4.5 In net section

plate

31)

originating at
side of hole

SECTION 3—WELDED JOINTS JOINING COMPONENTS OF BUILT-UP MEMBERS
3.1 Base metal and weld metal in B 12 16 From surface
members without attachments built (110) or internal
up of plates or shapes connected by discontinuities
continuous longitudinal CJP groove in weld
welds, back gouged and welded
from second side, or by continuous
fillet welds
3.2 Base metal and weld metal in B’ 6.1 12 From surface
members without attachments built (83) or internal
up of plates or shapes, connected discontinuities
by continuous longitudinal CJP in weld
groove welds with left-in-place
continuous steel backing, or by
continuous PJP groove welds
3.3 Base metal at the ends of longi- From the weld
tudinal welds that terminate at weld termination into
access holes in connected built-up the web
members, as well as weld toes of or flange
fillet welds that wrap around ends of
weld access holes
Access hole R > 1 in. (25 mm) with D 2.2 7
radius, R, formed by predrilling, (48)
subpunching, and reaming, or ther-
mally cut and ground to bright metal
surface
Access hole R > %3 in. (10 mm) and E’ 0.39 2.6
the radius, R, need not be ground to (18)

a bright metal surface
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TABLE A-3.1 (continued)
Fatigue Design Parameters

lllustrative Typical Examples

SECTION 2—CONNECTED MATERIAL IN MECHANICALLY FASTENED JOINTS (cont’d)

As seen with lap
2.2 e e plate removed\ \\
R y
T Ll 9]
(a) (b) (c)

(Note: Figures are for bolted connections designed to bear,
meeting the requirements of slip-critical connections.)

2.3 As seen with lap

e e plate removed\ @
(T . 7
e i)
(b) (c)

(Note: Figures are for snug-tightened bolts, rivets, or other mechanical fasteners.)
SECTION 3—WELDED JOINTS JOINING COMPONENTS OF BUILT-UP MEMBERS

3.1 orK<cupP orK<cupP

(a) (b) (c) (d (e)

3.2

CJP or PJP
CJP or PJP @ % @
(a) (b) (c) (d) (e)
3.3

wrapped

(a)
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FATIGUE DESIGN PARAMETERS

[Table A-3.1.

TABLE A-3.1 (continued)
Fatigue Design Parameters

Description

Stress
Category

Constant,
Cr

Threshold,
FrH, ksi (MPa)

Potential Crack
Initiation Point

SECTION 4—LONGITUDINAL FILLET WELDED END CONNECTIONS

4.1 Base metal at junction of axially
loaded members with longitudinally
welded end connections; welds are
on each side of the axis of the mem-
ber to balance weld stresses

t<0.5in. (13 mm)

t>0.5in. (13 mm)

where
t = connected member
thickness, as shown in
Case 4.1 figure, in. (mm)

1.1

0.39

45
(31)
2.6
(18)

Initiating from
end of any
weld termina-
tion extending
into the base
metal

SECTION 5—WELDED JOINTS TRANSVERSE TO DIRECTION OF STRESS

or adjacent to CJP groove welded
splices with welds ground essen-
tially parallel to the direction of
stress at transitions in width made
on a radius, R, of not less than 24
in. (600 mm) with the point of tan-
gency at the end of the groove weld
and inspected in accordance with
Section 3.6

(110)

5.1 Weld metal and base metal in B 12 16 From internal
or adjacent to CJP groove welded (110) discontinuities
splices in plate, rolled shapes, or in weld metal
built-up cross sections with no or along the
change in cross section with welds fusion bound-
ground essentially parallel to the ary

direction of stress and inspected

in accordance with Section 3.6

5.2 Weld metal and base metal in B 12 16 From internal
or adjacent to CJP groove welded (110) discontinuities
splices with welds ground essen- in metal or
tially parallel to the direction of along the fusion
stress at transitions in thickness or boundary
width made on a slope no greater

than 1:27/% and inspected in accor-

dance with Section 3.6

5.3 Base metal and weld metal in B 12 16 From internal

discontinuities
in weld metal
or along the
fusion bound-
ary
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TABLE A-3.1 (continued)
Fatigue Design Parameters

lllustrative Typical Examples

SECTION 4—LONGITUDINAL FILLET WELDED END CONNECTIONS

4.1
\
(a)
SECTION 5—WELDED JOINTS TRANSVERSE TO DIRECTION OF STRESS
5.1
CJP
P
T

(a) (b)

CJP CJP

CJP
o T
T T T

(b) (c) (d)

5.3

R >2'-0" (600 mm)
cJpP

(a) (b)
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FATIGUE DESIGN PARAMETERS

[Table A-3.1.

TABLE A-3.1 (continued)
Fatigue Design Parameters

Description Stress |Constant,| Threshold, |Potential Crack
Category Cs Frh, ksi (MPa)| Initiation Point
SECTION 5—WELDED JOINTS TRANSVERSE TO DIRECTION OF STRESS (cont’d)
5.4 Weld metal and base metal in C 4.4 10 From weld
or adjacent to CJP groove welds (69) extending into
in T- or corner-joints or splices, base metal or
without transitions in thickness or into weld metal
with transition in thickness having
slopes no greater than 1:2'/2, when
weld reinforcement is not removed,
and is inspected in accordance with
Section 3.6
5.5 Base metal and weld metal in or From the toe
adjacent to transverse CJP groove of the groove
welded butt splices with backing left weld or the
in place toe of the
weld attaching
backing when
Tack welds inside groove D 2.2 7 applicable
(48)
Tack welds outside the groove and E 1.1 4.5
not closer than /2 in. (13 mm) to the (31)
edge of base metal
5.6 Base metal and weld metal
at transverse end connections of
tension-loaded plate elements
using PJP groove welds in butt, T-,
or corner-joints, with reinforcing
or contouring fillets; Fsg shall be
the smaller of the toe crack or root
crack allowable stress range
Crack initiating from weld toe C 4.4 10 Initiating from
(69) weld toe
extending into
base metal
Crack initiating from weld root C’ See Eq. None Initiating at
A-3-3 or weld root
A-3-3M extending into

and through

weld
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TABLE A-3.1 (continued)
Fatigue Design Parameters

lllustrative Typical Examples

SECTION 5—WELDED JOINTS TRANSVERSE TO DIRECTION OF STRESS (cont’d)

5.4
CIP ~_ CJP
\

Site for potentlal crack
initiation due to bending
tensile stress

5.5
Categary D |~ @ )
(b) (c)
2" (13 mm)
Category & i
(d) (e)
Site for potential crack
PJP initiation due to bending
Toe Crack tensile stress
Category C
(c)
2a 2a
Root Crack
Category C'
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FATIGUE DESIGN PARAMETERS

[Table A-3.1.

TABLE A-3.1 (continued)
Fatigue Design Parameters

Description

Stress
Category

Constant,
Cr

Threshold,
FrH, ksi (MPa)

Potential Crack
Initiation Point

SECTION 5—WELDED JOINTS TRANSVERSE TO DIRECTION OF STRESS (cont’d)

5.7 Base metal and weld metal at
transverse end connections of ten-
sion-loaded plate elements using a
pair of fillet welds on opposite sides
of the plate; Fsgr shall be the smaller
of the weld toe crack or weld root
crack allowable stress range

shapes and rolled beam webs

or flanges at toe of transverse fillet
welds adjacent to welded transverse
stiffeners

Crack initiating from weld toe C 4.4 10 Initiating from
(69) weld toe
extending into
base metal
Crack initiating from weld root c” See Eq. None Initiating at
A-3-5 or weld root
A-3-5M extending into
and through
weld
5.8 Base metal of tension-loaded C 4.4 10 From geometri-
plate elements, and on built-up (69) cal discontinuity

at toe of fillet
extending into
base metal

SECTION 6—BASE METAL AT WELDED TRANSVERSE MEMBER CONNECTIONS

6.1 Base metal of equal or unequal
thickness at details attached by CJP
groove welds subject to longitudinal
loading only when the detail embod-
ies a transition radius, R, with the
weld termination ground smooth
and inspected in accordance with
Section 3.6

R > 24 in. (600 mm)

6in.<R<24in.
(150 mm < R < 600 mm)

2in.<R<6in.
(50 mm < R < 150 mm)

R < 2in. (50 mm)

12

4.4

2.2

1.1

16
(110)

10
(€9)

(48)
4.5
31)

Near point of
tangency of
radius at edge
of member
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TABLE A-3.1 (continued)
Fatigue Design Parameters

lllustrative Typical Examples

SECTION 5—WELDED JOINTS TRANSVERSE TO DIRECTION OF STRESS (cont’d)

5.7
~— ~—_
~—_
Toe Crack
Category C —~a
~_| T ~—| T
(a) (b) (c)
Root Crack J ?
Category C"

e

(a)

SECTION 6—BASE METAL AT WELDED TRANSVERSE MEMBER CONNECTIONS

6.1

CJP CJP
~—
~—
~—a
~a
R

(a) (b) ()
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FATIGUE DESIGN PARAMETERS

[Table A-3.1.

TABLE A-3.1 (continued)
Fatigue Design Parameters

Description

Stress
Category

Constant,
Cr

Threshold,
FrH, ksi (MPa)

Potential Crack
Initiation Point

SECTION 6—BASE METAL AT WELDED TRANSVERSE MEMBER CONNECTIONS (cont’d)

6.2 Base metal at details of equal
thickness attached by CJP groove

welds, subject to transverse loading,

with or without longitudinal loading,

when the detail embodies a transition

radius, R, with the weld termination
ground smooth and inspected in
accordance with Section 3.6:

(@) When weld reinforcement is
removed

R > 24 in. (600 mm)

6in.<R<24in.
(150 mm < R < 600 mm)

2in.<R<6in.
(50 mm < R < 150 mm)

R <2in. (50 mm)

(b) When weld reinforcement is
not removed
R >6in. (150 mm)

2in.<R<6in.
(50 mm < R < 150 mm)

R < 2in. (50 mm)

12

4.4

2.2

1.1

4.4

2.2

1.1

16
(110)

10
(69)

(48)
4.5
(31)

10
(69)

(48)
4.5
(31)

Near point of
tangency of
radius or in
the weld or at
fusion bound-
ary or member
or attachment

At toe of the
weld either
along edge of
member or the
attachment
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TABLE A-3.1 (continued)
Fatigue Design Parameters

lllustrative Typical Examples

SECTION 6—BASE METAL AT WELDED TRANSVERSE MEMBER CONNECTIONS (cont’d)
6.2

(9]

~ ~

CJP CJP

f
f

(a) (b) (©)
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FATIGUE DESIGN PARAMETERS

[Table A-3.1.

TABLE A-3.1 (continued)
Fatigue Design Parameters

Description

Stress
Category

Constant,
Cr

Threshold,
FrH, ksi (MPa)

Potential Crack
Initiation Point

SECTION 6—BASE METAL AT WELDED TRANSVERSE MEMBER CONNECTIONS (cont’d)

6.3 Base metal at details of unequal
thickness attached by CJP groove
welds, subject to transverse
loading, with or without longitudinal
loading, when the detail embodies
a transition radius, R, with the weld
termination ground smooth and in
accordance with Section 3.6:

(@) When weld reinforcement is
removed

R > 2 in. (50 mm) D 2.2 7 At toe of weld
(48) along edge of
thinner material
R <2in. (50 mm) E 1.1 4.5 In weld
(31) termination in
small radius
(b) When reinforcement is not
removed
Any radius E 1.1 45 At toe of weld
(31) along edge of
thinner material
6.4 Base metal of equal or unequal Initiating in
thickness, subject to longitudinal base metal at
stress at transverse members, the weld ter-
with or without transverse stress, mination or at
attached by fillet or PJP groove the toe
welds parallel to direction of of the weld
stress when the detail embodies extending into
a transition radius, R, with weld ter- the base metal
mination ground smooth
R > 2 in. (50 mm) D 2.2 7
(48)
R <2in. (50 mm) E 1.1 4.5
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TABLE A-3.1 (continued)
Fatigue Design Parameters

lllustrative Typical Examples

SECTION 6—BASE METAL AT WELDED TRANSVERSE MEMBER CONNECTIONS (cont’d)

6.3
CJP, Ends CJP, Ends
T ground smooth e ground smooth
\ \
R Grind
(a) (©)
CJP w/ reinforcement
~— Ends ground smooth
. ] 9
R
(b) (d) (e)
6.4
or—<PJP
¢ -~ PJP
e
\
\
R R
(a) (b)
~— PJP
G
\
Grind

() ()
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FATIGUE DESIGN PARAMETERS

[Table A-3.1.

TABLE A-3.1 (continued)
Fatigue Design Parameters

Description

Stress
Category

Constant,
Cr

Threshold,
FrH, ksi (MPa)

Potential Crack
Initiation Point

SECTION 7—BASE

METAL AT SHORT ATTACHMENTSI!

7.1 Base metal subject to longitudinal
loading at details with welds paral-

lel or transverse to the direction of
stress, with or without transverse load
on the detail, where the detail embod-
ies no transition radius, R, and with
detail length, a, in direction of stress
and thickness of the

attachment, b:

Initiating in
base metal at
the weld termi-
nation or at the
toe of the weld
extending into
the base metal

a < 2in. (50 mm) for any C 4.4 10
thickness, b (69)
2 in. (60 mm) < a < lesser of 12b D 2.2 7
or 4 in. (100 mm) (48)
a > lesser of 12b or 4 in. (100 mm) E 1.1 4.5
when b < 0.8 in. (20 mm) (31)
a>4in. (100 mm) E’ 0.39 2.6
when b > 0.8 in. (20 mm) (18)
7.2 Base metal subject to Initiating in
longitudinal stress at details base metal
attached by fillet or PJP groove at the weld
welds, with or without transverse termination,
load on detail, when the detail extending into
embodies a transition radius, R, with the base metal
weld termination ground smooth:
R >2in. (50 mm) D 2.2 7

48)
R <2 in. (50 mm) E 1.1 45

@)

[a] “Attachment,” as used herein, is defined as any steel detail welded to a member that causes a deviation
in the stress flow in the member and, thus, reduces the fatigue resistance. The reduction is due to the
presence of the attachment, not due to the loading on the attachment.
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TABLE A-3.1 (continued)
Fatigue Design Parameters

lllustrative Typical Examples

SECTION 7—BASE METAL AT SHORT ATTACHMENTS!?!

71

7 e
~—— é/%\""71) \¢ b (avg.)

ﬁ\

(@) (b)

() (e)

7.2
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FATIGUE DESIGN PARAMETERS

[Table A-3.1.

TABLE A-3.1 (continued)
Fatigue Design Parameters

Description Stress |Constant,| Threshold, |Potential Crack
Category Cr FrH, ksi (MPa) | Initiation Point
SECTION 8—MISCELLANEOUS
8.1 Shear on throat of any fillet F See Eq. See Eq. Initiating at the
weld, continuous or intermittent, A-3-2 or A-3-2 or root of the fillet
longitudinal or transverse A-3-2M A-3-2M weld, extend-
ing into the
weld
8.2 Base metal at plug or slot welds E 1.1 4.5 Initiating in the
(81) base metal at
the end of the
plug or slot
weld, extend-
ing into the
base metal
8.3 Shear on plug or slot welds F See Eq. See Eq. Initiating in the
A-3-2 or A-3-2 or weld at the
A-3-2M A-3-2M faying surface,
extending into
the weld
8.4 Bolts, threaded anchor rods, G 0.39 7 Initiating at
and hanger rods, whether (48) the root of
pretensioned in accordance with the threads,
Equation J3-5, or snug-tightened extending into
with cut, ground, or rolled threads; the fastener
stress range on tensile stress area
due to applied cyclic load plus
prying action, when applicable

[a] “Attachment,” as used herein, is defined as any steel detail welded to a member that causes a deviation
in the stress flow in the member and, thus, reduces the fatigue resistance. The reduction is due to the
presence of the attachment, not due to the loading on the attachment.
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TABLE A-3.1 (continued)
Fatigue Design Parameters

lllustrative Typical Examples

SECTION 8—MISCELLANEOUS

8.1
\
\
(a)
8.2
\
I
- ¢ \
S 5 o~ LT TR ] —~———
(a) (b)
8.3 ~ .\\ _ _
< . ~— ]
\
(a) (b)
8.4

Crack
sites \\

(c) (d)
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APPENDIX 4

STRUCTURAL DESIGN FOR FIRE CONDITIONS

This appendix provides criteria for the design and evaluation of austenitic and duplex
stainless steel components, systems, and frames for fire conditions. These criteria provide
for the determination of the heat input, thermal expansion, and degradation in mechanical
properties of austenitic and duplex stainless steels at elevated temperatures that cause pro-
gressive decrease in strength and stiffness of structural components and systems at elevated
temperatures.

User Note: Throughout this appendix, the term “elevated temperatures” refers to tem-
peratures due to unintended fire exposure only.

The appendix is organized as follows:

4.1.

4.1.  General Provisions
4.2.  Structural Design for Fire Conditions by Analysis
4.3. Design by Qualification Testing

GENERAL PROVISIONS

The methods contained in this appendix provide regulatory evidence of compliance
in accordance with the design applications outlined in this section.

Performance Objective

Structural components, members, and building frame systems shall be designed so
as to maintain their load-bearing function during the design-basis fire and to satisfy
other performance requirements specified for the building occupancy.

Deformation criteria shall be applied where the means of providing structural fire
resistance, or the design criteria for fire barriers, requires evaluation of the deforma-
tion of the load-carrying structure.

Within the compartment of fire origin, forces and deformations from the design-basis
fire shall not cause a breach of horizontal or vertical compartmentation.

Design by Engineering Analysis

The analysis methods in Section 4.2 are permitted to be used to document the
anticipated performance of steel framing when subject to design-basis fire scenarios.
Methods in Section 4.2 provide evidence of compliance with performance objectives
established in Section 4.1.1.

The analysis methods in Section 4.2 are permitted to be used to demonstrate an
equivalency for an alternative material or method, as permitted by the applicable
building code (ABC).
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4.2

Structural design for fire conditions using Section 4.2 shall be performed using
the load and resistance factor design method in accordance with the provisions of
Section B3.1 (LRFD).

Design by Qualification Testing

The qualification testing methods in Section 4.3 are permitted to be used to document
the fire resistance of steel framing subject to the standardized fire testing protocols
required by the ABC.

Load Combinations and Required Strength

In the absence of ABC provisions for design under fire exposures, the required
strength of the structure and its elements shall be determined from the gravity load
combination as follows:

(09o0r1.2) D+Ar+0.5L+0.2§ (A-4-1)

where
Ar =nominal forces and deformations due to the design-basis fire defined in
Section 4.2.1
D = nominal dead load
L =nominal occupancy live load
S =nominal snow load

User Note: ASCE/SEI 7, Section 2.5, contains this load combination for extraor-
dinary events, which includes fire.

A notional load, N; = 0.002Y;, as defined in Section C2.2b, where N; = notional load
applied at framing level i and Y; = gravity load from Equation A-4-1 acting on fram-
ing level i, shall be applied in combination with the loads stipulated in Equation
A-4-1. Unless otherwise stipulated by the applicable building code, D, L, and S shall
be the nominal loads specified in ASCE/SEI 7.

User Note: The effect of initial imperfections may be taken into account by direct
modeling of imperfections in the analysis. In typical building structures, when
evaluating frame stability, the important imperfection is the out-of-plumbness of
columns.

Avoidance of Embrittlement Due to Contact with Molten Zinc

Precautions shall be taken to ensure that in the event of a fire, molten zinc from
galvanized steel cannot drip or run onto the stainless steel and cause embrittlement.

STRUCTURAL DESIGN FOR FIRE CONDITIONS BY ANALYSIS

It is permitted to design structural members, components, and building frames for
elevated temperatures in accordance with the requirements of this section.
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1a.

1b.

1c.

STRUCTURAL DESIGN FOR FIRE CONDITIONS BY ANALYSIS [App. 4.2.

Design-Basis Fire

A design-basis fire shall be identified to describe the heating conditions for the struc-
ture. These heating conditions shall relate to the fuel commodities and compartment
characteristics present in the assumed fire area. The fuel load density based on the
occupancy of the space shall be considered when determining the total fuel load.
Heating conditions shall be specified either in terms of a heat flux or temperature of
the upper gas layer created by the fire. The variation of the heating conditions with
time shall be determined for the duration of the fire.

The analysis methods in Section 4.2 shall be used in accordance with the provisions
for alternative materials, designs, and methods as permitted by the ABC. When
the analysis methods in Section 4.2 are used to demonstrate equivalency to hourly
ratings based on qualification testing in Section 4.3, the design-basis fire shall be
permitted to be determined in accordance with ASTM E119.

Localized Fire

Where the heat release rate from the fire is insufficient to cause flashover, a localized
fire exposure shall be assumed. In such cases, the fuel composition, arrangement of
the fuel array, and floor area occupied by the fuel shall be used to determine the radi-
ant heat flux from the flame and smoke plume to the structure.

Post-Flashover Compartment Fires

Where the heat release rate from the fire is sufficient to cause flashover, a post-
flashover compartment fire shall be assumed. The determination of the temperature
versus time profile resulting from the fire shall include fuel load, ventilation charac-
teristics of the space (natural and mechanical), compartment dimensions, and thermal
characteristics of the compartment boundary.

The fire duration in a particular area shall be determined from the total combustible
mass, or fuel load in the space. In the case of either a localized fire or a post-flashover
compartment fire, the fire duration shall be determined as the total combustible mass
divided by the mass loss rate.

Exterior Fires

The exposure effects of the exterior structure to flames projecting from windows
or other wall openings as a result of a post-flashover compartment fire shall be
addressed along with the radiation from the interior fire through the opening. The
shape and length of the flame projection shall be used along with the distance
between the flame and the exterior steelwork to determine the heat flux to the steel.
The method identified in Section 4.2.1b shall be used for describing the characteris-
tics of the interior compartment fire.
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1d.

3a.

3b.

Active Fire-Protection Systems

The effects of active fire-protection systems shall be addressed when describing the
design-basis fire.

Where automatic smoke and heat vents are installed in nonsprinklered spaces, the
resulting smoke temperature shall be determined from calculation.

Temperatures in Structural Systems Under Fire Conditions

Temperatures within structural members, components, and frames due to the heat-
ing conditions posed by the design-basis fire shall be determined by a heat transfer
analysis.

Material Strengths at Elevated Temperatures

Material properties at elevated temperatures shall be determined from test data. In
the absence of such data, it is permitted to use the material properties stipulated in
this section for austenitic stainless steels S30400/S30403 and S31600/S31603 and
duplex stainless steels S32003, S32101, S32202, S32205, S32304, S82011, and
S$82441.

User Note: Refer to the Commentary for guidance on the mechanical properties
of precipitation hardening at high temperatures.

Thermal Elongation

The coefficients of expansion for calculations at temperatures ranging from 68 to
1,800°F (20 to 980°C) shall be taken as follows:

Austenitic stainless steels: 11 x 107%°F (20 x 107%/°C).

Duplex stainless steels: 9 x 107%°F (16 x 107%/°C).

Mechanical Properties at Elevated Temperatures

The deterioration in strength and stiffness of structural members, components,
and systems shall be taken into account in the structural analysis of the frame. For
stainless steel, the values F,(T), F,(T),F>(T), and E(T) at elevated temperature to
be used in structural analysis, expressed as the ratio with respect to the property at
ambient, which is assumed to be 68°F (20°C), shall be defined as in Tables A-4.2.1
through A-4.2.4. It is permitted to linearly interpolate between the tabulated values.

F>(T) is the stress at 2% strain at elevated temperatures, ksi (MPa), and is used in the
material model given in Appendix 7, Section 7.2.
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[App. 4.2.

TABLE A-4.2.1
Properties of Austenitic Type S30400/S30403

at Elevated Temperatures

Steel T,f:";fc;rat“re' ke=E(M/E | ky=F/T)IF, | ko=Fa(T)IF, | ky=Fu(T)IFy
68 (20) 1.00 1.00 131 1.00
200 (93) 0.96 0.80 1.05 0.83
400 (200) 0.92 0.65 0.88 0.72
600 (320) 0.87 0.59 0.81 0.68
750 (400) 0.84 0.55 0.78 0.66
800 (430) 0.83 0.54 0.77 0.65
1000 (540) 0.78 0.48 0.71 0.58
1200 (650) 0.74 0.42 0.61 0.47
1400 (760) 0.66 0.30 0.43 0.31
1600 (870) 0.50 0.18 0.23 0.16
1800 (980) 0.24 0.08 0.10 0.09
2000 (1100) 0.11 0.05 0.06 0.05
TABLE A-4.2.2

Properties of Austenitic Type S31600/S31603
and S32100 at Elevated Temperatures

Steel Temperature,

F (C) ke=E(MVE | ky=F/T)IF, | ka=Fo(T)IF, | ku=Fu(T)/F,
68 (20) 1.00 1.00 1.19 1.00
200 (93) 0.96 0.87 1.14 0.88
400 (200) 0.92 0.72 0.98 0.80
600 (320) 0.87 0.66 0.91 0.78
750 (400) 0.84 0.62 0.85 0.77
800 (430) 0.83 0.61 0.84 0.76
1000 (540) 0.78 0.58 0.79 0.71
1200 (650) 0.74 0.53 0.72 0.59
1400 (760) 0.66 0.45 0.57 0.41
1600 (870) 0.50 0.27 0.33 0.23
1800 (980) 0.24 0.15 - 0.12
2000 (1100) 0.11 0.07 - 0.07
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TABLE A-4.2.3

Properties of Duplex Types S$S32202 and
S$32304 at Elevated Temperatures

$32101, S32205, S82011, and

S$82441 at Elevated Temperatures

Steel T,f:";fc;rat“re' ke=E(MJ/E | ky=F,TVF, | ke=FoT)IF, | ku=Fu(T)IFy
68 (20) 1.00 1.00 115 1.00
200 (93) 0.96 0.84 0.96 0.95
400 (200) 0.92 0.75 0.82 0.87
600 (320) 0.87 0.67 0.76 0.78
750 (400) 0.84 0.58 0.70 0.70
800 (430) 0.83 0.54 0.67 0.67
1000 (540) 0.78 0.37 0.53 0.54
1200 (650) 0.74 0.21 0.37 0.40
1400 (760) 0.66 0.10 0.20 0.25
1600 (870) 0.50 0.05 0.08 0.12
1800 (980) 0.24 - - -
2000 (1100) 0.11 - - -
TABLE A-4.2.4

Properties of Duplex Types $32003,

Steel Ii":f(;'at“re’ ke=E(MIE | ky=F/T)IF, | ka=FoT)F, | ku=Fu(T)IF,
68 (20) 1.00 1.00 142 1.00
200 (93) 0.96 0.84 0.97 0.96
400 (200) 0.92 0.70 0.86 0.91
600 (320) 0.87 0.64 0.81 0.87
750 (400) 0.84 0.60 0.76 0.82
800 (430) 0.83 0.58 0.73 0.79
1000 (540) 0.78 0.49 0.62 0.65
1200 (650) 0.74 0.35 0.46 0.47
1400 (760) 0.66 0.20 0.27 0.28
1600 (870) 0.50 0.09 0.14 0.16
1800 (980) 0.24 0.02 0.05 0.07
2000 (1100) 0.11 - - -
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4a.

4b.

4c.

STRUCTURAL DESIGN FOR FIRE CONDITIONS BY ANALYSIS [App. 4.2.

Structural Design Requirements
General Structural Integrity

The structural frame and foundation shall be capable of providing the strength and
deformation capacity to withstand, as a system, the structural actions developed dur-
ing the fire within the prescribed limits of deformation. The structural system shall
be designed to sustain local damage with the structural system as a whole remaining
stable. Frame stability and required strength shall be determined in accordance with
the requirements of Section C1.

Continuous load paths shall be provided to transfer all forces from the exposed region
to the final point of resistance.

Strength Requirements and Deformation Limits

Conformance of the structural system to these requirements shall be demonstrated by
constructing a mathematical model of the structure based on principles of structural
mechanics and evaluating this model for the internal forces and deformations in the
members of the structure developed by the temperatures from the design-basis fire.

Individual members shall have the design strength necessary to resist the shears,
axial forces, and moments determined in accordance with these provisions.

Connections shall develop the strength of the connected members or the forces indi-
cated above. Where the means of providing fire resistance requires the evaluation of
deformation criteria, the deformation of the structural system, or members thereof,
under the design-basis fire shall not exceed the prescribed limits.

Design by Advanced Methods of Analysis

Design by advanced methods of analysis is permitted for the design of all structural
stainless steel building structures for fire conditions. The design-basis fire exposure
shall be that determined in Section 4.2.1. The analysis shall include both a thermal
response and the mechanical response to the design-basis fire.

The thermal response shall produce a temperature field in each structural element as
a result of the design-basis fire and shall incorporate temperature-dependent thermal
properties of the structural elements and fire-resistive materials, as per Section 4.2.2.

The mechanical response results in forces and deformations in the structural system
subject to the thermal response calculated from the design-basis fire. The mechanical
response shall take into account explicitly the deterioration in strength and stiffness
with increasing temperature, the effects of thermal expansions, inelastic behavior and
load redistribution, large deformations, time-dependent effects such as creep, and
uncertainties resulting from variability in material properties at elevated temperature.
Boundary conditions and connection fixity must represent the proposed structural
design. Material properties shall be defined as per Section 4.2.3.
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4d.

User Note: The material model at elevated temperatures included in Appendix 7
can be used to represent the mechanical response of austenitic and duplex stain-
less steel structural members or a structural system under fire conditions.

The resulting analysis shall address all relevant limit states, such as excessive deflec-
tions, connection ruptures, and overall or local buckling.

Design by Simple Methods of Analysis

The methods of analysis in this section are permitted to be used for the evaluation of the
performance of individual members at elevated temperatures during exposure to fire.

The support and restraint conditions (forces, moments, and boundary conditions)
applicable at normal temperatures are permitted to be assumed to remain unchanged
throughout the fire exposure.

It is permitted to model the thermal response of structural stainless steel members
using a one-dimensional heat transfer equation with heat input as determined by
the design-basis fire defined in Section 4.2.1, using the temperature equal to the
maximum structural stainless steel temperature. For flexural members, the maximum
structural stainless steel temperature shall be assigned to the bottom flange.

The design strength shall be determined as in Section B3.1. The nominal strength,
R,, shall be calculated using material properties, as provided in Section 4.2.3b, at the
temperature developed by the design-basis fire and as stipulated in Sections 4.2.4d(a)
through (e).

(a) Design for tension
Nominal strength for tension shall be determined using the provisions of Chapter
D, with steel properties as stipulated in Section 4.2.3b and assuming a uniform
temperature over the cross section using the temperature equal to the maximum
structural stainless steel temperature.

(b) Design for compression
The nominal compressive strength for the limit state of yielding and flexural
buckling of members with nonslender elements as defined in Section B4.1
for elements in axial compression shall be determined using the provisions of
Chapter E with stainless steel properties as stipulated in Section 4.2.3b and
Equations A-4-2 and A-4-3 used in lieu of Equations E3-2 through E3-4 to cal-
culate the nominal compressive strength for flexural buckling.

Le . E(T) | F(T) <
(1) When 7_5.62 Fy(T) {Fe(T) _3.20}

[ R (1) r(”
%} PO g ()< () (A-4-2)
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(2) When 25562 E(T) {or M>3.zo}

F T NR@) | RD)
F.,(T)=PB2(T)F.(T) (A-4-3)
where
E(T = modulus of elasticity at elevated temperature determined using the
coefficients from Tables A-4.2.1, A-4.2.2, A-4.2.3, or A-4.2.4
Fy(T) =yield stress at elevated temperature determined using the co-
efficients from Tables A-4.2.1, A-4.2.2, A-4.2.3, or A-4.2.4
F.(T) = critical elastic buckling stress calculated from Equation E3-5 with

the elastic modulus, E(7), at elevated temperature
o(T), Bo(T) = flexural buckling coefficients at elevated temperature determined
from Table A-4.2.5

(c) Design for flexure
For structural stainless steel beams, it is permitted to assume that the calculated
bottom flange temperature is constant over the depth of the member.

The nominal flexural strength for the limit states of yielding and lateral-torsional
buckling of doubly symmetric I-shaped members and channels, having com-
pact webs and compact flanges as defined in Section B4.1 for flexure shall be
determined using the provisions of Chapter F with stainless steel properties as
stipulated in Section 4.2.3b and using the lateral-torsional buckling coefficients
at elevated temperature given in Table A-4.2.6 in lieu of the lateral-torsional
buckling coefficients given in Table F2.1.

The material properties at elevated temperatures, E(7) and F\(T), and the kg and
ky coefficients are calculated in accordance with Tables A-4.2.1 to A-4.2.4, and
other terms are as defined in Chapter F.

(d) Design for shear
Nominal strength for shear shall be determined in accordance with the provisions
of Chapter G, with stainless steel properties as stipulated in Section 4.2.3b and
assuming a uniform temperature over the cross section.

(e) Design for combined forces
Nominal strength for combinations of axial force and flexure about one or both
axes, with or without torsion, shall be in accordance with the provisions of
Chapter H with the design axial and flexural strengths as stipulated in Sections
4.2.4d(a) to (c).
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Table A-4.2.5

Flexural Buckling Coefficients at Elevated

Temperatures
Member Type Alloy Family o(T) Ba(T)
Rolled or built-up I-shaped
sections buckling about Austenitic k
the minor axis, and other and 0.56 0.69-0.25 [1 - —yj
) e ke
sections not specified in duplex
this table
Rolltgd orbbw::l-.up I-shafed Austenitic .
sections buckling abou and 0.58 0.82-040|1- X
the major axis, welded box dublex ke
sections, and round HSS P
Austenitic k
Rectangular HSS and 0-69—0-30[1—,%] 0.82
duplex E

Table A-4.2.6

Lateral-Torsional Buckling
Coefficients at Elevated Temperatures

Alloy Family Bor(T) Bo,L.7(T) By,L7(T)
Austenitic 0.82—0.10(1—k—y) 0.90—0.11(1—k—yj 0.40
ke ke
ky k,V
Dup|ex 0.86-0.10 1*@ 1.10-0.13 1*@ 0.50
4.3. DESIGN BY QUALIFICATION TESTING

1. Qualification Standards

Structural members and components in structural stainless steel buildings shall be
qualified for the rating period in conformance with ASTM E119.

2. Restrained Construction

For floor and roof assemblies and individual beams in buildings, a restrained condi-
tion exists when the surrounding or supporting structure is capable of resisting forces
and accommodating deformations caused by thermal expansion throughout the range
of anticipated elevated temperatures.

Structural stainless steel beams, girders, and frames supporting concrete slabs that
are welded or bolted to integral framing members shall be considered restrained
construction.
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Unrestrained Construction

Structural stainless steel beams, girders, and frames that do not support a concrete
slab shall be considered unrestrained unless the members are bolted or welded to
surrounding construction that has been specifically designed and detailed to resist
effects of elevated temperatures.

A structural stainless steel member bearing on a wall in a single span or at the end
span of multiple spans shall be considered unrestrained unless the wall has been
designed and detailed to resist effects of thermal expansion.
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APPENDIX 5
EVALUATION OF EXISTING STRUCTURES

This appendix applies to the evaluation of the strength and stiffness under static loads of
existing structures by structural analysis, by load tests, or by a combination of structural
analysis and load tests when specified by the EOR or in the contract documents. For such
evaluation, the stainless steel materials are not limited to those listed in Section A3.1. This
appendix does not address load testing for the effects of seismic loads or moving loads
(vibrations). Section 5.4 is only applicable to static vertical gravity loads applied to existing
roofs or floors.

The appendix is organized as follows:

5.1.

5.2.

5.1.  General Provisions

5.2.  Material Properties

5.3.  Evaluation by Structural Analysis
5.4. Evaluation by Load Tests

5.5. Evaluation Report

GENERAL PROVISIONS

These provisions shall be applicable when the evaluation of an existing steel structure
is specified for (a) verification of a specific set of design loadings or (b) determina-
tion of the available strength of a load-resisting member or system. The evaluation
shall be performed by structural analysis (Section 5.3), by load tests (Section 5.4),
or by a combination of structural analysis and load tests, when specified in the con-
tract documents by the EOR. Where load tests are used, the EOR shall first analyze
the structure, prepare a testing plan, and develop a written procedure for the test.
The plan shall consider catastrophic collapse and/or excessive levels of permanent
deformation, as defined by the EOR, and shall include procedures to preclude either
occurrence during testing.

MATERIAL PROPERTIES

Determination of Required Tests

The EOR shall determine the specific tests that are required from Sections 5.2.2
through 5.2.6 and specify the locations where they are required. Where available,
the use of applicable project records is permitted to reduce or eliminate the need for
testing.

Tensile Properties

Tensile properties of members shall be considered in evaluation by structural analy-
sis (Section 5.3) or load tests (Section 5.4). Such properties shall include the yield
stress, tensile strength, and percent elongation. Where available, certified material
test reports or certified reports of tests made by the fabricator or a testing laboratory
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in accordance with ASTM A480/A480M or A484/A484M, as applicable, is permit-
ted for this purpose. Otherwise, tensile tests shall be conducted in accordance with
ASTM A370 from samples taken from components of the structure.

Chemical Composition

Where welding is anticipated for repair or modification of existing structures, the
chemical composition of the steel shall be determined for use in preparing a welding
procedure specification. Where available, results from certified material test reports
or certified reports of tests made by the fabricator or a testing laboratory in accor-
dance with ASTM procedures is permitted for this purpose. Otherwise, analyses shall
be conducted in accordance with ASTM A751 from the samples used to determine
tensile properties or from samples taken from the same locations.

Base Metal Notch Toughness

Where welded tension splices in heavy shapes and plates as defined in Section A3.1c
are critical to the performance of the structure, the Charpy V-notch toughness shall
be determined in accordance with the provisions of Section A3.lc. If the notch
toughness so determined does not meet the provisions of Section A3.1c, the EOR
shall determine if remedial actions are required.

Weld Metal

Where structural performance is dependent on existing welded connections, repre-
sentative samples of weld metal shall be obtained. Chemical analysis and mechanical
tests shall be made to characterize the weld metal. A determination shall be made
of the magnitude and consequences of imperfections. If the requirements of AWS
D1.6/D1.6M, are not met, the EOR shall determine if remedial actions are required.

Bolts

Representative samples of bolts shall be inspected to determine markings and clas-
sifications. Where bolts cannot be properly identified, representative samples shall
be taken and tested to determine tensile strength in accordance with ASTM F606/
F606M and the bolt classified accordingly. Alternatively, the assumption that the
bolts have a specified minimum yield stress of 20 ksi (140 MPa) and a tensile
strength of 65 ksi (450 MPa) is permitted.

EVALUATION BY STRUCTURAL ANALYSIS

Dimensional Data

All dimensions used in the evaluation, such as spans, column heights, member
spacings, bracing locations, cross-section dimensions, thicknesses, and connection
details, shall be determined from a field survey. Alternatively, when available, it is
permitted to determine such dimensions from applicable project design or fabrication
documents with field verification of critical values.
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Strength Evaluation

Forces (load effects) in members and connections shall be determined by structural
analysis applicable to the type of structure evaluated. The load effects shall be deter-
mined for the loads and factored load combinations stipulated in Section B2.

The available strength of members and connections shall be determined from appli-
cable provisions of Chapters B through K of this Specification.

Serviceability Evaluation

Where required, the deformations at service loads shall be calculated and reported.

EVALUATION BY LOAD TESTS

Determination of Load Rating by Testing

To determine the load rating of an existing floor or roof structure by testing, a test
load shall be applied incrementally in accordance with the EOR’s plan. The struc-
ture shall be visually inspected for signs of distress or imminent failure at each load
level. Appropriate measures shall be taken if these or any other unusual conditions
are encountered.

The tested strength of the structure shall be taken as the maximum applied test load
plus the in-situ dead load. The live load rating of a floor structure shall be determined
by setting the tested strength equal to 1.2D + 1.6L, where D is the nominal dead load
and L is the nominal live load rating for the structure. For roof structures, L,, S, or R
shall be substituted for L,

where
L, = nominal roof live load
R =nominal load due to rainwater or snow, exclusive of the ponding contribution
S =nominal snow load

More severe load combinations shall be used where required by the applicable build-
ing codes.

Periodic unloading shall be considered once the service load level is attained and
after the onset of inelastic structural behavior is identified to document the amount of
permanent set and the magnitude of the inelastic deformations. Deformations of the
structure, such as member deflections, shall be monitored at critical locations during
the test, referenced to the initial position before loading. It shall be demonstrated, while
maintaining maximum test load for one hour, that the deformation of the structure does
not increase by more than 10% above that at the beginning of the holding period. It is
permissible to repeat the sequence if necessary to demonstrate compliance.

Deformations of the structure shall also be recorded 24 hours after the test loading is
removed to determine the amount of permanent set. Because the amount of accept-
able permanent deformation depends on the specific structure, no limit is specified
for permanent deformation at maximum loading. Where it is not feasible to load test
the entire structure, a segment or zone of not less than one complete bay representa-
tive of the most critical conditions shall be selected.
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User Note: The characteristically low proportional limit exhibited by stainless
steel may lead to greater permanent deformations than experienced with other
steel alloys; a stainless steel member is therefore less likely to return to its original
undeformed condition upon removal of the load.

Serviceability Evaluation

When load tests are prescribed, the structure shall be loaded incrementally to the
service load level. The service test load shall be held for a period of 1 hour, and
deformations shall be recorded at the beginning and at the end of the one-hour hold-
ing period.

EVALUATION REPORT

After the evaluation of an existing structure has been completed, the EOR shall
prepare a report documenting the evaluation. The report shall indicate whether the
evaluation was performed by structural analysis, by load testing, or by a combination
of structural analysis and load testing. Furthermore, when testing is performed, the
report shall include the loads and load combination used and the load-deformation
and time-deformation relationships observed. All relevant information obtained from
design documents, material test reports, and auxiliary material testing shall also be
reported. Finally, the report shall indicate whether the structure, including all mem-
bers and connections, is adequate to withstand the load effects.
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APPENDIX 6
MEMBER STABILITY BRACING

This appendix addresses the minimum strength and stiffness necessary to provide a brace
that allows the member to develop the required strength in an austenitic or duplex stainless
steel column, beam, or beam-column.

The appendix is organized as follows:

6.1. General Provisions
6.2. Column Bracing

6.3. Beam Bracing

6.4. Beam-Column Bracing

User Note: Stability requirements for lateral force-resisting systems are provided in
Chapter C. The provisions in this appendix apply to bracing that is not generally included
in the analysis model of the overall structure, but is provided to stabilize individual col-
umns, beams, and beam-columns. Guidance for applying these provisions to stabilize
trusses is provided in the Commentary on the 2016 AISC Specification for Structural
Steel Buildings.

6.1. GENERAL PROVISIONS

Bracing systems shall have the strength and stiffness specified in this appendix, as
applicable. Where such a system braces more than one member, the strength and
stiffness of the bracing shall be based on the sum of the required strengths of all
members being braced. The evaluation of the stiffness furnished by the bracing shall
include the effects of connections and anchoring details.

User Note: More detailed analyses for bracing strength and stiffness are presented
in the Commentary on the 2016 AISC Specification for Structural Steel Buildings.

A panel brace (formerly referred to as a relative brace) controls the angular devia-
tion of a segment of the braced member between braced points (i.e., the lateral
displacement of one end of the segment relative to the other). A point brace (form-
erly referred to as a nodal brace) controls the movement at the braced point with-
out direct interaction with adjacent braced points. A continuous bracing system
consists of bracing that is attached along the entire member length.

The available strength and stiffness of the bracing members and connections shall
equal or exceed the required strength and stiffness, respectively, unless analysis
indicates that smaller values are justified.
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Columns, beams, and beam-columns with end and intermediate braced points designed
to meet the requirements in Sections 6.2, 6.3, and 6.4, as applicable, are permitted to
be designed based on lengths L. and L, as defined in Chapters E and F, taken equal to
the distance between the braced points.

In lieu of the requirements of Sections 6.2, 6.3, and 6.4:

(a) The required brace strength and stiffness can be obtained using a second-order
analysis that satisfies the provisions of Chapter C or Appendix 1, as appropriate,
and includes brace points displaced from their nominal locations in a pattern that
provides for the greatest demand on the bracing.

(b) The required bracing stiffness can be obtained as 2/¢ (LRFD) or 22 (ASD) times
the ideal bracing stiffness determined from a buckling analysis. The required
brace strength can be determined using the provisions of Sections 6.2, 6.3, and
6.4, as applicable.

(c) For either of the above analysis methods, members with end or intermediate
braced points meeting these requirements may be designed based on effective
lengths, L. and L, taken less than the distance between braced points.

User Note: The stability bracing requirements in Sections 6.2, 6.3, and 6.4 are
based on buckling analysis models involving idealizations of common bracing
conditions. Computational analysis methods may be used for greater generality,
accuracy, and efficiency for more complex bracing conditions. The Commentary
on the 2016 AISC Specification for Structural Steel Buildings, Appendix 6, Sec-
tion 6.1, provides guidance on these considerations.

COLUMN BRACING

It is permitted to laterally brace an individual column at end and intermediate points
along its length using either panel or point bracing.

User Note: This section provides requirements only for lateral bracing. Column
lateral bracing is assumed to be located at the shear center of the column. When
lateral bracing does not prevent twist, the column is susceptible to torsional buck-
ling, as addressed in Section E4. When the lateral bracing is offset from the shear
center, the column is susceptible to constrained-axis torsional buckling, which is
addressed in the Commentary on the 2016 AISC Specification for Structural Steel
Buildings Section E4.

Panel Bracing

The panel bracing system shall have the strength and stiffness specified in this sec-
tion. The connection of the bracing system to the column shall have the strength
specified in Section 6.2.2 for a point brace at that location.
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User Note: If the stiffness of the connection to the panel bracing system is com-
parable to the stiffness of the panel bracing system itself, the panel bracing system
and its connection to the column function as a panel and point bracing system
arranged in series. Such cases may be evaluated using the alternative analysis
methods listed in Section 6.1.

In the direction perpendicular to the longitudinal axis of the column, the required
shear strength of the bracing system is:

Vir=0.0075P, (A-6-1)
and, the required shear stiffness of the bracing system is:
By = l(ﬁj (LRFD) (A-6-2a)
q) Ly,
2P,
Byr = Q(L J (ASD) (A-6-2b)
br

¢ =0.75 (LRFD) Q =2.00 (ASD)

where
Ly, = unbraced length within the panel under consideration, in. (mm)
P, =required axial strength of the column within the panel under consideration,
using LRFD or ASD load combinations, kips (N)

2. Point Bracing

In the direction perpendicular to the longitudinal axis of the column, the required
strength of end and intermediate point braces is:

Py-=0.015P, (A-6-3)

and, the required stiffness of the brace is:

1(8P,
Bb’_5(L_br) (LRFD) (A-6-4a)

Bor = Q(ii] (ASD) (A-6-4b)
br

¢ =0.75 (LRFD) ©Q=2.00 (ASD)

where
Ly, = unbraced length adjacent to the point brace, in. (mm)
P, =largest of the required axial strengths of the column within the unbraced
lengths adjacent to the point brace, using LRFD or ASD load combinations,
kips (N)

When the unbraced lengths adjacent to a point brace have different P./L,, values, the
larger value shall be used to determine the required brace stiffness.
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For intermediate point bracing of an individual column, Ly, in Equations A-6-4a or
A-6-4b need not be taken less than the maximum effective length, L., permitted for
the column based upon the required axial strength, P,.

BEAM BRACING

Beams shall be restrained against rotation about their longitudinal axis at points of
support. When a braced point is assumed in the design between points of support,
lateral bracing, torsional bracing, or a combination of the two shall be provided
to prevent the relative displacement of the top and bottom flanges (i.e., to prevent
twist). In members subject to double curvature bending, the inflection point shall not
be considered a braced point unless bracing is provided at that location.

The requirements of this section shall apply to bracing of doubly and singly sym-
metric I-shaped members subject to flexure within a plane of symmetry and zero net
axial force.

Lateral Bracing

Lateral bracing shall be attached at or near the beam compression flange, except as
follows:

(a) Atthe free end of a cantilevered beam, lateral bracing shall be attached at or near
the top (tension) flange.
(b) For braced beams subject to double curvature bending, bracing shall be attached

at or near both flanges at the braced point nearest the inflection point.

It is permitted to use either panel or point bracing to provide lateral bracing for
beams.

Panel Bracing

The panel bracing system shall have the strength and stiffness specified in this sec-
tion. The connection of the bracing system to the member shall have the strength
specified in Section 6.3.1b for a point brace at that location.

User Note: The stiffness contribution of the connection to the panel bracing sys-
tem should be assessed as provided in the User Note to Section 6.2.1.

The required shear strength of the bracing system is:

V= 0.015(%) (A-6-5)

0

and, the required shear stiffness of the bracing system is:

1(4M,C,
=—| 224 | (LRFD A-6-
Bor ¢[ I ) ( ) (A-6-6a)
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Bor = Q(“M—’Cd] (ASD) (A-6-6b)

brilo

0 =0.75 (LRFD) € =2.00 (ASD)

where
Cys = 1.0, except in the following case:
= 2.0 for the brace closest to the inflection point in a beam subject to double

curvature bending

Ly, = unbraced length within the panel under consideration, in. (mm)

M, =required flexural strength of the beam within the panel under consideration,
using LRFD or ASD load combinations, kip-in. (N-mm)

h, = distance between flange centroids, in. (mm)

1b.  Point Bracing

In the direction perpendicular to the longitudinal axis of the beam, the required
strength of end and intermediate point braces is:

Py = O.O3(M'—Cdj (A-6-7)
ho
and, the required stiffness of the brace is:
Bor = l(%j (LRFD) (A-6-8a)
¢ Lbrho
By, = Q(IOM_erj (ASD) (A-6-8b)
br'lo

¢ =0.75 (LRFD) Q =2.00 (ASD)

where
Ly, =unbraced length adjacent to the point brace, in. (mm)
M, =largest of the required flexural strengths of the beam within the unbraced
lengths adjacent to the point brace, using LRFD or ASD load combinations,
kip-in. (N-mm)

When the unbraced lengths adjacent to a point brace have different M, /L, values,
the larger value shall be used to determine the required brace stiffness.

For intermediate point bracing of an individual beam, Ly, in Equations A-6-8a or
A-6-8b need not be taken less than the maximum effective length, L, permitted for
the beam based upon the required flexural strength, M,.

2. Torsional Bracing

It is permitted to attach torsional bracing at any cross-section location, and it need
not be attached near the compression flange.
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User Note: Torsional bracing can be provided as point bracing, such as cross-
frames, moment-connected beams or vertical diaphragm elements, or as continuous
bracing, such as slabs or decks.

2a. Point Bracing
About the longitudinal axis of the beam, the required flexural strength of the brace is:
My, =0.03M, (A-6-9)

and the required flexural stiffness of the brace is:

i B (A-6-10)
-5
BSEC
where
2
By =-—2L [ M| g RFD) (A-6-11a)
O nELz \ Cp
2.4 ’
_ 24 [ M: | AsD) (A-6-11b)
nEIyeﬁc Cb
33E(1.5h83 tyb?
.= + A-6-12
Pre ho ( 2 12 ( )
and

6 =0.75 (LRFD); Q =3.00 (ASD)

User Note: Q= 1.52/¢ = 3.00 in Equations A-6-11a or A-6-11b, because the
moment term is squared.

Bsec can be taken equal to infinity, and B, = Br, when a cross-frame is attached
near both flanges or a vertical diaphragm element is used that is approximately
the same depth as the beam being braced.

E  =modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic, and 29,000 ksi (200 000 MPa) for
duplex stainless steel
Ly = effective out-of-plane moment of inertia, in.* (mm?*)
=Ly + (t/o)y
I,, =moment of inertia of the compression flange about the y-axis, in.* (mm®)
I,, =moment of inertia of the tension flange about the y-axis, in.* (mm®)
L =length of span, in. (mm)
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M, =largest of the required flexural strengths of the beam within the unbraced
lengths adjacent to the point brace, using LRFD or ASD load combinations,
M kip-in. (N-mm)

C_r = maximum value of the required flexural strength of the beam divided by
> the moment gradient factor, within the unbraced lengths adjacent to the
point brace, using LRFD or ASD load combinations, kip-in. (N-mm)
by = stiffener width for one-sided stiffeners, in. (mm)
= twice the individual stiffener width for pairs of stiffeners, in. (mm)
¢ =distance from the neutral axis to the extreme compressive fibers, in. (mm)
n  =number of braced points within the span
t = distance from the neutral axis to the extreme tensile fibers, in. (mm)
t, = design thickness of beam web, as defined in Section B4.2, in. (mm)
ty = design thickness of web stiffener, as defined in Section B4.2, in. (mm)

Br = overall brace system required stiffness, kip-in./rad (N-mm/rad)
Bsec = web distortional stiffness, including the effect of web transverse stiffeners,
if any, kip-in./rad (N-mm/rad)

User Note: If B, < Br, Equation A-6-10 is negative, which indicates that tor-
sional beam bracing will not be effective due to inadequate web distortional
stiffness.

User Note: For doubly symmetric members, ¢ = ¢ and /.= out-of-plane moment
of inertia, [y, in.* (mm®).

When required, a web stiffener shall extend the full depth of the braced member and
shall be attached to the flange if the torsional brace is also attached to the flange.
Alternatively, it is permissible to stop the stiffener short by a distance equal to 41,
from any beam flange that is not directly attached to the torsional brace.

2b.  Continuous Bracing

For continuous torsional bracing:

(a) The brace strength requirement per unit length along the beam shall be taken

as Equation A-6-9 divided by the maximum unbraced length permitted for
the beam based upon the required flexural strength, M,. The required flexural
strength, M, shall be taken as the maximum value throughout the beam span.

(b) The brace stiffness requirement per unit length shall be given by Equations A-6-

10 and A-6-11 with L/n = 1.0.

(c) The web distortional stiffness shall be taken as:

3.3Et;
Bsec = 124 = (A-6-13)
0
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BEAM-COLUMN BRACING

For bracing of beam-columns, the required strength and stiffness for the axial force
shall be determined as specified in Section 6.2, and the required strength and stiffness
for flexure shall be determined as specified in Section 6.3. The values so determined
shall be combined as follows:

(a) When panel bracing is used, the required strength shall be taken as the sum of the
values determined using Equations A-6-1 and A-6-5, and the required stiffness
shall be taken as the sum of the values determined using Equations A-6-2 and
A-6-6.

(b) When point bracing is used, the required strength shall be taken as the sum of the
values determined using Equations A-6-3 and A-6-7, and the required stiffness
shall be taken as the sum of the values determined using Equations A-6-4 and
A-6-8. In Equations A-6-4 and A-6-8, L, for beam-columns shall be taken as
the actual unbraced length; the provisions in Sections 6.2.2 and 6.3.1b, that Ly,
need not be taken less than the maximum permitted effective length based upon
P, and M,, shall not be applied.

(c) When torsional bracing is provided for flexure in combination with panel or
point bracing for the axial force, the required strength and stiffness shall be com-
bined or distributed in a manner that is consistent with the resistance provided by
the element(s) of the actual bracing details.

(d) When the combined stress effect from axial force and flexure results in compres-
sion to both flanges, either lateral bracing shall be added to both flanges or both
flanges shall be laterally restrained by a combination of lateral and torsional
bracing.

User Note: For case (d), additional guidelines are provided in the Commentary
on the 2016 AISC Specification for Structural Steel Buildings.
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APPENDIX 7
MODELING OF MATERIAL BEHAVIOR

This appendix provides analytical expressions for modeling of material behavior at ambient
and at elevated temperatures, as well as expressions for calculating the secant and tangent
modulus, of austenitic and duplex stainless steel structural members.

The appendix is organized as follows:

7.1

7.1.  Material Behavior at Ambient Temperature
7.2.  Material Behavior at Elevated Temperatures

MATERIAL BEHAVIOR AT AMBIENT TEMPERATURE

Stress-Strain Behavior

The nonlinear stress-strain behavior of austenitic and duplex stainless steel, including
strain hardening, can be determined in accordance with Equations A-7-1a and A-7-1b.

For f<F,
n
e=L 10002 L (A-7-1a)
E F,
For Fy, < f<F,
F, f-F F, F,—F -F\"
e=o.002+—y+u+ €, -0002- 2Lt 2% SoB (A-7-1b)
E E, E Ey F,-F,

where
E = modulus of elasticity of stainless steel, ksi (MPa)
= 28,000 ksi (193 000 MPa) for austenitic, and 29,000 ksi (200 000 MPa) for
duplex stainless steel
E;, = tangent modulus at the specified minimum yield stress, determined in accor-
dance with Equation A-7-4 by replacing f with Fy, ksi (MPa)
F, = specified minimum yield stress, ksi (MPa)
F,, = specified minimum tensile strength, ksi (MPa)
n = strain hardening coefficient
=7 for austenitic stainless steel
= 8 for duplex stainless steel
Fy
m =1+2.8— (A-7-2)

u

f =engineering stress, ksi (MPa)
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€ = engineering strain
€, =strain at the ultimate tensile stress, which may be approximated in accor-
dance with Equation A-7-3 if not known
Fy
= I—Fﬁef (A-7-3)

u
€r = specified minimum elongation after rupture determined over a length of 2 in.

(50 mm)
2. Tangent Modulus, E;

The tangent modulus, E;, of austenitic and duplex stainless steel can be determined
in accordance with Equation A-7-4 for any stress level f < Fy:

EF
E = : — (A-7-4)
Fy+ o.ooan(fJ
Fy

3. Secant Modulus, E;

The secant modulus, E;, of austenitic and duplex stainless steel can be determined in
accordance with Equation A-7-5 for any stress level f< F):

E
Ejz=mr——— (A-7-5)

1+ o.oozE[fj
f

Fy

User Note: The secant modulus may be required to check the deflection of any
cross section made of stainless steel, as specified in Section L2.

7.2  MATERIAL BEHAVIOR AT ELEVATED TEMPERATURES

The nonlinear stress-strain behavior of austenitic and duplex stainless steel at
elevated temperatures, including strain hardening, can be determined in accordance
with Equations A-7-6a and A-7-6b. This material model shall be used to represent
the deterioration of strength and stiffness exhibited by austenitic and duplex stain-
less steel structural members or a structural system at elevated temperatures when
the structural design for fire conditions is carried out using advanced methods of
analysis, as specified in Section 4.2.4c.

For f(T)< Fy(T)

e(T)= /(1) +0.002{ /(1) T(T) (A-7-6a)
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For F,(T)< f(T)< F,(T)

Ey(T) )
m
+ e, (T) —g, (T) _ by (T)_ £y (T) f(T) —Fy (T) (A-7-6b)
: Ey(T) L E(T)-F(T)
where
E (T) = modulus of elasticity of stainless steel at elevated temperatures, ksi (MPa)
= kgE
E;, (T) = tangent modulus at the yield stress at elevated temperatures, ksi (MPa)
E(T)
= z (T) (A-7-7)
1+ 0.002n(T)7
Fy(T)
F, (T) =yield stress at elevated temperatures, ksi (MPa)
= kyFy
F, (T) = tensile strength at elevated temperatures, ksi (MPa)
= k,Fy,
P (T) = stress at 2% strain at elevated temperatures, ksi (MPa)
=kF,
n(T) = strain hardening coefficient at elevated temperatures

=7 for austenitic stainless steel
= 8 for duplex stainless steel

BU%BWH

0.02—¢,(T) —[ £y (T)

‘ (T)—sy(T)—(E‘(T)_FY(nj

In

_ Ey (T)
m(T) = cand 1.5<m(T)<5.0 (A-7-8)

ln[Fz (T)-F, (T)]

F(T)=F(T)

f (T) = engineering stress at elevated temperatures, ksi (MPa)

S(T) = engineering strain at elevated temperatures
€y (T) = strain at the yield stress at elevated temperatures
Fy(7)
= 0.002+—= (A-7-9)
E(T)
€y (T) = ultimate strain at elevated temperatures, which may be approximated as
e, (1) =1-12 () (A-7-10)
F.(T)

kg, ky, ky, and ky shall be taken from Appendix 4, Table A-4.2.1, Table A-4.2.2, Table
A-4.2.3, or Table A-4.2.4 for the relevant type of stainless steel.
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COMMENTARY

on the Specification for Structural
Stainless Steel Buildings

June 11, 2021

(The Commentary is not a part of ANSI/AISC 370-21, Specification for Structural Stainless
Steel Buildings, but is included for informational purposes only.)

INTRODUCTION

The Specification is intended to be complete for normal design usage.

The Commentary furnishes background information and references for the benefit of the
design professional seeking further understanding of the basis, derivations, and limits of the
Specification.

The Specification and Commentary are intended for use by design professionals with
demonstrated engineering competence.
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COMMENTARY SYMBOLS

The Commentary uses the following symbols in addition to the symbols defined in the
Specification. The section number in the righthand column refers to the Commentary section
where the symbol is first used.

Symbol

F
Fel,P

SS
Fel,P

FF

el,w

FSS

el,w

Ff,' max
Fy,
F m,des

F s,el
F ub
F w,max

Fy, pin-a
Fy pin-p

Fo.0s%

Definition Commentary
Section

Cross-sectional area, in.2 (Mm?2). .. .....ouueen .. C2.3
Area of rectangular HSS bounded by the midline of the section,
INZ(MM2) .o G8
Shear buckling strength coefficients for round HSS of long length. ... ... .. G4
Shear buckling strength coefficients for round HSS of
intermediate length . . ... . . . G4
Shear post-buckling strength reduction factor . ...................... G2.1
Diameter of the cross section, in. (IMM) . .. .........ouitintenteneann .. G4
Heat perimeter, in. (M) .. ...ttt App. 4.2.2
Fabrication factor ............. .. . i B3.1
Critical elastic shear buckling stress, ksi (MPa) .......................... G4
Maximum compressive stress in the cross section, ksi (MPa)........ App. 1.3.3d
Euler stress, ksi (MPa) . ... i e E3
Elastic local buckling stress of isolated flange assuming fixed
boundary conditions, ksi (MPa) . ........... ... ... o App. 1.3.3d
Elastic local buckling stress of isolated flange assuming simply
supported boundary conditions, ksi (MPa) .................... ... App. 1.3.3d
Elastic local buckling stress of isolated critical element assuming
fixed boundary conditions, ksi (MPa) ................... ... .... App. 1.3.3d
Elastic local buckling stress of isolated critical element assuming
simply supported boundary conditions, ksi (MPa) ................. App. 1.3.3d
Elastic local buckling stress of isolated web assuming fixed
boundary conditions, ksi (MPa) . ........... ... ..o App. 1.3.3d
Elastic local buckling stress of isolated web assuming simply
supported boundary conditions, ksi (MPa) .................... ... App. 1.3.3d
Maximum compressive stress in the flange, ksi (MPa) ............. App. 1.3.3d
Mean value of the fabrication factor .................... ... ... . ..., B3.1
Mean value of the fabrication factor associated with the
design thiCKness. . . . ...ttt B4.2
Elastic shear buckling stress, ksi (MPa). ................ ... ... G4
Tensile strength of the bolt, ksi (MPa). . ................ ... ..., J3.8
Maximum compressive stress in the web, ksi (MPa) ............... App. 1.3.3d
Lesser between the specified minimum yield strength of the pin and
connecting part A, ksi (MPa) . ... ... I8
Lesser between the specified minimum yield strength of the pin and
connecting part B, ksi (MPa) ........ .. o i i I8
0.05% oftset strength, ksi (MPa) ................................ App. 7.7.1
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Initial shear modulus, ksi (MPa) ........... ... ... i, G2.2
Tangent shear modulus, ksi (MPa). . ......... ... ... i ... G2.2
Elastic local buckling half-wavelength of isolated web and

flange, in. (IMM) . . ... e App. 1.3.3d
Elastic local buckling half-wavelength of isolated flange assuming

fixed boundary conditions, in. (Mm) .............ooeueieeieea... App. 1.3.3d
Elastic local buckling half-wavelength of isolated flange assuming

simply supported boundary conditions, in. (mm) .................. App. 1.3.3d
Elastic local buckling half-wavelength of isolated critical element

assuming fixed boundary conditions, in. (mm).................... App. 1.3.3d
Elastic local buckling half-wavelength of isolated critical element

assuming simply supported boundary conditions, in. (mm).......... App. 1.3.3d
Elastic local buckling half-wavelength of isolated web assuming

fixed boundary conditions, in. (IMM) ...........ccoouuuiiieeeeo... App.1.3.3d
Elastic local buckling half-wavelength of isolated web assuming

simply supported boundary conditions, in. (mm) .................. App. 1.3.3d
Material factor. . ........... i B3.1
Mean value of the material factor .................. ... ... ... ... .. B3.1
Plastic moment, kip-in. (N-mm). . .. ............ .. ... oo i B4.1
Maximum bending moment in a pin, kip-in. N-mm) ...................... J8
Professional factor. . ......... .. B3.1
Mean value of the professional factor .................... ... ... ..... B3.1
Squash load, Kips (IN) . . ..ot E2
Mean value of the load effect. . ............ ... . ... . il B3.1
Radius of round sections, in. (Mm) .............c.iiiriirninnennenn... G4
Arithmetic mean average surface roughness. .......................... A3.la
Mean resistance of a structural member ............... ... .. o .. B3.1
Nominal resistance of the structural elements. .......................... B3.1
Nominal strength of the fillet welded joint specimens, kips (N) ............. J2.4
Surface roughness coefficient. . ........... ... ... . i J3.8
Surface roughness coefficient. . ......... ... ... . . i J3.8
Stefan-Boltzmann constant = 3.97 x 10~ Btu/ft-in-s-°F*

(567X 108 WMm2-CCh ..o App. 4.2.2
Effective section modulus, in. (mm>). . ......... . F5
Temperature of the fire, °F (°C).......... i App. 4.2.2
Temperature of the fire, °K....... ... ... .. App. 4.2.2
Temperature of the steel, °F (°C). ..., App. 4.2.2
Temperature of the steel, °K. ........ ... .. i App. 4.2.2
Geometric coefficient of variation ...................... ... .. ... B3.1
Material coefficient of variation................ ... ... o i i, B3.1
Nominal shear strength, kips (N) . .. ... e G4
Professional coefficient of variation. ................. ... ... .. ... B3.1
Coefficient of variation of the load effect, Q... ......................... B3.1
Coefficient of variation of the resistance, R. . .................ccoooo. ... B3.1
Weight (mass) per unit length, Ib/ft (kg/m)..................... ... App.4.2.2
Heat transfer coefficient, Btu/(ft2-s-°F) (W/m2°C) ............c..... App. 4.2.2
Convective heat transfer coefficient. .................... ... .. ... App. 4.2.2
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Radiative heat transfer coefficient ...................... ... .. ... App. 4.2.2
Effective width, in. (mm) .. ........ ... e F5
Width of element, in. (Mm) . ..., App. 1.3.3d
Influence coefficient that transfers load intensities to load effects........... B3.1
Specific heat of the steel, BTU/Ib-°F (J/kg-°C). ... .. App. 4.2.2
Equivalent member imperfection amplitude, in. (mm).............. App. 1.3.3¢c
Stress, ksi (IMPa) . .. ..o G4
Overall height of the section in the direction of bending, in. (mm). . ..... App. 2.6
Plate buckling factor. . ... B4.1
Buckling coefficient based on the stress distribution, . ............ App. 1.3.3d
Half-wavelength coefficient . . . ........... .. ... i i App. 1.3.3d
Sheet/strip/plate thickness, in. (MM) ............coooiiiiiiiiiiiiia.. A3
Thickness of round HSS,in. (mm) ............ ... ... ... iiiiinn... G4
Nominal thickness, in. (Imm) ............. ... i, B4.2
Thickness of element, in. (mm) . ..., App. 1.3.3d
Distance from the elastic neutral axis (ENA) to the outer

compressive fiber, in. (Mm) ......... ..o i App. 2.6
Time interval, S . . ...ttt App. 4.2.2
Imperfection factor . ... App. 1.3.3¢
Lateral-torsional buckling coefficient. ............... ... ... ... ... F
Reliability index ............oo i B3.1
Flange stress correction factor . ............. ... App. 1.3.3d
Web stress correction factor. .. ...t App. 1.3.3d
Maximum attainable CSM compressive strain .. ..................... App. 2.5
CSM tensile Strain. . .. ..ovv ettt e App. 2.6
Emissivity of the fire and view coefficient ........................ App. 4.2.2
Interaction coefficient for HSS and I-sections. .................... App. 1.3.3d
Plasticity reduction factor. .. .......... ... .. G2.2
Transition function . ........ ...t App. 1.3.3d
Limiting width-to-thickness ratio for compact element ................... B4.1
Limiting width-to-thickness ratio for compactweb ........................ F4
Limiting width-to-thickness ratio for noncompactweb ..................... F4
Shear buckling slenderness. . ...t G4
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CHAPTER A
GENERAL PROVISIONS

SCOPE

The basic purpose of the provisions in this Specification is the determination of the
nominal and available strengths of the members, connections, and other components
of stainless steel building structures.

This Specification is required because the mechanical and physical properties of
stainless steels are different from those of the other steel alloys covered by the AISC
Specification for Structural Steel Buildings (AISC, 2016), hereafter referred to as
the 2016 AISC Specification. An additional difference is that stainless steel alloys
are typically used without protective coatings and are specified based on the level
of corrosion resistance that is required for the service environment. The handling,
fabrication, cleaning requirements, and physical and mechanical property differences
between each stainless steel alloy family and other steel alloys must be considered
during design.

This Specification provides two methods of design:

(a) Load and Resistance Factor Design (LRFD): The nominal strength is multiplied
by a resistance factor, ¢, resulting in the design strength, which is then required
to equal or exceed the required strength determined by structural analysis for the
appropriate LRFD load combinations specified by the applicable building code.

(b) Allowable Strength Design (ASD): The nominal strength is divided by a safety
factor, Q, resulting in the allowable strength, which is then required to equal or
exceed the required strength determined by structural analysis for the appropriate
ASD load combinations specified by the applicable building code.

This Specification gives provisions for determining the values of the nominal strengths
according to the applicable limit states and lists the corresponding values of the resis-
tance factor, ¢, and the safety factor, Q2. Nominal strength is usually defined in terms
of resistance to a load effect, such as axial force, bending moment, shear, or torque, but
in some instances it is expressed in terms of a stress. The ASD safety factors are cali-
brated to give the same structural reliability and the same component size as the LRFD
method at a live-to-dead load ratio of 3. The term available strength is used throughout
the Specification to denote design strength and allowable strength, as applicable.

This Specification is applicable to both buildings and other structures. Many struc-
tures found in petrochemical plants, power plants, food and beverage processing,
water and wastewater treatment, pharmaceutical plants, pulp and paper plants, and
other industrial applications are designed, fabricated, and erected in a manner similar
to buildings. It is not intended that this Specification address stainless steel structures
with vertical and lateral force-resisting systems that are not similar to buildings, nor
those constructed of shells or catenary cables.
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The stainless steels considered herein are designated based on one of three alloy
families: austenitic, duplex, and precipitation hardening. The austenitic and duplex
alloy families are the most commonly used structural stainless steels. Both provide a
wide range of corrosion resistance levels, from the common lower alloyed stainless
steels to alloys capable of withstanding long-term immersion in seawater or severely
corrosive industrial environments.

The most widely used types of austenitic stainless steel are iron based with 16 to
18% chromium, 8 to 14% nickel, and they can have 2 to 3% molybdenum additions.
The more corrosion-resistant austenitic stainless steels, which are used in particularly
severe service environments, have substantially higher chromium and nickel levels
as well as up to 8% molybdenum and nitrogen additions. In comparison to other
steel alloys, which have a body-centered cubic atomic (crystal) structure, austeni-
tic stainless steels have a face-centered cubic atomic structure and microstructure
of austenite. As a result, austenitic stainless steels, are highly ductile; easily cold
formed; nonmagnetic, unless heavily cold worked or cast; and readily weldable.
Relative to other steel alloys, they also have significantly better toughness over a
wide range of temperatures, including cryogenic. Austenitic stainless steels can be
strengthened by cold work but not by heat treatment.

Duplex stainless steels are substantially stronger than annealed austenitic stainless
steels and have a mixed microstructure of austenite and ferrite. They are identified
as duplex (austenitic-ferritic) stainless steels in the ASTM standards and typically
contain 20 to 26% chromium, 1 to 8% nickel, 0.05 to 5% molybdenum, and 0.05
to 0.3% nitrogen. Although duplex stainless steels have good ductility, their higher
strength and greater springback make them less formable than austenitic stainless
steels. They can be strengthened by cold working but not by heat treatment. They
have good weldability and better resistance to chloride stress corrosion cracking and
crevice corrosion than comparable austenitic stainless steels.

Prequalified welding procedure specifications (PWPS) for welding the most com-
monly used austenitic stainless steels and for welding austenitic stainless steel to
other steels can be found in AWS D1.6/D1.6M (AWS, 2017). Although they are
regularly welded, AWS does not have PWPS for the highly alloyed austenitic stain-
less steels or the duplex stainless steels; alloy-specific advice should be obtained, for
example, from the stainless steel mill or stainless steel welding product suppliers.

Precipitation hardening stainless steels are the least corrosion resistant and least
ductile alloy family in this Specification and are only considered appropriate for
rural locations without pollutants, farm chemical or salt exposure, and light industrial
exposure. They are not suitable for coastal, deicing salt, or swimming pool building
applications. They are generally not welded but provide higher strength than the
austenitic and duplex stainless steel alloys. High-strength fasteners and tension bars
are sometimes made from precipitation hardening stainless steels. This Specification
only includes two alloys, S15500 and S17400 (17-4 PH), which are martensitic
precipitation hardening stainless steels. Precipitation hardening heat treatment is
necessary for these alloys, but the allowable options included in this Specification
have been deliberately limited to those with the greatest ductility and the least
susceptibility to hydrogen embrittlement and sulfide stress cracking. While higher
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strengths can be obtained with other heat treatments, they are strongly discouraged
due to their known risk of hydrogen embrittlement and sulfide stress cracking.

While both non-precipitation hardening martensitic stainless steels and stainless
steels with dual-phase microstructures that are mainly ferritic with some martensite
[i.e., ASTM A1010/A1010M (ASTM, 2018e) or ASTM A709/A709 Grade 50CR
(345CR) (ASTM, 2018f)] have been used for structural applications, there was not
sufficient published structural research at the time this Specification was developed
to justify their inclusion.

The design of steel plate clad with stainless steel is not covered by this Specification.
This product does not behave like stainless steel.

Headed stud anchors are not covered by this Specification because industry-specific
design specifications do not currently exist.

Seismic Applications

Seismic response modification coefficients have not been developed for structural
stainless steel systems; with proper care in alloy selection and connection detailing,
structural stainless steel systems are capable of meeting or exceeding the ductility of
other structural steel seismic systems.

Studies on the behavior of stainless steel subject to cyclic loading have shown that
the increased ductility of stainless steel enables greater dissipation in energy during
the course of a seismic event (di Sarno et al., 2003; Ye et al., 2006; Nip et al., 2010;
Wang et al., 2014a; Chacén et al., 2018).

REFERENCED SPECIFICATIONS, CODES, AND STANDARDS

Section A2 provides references to documents cited in this Specification. The date of
the referenced document found in this Specification is the intended date referenced
in this Commentary unless specifically indicated otherwise. Note that not all alloys in
a particular material specification are necessarily approved for use according to this
Specification. For a list of approved materials and grades, see Section A3.

MATERIAL AND PRODUCT ORDER REQUIREMENTS

Structural Stainless Steel Materials

The unified numbering system (UNS) for metals and alloys is used for identifying
all stainless steels in ASTM standards per agreement between SAE International and
ASTM International. The numbers are assigned by SAE International (SAE, 2017),
and the system is governed by two standards: SAE J1086 (SAE, 2012) and ASTM
E527 (ASTM, 2016a). The UNS designation is not a specification because it does not
establish requirements for form, condition, properties, or quality. It is a unified iden-
tifier for establishing the overall composition maximums or ranges for unique metal
and alloy chemistries, but the controlling limits of chemistries for specific product
forms and applications are established in ASTM standards and other specifications.
Each UNS designation consists of a single-letter prefix followed by five digits. “S”
is the prefix for stainless steels and “N” for nickel alloys. These alloy composition
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requirements may have variations among standards when the ASTM A01 Committee
on Steel has found it necessary for specific products.

When a common or proprietary name exists, it may be indicated in addition to the
specified UNS designation. Many alloys do not have common names, and there may
be more than one UNS designation associated with a common name; for example,
UNS 832205 and S31803 are both sometimes called 2205 even though the alloy
compositions and corrosion resistance are different.

Service Environment Assessment

Stainless steel is almost always specified for corrosion resistance either to retain
functional or structural integrity over the expected service life, or to meet aesthetic
requirements with little or no maintenance. In many cases, it is best for a metal-
lurgical engineer with specific expertise in stainless steel to assist in selecting an
appropriate alloy(s).

The corrosion performance of stainless steels in a given environment is determined
by several factors. The alloy composition, specifically the levels of chromium,
molybdenum, and nitrogen, can indicate the relative corrosion resistance of the alloy.
This should not be the only consideration. The stainless steel alloy family must be
considered when chloride stress corrosion cracking, crevice corrosion, and other
service environment or design considerations can affect performance. Additionally,
other factors such as surface finish, unsealed crevices, and surface deposits should
be considered.

It may be necessary to use different stainless steels in different areas on the same
structure. This is not generally a problem as long as each stainless steel used has
adequate corrosion resistance for the environment to which that part is exposed.
Using more corrosion resistant materials for fittings, fasteners, and other small parts
is a common practice.

Table C-A3.1 lists common service environment characteristics. It is best practice to
assess and, when possible, quantify all service environment characteristics that can
affect the corrosiveness of the service environment in order to accurately determine
the risk of different types of corrosion (i.e., atmospheric, industrial, aqueous, crevice,
galvanic, microbiological, etc.). Without this information, it is difficult to accurately
determine the most appropriate stainless steel alloy family or the minimum stain-
less steel corrosion resistance necessary to meet project performance requirements.
The variability of service environment characteristics should also be considered.
Variations in chemistry, operating temperature, humidity, pH, and other factors
can dramatically change suitable alloy choices. These characteristics are important
for selecting any material, or, in the case of other steel alloys, appropriate coating
systems for withstanding a corrosive service environment. The guidance on corro-
sion in AISC Design Guide 27, Structural Stainless Steel (Baddoo and Meza, 2021),
hereafter referred to as AISC Design Guide 27, assumes that the engineer has
assessed and quantified the service environment.
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TABLE C-A3.1
Typical Data Used for Corrosion Assessment in
Common Exposure Environments

Atmospheric/Non-Immersed Environments

Urban pollution exposure level (1)

Industrial pollution exposure level and source (1)

Particulate level and type (industrial, dust, etc.) (1)

Rain acidity (2)

Average multi-year total wet and dry chloride salt deposition level (2)

Deicing exposure level and type of chloride salts used® (3)

Average monthly daytime and evening temperatures (4)

Average monthly daytime and evening relative humidity (4)

Frequency and quantity of total precipitation, heavy rain, fog, and snow (4)

Expected manual cleaning frequency

Whether there is exposure to precipitation(

Continually or Regularly Immersed Environments

Chemical composition range of liquid and atmosphere, if industrial

If not continuously immersed, frequency of immersion

pH range of liquid

Chlorine and/or bromine and chloride concentration, if used

Temperature range of liquid and atmosphere

Presence of microbiological organisms for natural water

Salinity of liquid and atmospheric environment

Industrial Non-Immersed Environments

Gas composition or atmospheric exposure

Operating temperature range

Presence and concentration of sulfides

Chemicals and their composition range

Salinity

Humidity/moisture exposure

Whether there is exposure to precipitation!!

[al The elevation and distance from the structure to streets and highways is an important consideration.

[b] Rainfall can wash exposed stainless steel and reduce the severity of corrosion. This is especially true
in coastal exposures where salt fogs can cause corrosion. Areas exposed to the air but not exposed
to rain, such as train stations, bus shelters, industrial equipment shelters, soffits, and the undersides
of marquees are especially subject to corrosion.

Data sources:

(1) U.S. and state Environmental Protection Agency data or other government sources.

(2) U.S. National Atmospheric Deposition Program data provides rain acidity, coastal salt deposition, and
some pollutant data, as do other national assessment programs.

(8) Municipal or state reports.

(4) Weatherbase.com provides detailed global weather data.
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There is a direct correlation between corrosion performance and finish. The use of
a rougher finish, or one with mill scale or heat tint, in a corrosive environment can
make the specification of a more corrosion resistant stainless steel or more regular
cleaning necessary. In clean room, pharmaceutical, food processing, and other appli-
cations where surface sanitation is critical, finish texture determines cleanability.

Finish texture is also important for aesthetic applications. The expected corrosion
performance of the alloy/finish texture combination determines if aesthetic objec-
tives will be achieved without extensive cleaning.

The arithmetic mean average surface roughness, Ra, is often used when specifying
for improved corrosion resistance because Ra and gloss (i.e., specular reflectivity)
are the easiest aspects of surface texture to measure during finish processing whether
at a mill or toll polisher (i.e., firm that only provides finishing services). Other finish
texture measurements can sometimes be useful for predicting corrosion performance
and appearance consistency. Finish is discussed in more detail in AISC Design
Guide 27.

ASTM Standards and Minimum Order Requirements

There are hundreds of stainless steel alloys. This Specification lists those products
and alloys that are commonly useful to structural engineers, have been researched,
and have a history of satisfactory performance. Other stainless steel alloys may be
suitable for specific applications, but the evaluation of those stainless steel alloys is
the responsibility of the engineer specifying them. The availability of products made
from specific alloys or in some sizes may be limited and should be confirmed prior to
specification. Some manufacturers regularly make short runs of specialized products
but it may be more expedient and cost effective to use off-the-shelf higher alloyed
or larger products.

Table User Note A3.1 lists some physical properties that can be used for design. The
values for modulus of elasticity and density are taken from ASME (2019) and the
values for thermal expansion are taken from CEN (2014). Test data for austenitic
stainless steel that has undergone severe strain hardening, have shown a reduced
modulus of elasticity (Manninen et al., 2011). The relationship between the degree
of cold work and tensile properties of austenitic stainless steels is not a simple one
and depends on the chemical composition of the alloy. Additionally, the amount of
work hardening is not uniform throughout the product: the material near the surfaces
reaches higher strength as it work-hardens more than the material in the center.

Tables C-A3.2 to C-A3.6 give specified specified mechanical properties for stainless
steel products covered in Table A3.1 according to the relevant ASTM standards.
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TABLE C-A3.2

Minimum Mechanical Property
Requirements for Plate, Sheet, and Strip
ASTM A240/A240M (ASTM, 2020f)

Tensile Elongation in
UNS Designation Type Strength, F, Strength, F, 2in. (50 mm)
ksi | MPa | ksi | MPa %

Austenitic
N08367: -

Sheet/strip 100 690 45 310 30

Plate 95 655 45 310 30
N08904 904L 71 490 31 220 35
N08926 - 94 650 43 295 35
S30400 304 75 515 30 205 40
S30403 304L 70 485 25 170 40
S31600 316 75 515 30 205 40
S31603 316L 70 485 25 170 40
S31703 317L 75 515 30 205 40
S$32100 321 75 515 30 205 40
S31254: -

Sheet/strip 100 690 45 310 35

Plate 95 655 45 310 35
Duplex
S32003: -

t>0.187 in. (5 mm) 95 655 65 450 25
S32101 - 94 650 65 450 30
S32202 - 94 650 65 450 30
S$32205 2205 95 655 65 450 30
S32304 2304 87 600 58 400 25
S32750 2507 116 795 80 550 15
S32760 - 108 750 80 550 25
S82011: -

t>0.187 in. (5 mm) 95 655 65 450 30
S82441: _

t < 0.4 in. (10 mm) 107 740 78 540 25

t>0.4in. (10 mm) 99 680 70 480 25

Only thicknesses above 0.187 in. (5 mm) are shown.
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TABLE C-A3.3
Minimum Mechanical Property
Requirements for Hollow Structural Sections

ASTM A554 (ASTM, 2016b)

Tensile Yield Elongation in
UNS Designation Type Strength, F, Strength, F, 2 in. (50 mm)
ksi | MPa | ksi | MPa %
Austenitic
MT 304L

S30403 & S31603 MT 316L 70 485 25 170 35
All pther austenitic _ 75 515 30 205 35
stainless steels
Duplex
S320083: -

t<0.187 in. (5 mm) 100 690 70 485 25

t>0.187 in. (5 mm) 95 655 65 450 25
S32101: -

t<0.4in. (10 mm) 101 700 77 530 30

t>0.4in. (10 mm) 94 650 65 450 30
S$32202 - 94 650 65 450 30
S32205 2205 95 655 65 450 25
S32304 2304 87 600 58 400 25
S32750 2507 116 795 80 550 15
S32760 - 108 750 80 550 25
S82011: -

t<0.187 in. (5 mm) 101 700 75 515 30

t>0.187 in. (5 mm) 95 655 65 450 30
S82441: _

t<0.4in. (10 mm) 107 704 78 540 25

t>0.4in. (10 mm) 99 680 70 480 25
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TABLE C-A3.4
Minimum Mechanical Property

Requirements for Bars and Shapes

ASTM A276/A276M (ASTM, 2017a)

Condition Tensile Yield Elongation in
Designation . (tA, S, or B)_, Strength, F, Strength, F, 2 in. (50 mm)
finish, and size . . Y
[in. (mm)] ksi MPa ksi MPa %
Austenitic
N08367 A, HF or CF 95 655 45 310 30
NO08904 904L A, HF or CF 71 490 31 220 35
N08926 A, HF or CF 94 650 43 295 35
304, 316 A, HF 75 515 30 205 40
A, CF:
304, 316 <% (13) 90 620 45 310 30
> (13) 75 515 30 205 40
304L, 316L A, HF 70 485 25 170 40
A, CF:
304L, 316L <% (13) 90 620 45 310 30
> Y2 (13) 70 485 25 170 40
S, CF:
> 12 (38)
< 1% (44) 95 655 45 310 28
3,
304, 304L, 316, > 1% (44) 95 650 75 515 25
<2 (50)
316L
> 2 (50)
<2V (63) 90 620 65 450 30
> 2" (63)
<3 (75) 80 550 55 380 30
B, CF:
<% (19) 125 860 100 690 12
> ¥ (19)
304, 304L, 316, <1(25) 115 795 80 550 15
316L
>1(25)
<17 31) 105 725 65 450 20
> 1V (31)
<11 (38) 100 690 50 345 24
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TABLE C-A3.4 (continued)
Minimum Mechanical Property
Requirements for Bars and Shapes
ASTM A276/A276M (ASTM, 2017a)

Condition Tensile Yield Elongation in
Designation . (tA, S, or B)_, Strength, F, Strength, Fy 2 in. (50 mm)
finish, and size . . .
[in. (mm)] ksi MPa ksi MPa %
Duplex
S32101 A 94 650 65 450 30
S32202 A 94 650 65 450 30
S32205 A 95 655 65 450 25
S32304 A 87 600 58 400 25
A: <2 (50) 116 800 80 550 15
S32750
A: > 2 (50) 110 760 75 515 15
S32760 A 109 750 80 550 25
S32760 S 125 860 105 720 16
A: <716 (11) 107 740 78 540 25
S82441
A: > 716 (11) 99 680 70 480 25

A = annealed, S = strain hardened (relatively light cold work), B = relatively severe cold work, HF = hot
finished, CF = cold finished

Table C-A3.5
Minimum Mechanical Property
Requirements for Precipitation Hardening
Stainless Steels Bars and Shapes
ASTM A564/A564M (ASTM, 2019g)

UNS Heat Tensile Yield Elongation in 2 in.
(Common Treatment Strength, F, Strength, F, (50 mm) or 4Dl
Name) Condition ksi MPa ksi MPa %
S15500[0] H1150 135 930 105 725 16
(XM-12) H1150M 115 795 75 520 18
H1150 135 930 105 725 16
S17400[]
(630) H1150M 115 795 75 520 18
H1150D 125 860 105 725 16

[l D = diameter of the bar
[Pl These precipitation hardening stainless steels in conditions other than H1150 present a significant risk of
hydrogen embrittlement and are not recommended for structurally critical applications.
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TABLE C-A3.6
Minimum Mechanical Property
Requirements for Laser and Laser
Hybrid Welded Bars, Plates, and Shapes
ASTM A1069/A1069M (AISC, 2019f)

Tensile Yield Elongation in 2 in.
Strength Strength, F, Strength, F, (50 mm)
Grade
ksi | MPa ksi | MPa %
1 Refer to the minimum mechanical property requirements in ASTM A240/
A240M, A276/A276M, A554, or A479/A479M (ASTM, 20209)
Austenitic
ol 80 | 560 35 | 240 35
Duplex
3[l 95 655 65 450 25
40 116 800 80 550 15

[l Applies to $S30403 (304L), S31603 (316L), and S31703 (317L). Other austenitics should be ordered to
strength Grade 1, ASTM A240/A240M, mechanical properties.

1Bl Applies to $32205 (2205) up to 2'% in. (63 mm) in thickness.

[l Applies to the more highly alloyed duplexes, $32750 and S$32760, up to 2 in. (50 mm) in thickness.

The stainless steel specifications do not always list the strength levels for different
thicknesses or diameters so the minimum requirements may be indicative of the
properties for the heaviest thickness or diameter products, which have the lowest
yield strength. For that reason, stainless steels often have a much larger margin
between the actual and minimum yield strengths than would be expected with
other steel alloys, particularly for plate. This is particularly true for ASTM A240/
A240M (ASTM, 2020f) plate, which is used for a wide range of applications, and
some can have lower yield strength requirements. The mill certificates list the actual
mechanical properties. For plate thicknesses up to 1 in. (25 mm), the measured yield
strength of austenitic stainless steels may be 25 to 40% above the minimum and up
to 20% above the minimum for duplex stainless steels. For thicknesses of 2 to 2.5 in.
(50 to 63 mm) and above, the listed values are usually only slightly above the ASTM
specified minimum yield strength. ASTM A1069/A1069M (ASTM, 2019f) includes
higher strength grade level options for common alloys for thicknesses under 2 in.
(50 mm).

The “L” in some austenitic stainless steel designations indicates a low carbon ver-
sion. The “L” grades carry a yield strength penalty of 5 ksi (35 MPa). This strength
penalty can be avoided by specifying “dual-certified” material (e.g., S30400/S30403
or S31600/S31603). Certification to both designations provides material with the
higher strength of S30400 or S31600 and the lower carbon content of S30403 or
S31603.
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Table A3.1 lists the minimum order requirements for a stainless steel product given
in the relevant ASTM standard. Stainless steel is a specialized material, and ASTM
standards have more minimum order requirements for stainless steel than other steel
alloys because of the inherent differences between the steels and how they are used.
Most stainless steel standards have lists of optional requirements that can be stipu-
lated to meet specific service or application requirements.

Specification of the stainless steel alloy family and the alloy chemistry are critical
because they determine corrosion resistance, strength, machinability, formability,
fire performance, corrosion resistance to specific environmental conditions, and other
critical characteristics.

“Condition” indicates the required heat treatment or level of cold work and the
strength level.

Finish specification is critical for corrosion performance and for applications with
surface sanitation requirements.

At the time of issuance of this Specification, hollow structural sections (HSS), pipe,
bar, hot-rolled, and laser or laser hybrid welded shapes are standard stocked items.
The range of stocked sizes and shapes is more limited than for other structural steels
and can be limited to a few alloys. It is important to determine the availability of
shapes in the desired alloy, and, if necessary, the production lead times early in the
design process. Acceptable alloy substitutions should be stipulated. If an acceptable
alloy and the product forms necessary to make the shape are stocked, lead times are
usually a few weeks.

The most commonly stocked hot-rolled profiles are up to 6 in. (150 mm) in size,
but larger sizes are inventoried, such as C8x18.75 (C203x476) channel. Extruded
shapes are readily available, and typically, the shape must fall within an 8-in. (200-
mm) diameter, but that will vary with the alloy and supplier. Laser and laser hybrid
sections are commonly stocked, including sizes of up to 8-in. (200-mm) angle,
beams up to 50 in. (1250 mm) tall, and channels up to C15x33.9 (C380x861); mill
orders of other standard and custom shapes typically require a few weeks lead time.
Structural shapes welded by other processes are also readily obtainable and stocked
by some service centers, including large and heavy sections, but there is no ASTM
product standard; therefore, certification, reporting, and inspection requirements
should be stipulated in accordance with this Specification.

(a) Hot-Rolled and Extruded Structural Shapes

Extruding is typically used to create custom shapes to minimize machining.
The maximum size is determined by the alloy. Currently, the largest extrusions
must fit within an 8-in. (200-mm) diameter. Shapes are descaled by machining,
grinding, blasting, or pickling. Regarding finish requirements, either Class A or
Class C surface preparation should be stipulated on the purchase order. Class
A consists of grinding for the removal of imperfections of a hazardous nature,
such as fins, tears, and jagged edges, provided the underweight tolerance is not
exceeded and the maximum depth of grinding at any one point does not exceed
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10% of the thickness of the section. Class C consists of grinding for the removal
of all visible surface imperfections, provided that the underweight tolerance is
not exceeded and the maximum depth of grinding at any point does not exceed
10% of the thickness of the section.

The hot-rolled and extruded structural shape dimensional tolerances in ASTM
A484/A484M (ASTM, 2020c) are currently limited to hot-finished equal and
unequal leg angles (all sizes) and channels and tees with a depth and width less
than 3 in. (75 mm). All other hot-rolled shape tolerances are in ASTM A484/
A484M, Table 16. The ASTM A484/A484M tolerances are generally looser than
those in ASTM A6/A6M (ASTM, 2019c) and do not cover as broad a size and
shape range. The engineer can specify compliance with the shape tolerances in
ASTM A6/A6M, Table 16, Table 17, or Table 18, but acceptance is subject to
contractual agreement between the purchaser and supplier. No part of ASTM
A6/A6M, other than dimensional tolerances, is applicable because it is intended
for other structural steels.

(b) Hollow Structural Sections (HSS)

ASTM A554 (ASTM, 2016b) is the welded mechanical tubing specification
for HSS. It is the preferred HSS specification because it does not require
pressure and other testing. While it includes HSS up to 16 in. (400 mm), larger
sections made to the requirements of this specification can be ordered. When
duplexes are ordered to ASTM AS554, a filler metal should be required in the
project specification if the weld is expected to have corrosion resistance that is
equivalent to the base metal. ASTM A554 does not currently provide that option.
Laser and laser hybrid welded ASTM A1069/A1069M (ASTM, 2019f) HSS is
an alternative to ASTM A554. Products manufactured in accordance with ASTM
AS554 are available in round, square, rectangular, and custom shapes. ASTM
A1069/A1069M includes square and rectangular HSS, as well as custom shapes,
and has four sharp welded square corners while ASTM AS554 product corners
are rounded. ASTM A554 provides the dimensional tolerance requirements for
either product.

Round HSS certified to ASTM A269/A269M (austenitic stainless steel) (ASTM,
2019a) and ASTM A789/A789M (duplex stainless steel) (ASTM, 2018a) may
be more readily available in some sizes and are acceptable substitutes. These
standards have more stringent requirements than ASTM AS554 because of their
use for carrying pressurized fluids.

For rounds, the outside diameter and nominal thickness of the wall should be
specified. For the cold-reduced condition, outside and inside diameter, or inside
diameter and wall dimensions, should be specified.

ASTM A554 products can be supplied in the as welded, welded and annealed,
cold reduced, or cold-reduced and annealed condition. The standard finish for
ASTM AS554 products is free of scale. If other conditions are required they
should be specified.
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The default finish for ASTM A1069/A1069M products is descaled and
passivated in accordance with ASTM A380/A380M (ASTM, 2017c¢), but an
as-welded finish, or a finish pickled in accordance with ASTM A380/A380M
can also be specified.

Finish requirements should be carefully considered. In the as-welded condition,
the welds have reduced corrosion resistance because the heat tint has not
been removed and corrosion resistance restored. For improved weld corrosion
resistance, the pickled or descaled and passivated finish conditions should be
considered. Even if there will be subsequent polishing, these finishes will provide
better weld corrosion resistance.

Regarding pipe, ASTM A312/A312M (ASTM, 2019b) addresses austenitic stain-
less steel and ASTM A790/A790M (ASTM, 2020b) addresses duplex stainless
steel pressure-rated round pipe. The added testing requirements for pressure-rated
pipe make this product more expensive than HSS produced to ASTM A554, but
it may be more readily available in larger sizes and heavier thicknesses. Dimen-
sional tolerances are determined by ASTM A999/A999M (ASTM, 2018g). The
specification requires that the outside diameter and nominal thickness of the wall
be specified.

Special finishes for HSS and pipe, such as polishing, can be obtained but are
typically applied by a polishing company after material production.

Built-Up Shapes—Laser and Laser Hybrid

ASTM A1069/A1069M is a structural section product standard covering built-up
sections such as HSS, I-shaped members, channels, angles, and custom shapes.
The chemical composition requirements are determined by the raw material
standard, which could be ASTM A240/A240M, ASTM A276/A276M, or ASTM
A479/A479M. Most sections produced to this standard are made with ASTM
A240/A240M plate. AWS D1.6/D1.6M does not address laser or laser hybrid
welds. ASTM A1069/1069M was developed to fill that gap and provide a high
quality product.

ASTM A1069/A1069M requires the laser and laser hybrid welding procedure,
operator, and production line to be prequalified in accordance with either the
relevant International Standards Organization (ISO) or AWS standards. This
prequalification requires documentation that the laser or laser hybrid welds
provide strength and corrosion resistance that are equal to or greater than the
base material. The purchaser can request additional optional testing to document
this on their order.

ASTM A1069/A1069M offers four strength grades. Grade 1 provides the
minimum strength levels in ASTM A240/A240M for any austenitic or duplex
stainless steel alloy produced to this standard. Purchasers can stipulate Grade 2
for the following austenitic stainless steels: S30403 (304L), S30409 (304H),
S31603 (316L), S31653 (316LN), and S31703 (317L). They may obtain a
higher strength level than the minimum requirements of ASTM A240/A240M;

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Comm. A3.] MATERIAL AND PRODUCT ORDER REQUIREMENTS 235

specifically a specified minimum yield strength of 35 ksi (240 MPa) and specified
minimum tensile strength of 80 ksi (550 MPa). Grades 3 and 4 allow S32205 to
be ordered to a higher strength level than ASTM A240/A240M up to a thickness
of 2.5 in. (63 mm), and either S32750 or S32760 can be ordered to a higher
strength up to 2 in. (50 mm).

The specification for a product to ASTM A1069/A1069M should include the
following items:

(1) Name of structural product

(2) Shape designation and applicable dimensions including size, thickness, width,
diameter, and length, if applicable

(3) UNS designation
(4) Quantity (weight or number of pieces)

(5) Condition of welded product, whether as welded, or subsequently stress-
relieved, or heat treated
(6) Finish options:
* As welded
* Pickled in accordance with ASTM A380/A380M
* Descaled and passivated in accordance with ASTM A380/A380M

When corrosion testing of duplex stainless steel welds is required, Standard Test
Method ASTM A1084 (ASTM, 2015) is used for the lean duplex steels, S32101,
$32202, S82011, and S32304, and Standard Test Method ASTM A923 (ASTM,
2014b) is used for the higher alloyed duplex steels S32003, S32205, S32760,
S$32750, and S82441.

(d) Built-Up Shapes—Other Than Laser and Laser Hybrid

Laser and laser hybrid welded structural sections are not the only welded
structural sections produced in dedicated manufacturing facilities. These pur-
chased shapes could be from a dedicated manufacturer of structural sections or
purchased from a fabricator who subcontracted the work. Dedicated producers
of structural stainless steel shapes have been selling into the U.S. market with
test certifications to ISO/EN standards, but those standards are not recognized
by this Specification and therefore do not necessarily meet the requirements in
Table A3.1(d). Dedicated manufacturers of welded structural shapes can certify
to the list of requirements in Table A3.1(d) rather than an international standard.
A service center or broker should provide the mill certifications documenting
that the requirements of Table A3.1(d) have been met.

Fabricators should have relevant experience with the stainless steel alloy and
welding method. Qualification of the welder should be in accordance with AWS
B2.1/B2.1M (AWS, 2014). As required in Section N3.2, current certifications
for the welders and approved welding procedures should be provided. When
the service environment is corrosive, weld corrosion testing of duplex stainless
steels to qualify the welder should be considered in accordance with Section J2.
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Where ASTM product specifications, such as ASTM A6/A6M (ASTM, 2019c)
or AWS D1.6/D1.6M do not provide requirements for member dimensional
tolerances, AWS D1.1/D1.1M, clause 7.22, should be used (AWS, 2020).

In the absence of an ASTM product standard, the minimal requirements for product
specification and certification by a dedicated manufacturer have been provided.

For corrosion testing of duplex stainless steel welds, see Commentary to Table
A3.1(c).

Plate, Sheet, Strip
ASTM A480/A480M (ASTM, 2020a) includes all of the general requirements

for sheet, strip, and plate, including, but not limited to, condition, finish, dimen-
sional tolerances, shipping, handling, and other requirements.

The minimum order requirements are:

(1) Quantity (weight and number of pieces)

(2) Name of material (stainless steel)

(3) Condition (hot rolled, cold rolled, annealed, heat treated)

(4) Finish (described below)

(5) Form (plate, sheet, or strip)

(6) Dimensions (decimal or fractional thickness, width, and length)

(7) Edge, strip only (see ASTM A480/A480M, Section 14, for cold-rolled strip)
(8) UNS designation

(9) Specification and date of issue

Special and optional requirements options include:

(1) Improved flatness

(2) Restrictions (if desired) on methods for determining yield strength
(3) Marking requirements

(4) Preparation for delivery

(5) Magnetic permeability

Unless otherwise specified, the standard flatness requirements of ASTM A480/
A480M are assumed. The ASTM standard provides tables that include both the
standard and stretcher-leveled standard of flatness for wide cold-rolled coil-
processed product cut to length (Table A2.8) and hot-rolled wide coil-processed
product in cut lengths (Table A2.16). If the sheet/strip/plate is not shipped by
the mill to a tighter flatness requirement, the service center can have stretcher
leveling done on smaller orders.

While only standard tolerances are listed for mill plate, special processing to
obtain tighter flatness tolerances is usually possible but must be agreed with the
mill while ordering. The permitted variations in width and length are not the
same for standard and stretcher-leveled standard of flatness and these tolerance
differences should be considered.
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While coatings and fillers can be helpful in achieving visual flatness in other steel
alloys, they are not an option for bare stainless steel. If a higher level of flatness
or other tighter tolerances are required for fit up or aesthetic appearance, the mill
product should be ordered to those tolerances.

ASTM A480/A480M has non-legally binding notes providing general finish
descriptions, which are provided in the following discussion. The typical surface
roughness is provided for guidance and is not mandatory. The project specifica-
tion should explicitly include any surface roughness requirements. ASTM A480/
A480M does not include all possible finishes. The availability of a special finish
will vary with the product. Grinding or polishing of plate is a special finish re-
quirement. Some of the sheet finishes in ASTM A480/A480M are typically applied
by a toll polisher instead of the mill. The relationship between surface texture
and corrosion resistance is discussed in AISC Design Guide 27.

Descriptions of ASTM A480/A480M Sheet Finishes:

No. I—Commonly referred to as hot-rolled annealed and pickled or descaled.
This is a dull, nonreflective finish.

No. 2D—A smooth, nonreflective cold-rolled annealed and pickled or descaled
finish. This nondirectional finish is favorable for retention of lubricants in deep
drawing applications.

No. 2B—A smooth, moderately reflective cold-rolled annealed and pickled or
descaled finish typically produced by imparting a final light cold-rolled pass
using polished rolls. This general-purpose finish is more readily polished than
No. 1 or 2D finishes. Product with 2B finish is normally supplied in the annealed
plus lightly cold-rolled condition unless a tensile-rolled product is specified.

Bright Annealed Finish—A smooth, bright, reflective finish typically produced
by cold rolling followed by annealing in a protective atmosphere so as to prevent
oxidation and scaling during annealing.

No. 3—A linearly textured finish that may be produced by either mechanical
polishing or rolling. Average surface roughness (Ra) may generally be up to
40 pin. (1000 umm). A skilled operator can generally blend this finish. Surface
roughness measurements differ with different instruments, laboratories, and
operators. There may also be overlap in measurements of surface roughness for
both No. 3 and No. 4 finishes.

No. 4—A linearly textured finish that may be produced by either mechanical
polishing or rolling. Average surface roughness (Ra) may generally be up to
25 pin. (625 pmm). A skilled operator can generally blend this finish. Surface
roughness measurements differ with different instruments, laboratories, and
operators. There may also be overlap in measurements of surface roughness for
both No. 3 and No. 4 finishes.

No. 6—This finish has a soft, satin appearance typically produced by tampico
(i.e., brushes made from the Tampico plant) brushing a No. 4 finish.
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No. 7—Has a high degree of reflectivity. It is produced by buffing a finely ground
surface, but the grit lines are not removed. It is chiefly used for architectural or
ornamental purposes.

No. 8—This is a highly reflective, smooth finish typically produced by polishing
with successively finer grit abrasives, then buffing. Typically, very faint buff of
polish lines may still be visible on the final product. Blending after part assembly
may be done with buffing.

TR Finish—The finish resulting from the cold rolling of an annealed and
descaled or bright annealed product to obtain mechanical properties higher than
that of the annealed condition. Appearance will vary depending upon the starting
finish, amount of cold work, and the alloy.

Architectural Finishes—Sometimes described as a No. 5 finish, these are a separ-
ate category and may be negotiated between buyer and seller, as there are many
techniques and finish variations available throughout the world.

Descriptions of ASTM A480/A480M Strip Finishes:

No. I—Appearance of this finish varies from dull gray matte finish to a fairly
reflective surface, depending largely upon composition. This finish is used for
severely drawn or formed parts, as well as for applications where the brighter No.
2 finish is not required, such as parts for heat resistance.

No. 2—This finish has a smoother and more reflective surface, the appearance of
which varies with composition. This is a general-purpose finish, widely used for
household and automotive trim, tableware, utensils, trays, and so forth.

Bright Annealed Finish—See sheet finishes.
TR Finish—See sheet finishes.
Descriptions of ASTM A480/A480M Plate Finishes:

Hot Rolled or Cold Rolled, and Annealed or Heat Treated—The mill scale is
not removed from this finish, making it the lowest cost mill finish. This finish
is generally only used for heat-resisting applications. The presence of mill scale
significantly reduces corrosion resistance and is not acceptable for most stainless
steel applications.

Hot Rolled or Cold Rolled, and Annealed or Heat Treated, and Blast Cleaned or
Pickled—This is the most common mill finish. The mill scale has been removed.
It is used for common corrosion-resisting and most heat-resisting applications
and is essentially the same as a No. 1 Finish. This is a rough, uneven finish that
typically has grinding marks and other finish inconsistencies. Specifications
allow defect removal by grinding as long as the local thickness does not go below
the specified minimum. Additional treatments, such as polishing or grinding the
entire plate surface can usually visually blend in these areas. Abrasive blasting
without first grinding or polishing the entire plate typically does not adequately
blend in mill grinding marks for an aesthetic application. If it is important to
avoid grinding marks, that information should be in the purchase order.
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Hot Rolled or Cold Rolled, and Annealed or Heat Treated, and Surface Cleaned
and Polished—This polished finish is much more consistent in appearance
and smoother providing improved corrosion resistance. It can be equivalent
to a rough No. 3 finish to a No. 4 finish, depending on project specification
requirements.

Hot Rolled or Cold Rolled, and Annealed or Heat Treated, and Descaled, and
Temper Passed—This is a smoother finish for specialized applications.

Hot Rolled or Cold Rolled, and Annealed or Heat Treated, and Descaled; and
Cold Rolled, and Annealed or Heat Treated, and Descaled, and Optionally Tem-
per Passed—This is a smoother finish with fewer surface imperfections.

(f) Hot- and Cold-Finished Bar and Flat Bar Cut from Strip or Plate

The bar used for most structural applications is typically dual certified to both
ASTM A276/A276M (ASTM, 2017a) and ASTM A479/A479M (ASTM,
2020g). The specifications are interchangeable for most structural applications,
but ASTM A276/A276M is typically the most appropriate specification. ASTM
A479/A479M has supplemental requirements (S1, S2, S4, and S5) that could be
specified if the bar will be used under one of the following special conditions:
high-temperature service (S1), intergranular corrosion testing is required
(S2), high cycle fatigue service (S4), and optimal resistance to chloride stress
corrosion cracking (S5).

Specification of one of the following conditions is necessary and each is
associated with mechanical requirements in ASTM A276/A276M:

Condition A—annealed

Condition S—strain hardened with relatively light cold work

Condition B—relatively severe cold work
ASTM A484/A484M has many finish options, and the options vary with the bar

type. The standard finish options are given in the following, but other finishes
are also available:

Flat bars cut from strip or plate: Two surfaces pickled or descaled, and two cut
surfaces; descaled or pickled (if heat treated after cutting)

Hot-finished bar: As hot finished; as annealed; descaled; rough turned;
machine straightened; centerless grinding; polished

Cold-finished bar: Light cold drawing; burnishing; centerless grinding;
polishing

Hot-finished bar is usually cleaned by blasting or pickling, or some other de-
scaling method, but will be quite rough. Ground or polished bar will have a
smoother surface and better corrosion performance. Grinding is used to improve
dimensional tolerances and is usually preferred for tension bars. The finish must
be specified.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



240

MATERIAL AND PRODUCT ORDER REQUIREMENTS [Comm. A3.

Castings and Forgings

Design and fabrication of cast and forged steel components are not covered in this
Specification.

A different naming system is used for castings. The properties of castings may be dif-
ferent from their rolled versions, for example, austenitic stainless steel castings may
be slightly magnetic. Further guidance is available from The Steel Founders’ Society
of America (SFSA) (SFSA, 1995) and Nickel Institute (Houska, 2012).

The choice of casting or forging finish is at the discretion of the manufacturer unless
specified in the purchase order. They are typically machined, blasted, or pickled,
so mill scale is removed. Machining is typically only done to achieve tolerances; it
provides the smoothest finish option.

ASTM standards do not cover casting or forging design, nor do they address manu-
facturing processes. Mechanical properties, weldability, nondestructive examination,
and other requirements should be considered to achieve the level of service expected
for the application.

Bolts, Washers, and Nuts

The Commentary to Section J3.1 gives some further information on the scope and
applicability of the stainless steel bolt specifications: ASTM F593 (ASTM, 2017b),
ASTM A320/A320M (ASTM, 2018b), ASTM A193/A193M (ASTM, 2020h), and
ASTM A1082/A1082M (ASTM, 2016d).

Section A3.3 provides requirements for washer surface hardening treatments.

The availability of bolts, washers, and nuts made from specific alloys may be limited
and should be confirmed prior to specification. Some manufacturers regularly make
short runs of specialized products and higher alloyed fasteners as required, but it may
be more expedient and cost effective to use off-the-shelf higher alloyed or larger
fasteners. When the manufacture of specialized higher alloyed fasteners is required,
it can often be arranged by the service center supplying the other components.

Nonferrous nickel alloy bolts are suitable for use in very corrosive environments
where there is a need for higher strength than that possible with duplex stainless steel
bolting assemblies. Note that precipitation hardening stainless steels [e.g., S17400
(17-4 PH)] are not recommended for use in corrosive environments. If the surface
hardness of nonferrous nickel alloy bolts is higher than that of austenitic and duplex
bolts, they are also used as a measure to avoid galling in situations where surface
hardening or lubrication is not possible.

There are no specifications for nonferrous nickel alloy washers. The washers should
be made from the sheet or strip standard that conforms in alloy composition to the bolt
material. These standards are ASTM B443 (N06625) (ASTM, 2019h), ASTM B463
(N08020) (ASTM, 2016e), ASTM B575 (N10276, N06022, etc.) (ASTM, 2017d),
ASTM B625 (N08904) (ASTM, 2017¢e), ASTM B670 (N0O7718) (ASTM, 2018c),
ASTM B688 (ASTM, 2018d) or ASTM A240/A240M (N08367), and ASTM B872
(N09925, N07725, etc.) (ASTM, 2019i).
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A4,

Surface Hardening

The metallurgical process for hardening stainless steels is very different from
hardening other steel alloys. Surface hardening techniques for other steel alloys are
detrimental to the corrosion resistance of stainless steels and ineffective.

Appropriate local hardening techniques may be different for the various alloys and
families of stainless steels. In circumstances where the design requires specific
hardening requirements (depth of hardening, type of hardening, etc.), the engineer
should discuss the requirements with potential manufacturers prior to establishing
the project specifications. Testing the performance and corrosion resistance of the
hardened surface should be considered in critical applications if existing data are not
available. Further information related to hardening can be found in Euro Inox (2015)
and Davis (2002).

MINIMUM ASSESSMENT REQUIREMENTS FOR SPECIFYING
ALLOY CORROSION RESISTANCE

Galvanic Corrosion

If dissimilar metals will be in direct contact in any location, the design should be
assessed to determine the potential for galvanic corrosion. Stainless steel is typically
the most noble of the metals being joined and the other metals joined to it could
corrode at higher rates than would be expected for the service environment if there
is inadequate separation.

This assessment should be based on the relative galvanic potentials of the metals;
relative surface area of the bare metals that are in direct contact; presence of moisture
on a regular basis (e.g., humidity, fog, condensation, rain, immersion); and the pres-
ence of pollution or chloride salts that can accelerate galvanic corrosion. ASTM G71
(ASTM, 2019e) or ASTM G82 (ASTM, 2014a) testing may be used to help define
the magnitude of the problem.

If isolation is required, the engineer should detail the means of isolation, including
any coatings to be applied to separate metal sections, welded joints, or separation or
sealing of bimetallic mechanically fastened joints. See AISC Design Guide 27 for
more information. Water shedding atmospheric and immersed applications typically
have different separation requirements.

Interior applications, such as schools, offices, warehouses, or residences, with typi-
cal temperature and humidity for human occupancy are generally not susceptible to
galvanic corrosion.

Chloride Stress Corrosion Cracking

For stainless steel members that are highly utilized (i.e., have demands near their
capacity, locally or throughout the section) and are exposed to chloride salts or chlo-
ramines, the service environment, including variations in exposure, and potential for
stress corrosion cracking should be carefully considered and assessed.
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For service environments where chloride stress corrosion cracking of structural
members is a concern, duplex S32205 or an alloy(s) with greater resistance to chlo-
ride stress corrosion cracking should be used, unless it is demonstrated that a less
corrosion-resistant alloy is acceptable.

The User Note in this Specification section points out some specific environments
wherein highly utilized, heavily worked, cold-formed stainless steel structural mem-
bers may be specifically prone to chloride stress corrosion cracking, but this should
not be considered a complete list. See AISC Design Guide 27 for more information.

Crevice Corrosion

All metals are subject to crevice corrosion, which can be accelerated by galvanic
corrosion when there are dissimilar metal combinations. Locations that are shielded
or occluded can have low localized oxygen concentrations that are too low to main-
tain a passive film. These areas also frequently accumulate concentrated potentially
corrosive solutions.

Examples of tight crevices include, but are not limited to, areas under washers or
bolt heads, bolt or pipe fitting threads, loose gaskets or washer edges, intermittent
welding, surface deposits produced by microbiological organisms, sediments or
settled solids, dust, leaves, and industrial processing byproducts. Crevice corrosion
is a particular concern in aqueous solutions.

A stainless steel alloy(s) with suitable crevice corrosion resistance for the ser-
vice environment should be selected. The tightness of the crevice and exposure
conditions determine alloy suitability. Figure C-A3.1 was developed based on
research in seawater; it is critical to note that high concentrations of chlorides are
not limited to applications immersed in seawater and can occur in desalination, some
industrial and food processing environments, and locations with higher exposure to
coastal and deicing salts, among other environments.

Microbiological Corrosion

Microbiologically influenced corrosion (MIC) is a form of corrosion caused by
biological deposits that create a localized environment significantly different from
and more corrosive than the surrounding water environment. Corrosion of metals by
microorganisms in water or moist environments is a well-known problem in appli-
cations where stagnant and low flow water conditions exist. Water that is high in
dissolved and suspended solids and organic material is a particular concern. These
conditions allow microbes to attach to metal surfaces creating a biofilm. When these
conditions exist, a stainless steel alloy that would otherwise do well in the service
environment can corrode.
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Corrosion Caused by Immersion or Splashing by Liquids

When stainless steel will be immersed in or splashed by liquids on an ongoing or
regular basis, evaluation of the corrosivity of the fluid is critical. Some of the most
common factors used to determine the corrosivity of the liquid are listed in Table
C-A3.1. In natural liquids, the susceptibility to MIC also should be assessed.

Locations exposed to splashing by liquids or those that go through other types of
regular wetting and drying cycles are typically more corrosive than those that are
fully immersed. Any corrosive substances in the liquid concentrate as they dry and
regular dampening makes them actively corrosive and particularly aggressive.

In water with higher levels of chlorides, usually a stainless steel with corrosion resis-
tance that is equal to or greater than duplex S32205 is necessary; these include salt or
brackish water, run-off from deiced streets, and other high chloride environments. In
more corrosive fluids, the use of 6% molybdenum austenitic stainless steels (S31254,
NO08367, and N08926), super duplex seawater stainless steels (S32750 and S32760),
or alloys with equivalent or greater corrosion resistance is common.
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Fig. C-A3.1. Approximate corrosion resistance limits for various gap
(i.e., crevice) thicknesses in ambient sea water for some common
corrosion-resistant materials (ISSF, 2002).
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B1.

B2.

B3.

CHAPTER B
DESIGN REQUIREMENTS

GENERAL PROVISIONS

This Specification is meant to be primarily applicable to the common types of build-
ing frames with gravity loads carried by beams and girders and lateral loads carried
by moment frames, braced frames, or shear walls. However, there are many unusual
buildings or building-like structures for which this Specification is also applicable.
Rather than attempt to establish the purview of the Specification with an exhaustive
classification of construction types, Section B1 requires that the design of members
and their connections be consistent with the intended use of the structure and the
assumptions made in the analysis of the structure.

LOADS AND LOAD COMBINATIONS

The loads, load combinations, and nominal loads for use with this Specification are
given in the applicable building code. In the absence of an applicable specific local,
regional, or national building code, the loads (e.g., D, L, L, S, R, W, and E), load fac-
tors, load combinations, and nominal loads (numeric values for D, L, and other loads)
are as specified in Minimum Design Loads and Associated Criteria for Buildings and
Other Structures, ASCE/SEI 7 (ASCE, 2016), hereafter referred to as ASCE/SEI 7.

This Specification is based on strength limit states that apply to structural steel
design in general. The Specification permits design for strength using either load and
resistance factor design (LRFD) or allowable strength design (ASD). Information
regarding the load combinations included in ASCE/SEI 7, which are applicable to
design using the LRFD and ASD approach, can be found in the Commentary to the
2016 AISC Specification.

DESIGN BASIS

The design provisions in this Specification are intended to result in an acceptably
small probability of exceeding a limit state by stipulating the combination of load
factors, resistance or safety factors, nominal loads, and nominal strengths consistent
with the design assumptions.

Two kinds of limit states apply to structures: (a) strength limit states, which define
safety against local or overall failure conditions during the intended life of the struc-
ture, and (b) serviceability limit states, which define functional requirements. This
Specification, like other structural design codes, focuses primarily on strength limit
states because of overriding considerations of public safety. This does not mean that
limit states of serviceability (see Chapter L) are not important to the designer, who
must provide for functional performance and economy of design. However, service-
ability considerations permit more exercise of judgment on the part of the designer.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Comm. B3.] DESIGN BASIS 245

The relevant information for each subsection of Section B3, excluding subsections
B3.1, B3.2, B3.3, B3.10, and B3.11, can be found in the Commentary to the 2016
AISC Specification. Information related to the other subsections is given below.

Design for Strength Using Load and Resistance Factor Design (LRFD)

Design for strength by LRFD is performed in accordance with Equation B3-1. The
left side of Equation B3-1, R,, represents the required strength computed by struc-
tural analysis based on load combinations stipulated in ASCE/SEI 7, Section 2.3 (or
their equivalent), while the right side, ¢R,,, represents the limiting structural resis-
tance, or design strength, provided by the member or element.

The LRFD provisions in this Specification are based on first-order probabilistic
models of loads and resistance similar to those used in the 2016 AISC Specification.
In cases where not enough data were available to perform a reliability analysis, the
provisions given in the 2016 AISC Specification were adopted as long as they were
considered to provide a conservative solution.

The reliability index used in the determination of the resistance factors was calcu-
lated using Equation C-B3-1:

_In(R,/0n) (C-B3-1)
JVa+V3
where
0O, = mean value of the load effect
R,;, = mean value of the resistance
Vo = coefficient of variation of the load effect, O
Vg = coefficient of variation of the resistance, R

In accordance with the assumptions made in the development of the LRFD approach
used in the 2016 AISC Specification, the target reliability index adopted in this
Specification for members was [ = 2.6 and for connections was 3 = 4.0 (Bartlett et
al., 2003). The reliability analysis assumed a dead-to-live load ratio, D/L = 3, while
for the basic combination of dead plus live load, a dead load factor of 1.2 and a live
load factor of 1.6 were also used.

O and Vg were calculated from the following equations given in Ellingwood et al.
(1980). These expressions were also used by Lin et al. (1992):

Om =c(Dy + L) (C-B3-2)
2 2
o APV (12 11) cris)
(D + L)

where
¢ = influence coefficient that transfers load intensities to load effects

The following values for the parameters were adopted in the calculation of the resis-
tance factors: D,, = 1.05D,, Vp = 0.1, L,,/L = 1.0, and V; = 0.25. The subscripts m
and n refer to mean and nominal, respectively. Assuming a dead load-to-live load
ratio, D/L = 3, gives Vo =0.19 and Q,, = 1.33cLy,.
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The mean resistance of a structural member, R,,, is defined as follows:
R, =R, M,, F,, P, (C-B3-4)

where
R, = nominal resistance of the structural elements
My, Fp, Py, = mean values of the random variables reflecting the uncertainties
in material properties (i.e., Fy, F, etc.), the geometry of the cross
section (i.e., A, t, L, etc.), and the design assumptions, respectively

M, known as the material factor, is taken as the ratio of the actual measured value
of a mechanical property to the minimum specified value of that property given in
the relevant ASTM standard. Similarly, F, known as the fabrication factor, is taken
as the ratio of the actual measured value of that geometrical property to the nominal
value of that property. P, known as the professional factor, is taken as the ratio of
the measured failure load to the failure mode predicted from the design provision.

The coefficient of variation of the resistance, Vp, is calculated as the square-root-sum-
of-squares of the material, fabrication, and design model uncertainty coefficients of

variation:
Ve =+/VZ +VE+V3 (C-B3-5)

The mean values for the material factors, M,,, and corresponding coefficient of varia-
tions, V,,, used to calculate the resistance factors are listed in Table C-B3.1. These
factors were derived from a statistical study carried out at the Steel Construction
Institute in the UK, where a large amount of tensile test results on austenitic and
duplex stainless steel sheets and plates with thicknesses ranging from 0.02 in.
(0.4 mm) to 2 in. (50 mm) were collected and analyzed (Meza et al., 2020). The
mean value for the fabrication factors, F},, and corresponding coefficient of varia-
tion for stainless steel members and bolted connections, Vg, were assumed to be the
same as those used in the Specification for the Design of Cold-Formed Stainless
Steel Structural Members (ASCE, 2021), and in the development of the AISC LRFD
criteria used in the 2016 AISC Specification. These are F,, = 1.00 and Vy = 0.05.
For welded connections, the values of F,, = 1.07 and V= 0.14 proposed by Li et al.
(2007), which were obtained after analyzing more than 1,700 carbon steel welded
connection specimens reported by several research groups, were adopted.

Knowing the values of these statistical parameters, the resistance factors, ¢, were
calculated using Equation C-B3-6:

_ 1.481M,,F,, Py,

*" eXp(B 143 +VQZ)

(C-B3-6)
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TABLE C-B3.1
Material Factors

Yield Stress, Fy, Tensile Strength, F,

Alloy Family
Mm Vm M Vm
Austenitic 1.25 0.08 1.10 0.04
Duplex 1.10 0.04 1.10 0.04

2. Design for Strength Using Allowable Strength Design (ASD)

Design for strength by ASD is performed in accordance with Equation B3-2. The
ASD method provided in the Specification recognizes that the controlling modes of
failure are the same for structures designed by ASD and LRFD. Thus, the nominal
strength that forms the foundation of LRFD is the same nominal strength that provides
the foundation for ASD. When considering available strength, the only difference
between the two methods is the resistance factor in LRFD, ¢, and the safety factor in
ASD, Q.

Throughout this Specification, the values of Q were obtained from the values of ¢.
The relationship between Q and ¢ in this Specification is the same as in the 2016 AISC
Specification, and can be determined by equating the designs for the two methods
at a dead-to-live load ratio, D/L = 3, which is the ratio used in the development of the
LRFD resistance factors. Using the live plus dead load combinations, with L = 3D,
yields the following relationships.

For design according to Section B3.1 (LRFD)
OR,=12D+1.6L=12D+1.6(3D)=6D (C-B3-7)

D
)

For design according to Section B3.2 (ASD)
%=D+L=D+3D=4D (C-B3-8)
R,=Q(4D)

Equating R, from the LRFD and ASD formulations and solving for Q yields

o= [ij 15 (C-B3-9)
¢ \ 4D (0}
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Required Strength

This Specification permits the use of elastic or inelastic structural analysis. Generally,
design is performed by elastic analysis. Provisions for inelastic analysis are given in
Appendix 1. The required strength is determined by the appropriate methods of
structural analysis.

In some circumstances, as in the proportioning of stability bracing members that
carry no calculated forces (see, e.g., Appendix 6), the required strength is explicitly
stated in this Specification.

The moment redistribution provisions included in the 2016 AISC Specification are
not included in this Specification because stainless steel structures are less well
represented by plastic hinge based concepts and are more accurately and effectively
designed using the provisions of Appendix 1, Section 1.3.

Design for Ponding

As used in this Specification, ponding refers to the retention of water due solely
to the deflection of roof framing under all loads (including dead loads) present at
the onset of ponding and the subsequent accumulation of rainwater and snowmelt.
The amount of accumulated water is dependent on the stiffness of the framing.
Unbounded incremental deflections due to the incremental increase in retained water
can result in the collapse of the roof. The problem becomes catastrophic when more
water causes more deflection, resulting in a greater opportunity for more water to
accumulate until the roof collapses.

This Specification requires that design for ponding be considered if water is
impounded on the roof, irrespective of roof slope. Camber and deflections due to
loads acting concurrently with rain loads must be considered in establishing the
initial conditions.

Determination of ponding stability is typically done by structural analysis where
the rain loads are increased by the incremental deflections of the structural framing
system to the accumulated rain water, assuming the primary roof drains are blocked.

Due to the nonlinear characteristics of stainless steels, it is necessary to use the
secant modulus, as opposed to the modulus of elasticity for estimating deflections.
Compared to carbon steels, greater deflections will occur in austenitic stainless steel
beams at high strains, increasing the occurrence of ponding and the weight of ponded
water. Compared to carbon steels, the increase in deflection in duplex stainless steels
is less significant.

Design for Fatigue

This section provides the charging language for Appendix 3 on design for fatigue.
Although fatigue need not be considered for seismic effects, it is not stated in Section
B3.11 because seismic design is outside the scope of this Specification.
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B4.

MEMBER PROPERTIES

The User Note in this section is to acknowledge that the engineer may not always
know with certainty whether the member being designed will consist of a hot-rolled
section or a built-up section. The presence of the fillet radius in a hot-rolled section
leads to slightly larger cross-sectional properties compared to an equivalent section
without a fillet radius. For this reason, in most cases, assuming that the section is
built up will lead to slightly conservative strength predictions. However, for hot-
rolled sections with tapered flanges, such as S- or C-shapes, assuming that the section
is built up may lead to an overestimation of the strength for limit states involving
bending about the minor axis or torsion, such as minor-axis flexural buckling or
lateral-torsional buckling. This is because in a section with tapered flanges, the thick-
ness at the tip of the flanges is thinner than at the web-flange junction, which leads
to a reduction of the minor-axis properties and torsional properties when compared
to an equivalent section with constant flange thickness. It should be noted, however,
that in most cases, the difference in strength will be small enough so that whether
the section is a built-up section or a hot-rolled section will not affect the choice of
the section size.

Classification of Sections for Local Buckling

The limiting width-to-thickness ratios listed in Table B4.1 are based on the suscep-
tibility of the cross section to local buckling relative to the attainment of the 0.2%
offset yield strength. These limits were derived by calibration against experimental
data on austenitic and duplex stainless steel members and differ from those given
in the 2016 AISC Specification for carbon steel due to the nonlinear stress-strain
characteristics of stainless steel.

Limiting Width-to-Thickness Ratios for Compression Elements in Members Subject
to Axial Compression. Compression members containing any elements with width-
to-thickness ratios greater than A, provided in Table B4.1a are designated as slender
and are subject to the local buckling reductions detailed in Section E7. Nonslender
compression members (all elements having width-to-thickness ratio < A,) are not
subject to local buckling reductions.

The limiting width-to-thickness ratios, A, for the cross-section elements of compres-
sion members other than round HSS are based on the effective width curve given by
Equations E7-2 and E7-3, and correspond to the maximum ratio for which there is no
reduction in the width of the cross-section element. For round HSS, A, corresponds to
the Class 3 limit for round HSS in Eurocode 3 Part 1-4 (CEN, 2020).

Limiting Width-to-Thickness Ratios for Compression Elements in Members
Subject to Flexure. Flexural members containing compression elements, all with
width-to-thickness ratios less than or equal to A, as provided in Table B4.1b, are des-
ignated as compact. Compact sections are capable of developing the plastic moment,
M, before the onset of local buckling. Flexural members containing any compression
element with width-to-thickness ratios greater than A, but still with all compression
elements having width-to-thickness ratios less than or equal to A, are designated as
noncompact. Noncompact sections can develop the yield moment, M,, before local
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buckling occurs, but will not be able to attain the plastic moment. Flexural members
containing any compression elements with width-to-thickness ratios greater than
A are designated as slender. Slender-element sections have one or more compres-
sion elements that will buckle before the yield stress is achieved. Noncompact and
slender-element sections are subject to flange local buckling and/or web local buck-
ling reductions as provided in Chapter F and summarized in Table User Note F1.1.

The limiting width-to-thickness ratios, k,,, for flexural members given in Table B4.1b
were adopted based on research from Gardner and Theofanous (2008), and they are
broadly equivalent to the Class 2 limits used in the Eurocode 3 Part 1-4 (CEN, 2020)
for the relevant stress distribution in the element. An exception to this equivalence
are the limiting width-to-thickness ratios for flanges of I-shaped sections and chan-
nels in flexure about the minor axis, for which the limits were conservatively chosen
to be the same as those for flanges subject to a uniform stress distribution, following
the recommendations of Bu and Gardner (2018). The limiting width-to-thickness
ratios, A,, for flexural members other than round HSS were derived from the effec-
tive width curve given by Equation F3-3, while for round HSS, A, corresponds to the
Class 3 limit for round HSS used in Eurocode 3 Part 1-4 (CEN, 2020).

Design Thickness

It is common for suppliers to order and deliver material that is close to minimum
tolerances, and typically fabricators and design engineers have no control over, or
minimal involvement, in this process.

ASTM thickness, size, area, and weight tolerances vary for different stainless steel
products. Some ASTM product specifications give size tolerances but no thickness
tolerances, and some give weight tolerances, but no thickness tolerances. No thickness,
size, or weight tolerances are given for stainless steel hot-rolled I-shaped sections.

The 2016 AISC Specification imposes a design wall thickness of 0.93 times the
nominal wall thickness for HSS in accordance with ASTM AS500/A500M (ASTM,
2013), due to the large thickness tolerance permitted for products in that specifica-
tion (—10%). The derivation of the 0.93 factor was based on a survey carried out by
the Steel Tube Institute of North America in the 1990s, and the details are not in the
public domain.

The design thicknesses used in this Specification are based on an analysis of the
thickness, size, and weight tolerances in all the relevant stainless steel product speci-
fications [ASTM A480/A480M (ASTM, 2020a), ASTM A484/A484M (ASTM,
2020c), ASTM A554 (ASTM, 2016b), ASTM A312/A312M (ASTM, 2019b), and
ASTM A999/A999M (ASTM, 2018g)]. Assuming that the fabrication factor for
structural members is only dependent on the thickness of the structural shape, adopt-
ing a design thickness different from the nominal thickness has the effect of shifting
the mean value of the fabrication factor, as shown by Equation C-B4-1:

Fondes =2, (C-B4-1)

nom
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where
F,, = mean value of the fabrication factor
Fyn,4es = mean value of the fabrication factor associated with the design thickness
ties = design thickness, in. (mm)
thom = nominal thickness, in. (mm)

For all products where the thickness tolerance (or approximately equivalent toler-
ance, where no thickness tolerance is given) exceeds —5%, the design thickness
was set to 0.95 times the nominal thickness, as summarized in Table C-B4.1. For
Fo.des = 0.95 and Vi = 0.05, the reliability analysis assumes that the probability of
the actual thickness being less than 0.90 times the nominal thickness of the struc-
tural shapes fabricated according to the relevant ASTM standard is 16%, which was
considered to be acceptable.

Whenever a customer specifies that a product should comply with a thickness
tolerance less than 5%, it is permitted to use the nominal thickness for the design
thickness, irrespective of the thickness.

Published values for the section properties of hot-rolled carbon steel sections in
which the thickness of the flange or web are less than or equal to %6 in. (5 mm),
should not be used for stainless steel hot-rolled sections.

Strength Increase in Stainless Steel HSS from Cold Forming

Cold work is known to increase the yield stress of cold-formed stainless steel (Karren,
1967; van den Berg and van der Merwe, 1992; Ashraf et al., 2005; Cruise and
Gardner, 2008). While in press-braked sections the increased strength is mainly local-
ized around the corner regions, in cold-rolled sections, strength increases arise in both
the corner regions and the flat portions of the section. The increase in strength also
depends on the type of material. Thus, cold-rolled austenitic stainless steel sections
may exhibit an increase in the yield strength of up to 48%.

The predictive model given in this section determines the average tensile 0.2% proof
strength of cold-formed sections, and involves the determination of the cold work
induced plastic strains in the relevant parts of the section followed by the evaluation
of the corresponding stress from the stress-strain response of the unformed sheet
material. The method is based on research carried out by Afshan et al. (2013) and
Rossi et al. (2013).

The User Note in this section is to warn the designer that the average yield strength
should not be used to verify the strength of members at cross sections where the
member is welded to other parts of the structure. This is due to the annealing effect
of the weld in the heat affected zone that may significantly reduce or even completely
remove the increase in strength achieved from cold work during the fabrication of
the member. Because members are likely to be welded to other parts of the structure
at their ends, and member buckling leads to localized failure away from the ends, in
most cases it will still be possible to use the average yield strength, F), 4, to deter-
mine the strength of the member for member buckling limit states. However, if welds
are present near the midpoint of the member, it is recommended that the design is
based on the specified minimum yield stress, Fj.
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TABLE C-B4.1
Design Thickness for Different
Product Forms
Built-Up, Hot-Rolled, and Flat Bar Sections

For thickness < %6 in. (5 mm) Design thickness = 0.95 x nominal thickness
For thickness > %16 in. (5 mm) Design thickness = nominal thickness

HSS and Pipe
For all thicknesses Design thickness = 0.95 x nominal thickness

Gross and Net Area Determination

Gross Area

Gross area is the total area of the cross section without deductions for holes or inef-
fective portions of elements subject to local buckling.

Net Area

The net area is based on net width and load transfer at a particular chain. Because of
possible damage around a hole during drilling or punching operations, Y16 in. (2 mm)
is added to the nominal hole diameter when computing the net area.

FABRICATION AND ERECTION

Section BS5 provides the charging language for Chapter M on fabrication and erec-
tion.

QUALITY CONTROL AND QUALITY ASSURANCE

Section B6 provides the charging language for Chapter N on quality control and
quality assurance.

EVALUATION OF EXISTING STRUCTURES

Section B7 provides the charging language for Appendix 5 on the evaluation of
existing structures.
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CHAPTER C
DESIGN FOR STABILITY

Chapter C addresses the stability design requirements for stainless steel buildings and other
structures. It is based upon the direct analysis method, which can be used in all cases.

The provisions are based on the 2016 AISC Specification, but with the modifications
described herein. Further information can be found in the Commentary to the 2016 AISC
Specification.

C2.

CALCULATION OF REQUIRED STRENGTHS

The provisions in the 2016 AISC Specification were modified where necessary to
account for the differences in material behavior between stainless steel and carbon
steel and the resulting influence on structural behavior. Stainless steel exhibits
rounded stress-strain behavior and the early onset of plasticity results in increased
degradation of stiffness and enhanced second-order effects (Walport et al., 2019a).

Adjustments to Stiffness

For design by second-order elastic analysis, two stiffness reduction factors are
defined: (1) a general stiffness reduction factor, T, to be applied to all member stiff-
nesses to account for the development and spread of plasticity, and (2) T, to account
for the additional reduction in flexural stiffness due to the effects of yielding and
residual stresses of heavily loaded compression members. Additionally, for slender
members, the T, factor results in a system required strength equal to T, times the
elastic stability limit, which is equivalent to the margin of safety provided by the
column buckling curves (AISC-SSRC, 2003).

The adopted stiffness reduction factor, T, for stainless steel, accounting for the
combined effects of material nonlinearity and residual stresses, was derived directly
from the Ramberg-Osgood expression (Appendix 7, Equation A-7-1a). The stiffness
reduction factor, T, was taken as the ratio of the tangent modulus, E;, to the modulus
of elasticity, E, where E; = df/de and f= P,/A, where P, is the required axial compres-
sive strength and A is the cross-sectional area. To allow for the influence of residual
stresses, the strain hardening coefficient, n, was modified to an effective strain hard-
ening coefficient, nep, through calibration against finite element analysis results for
the tangent flexural stiffness obtained from a W8x31 cross section divided into 1,440
monitoring areas, subjected to pure axial compression (Gardner and Walport, 2021).

The differing values of n.y for the different buckling axes reflect the fact that the flex-
ural stiffness is reduced more severely for the minor axis than the major axis due to
the more detrimental influence of the compressive residual stresses at the flange tips.
In the case of rectangular hollow structural sections (HSS), since the residual stresses
are very small, the effective strain hardening coefficient, n., is taken equal to n. To
retain the same demarcation between cross sections as the flexural buckling curves
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(Table E3.1), the stiffness reduction function for welded box sections and round HSS
is taken equal to that for I-sections buckling about the major axis.

Because n,ris a function of n, the varying degrees of roundedness of the stress-strain
behavior, as shown in Figure C-C2.1 for the typical grades of stainless steel (austen-
itic grade 301 and duplex grade S32101) is reflected in 75. Alongside the proposed
stiffness reduction factors, the carbon steel stiffness reduction factor given in the
2016 AISC Specification, is also presented. It can be seen that, unlike for carbon
steel, the stiffness reduction for stainless steel commences from the onset of loading.
This reflects the rounded stress-strain response of stainless steel, exacerbated by the
influence of the residual stresses. The greatest reduction at low to moderate axial load
levels occurs for austenitic stainless steel due to the low limit of proportionality and
the low value of the strain hardening coefficient, n, resulting in the highest degree
of nonlinearity of stress-strain response among the austenitic and duplex families of
stainless steel.

Application of the stiffness reduction method is inherently an iterative process;
the stiffness reduction factors, T, are calculated at the load level of interest and
the results of the subsequent second-order analysis are only valid at that same load
level. An alternative, simpler approach that avoids the need for iteration is to replace
the use of 1, factors (i.e., by setting T, = 1.0 for all members) with the application
of additional notional loads (ANL). The enhanced notional loads are designed to
account indirectly for the effect of the spread of plasticity and residual stresses on
the global response of the structure. The stiffness reduction factors, 15, derived for
stainless steel are more severe than those for carbon steel, reflecting the earlier initia-
tion of yielding of the material. A commensurate increase in the ANL from 0.001 to
0.002 of the total factored gravity load applied at each story of structural frames is
therefore required (Gardner and Walport, 2021).
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Fig. C-C2.1. Stiffness reduction factor, Ty, for typical austenitic and duplex grades
of stainless steel for I-shaped sections buckling about the minor axis.
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The 1, values given in Table C2.1 were derived by Gardner and Walport (2021)
based on benchmark results from nonlinear finite element analysis on pin-ended
stainless steel columns, beams, and beam-columns, as well as sample frames. A
value of 0.70 was found to be sufficient to account for the influence of plasticity.
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CHAPTER D
DESIGN OF MEMBERS FOR TENSION

The provisions of Chapter D do not account for eccentricities between the lines of action of
connected assemblies.

This Specification does not include provisions for eyebars due to a lack of test data of this
product form.

D1.

D2.

SLENDERNESS LIMITATIONS

The advisory upper limit on slenderness in the User Note is based on professional
judgment and practical considerations of economics, ease of handling, and care
required so as to minimize inadvertent damage during fabrication, transport, and
erection. This slenderness limit is not essential to the structural integrity of tension
members; it merely assures a degree of stiffness such that undesirable lateral move-
ment (“slapping” or vibration) will be unlikely. Out-of-straightness within reasonable
tolerances does not affect the strength of tension members. Applied tension tends to
reduce, whereas compression tends to amplify, out-of-straightness.

For single angles, the radius of gyration about the z-axis produces the maximum L/r
and, except for very unusual support conditions, the maximum effective slenderness
ratio.

TENSILE STRENGTH

Because of strain hardening, a ductile stainless steel bar loaded in axial tension can
resist, without rupture, a force greater than the product of its gross area and its speci-
fied minimum yield stress. However, excessive elongation of a tension member due
to uncontrolled yielding of its gross area not only marks the limit of its usefulness,
but can precipitate failure of the structural system of which it is a part. On the other
hand, depending upon the reduction of area and other mechanical properties of the
steel, the member can fail by rupture of the net area at a load smaller than required
to yield the gross area. Hence, general yielding of the gross area and rupture of the
net area both constitute limit states.

This Specification adopted the provisions included in the 2016 AISC Specification
without modification for determining the design tensile strength, ¢,P,, and the allow-
able tensile strength, P,/€;, of austenitic and duplex stainless steel tension members.
For the limit state of tensile yielding in the gross section, the ¢ and € values for
precipitation hardening stainless steel bolts are reduced by 10% from the values
for austenitic and duplex stainless steel. This is due to the lack of sufficient data to
enable a reliability analysis to be carried out. Additionally, because stainless steel
is twice as ductile and also exhibits strong strain hardening (F,/Fy is approximately
2.2 for annealed austenitic stainless steels), larger deformations are expected with
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D3.

DS.

stainless steel than with carbon steel. For this reason, for structures that are sensi-
tive to deformations, a User Note was added providing an expression for calculating
the average stress in the net section based on the maximum elongation the tensile
member is allowed to develop without compromising the integrity of the structural
system. The expression given in the User Note provides a conservative estimation
of the stress for strains up to the strain at the ultimate tensile stress, €,. For cases in
which a more accurate estimation of the stress is required, the User Note refers the
designer to the material model included in Appendix 7.

The expression given in the User Note could also be used to limit the stresses in the
net section due to service loading in structures that are sensitive to deformation at
serviceability.

EFFECTIVE NET AREA

The expressions for the calculation of the effective net area included in the 2016
AISC Specification, which account for the effect of the shear lag, were adopted in
this Specification without modification. Information regarding the development of
these expressions can be found in the Commentary to the 2016 AISC Specification.

PIN-CONNECTED MEMBERS

Pin-connected members are occasionally used as tension members with very large
dead loads. Pin-connected members are not recommended when there is sufficient
variation in live loading to cause wearing of the pins in the holes. The dimensional
requirements presented in Section D5.2 must be met to provide for the proper func-
tioning of the pin.

Tensile Strength

The tensile strength requirements for stainless steel pin-connected members are the
same as those included in the 2016 AISC Specification. The ¢ and Q values used
to calculate the design tensile strength, ¢,P,, and allowable tensile strength, P,/C;,
are the same as those used elsewhere in this Specification for similar limit states.
However, the definitions of effective net area for tension and shear are different.

The requirement for the width of the plate on each side of the pin hole, b,, not to
exceed 2t + 0.63, in. (2¢ + 16, mm) is to prevent dishing of the plate, which can sig-
nificantly reduce the ultimate tensile strength of thin plates. The upper bound limit
for b, was derived from research on carbon steel pin-connected members (Johnston,
1939). However, for the typical pin-connected members used in current practice, this
type of failure does not generally govern the design.

Dimensional Requirements

The dimensional requirements for stainless steel pin-connected members are similar
to those given in the 2016 AISC Specification for carbon steel pin-connected mem-
bers, with the exception of the following two requirements.
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In the 2016 AISC Specification, the width of the plate at the pin hole is required to be
greater than or equal to 4¢ + )y, + 1.26, in. (4 + d;, + 32, mm). In this Specification,
the width of the plate at the pin hole is required to be at least 2d,;,. This implies
that for plates with a thickness ¢>d;, /4—0.32, in. (1>dpy/4—8, mm), this
Specification permits the plate to be narrower than if designed in accordance with the
2016 AISC Specification. For these narrow plates, the reduction in tensile strength
is taken into account by the smaller value of be used in the calculation of the net
effective area.

In addition, this Specification requires the thickness of the plate to be large enough to
avoid bearing failure of the pin. This requirement was added to account for the fact
that when designing stainless steel pin-connected members, there are many cases in
which the connected members are made from a high-strength stainless steel, while
the pin is fabricated from an austenitic stainless steel alloy in the annealed condition
with a lower strength.
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CHAPTER E
DESIGN OF MEMBERS FOR COMPRESSION

GENERAL PROVISIONS

This chapter addresses austenitic and duplex stainless steel members subject to axial
compression.

Compared to the 2016 AISC Specification, this Specification does not include pro-
visions for unequal-leg angles or slender angles in compression due to lack of experi-
mental data on these types of stainless steel members. Built-up members assembled
from plates or laced built-up members are also not covered by this Specification.

Although tees, single equal-leg angles (where the term equal-leg indicates that the
angle has both legs of equal length and thickness), and double angles subject to axial
compression can be designed in accordance with the provisions of Chapter E, no
provisions are given in this Specification for these types of members when they are
subjected to other types of forces in addition to compression. This does not include
single equal-leg angle members without slender elements loaded in compression
through one connected leg, which can be designed in accordance with Section ES5 if
the requirements given in that section are met.

The continuous strength method (CSM), included in Appendix 2, provides an alterna-
tive, less conservative method for determining the compressive strength of I-shapes,
channels, angles, tees, HSS, and box-section members, when the following require-
ments are met.

For round HSS
A £0.60
For all other structural sections
A; <1.60
and
E F
L <0.63 /— (or =~ < 0.04) (C-E3-1)
r Fy v

where ), is the cross-section local slenderness, given by Equation C-E3-2:

A= 5 (C-E3-2)
Fo
and F; is the elastic local buckling stress of the full cross section under the relevant
stress distribution, which can be determined using the analytical expressions given
in Appendix 1, Section 1.3, of this Commentary, or using numerical methods.
Alternatively, F,; may be conservatively determined using the expressions provided
in the second User Note in Appendix 2, Section 2.3.
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Compression members, other than round HSS, that satisfy the requirement for the
slenderness ratio, L./r, given by Equation C-E3-1 are not affected by flexural, tor-
sional, or flexural-torsional buckling, and the CSM determines their compressive
strength purely based on the limit state of yielding or local buckling.

EFFECTIVE LENGTH

This Specification adopted the same symbol, L., used in the 2016 AISC Specification
to refer to the effective length, as opposed to the traditional expression, KL. The
recommendation of a slenderness ratio not exceeding 200 for members designed on
the basis of compression was also taken from the 2016 AISC Specification.

An explanation for the adoption of L, as well as the maximum recommended slen-
derness ratio can be found in the Commentary on the 2016 AISC Specification.

FLEXURAL BUCKLING OF MEMBERS WITHOUT
SLENDER ELEMENTS

Section E3 applies to compression members with all nonslender elements, as defined
in Section B4.

The provisions in this Specification for determining the compressive strength of
austenitic and duplex stainless steel members maintain the same format as those
included in the 2016 AISC Specification for carbon steel. However, the shape of the
flexural buckling curve for carbon steel was adjusted to account for the higher mate-
rial nonlinearity and strain hardening exhibited by stainless steel. In addition to that,
while the 2016 AISC Specification specifies only one buckling curve for carbon steel
columns irrespective of their cross-section geometry or axis of buckling, due to the
higher material cost of stainless steel, in this Specification three different buckling
curves are specified, as shown by Table E3.1.

The flexural buckling curves for HSS, box sections, and I-shaped columns buckling
about the major axis were developed by Meza et al. (2021) based on experimental
and numerical data available for austenitic and duplex stainless steel columns. For
I-shaped columns, this includes experimental data reported by Burgan et al. (2000),
Yuan et al. (2015), and Yang et al. (2016a) and the numerical data reported by Bu
and Gardner (2019). For rectangular HSS and welded box sections, the flexural buck-
ling curve is based on the experimental and numerical data reported by Young and
Liu (2003), Liu and Young (2003), Rasmussen and Hancock (1993), Gardner and
Nethercot (2004b), Gardner et al. (2006), Huang and Young (2013), Theofanous and
Gardner (2009), Young and Lui (2006), Yang et al. (2016b), Afshan et al. (2019),
and Becque (2008), while for round HSS the data reported by Burgan et al. (2000),
Rasmussen and Hancock (1993), and Buchanan et al. (2018) was considered. For
I-shaped columns buckling about the minor axis, and any other cross-sectional shape
not listed in Table E3.1, this Specification adopted the same buckling curve used in
the Specification for the Design of Cold-Formed Stainless Steel Structural Members
(ASCE, 2021). Despite the different levels of nonlinearity and strain hardening
exhibited by austenitic and duplex stainless steel, the same flexural buckling curves
were adopted for both alloy families. For rectangular and round HSS columns,
although the data showed that the flexural buckling strength, relative to the squash
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load (Py = F)A,), of duplex alloys is slightly higher than that of austenitic alloys, the
larger material overstrength factor of austenitic alloys justified adopting the same
buckling curve for both alloy families. For I-shaped columns, the reason for adopting
the same buckling curve for austenitic and duplex stainless steel columns is because
most of the data used to derive the flexural buckling curves were on austenitic alloys,
and using the same curve for duplex stainless steel is conservative.

Figure C-E3.1 compares the strength provisions adopted in this Specification for
austenitic and duplex stainless steel columns, and those included in the 2016 AISC
Specification for carbon steel columns. The curves in Figure C-E3.1 show the rela-
tionship between the nominal compressive strength, P,, and the column slenderness
ratio, L./r, for the limit state of flexural buckling. For the sake of comparison, in the
figure, P, is normalized by Py, and L./r is normalized by \/E/F,.

An important characteristic that differentiates the flexural buckling curves adopted
in this Specification from the ones included in the 2016 AISC Specification is that
all the flexural buckling curves in this Specification include a yield plateau for small
slenderness ratios, L./r, defined as B/ E/F,, where By is given in Table E3.1 for
austenitic and duplex stainless steel columns with different cross-section geometries
and axes of buckling. When the slenderness ratio is smaller than Bo./E/F,, the
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Curve A: I-shaped columns buckling about the minor axis, and
other shapes

Curve B: I-shaped columns buckling about the major axis, box
sections, and round HSS

Curve C: Rectangular HSS

Fig. C-E3.1. Nominal compressive strength as a function of slenderness
ratio for columns made of stainless steel and carbon steel.
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column is considered not to be affected by flexural buckling, and its compressive
strength is given by P,. The yield plateau in the flexural buckling curves recognizes
the high strength exhibited by stainless steel columns at low slenderness as a result
of strain hardening, which, depending on the cross-sectional slenderness, can be well
above Py. The inclusion of a yield plateau in the flexural buckling curve of austenitic
and duplex stainless steel columns also allows for compatibility with the use of the
CSM given in Appendix 2 for those cases in which the compressive strength is not
governed by flexural buckling.

The compressive strength of austenitic and duplex stainless steel columns with slen-
derness ratios ranging between Bo,/E/F, and 5.62,/E/F, is governed by inelastic
flexural buckling at a critical stress, F,,, given by Equation E3-3. For larger slender-
ness ratios, the flexural buckling strength is predominantly elastic, as reflected by the
use of the Euler stress, F, in the definition of F,, given by Equation E3-4. The use
of the reduction coefficient, B, in Equation E3-4 accounts primarily for the influence
of the initial out-of-straightness of the column. However, it also accounts for some
loss of stiffness experienced by austenitic and duplex stainless steel columns prior to
the attainment of the critical buckling stress, F,, which is the reason the values of
B2 given in Table E3.1 are lower than the value of 0.877 used in the equations in the
2016 AISC Specification for carbon steel columns.

The column strength equations of Section E3 can also be used for torsional or flexural-
torsional buckling (Section E4). They can also be used with a modified slenderness
ratio for single equal-leg angle members (Section ES).

TORSIONAL AND FLEXURAL-TORSIONAL BUCKLING OF
SINGLE EQUAL-LEG ANGLES AND MEMBERS WITHOUT
SLENDER ELEMENTS

Section E4 applies to singly symmetric and certain doubly symmetric members,
such as cruciform or built-up columns with all nonslender elements, as defined in
Section B4.1 for elements in uniform compression. It also applies to all doubly sym-
metric members when the torsional unbraced length exceeds the lateral unbraced
length of the member.

The equations in Section E4 for determining the torsional and flexural-torsional
elastic buckling loads of columns are derived in textbooks and monographs on
structural stability (Bleich, 1952; Timoshenko and Gere, 1961; Galambos, 1968;
Chen and Atsuta, 1977; Galambos and Surovek, 2008; and Ziemian, 2010). Because
these apply only to elastic buckling, they must be modified for inelastic buckling by
the appropriate equations of Section E3. Inelasticity has a more significant impact
on warping torsion than St. Venant torsion. For consideration of inelastic effects, the
full elastic torsional or flexural-torsional buckling stress is conservatively used to
determine F, for use in the column equations of Section E3.

Members with lateral bracing offset from the shear center are susceptible to con-
strained-axis torsional buckling, which is discussed in the Commentary to the 2016
AISC Specification.
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ES.

Ee.

SINGLE EQUAL-LEG ANGLE COMPRESSION MEMBERS
WITHOUT SLENDER ELEMENTS

The compressive strength of single equal-leg angles is determined in accordance
with Sections E3 for the limit state of flexural buckling and Section E4 for the limit
state of flexural-torsional buckling. However, for the type of angles that meet the
requirements of Section ES5, flexural-torsional buckling is not a critical failure mode.

Section E5 also provides a simplified procedure for the design of single equal-leg
angles subjected to an axial compressive load introduced through one connected leg.
The angle is treated as an axially loaded member by adjusting the member slender-
ness. The attached leg is to be attached to a gusset plate or the projecting leg of
another member by welding or by a bolted connection with at least two bolts. The
equivalent slenderness expressions in this section presume significant restraint about
the axis that is perpendicular to the connected leg. This leads to the angle member
tending to bend and buckle primarily about the axis parallel to the attached gusset.
For this reason, L/r, is the slenderness parameter used, where the subscript, a, repre-
sents the axis parallel to the attached leg. The modified slenderness ratios indirectly
account for bending in the angles due to the eccentricity of loading and for the
effects of end restraint from the members to which they are attached. The equivalent
slenderness expressions also presume a degree of rotational restraint. Equations E5-3
and E5-4 [Section E5(b), referred to as case (b)] assume a higher degree of rotational
restraint about the axis parallel to the attached leg than do Equations E5-1 and E5-2
[Section E5(a), referred to as case (a)].

In space trusses, the web members framing in from one face typically restrain the
twist of the chord at the panel points and thus provide significant restraint about
the axis parallel to the attached leg for the angles under consideration. It is possible
that the chords of a planar truss well restrained against twist justify use of case (b),
in other words, Equations E5-3 and E5-4. Similarly, simple single-angle diagonal
braces in braced frames could be considered to have enough end restraint such that
case (a), in other words, Equations E5-1 and E5-2, could be employed for their
design. This procedure, however, is not intended for the evaluation of the compres-
sive strength of X-brace single angles.

BUILT-UP MEMBERS

The strength provisions and dimensional requirements in this section for built-up
members were adopted from the 2016 AISC Specification without modification.
However, the scope of this section was reduced to only cover built-up members
composed of two or more closely spaced stainless steel shapes interconnected at
intervals using welds or fasteners.

Compressive Strength

For a built-up member to be effective as a structural member, the end connection
must be welded or pretensioned bolted. Even so, the compressive strength will be
affected by the shearing deformation of the intermediate connectors. This effect
is considered by using a modified slenderness ratio for the built-up member. The
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expressions adopted in this Specification for calculating the modified slenderness
ratio have been shown to be adequate for carbon steel (Sato and Uang, 2007).
However, since the effect of the larger nonlinearity exhibited by stainless steel is
already captured in the column curves given in Section E3, these expressions are
considered to be also suitable for stainless steel.

Dimensional Requirements

Limiting the slenderness ratio of each component shape between connection fasten-
ers or welds to three-fourths of the governing global slenderness ratio of the built-up
member is to prevent flexural or flexural-torsional buckling of the individual shapes
between intermediate connectors.

The requirement for the end connectors or welds is given to prevent slip between the
components in contact at each end of the built-up member.

MEMBERS WITH SLENDER ELEMENTS

The provisions of Section E7 address the modifications to be made when one or
more elements in the compression member cross section are slender. An element is
considered to be slender if its width-to-thickness ratio exceeds the limiting value,
Ar, defined in Table B4.1a. As long as the element is not slender, it can support the
full yield stress without local buckling. When the cross section contains slender ele-
ments, the potential reduction in capacity due to local buckling must be accounted
for.

Slender Element Members Excluding Round HSS

The reduction in capacity due to local buckling is considered by using the effective
width method.

This Specification follows the same philosophy adopted in the 2016 AISC Specifica-
tion for determining the effective width of cross sections with slender elements other
than round HSS. However, the effective width expression was modified to account
for the difference in the stress-strain characteristic of stainless steel compared to
carbon steel.

The effective width expression given by Equation E7-3 makes use of the elastic
buckling stress, F,;, determined for the relevant element of the cross section using
Equation E7-4 and a plate buckling coefficient k = 4.00 for stiffened and k = 0.425
for unstiffened elements.

The applicability of the effective width expression given by Equations E7-2 and E7-3
was assessed by comparing it against experimental data on austenitic and duplex
stainless steel stub columns and beam members reported by Kuwamura (2003),
ECSC (2000), Gardner and Nethercot (2004a), Liu and Young (2003), Young and
Liu (2003), and Gardner et al. (2006). This experimental data included a wide range
of cross sections, including welded I-shaped sections and cold-formed HSS. For the
cold-formed sections, the strength enhancement at the corners resulting from cold
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forming was measured and deducted when developing the effective width expres-
sion. For this reason, the same effective width expression (Equations E7-2 and E7-3)
can be used for cold-formed square and rectangular HSS in conjunction with the
average yield strength, Fy 4, given in Section B4.3, while for other shapes it is used
in conjunction with the specified minimum yield strength, F.

Equations E7-5 and E7-6 are used in the Specification for the Design of Cold-Formed
Stainless Steel Structural Members (ASCE, 2021), and has been included in this
Specification as an alternative method for calculating the effective width of cold-
formed square and rectangular HSS. When this alternative effective width curve is
used, both the effective width and the compressive strength of the member must be
determined based on the specified minimum yield strength, without making use of
the increase in strength from cold work.

For axially loaded channels with slender flanges and pinned restraints at the ends,
the shift in the effective centroid due to local buckling may result in significant
second-order moments, and therefore a reduced compressive strength. The reduction
in strength is closely related to the rotational restraint provided by the supports. If the
end supports (which for design may be considered as pinned) are able to provide, in
practice, some rotational restraint, the reduction in strength may become very small.
However, if the end rotational restraints are close to a pin, the channel should be
treated as a member subject to combined loading, and designed according to Section
H1.1 for combined axial force and flexure about the minor axis resulting from the
shift of the effective centroid.

Round HSS

The expression for the effective cross-sectional area given by Equation E7-8 was
obtained by adjusting the curve given in the 2016 AISC Specification for carbon steel
round HSS. The appropriateness of this expression has been corroborated by compar-
ing it against test data reported by Stangenberg (2000), Kuwamura (2003), Gardner
and Nethercot (2004b), and Buchanan et al. (2018). These data show that the expres-
sion given by Equation E7-8 is applicable to round HSS compression members with
D/t < 0.28 E/ F,,, which approximately corresponds to the largest slenderness of the
round HSS tested. The provisions in Section E7.2 were also modified to account for
the interaction between local and global buckling by multiplying the limiting slender-
ness, A, by the ratio Fy/F,. This is similar to the way in which local-global buckling
interaction is accounted for in Section E7.1 for sections other than round HSS.

More slender round HSS compression members with D/t < 044 E/F,, (or A; < 0.60)
can be designed in accordance with the continuous strength method included in
Appendix 2.
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CHAPTER F
DESIGN OF MEMBERS FOR FLEXURE

Chapter F applies to austenitic and duplex stainless steel members subject to simple bending
about one principal axis of the cross section. That is, the member is loaded in a plane parallel
to a principal axis that passes through the shear center. Simple bending may also be attained
if all load points and supports are restrained against twisting about the longitudinal axis. In
all cases, the provisions of this chapter are based on the assumption that points of support
for all members are restrained against rotation about their longitudinal axis.

Compared to the 2016 AISC Specification, this Specification does not include provisions for
single angles subject to bending due to lack of experimental data on these types of stainless
steel flexural members. Provisions for rectangular HSS subject to lateral-torsional buckling
are also not covered by this Specification.

For all sections covered in Chapter F, the highest possible nominal flexural strength is the
plastic moment, M,, = M,,. In order to attain M), the beam cross section must be compact
and the member must have sufficient lateral bracing.

Compactness depends on the flange and web width-to-thickness ratios, as defined in Section
B4. When these conditions are not met, the nominal flexural strength diminishes. All sections
in Chapter F treat this reduction in the same way. For laterally braced beams, the plastic
moment region extends over the range of width-to-thickness ratios, A, terminating at A,,.
This is the compact condition. Beyond these limits, the nominal flexural strength reduces
linearly until A reaches A,. This is the range where the section is noncompact. Beyond A, the
section is a slender-element section. For stainless steel sections, the extent of each of these
three ranges is different from that of a section made of carbon steel. This is partly due to the
effect of the higher nonlinearity exhibited by stainless steel, but also due to the assumptions
made in the definition of the width-to-thickness limits. Figure C-F1.1 compares the three
ranges for the case of welded I-shaped members made of stainless steel (either austenitic or
duplex) and carbon steel for the limit state of flange local buckling. The curves in Figure
C-F1.1 show the relationship between the flange width-to-thickness ratio, bg/2t;, and the
nominal flexural strength, M,,. For the sake of comparison, in the figure, M, is normalized
by the plastic moment, M, and by/2tis normalized by \/E/F.

Different lateral-torsional buckling expressions are specified for I-shaped members and
channels depending on whether they are made of austenitic or duplex stainless steel.
The lateral-torsional buckling (LTB) curves for austenitic and duplex stainless steel dif-
fer from each other due to the introduction of the LTB coefficients, oz, Br7, Bp.rr, and
By,zr, which reflect the different levels of material nonlinearity exhibited by these alloy
families. These coefficients were derived by Meza and Baddoo (2019) based on numeri-
cal data on austenitic (316L) and duplex (2205) stainless steel I-shaped beams subject to
lateral-torsional buckling. The beams were modeled under pure bending with the ends
simply supported and restrained against rotation about the longitudinal axis. The numerical
models were validated against the results of experimental tests on austenitic and duplex
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I-shaped beams carried out by Fortan and Rossi (2021), Fortan and Rossi (2020), Burgan
et al. (2000), Stangenberg (2000), and Wang et al. (2014b). A total of 590 data points were
used to develop the LTB curves adopted in this Specification, including 30 different cross-
sectional geometries for each alloy, and 12 global slendernesses for each cross section.

A reliability analysis carried out using the numerical data indicated that the LTB provision
could be used with a resistance factor, ¢, higher than 0.90. However, since these provi-
sions were developed based on data on I-shaped beams only, and they are also intended to
be used for channels, a resistance factor of ¢, = 0.90 was adopted, which is consistent with
the resistance factor used with all the other strength provisions in Chapter F.

The basic relationship between the nominal flexural strength, M,,, and the unbraced length,
Ly, for the limit state of lateral-torsional buckling is shown by the solid curve in Figure
C-F1.2 for a compact stainless steel I-shaped beam that is simply supported and subjected to
uniform bending with Cp, = 1.0. For comparison, Figure C-F1.2 also shows the relationship
between M, and L, for the limit state of lateral-torsional buckling given by the provisions
of the 2016 AISC Specification for the same section but made of carbon steel.

For austenitic and duplex stainless steel I-shaped beams, there are four principal zones
defined by the lengths L, Ly, and L,. Equation F2-7 defines the maximum unbraced length,
L,, to reach M,,. Elastic lateral-torsional buckling will occur when the unbraced length is
greater than L,, given by Equation F2-9. Equation F2-2 defines the first part of the range
of inelastic LTB as a straight line between the defined limits M), at L, and M, at Ly, while
the second part of the inelastic range is defined by Equation F2-3 between the limits M), at
Ly and 0.3M, at L,. The buckling strength in the elastic region is given by Equation F2-4 in
combination with Equation F2-5. By contrast, the LTB curve for carbon steel is divided into
three zones delimited by the lengths L, and L,.

§°~ —— Stainless steel (SS)
= 1 ——— Carbon steel (CS)
= M N ~
= M, | Noncompact
()]
M flange (SS)
é 0.7 —r -~ N |
% P I\ Slender 1
; flange (SS) e flange (SS) |
i Compact i u Noncompact } Slender
K flange (CS) | | | flange (CS) flange (CS)
= 0 — i
£ 0 033 J L 041 114k,
S 0.38
< b, /2t,

Normalized Slenderness Ratio, A =
E/F,

y

Fig. C-F1.1. Nominal flexural strength as a function of the flange width-to-thickness
ratio of welded I-shapes made of stainless steel and carbon steel.
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GENERAL PROVISIONS

Throughout Chapter F, the resistance factor and the safety factor remain unchanged,
regardless of the controlling limit state.

In addition, the provisions in this chapter require that all supports for flexural members
be restrained against rotation about the longitudinal axis. Although there are pro-
visions for members unbraced along their length, under no circumstances can the
supports remain unrestrained torsionally.

The provisions for determining the lateral-torsional modification factor, Cp, for non-
uniform moment diagrams when both ends of the segment are braced were taken
from the 2016 AISC Specification without modification. Further information regard-
ing the development of these provisions can be found in the Commentary to the 2016
AISC Specification.

The continuous strength method (CSM), included in Appendix 2, provides an alter-
native, less conservative method for determining the flexural strength of laterally
restrained [-shaped, channels, angles, tees, HSS, and box-section members, when the
following requirements are met.

For round HSS
A; <0.60

— Austenitic stainless steel (ASS)
——— Duplex stainless steel (DSS)

1 — -
M i 1\\\\ —-— Carbon steel (CS)
MP
M,
M

©

o
w
<

|

©

Normalized Flexural Strength, M,,/Mp
o
\‘

Unbraced Length, L,

Fig. C-F1.2. Nominal flexural strength as a function of unbraced length of
[-shapes made of stainless steel and carbon steel.
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For all other structural sections
A £1.60
and
L, <0.50L, (C-F1-1)

where Lj, is the length between points that are either braced against lateral displace-
ment of the compression flange or braced against twist of the cross section; L, is the
limiting laterally unbraced length for the limit state of yielding given by Equation
F2-7; A is the cross-section local slenderness; given by, / F, / F,;; and F,; is the elastic
local buckling stress of the full cross section under the relevant stress distribution,
which can be determined using the analytical expressions given in Appendix 1,
Section 1.3, of this Commentary, or using numerical methods. Alternatively, F,; may
be conservatively determined using the expressions provided in the second User Note
in Appendix 2, Section 2.3.

Flexural members, other than round HSS, that satisfied the requirement for the
unbraced length, L, given by Equation C-F1-1 are not affected by lateral-torsional
buckling, and the CSM determines their flexural strength purely based on the limit
state of yielding or local buckling.

DOUBLY SYMMETRIC COMPACT I-SHAPED MEMBERS AND
CHANNELS BENT ABOUT THEIR MAJOR AXIS

Section F2 applies to members with compact I-shaped or channel cross sections
subject to bending about their major axis; hence, the only limit states to consider are
yielding (plastic moment capacity) and lateral-torsional buckling.

The expressions in this section for the limit state of yielding of austenitic and duplex
stainless steel sections with compact webs and compact flanges (Equation F2-1) are
the same as those in the 2016 AISC Specification. However, the limiting laterally
unbraced length for the limit state of yielding, L,, was reduced based on numerical
data on compact I-shaped beams made of austenitic and duplex stainless steel gener-
ated by Fortan and Rossi (2021). Different L, values are given for austenitic and
duplex stainless steel beams, which reflect the effect the different levels of material
nonlinearity exhibited by austenitic and duplex stainless steel have on the global sta-
bility of the beam. Another difference in the definition of L, with respect to the 2016
AISC Specification is that in this Specification, L, is defined as a function of 7 (or the
radius of gyration of the compression flange plus one-sixth of the web, r;) for all types
of I-shaped members, while in the 2016 AISC Specification, L, is given as a function
of ry for I-shaped members with compact and noncompact webs and as a function of
r; for I-shaped members with slender webs. Defining L, as a function of r; (or r;) for
all types of I-sections avoids a discontinuity in the LTB strength as the web transitions
from a noncompact to a slender element, as discussed by White (2008).
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In the 2016 AISC Specification, L, is defined as the unbraced length beyond which
geometric imperfections and yielding have virtually no effect on the LTB strength.
For carbon steel I-shaped members and channels, when the unbraced length is equal
to L,, the maximum stress in the compression flange due to lateral-torsional buck-
ling is equal to 0.7F,. Members with an unbraced length shorter than L, fall in the
inelastic region, where the effect of geometric imperfections and yielding results in
a significant reduction of the LTB strength. The characteristically low proportional-
ity limit in stainless steels means that the definition of L, used in the 2016 AISC
Specification cannot be rigorously adopted for stainless steel members, as this would
result in limiting unbraced lengths, L,, significantly larger than the unbraced lengths,
Ly, which are likely to be used in practice. For this reason, in this Specification, the
elastic LTB strength is reduced using the elastic lateral-torsional buckling reduction
coefficient, Bz, which was determined based on numerical data on austenitic and
duplex stainless steel I-shaped beams, and the limiting unbraced length, L,, is defined
as the length at which the reduced elastic LTB strength given by Equation F2-4 (with
F,, given by Equation F2-5) results in a maximum stress in the compression flange
of 0.3F).

In this Specification, the inelastic lateral-torsional buckling strength range for aus-
tenitic and duplex stainless steel I-shaped beams and channels is divided into two
regions delimited by L, which is defined as the limiting unbraced length required
to achieve the yield moment, as shown in Figure C-F1.2. This constitutes one of the
most significant differences between the lateral-torsional buckling strength provi-
sions given in this Specification and those given in the 2016 AISC Specification
for carbon steel. Ly is determined by equating the yield moment, M,, to the reduced
elastic lateral-torsional buckling strength given by Equation F2-4 (with F.,. given
by Equation F2-5), solving for L, and multiplying it by the reduction factor, B, 77,
which accounts for the reduction in unbraced length due to material nonlinearity.
The values of By ;7 were determined from numerical data on austenitic and duplex
stainless steel I-shaped members provided by Fortan and Rossi (2021) and Marek
and Jandera (2020).

For unbraced lengths ranging from L, to L,, the inelastic LTB strength of austenitic
and duplex stainless steel compact I-shaped members and channels can be accurately
approximated by a straight line that has as anchor points the plastic moment at L, and
the yield moment at Ly, as given by Equation F2-2. However, for unbraced lengths
ranging from Ly to L,, the inelastic LTB strength cannot be accurately approximated
by a linear interpolation due to the significant nonlinearity exhibited by stainless
steels prior to reaching the yield strength and the relatively large difference between
L, and L,. Therefore, a slightly more complex expression is used that includes an
exponential coefficient, o 7, that varies with the length of the member relative to L,
and L,, as given by Equations F2-3 and F2-6.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Comm. F4.] DOUBLY SYMMETRIC I-SHAPED MEMBERS WITH NONCOMPACT WEBS 271

F3.

F4.

DOUBLY SYMMETRIC I-SHAPED MEMBERS AND CHANNELS
WITH COMPACT WEBS AND NONCOMPACT OR SLENDER
FLANGES BENT ABOUT THEIR MAJOR AXIS

Section F3 is a supplement to Section F2 for the case where the flange of the section
is either noncompact or slender. Figure C-F1.1 shows M, varies linearly between A,
and A, in this range

by /2t
03322 <o
y
addressing noncompact behavior and the curve beyond A, or greater than 0.41,
addresses slender behavior.

Compared to the equivalent section in the 2016 AISC Specification, this section was
extended to cover channels with compact webs and noncompact or slender flanges
bent about the major axis. The reason for extending this section to channels is
because several of the currently fabricated MC-shapes have flanges classified as
nonslender or slender.

The main difference between the flexural strength provisions for the limit state
of compression flange local buckling given in this section and those given in the
corresponding section of the 2016 AISC Specification for carbon steel is due to the
difference between the width-to-thickness limits of stainless steel and carbon steel
that are used to define the flange as a compact, a noncompact, or a slender element, as
shown in Figure C-F1.1. Another important difference, however, is the way in which
the flexural buckling strength of doubly symmetric I-shaped members and channels
with slender flanges is calculated. For carbon steel, the 2016 AISC Specification
specifies that the flexural strength of I-shaped beams with slender flanges has to
be determined based on the elastic local buckling stress of the compression flange,
without consideration of post-buckling capacity. In this Specification, the flexural
buckling strength of doubly symmetric I-shaped members and channels with slender
flanges is calculated based on the effective section modulus determined with the
effective width of the compression flange as given by Equation F3-3. This effective
width expression was based on the research of Gardner and Theofanous (2008).

DOUBLY SYMMETRIC I-SHAPED MEMBERS WITH NONCOMPACT
WEBS BENT ABOUT THEIR MAJOR AXIS

The provisions of Section F4 are applicable to doubly symmetric I-shaped beams
with noncompact webs. The flanges may be compact, noncompact, or slender.

Three limit states are considered in Section F4: (1) compression flange yielding;
(2) lateral-torsional buckling; and (3) compression flange local buckling. The pro-
visions for each of these limit states are based on the rules for doubly symmetric
I-shaped beams given in Sections F2 and F3, but the flexural strength is limited by
the web plastification factor, R, which accounts for the effect of inelastic local buck-
ling of the web. R, can vary from unity for doubly symmetric I-shaped beams with a
web slenderness, A = A, to as high as M,/M,, for doubly symmetric I-shaped beams
with a web slenderness, A = kpw, for which the provisions are identical to those given
in Sections F2 and F3.
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DOUBLY SYMMETRIC I-SHAPED MEMBERS WITH SLENDER
WEBS BENT ABOUT THEIR MAJOR AXIS

This section applies to doubly symmetric [-shaped beams with a slender web. As
is the case in Section F4, three limit states are considered: (a) compression flange
yielding, (b) lateral-torsional buckling, and (c) compression flange local buckling.

This Specification adopted the same approach followed in the 2016 AISC Speci-
fication to account for the reduction in the flexural strength of carbon steel [-shaped
beams with slender webs resulting from local buckling of the web. That is, local
buckling of the web is considered through the bending strength reduction factor,
Rpg. The expression used to calculate R, in this Specification was derived follow-
ing the same methodology used by Basler and Thurlimann (1963) to derive the
expression adopted in the 2016 AISC Specification. However, the expression was
slightly rearranged so that the same expression can be used for austenitic and duplex
stainless steel. The flexural strength data used as a benchmark for the derivation
of R,, was generated using the effective width expression proposed by Gardner
and Theofanous (2008) for stiffened elements with the elastic local buckling stress
calculated using a plate buckling coefficient, k = 23.9. The reduction in flexural
strength obtained using the reduction factor, R, and the effective width method
differ by less than 2% for web slenderness, A < 1.5M,,,. For larger web slendernesses,
the use of R, becomes very conservative.

Alternatively, I-shaped members with a cross-section slenderness, A; < 1.6, and an
unbraced length, L, < 0.5L,, where L, is given by Equation F2-7, can be designed
in accordance with the CSM included in Appendix 2; otherwise, the users may also
want to consider the applicability of the Specification for the Design of Cold-Formed
Stainless Steel Structural Members (ASCE, 2021), which provides additional meth-
ods for locally slender cross sections made of cold-formed stainless steel.

As opposed to the approach followed in the 2016 AISC Specification, in this Speci-
fication the critical stress, F,, for doubly symmetric I-shaped beams with a slender
web is calculated using the same expression (Equation F2-5) used to calculate F,,
for doubly symmetric I-shaped beams with a compact or noncompact web. This is to
avoid a discontinuity in the lateral-torsional buckling strength, such as the one that
results from the provisions in the 2016 AISC Specification, as the web transitions
from a noncompact to a slender element.

I-SHAPED MEMBERS AND CHANNELS BENT ABOUT THEIR
MINOR AXIS

I-shaped members and channels bent about their minor axis do not experience
lateral-torsional buckling. For I-shaped members, the only limit states to consider are
yielding and flange local buckling. For channels, the limit states to consider depend
on the direction of the minor-axis bending. If the direction of bending is such that
it results in compressive stresses in the tip of the channel flanges, the limit states
to consider are yielding and flange local buckling. If, on the other hand, bending
results in compressive stresses in the web of the channel, the limit states to consider
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are yielding and web local buckling. This distinction represents one of the main
differences with respect to the provisions given in the equivalent section of the 2016
AISC Specification, where the limit states considered are yielding and flange local
buckling irrespective of the direction of bending, and the limit state of web local
buckling is ignored.

Another difference with respect to the provisions for I-shaped members and channels
bent about the minor axis in the 2016 AISC Specification is that for the limit state of
yielding, the upper bound limit of 1.6FS, specified in the 2016 AISC Specification
on the plastic moment was not incorporated into this Specification because when
these types of members are made of stainless steel, the significant strain hardening
exhibited by the material allows for the full plastic moment to be attained before the
ultimate strain is reached at the extreme fibers of the cross section.

The limiting width-to-thickness ratios for the flanges of I-shaped members and chan-
nels given in Table B4.1b are the same for major- and minor-axis bending. This is
a simplification similar to that adopted in the 2016 AISC Specification that leads to
conservative strength predictions for the limit state of flange local buckling. However,
for channels bent about the minor axis, the local buckling strength provisions in this
Specification are less conservative than those in the 2016 AISC Specification because
they only apply to channels bent with the flange tips in compression.

For channels with noncompact webs and bent with the web in compression, web
local buckling is accounted for by assuming a linear reduction of the flexural strength
from the plastic moment when the web slenderness is equal to A, to the yield
moment when the web slenderness is equal to A,,,. This is a conservative simplifica-
tion, which, although it does not reflect the mechanical behavior of the cross section,
provides a simple means to design against web local buckling. In fact, channels with
a web slenderness equal to A, are able to develop a flexural strength larger than
the yield moment before failing due to local buckling of the web, because when the
channel reaches its yield moment strength, yielding takes place on the tension side
at the flange tip, while the stresses in the web are still below the specified minimum
yield stress. This means that channels with slender webs may still be able to reach the
yield moment, as reflected by Equation F6-5 which is applicable for channels with
slender webs that don’t exceed 1.5A,,,.

SQUARE AND RECTANGULAR HSS AND BOX SECTIONS

This section applies to square and rectangular HSS and doubly symmetric box
sections with A/b < 3 bent about either axis, having compact, noncompact, or
slender webs and flanges, as defined in Section B4.1 for flexure. The provisions for
the nominal flexural strength of these types of cross sections include the limit states
of yielding, flange local buckling, and web local buckling. No provisions are given
for design against lateral-torsional buckling because in most practical cases, rectan-
gular HSS and doubly symmetric box sections with 4/b < 3 will not be susceptible
to this limit state.
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The provisions for local buckling of noncompact HSS and box sections follow the
same format as those in the 2016 AISC Specification, with the only difference being
the limiting width-to-thickness parameters of the flange and web as given in Table
B4.1b.

For rectangular HSS and box sections with slender flanges, the nominal flexural
strength for the limit state of flange local buckling is determined from the effec-
tive section modulus calculated using the effective width of the compression flange
when the stress in the corners is at yield. This approach is the same as the one used
in the 2016 AISC Specification. However, the effective width expression used in
this Specification differs from the one used in the 2016 AISC Specification, and it is
based on the research of Gardner and Theofanous (2008).

The effective width expression given by Equation F3-3, used for the determination
of S, used in Equation F7-3, does not include the increase in strength at the corners
of rectangular HSS resulting from cold forming. Therefore, the same equation is
used to calculate the compression flange effective width of welded box sections and
cold-formed rectangular HSS. For cold-formed rectangular HSS, Equation F3-3 can
be used in conjunction with the average yield strength, F) 4., given in Section B4.3
for these types of members.

Alternatively, the effective width of cold-formed rectangular HSS can be determined
using Equation F7-4. However, if this equation is used, the effective width and the
flexural strength have to be calculated using the specified minimum yield stress, F).

Web local buckling of rectangular HSS and box sections with slender webs is
accounted for using the same approach adopted in the 2016 AISC Specification, where
the effective or elastic section modulus of the cross section, depending on whether
the compression flange is slender or not, is reduced by the bending strength reduction
factor, R). This reduction factor was developed for austenitic and duplex stainless
steel I-sections with slender webs, as explained in Section F5 of this Commentary,
and therefore, for rectangular HSS and box sections, it is calculated with a doubling
of a,, to account for two webs.

ROUND HSS

The flexural strength provisions for austenitic and duplex stainless steel round HSS
are limited to compact and noncompact cross sections.

The expression included in the 2016 AISC Specification for local buckling of non-
compact round HSS is:

0.021E
M,=|———=+F, | (C-F8-1)

D .)
7]
As the A, and A, values for round HSS in bending are practically identical for carbon

steel and stainless steel, Equation C-F8-1 is adopted for stainless steel but presented
in a slightly different format.
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Although Chapter F does not cover slender round HSS in flexure, these mem-
bers can be designed in accordance with the CSM included in Appendix 2 when
D/t <0.44E'F, (or A; £0.60).

SOLID RECTANGULAR SHAPES AND ROUNDS

The provisions in Section F9 apply to solid shapes with a round or rectangular cross
section. The prevalent limit state for such members is the attainment of the full
plastic moment, M,,. The upper bound limit of 1.6F)S, for the plastic moment of solid
rectangular shapes and rounds made of carbon steel in the 2016 AISC Specification
was removed from this Specification because solid rectangular shapes and rounds
made of stainless steel are able to develop their full plastic moment capacity before
the extreme fibers reach the ultimate strain due to the significant strain hardening
exhibited by the material.

Solid rectangular shape members where the depth is larger than the width may
also be susceptible to lateral-torsional buckling. The format of the lateral-torsional
buckling strength curve adopted in this Specification is the same as the one used in
the 2016 AISC Specification for solid rectangular shape members made of carbon
steel. However, the curve was slightly reduced, while the limiting length for which
the limit state of lateral-torsional buckling is not applicable was increased. The
adjustments to the lateral-torsional buckling curve were based on the results from
numerical simulations on solid rectangular shape members made of austenitic and
duplex stainless steel, and they reflect the effect of larger material nonlinearity and
strain hardening in stainless steel compared to carbon steel.

OTHER SHAPES

The provisions in this section apply to all shapes without slender elements that are
not covered in the other sections of Chapter F with the exception of single angles.

The provisions in this section are more restrictive than those encountered in the
other sections of Chapter F. The flexural strength is limited to the yield moment, as
opposed to the plastic moment. The lateral-torsional buckling strength is determined
using the same curve given in Section F2 for doubly symmetric I-shaped members
and channels made of austenitic alloys, which is lower than that for duplex alloys.
The only difference is that no expression is given for determining the critical stress,
F., due to the impossibility of developing a single and simple expression that is
applicable to a member with arbitrary shape. Instead, in order to determine the
flexural strength for the limit state of lateral-torsional buckling, the design engineer
needs to resort to principles of structural mechanics, textbooks, or handbooks, such
as the SSRC Guide (Ziemian, 2010), papers in journals, or finite element analyses to
determine F, and then back-calculate Ly and L,.
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F11. PROPORTIONS OF BEAMS AND GIRDERS

Compared to the 2016 AISC Specification, this Specification does not give propor-
tioning limits for I-shaped members. The proportioning limits given in the 2016
AISC Specification are not based on strength, and the provisions given in this Speci-
fication provide reliable strength predictions without adopting these limits. Therefore,
given the higher cost of stainless steel and its unique applications it was deemed
unnecessary to restrict its proportions to those commonly used in carbon steel build-
ing construction.

In addition, this Specification does not give provisions for cover plates or unbraced
length for moment redistribution.

Strength Reductions for Members with Holes in the Tension Flange

The provisions for proportions of rolled beams and girders with holes in the tension
flange are almost identical to those included in the 2016 AISC Specification, and they
are based on research from Dexter and Altstadt (2004) and Yuan et al. (2004) that
indicates that the flexural strength of the net section can be predicted by comparison
of the quantities F'yAg, and F,As,. The only difference between the stainless steel and
carbon steel provisions is that the parameter Y;, which is used in the 2016 AISC
Specification to account for the difference between F, and F,, was set to 1.0 in this
Specification because the ratio of Fy to F, is less than 0.8 for any type of stainless
steel.

The resistance factor and safety factor used throughout this chapter, ¢ = 0.90 and
Q = 1.67, are those normally applied for the limit state of yielding. In the case of
rupture of the tension flange due to the presence of holes, the provisions of this chap-
ter continue to apply the same resistance and safety factors.
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CHAPTER G

DESIGN OF MEMBERS FOR SHEAR AND TORSION

Compared to the 2016 AISC Specification, this Specification does not include provisions for
determining the shear strength of single angles due to the lack of research and test data for
these types of members. In addition to that, the provisions for members subject to torsion
only, which in the 2016 AISC Specification are included in the same chapter dealing with
members subject to combined loading, were moved to this chapter as it was considered that
torsion is more akin to shear.

G1.

G2.

GENERAL PROVISIONS

The resistance factors used with the provisions of this chapter were obtained from
a reliability analysis carried out by Chen et al. (2020a) based on test data reported
by Unosson and Olsson (2003), Real et al. (2007), Estrada et al. (2007), Chen et al.
(2018), Estrada et al. (2008), and Saliba and Gardner (2013) on austenitic and duplex
stainless steel welded I-shaped members subject to shear buckling of the web. The
resistance factors obtained for austenitic and duplex stainless steel I-shaped mem-
bers were larger than 1.019 when tension field action is not taken into account in
the shear buckling resistance, while they were larger than 0.962 when tension field
action is considered. However, in order to maintain consistency with the 2016 AISC
Specification, a resistance factor of 0.90 was adopted for both cases.

Because there are no experimental data available for the members covered in Section
G3 and Section G35, a resistance factor of 0.90 was adopted in combination with a
more conservative shear buckling curve composed of three segments.

I-SHAPED MEMBERS AND CHANNELS SUBJECT TO
MAJOR-AXIS SHEAR

Shear Strength of Webs without Tension Field Action

Section G2.1 applies to I-shaped members and channels with unstiffened webs,
I-shaped members and channels with transverse stiffeners spaced wider than 3h,
and end panels of I-shaped members and channels with transverse stiffeners spaced
closer than 3A. The provisions in this section apply when post-buckling strength
develops due to web stress redistribution but classical tension field action is not
developed. They may be conservatively applied where it is desired to not use the
tension field action enhancement for convenience in design.

The nominal shear strength of a web is defined by Equation G2-1 as a product of
the shear yield force, 0.6F}A,,, and the shear post-buckling strength reduction fac-
tor, Cy (referred to as the web shear strength coefficient in the Specification). This
Specification follows the same philosophy adopted in the 2016 AISC Specification
to calculate the shear strength of a web when tension field action is not considered.
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However, the equations for determining the shear post-buckling strength reduc-
tion factor, C,j, given in the 2016 AISC Specification were modified based on the
research from Chen et al. (2020a) to account for the larger material nonlinearity and
strain hardening exhibited by stainless steel in comparison to carbon steel.

Webs of austenitic and duplex stainless steel I-shaped members and channels with
low slenderness are able to reach a shear strength that is larger than the yield stress,
0.6F), due to the development of strain hardening. This is accounted for in this
Specification by allowing the C,; coefficient to reach values larger than 1.0, for
A <0.85,/k,E/F,, as given by Equations G2-2 and G2-3. For intermediate slender-
ness, the provisions in the 2016 AISC Specification for calculating the shear strength
of web panels without consideration of tension field action overestimate the shear
strength of stainless steel web panels due to the pronounced material nonlinearity
exhibited by stainless steel. For webs with high slenderness, on the other hand, the
provisions in the 2016 AISC Specification are relatively conservative when com-
pared against experimental data on stainless steel I-shaped members failing by shear
buckling of the web (Chen et al., 2020a). To account for this, Equation G2-3 in this
Specification predicts shear strengths lower than those given by the provisions in the
2016 AISC Specification for web slenderness, A, ranging between 0.85,/k,E/F, and
1.71,/k,E/ Fy, while for higher slenderness the shear strengths predicted by Equation
G2-3 are slightly larger.

The provisions for calculating the web plate shear buckling coefficient, &, for panels
subject to pure shear, with and without transverse stiffeners, are the same as those
included in the 2016 AISC Specification.

Shear Strength of Interior Web Panels with a/h <3 Considering
Tension Field Action

Section G2.2 applies to interior panels of I-shaped members and channels with stiff-
eners spaced at 34 or smaller.

This Specification adopted the same approach used in the 2016 AISC Specification to
account for tension field action. Basler’s equation, which is used to account for full
tension field action in doubly and singly symmetric I-shaped members and channels
with 2Aw/(AfC + Af,) <25, h/by. £6.0, and h/by <6.0 is given by Equation G2-6,
while for beams that do not meet these geometrical requirements, Equation G2-7
gives an expression based on partial tension field action. The only difference between
the provisions in this Specification and those given in the 2016 AISC Specification
for calculating the shear strength of web panels considering tension field action
is that the web shear buckling coefficient, C,,, was modified to take into account
the strain hardening and material nonlinearity of stainless steel alloys based on the
expressions given by Real et al. (2007) and later modified by Chen et al. (2020a).

The expressions for Cy; are divided into four zones (Figure C-G2.1), according to
different buckling stress levels. Zone 1 corresponds to the case in which the yield
strength is attained in the web panel before the occurrence of shear buckling, and
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Cy2 > 1.0 due to the beneficial effect of strain hardening. In Zone 2, the critical shear
buckling stress is heavily influenced by the material nonlinearity, which leads to a
noticeable strength reduction. In this zone, the expression for calculating C,, was
derived iteratively using the plasticity reduction factor, N1=4/G,/G, where G; is the
tangent shear modulus and G is the initial shear modulus. In Zone 3, the shear buck-
ling stress is somewhat influenced by the material nonlinearity, but its effect is not
as marked as in Zone 2. The expression for Cy; in this zone was derived by fitting
the points in the upper and lower limits while keeping the same slope at the lower
limit with the expression for C,, in Zone 4. In Zone 4, the shear buckling stress is
rather low and is not influenced by the material nonlinearity, and the expression for
C\» coincides with the critical elastic shear buckling stress.

3. Transverse Stiffeners

Transverse stiffeners in I-girders designed for shear post-buckling strength, includ-
ing tension field action, are loaded predominantly in bending due to the restraint they
provide to lateral deflection of the web.

The requirements on the flexural rigidity the transverse stiffeners must provide in
order to prevent lateral deflection of the web due to shear buckling are the same
as those prescribed in the 2016 AISC Specification. However, the limiting slender-
ness requirement to avoid local buckling of the stiffener was reduced to reflect the
detrimental effect of the increased nonlinearity of stainless steel compared to carbon

steel.
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Fig. C-G2.1. Stress zones.
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RECTANGULAR HSS AND BOX SECTIONS SUBJECT TO SHEAR

The provisions in this Specification for calculating the shear strength of austen-
itic and duplex stainless steel rectangular HSS and box sections follow the same
approach used in the 2016 AISC Specification, where the shear strength is calculated
using the web shear buckling coefficient, C,», given in Section G2.2, and the web
plate shear buckling coefficient, k, = 5. These provisions can be expected to result in
conservative estimations of the shear resistance of the webs of HSS and box sections
as they do not account for shear post-buckling strength.

ROUND HSS SUBJECT TO SHEAR

The provisions for austenitic and duplex stainless steel round HSS subject to
shear were derived based on the design methodology followed by the 2016 AISC
Specification and taking into account the recommendation of Gerard (1957) to
account for the gradually yielding stress-strain response of stainless steel alloys.

Little information is available on round HSS subjected to transverse shear.
Therefore, the provisions in the 2016 AISC Specification are based on local buck-
ling of cylinders due to torsion. However, since torsion is generally constant along
the member length and transverse shear usually has a gradient, the critical stress for
transverse shear is taken as 1.3 times the critical stress for torsion (Brockenbrough
and Johnston, 1981; Ziemian, 2010). The torsion equations apply over the full length
of the member, but for transverse shear it is reasonable to use the length between the
points of maximum and zero shear force.

The 2016 AISC Specification stipulates that the shear buckling strength of a round
HSS subject to shear should be taken as the larger of the elastic shear buckling stress
computed for a round HSS with intermediate length [100< Z < 19.2(1 - vz)(D/ t)z]
and long length [Z > 19.2(1— v2)(D/ t)z]. The parameter Z, which is used to distin-
guish between round HSS of medium and long lengths, is given by:

2
Z= 2[%) (?)\/1 —v? (C-G4-1)

where v is Poisson’s ratio, D is the diameter of the cross section, ¢ is the thickness, and
L, is the portion of the member length subject to shear. For round HSS with medium
and long lengths, the critical elastic shear buckling stresses, F,, included in the 2016
AISC Specification are given by Equations C-G4-2 and C-G4-3, respectively:

F., = LES (C-G4-2)
20
D\t
F, = OT8E (©G43)
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For materials that experience gradual yielding, such as stainless steel, Gerard (1957)
showed that the shear buckling stress in the inelastic range can be obtained by replac-
ing the modulus of elasticity, E, in Equations C-G4-2 and C-G4-3 by the secant
modulus at a stress, f, equal to 2F,.

In order to avoid the iterations associated with the use of the secant modulus, the
equations for determining the shear buckling strength coefficients for austenitic and
duplex stainless steel round HSS of medium length, C,y, and long lengths, C,;, are
based on the initial modulus of elasticity. The expressions for determining these
coefficients were developed by generating shear strength predictions using the itera-
tive approach suggested by Gerard (1957) and using these predictions as benchmarks
for fitting these expressions. Data points were generated for round HSS of medium
and long lengths and covering cross sections with a wide range of D/f ratios. The
generated data included round HSS made of austenitic stainless steel alloys S30400/
S30403 and S31600/S31603 and duplex stainless steel alloys S32101, S32202,
S$32205, and S32304, which constitute the most commonly used stainless steel alloys
for structural applications.

By defining the shear buckling slenderness, A, of round HSS of medium and long

length as:
0.6F
Ay = ot (C-G4-4)
Fs,el

where F; . is the elastic shear buckling stress given by Equation C-G4-2 for round
HSS of medium lengths and Equation C-G4-3 for round HSS of long lengths, the
shear strength coefficient for stainless steel round HSS of medium and long lengths
can be written as follows.

When A, <0.30
Comy=Cypr=10 (C-G4-5)
When 0.30 < A, < 1.60
Coy=Cyr=1.14-047\; (C-G4-6)
When A, > 1.60
Cm=Cy= 10 (C-G4-7)
As

Equations C-G4-2 to C-G4-7 are an alternative way of presenting the provisions in
Section G4 given by Equations G4-4 to G4-9.

Figure C-G4.1 shows the relationship between the shear strength coefficients for
austenitic and duplex round HSS of medium and long lengths and the shear buckling
slenderness, A, and compares them against the corresponding shear strength coef-
ficient for carbon steel. For high shear slenderness (As; > 1.60), the shear buckling
response of austenitic and duplex stainless steel round HSS is considered to be
elastic, and the shear buckling strength given in this Specification coincides with the
one given in the 2016 AISC Specification for carbon steel. However, for intermedi-
ate slenderness (0.30 < A; < 1.60), due to the loss of stiffness exhibited by stainless
steel as the critical shear stress approaches the yield stress, the provisions in this
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Specification predict shear buckling strengths that are significantly lower than those
for carbon steel. When the shear buckling slenderness of austenitic and duplex round
HSS is less than 0.3, the shear strength is considered to be governed by shear yield-
ing, and the shear strength coefficients given in this Specification are equal to 1.0.

Given that the shear buckling strength of austenitic and duplex stainless steel
round HSS of medium and long lengths can be determined using the same strength
curve (given by Equations C-G4-4 to C-G4-7), by comparing the shear buckling
slenderness for round HSS of medium and long lengths, it can be found that when
L, /DS4.21\/D_/I , the shear strength is governed by C,ys; otherwise, the shear
strength is governed by C,;.

In the equation for the nominal shear strength, V,, it is assumed that the shear stress
at the neutral axis, VQ/IDb, is at 0.6F,C,. For a thin round section with radius R and
thickness ¢, I = D>, 0= 2R%, and b = 2¢. This gives the stress at the centroid as
VImRt, in which the denominator is recognized as half the area of the round HSS.

DOUBLY SYMMETRIC I-SHAPED MEMBERS AND CHANNELS
SUBJECT TO MINOR-AXIS SHEAR

The provisions of this Specification for calculating the weak-axis shear strength of
I-shaped member and channel flanges follow the same approach used in the 2016
AISC Specification, where the shear strength is conservatively calculated using the
web shear buckling coefficient, C,y, given in Section G2.2, which does not account for
shear post-buckling strength, and the plate buckling coefficient, k, = 1.2, to account
for the presence of a free edge.

—— Stainless steel (SS)

1 — ~ Carbon steel (CS)

0.4 -

Elastic buckling (CS)
Inelastic buckling (SS)

Shear Strength Coefficient

0 i
0 0.3 1.0 1.6
Shear Elastic
yielding (SS) buckling (SS)

Shear Buckling Slenderness, As

Fig. C-G4.1. Shear buckling coefficients for austenitic and duplex stainless steel, and
carbon steel round HSS of medium and long lengths subject to transverse shear.
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G6.

G7.

GS8.

OTHER SINGLY OR DOUBLY SYMMETRIC SHAPES
SUBJECT TO SHEAR

This Specification follows the same approach used in the 2016 AISC Specification
to calculate the shear strength of singly or doubly symmetric shapes that are not
covered by the other sections of Chapter G.

The shear strength of the section is determined by adding the contribution from each
element resisting the shear force. Post-buckling strength from Section G2.1 is not
included due to lack of experimental verification.

BEAMS AND GIRDERS WITH WEB OPENINGS
SUBJECT TO SHEAR

This Specification adopted the same requirements included in the 2016 AISC Speci-
fication to account for the effect of web openings on the shear strength of beams and
girders.

ROUND AND RECTANGULAR HSS AND BOX SECTIONS
SUBJECT TO TORSION

The provisions for austenitic and duplex stainless steel HSS and box sections subject
to torsion were derived based on the torsion strength provisions given in the 2016
AISC Specification for carbon steel HSS and box sections, and following the same
approach used to derive the shear strength provisions for austenitic and duplex stain-
less steel round HSS given in Section G4 and rectangular HSS and box sections
given in Section G3.

The pure torsional shear stress in HSS and box sections is assumed to be uniformly
distributed along the wall of the cross section, and it is equal to the torsional moment
divided by a torsional constant for the cross section, C. In a limit state format, the
nominal torsional resisting moment is the shear constant times the critical shear
stress, which can be written as 0.6C,F).

For round HSS, the torsional constant is equal to the polar moment of inertia divided
by the radius, as given in the equation for C in the User Note of Section G8.

For rectangular HSS, the torsional constant is obtained as 2¢A, using the membrane
analogy (Timoshenko, 1956), where A, is the area bounded by the midline of the sec-
tion. An outside corner radius of 2, and a midline radius of 1.5¢ are assumed, and

A, =(B-t)(H -1)-9¢* @ (C-G8-1)

resulting in the equation for C in the User Note of Section G8.
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Round HSS

The shear buckling strength coefficients, C,)s and C,, for austenitic and duplex stain-
less steel round HSS subject to torsion were derived following the same approach
used to derive the shear buckling coefficients for round HSS subject to transverse
shear. That is, they are based on torsional strength data generated by computing
the critical elastic buckling strength using the equations given in the 2016 AISC
Specification for round HSS of medium (Equation C-G8-2) and long (Equation
C-G8-3) lengths, but replacing the initial modulus of elasticity with the secant modu-
lus calculated at a stress, f, equal to 2F, in order to account for the gradual yielding
of stainless steels (Gerard, 1957). Equation C-G8-2 is given in Schilling (1965) and
includes a 15% reduction to account for initial imperfections. Equation C-G8-3 is
based on the expression by Timoshenko and Gere (1961) but is reduced by 15%, as
recommended in the 2016 AISC Specification, to account for initial imperfections.

. 1.23E7 ©G82)
L(DY+#
D\t
F,=-20F (C-G8-3)

Rectangular HSS and Box Sections

The provisions for determining the shear buckling strength coefficient, C,, for rectan-
gular HSS and box sections subject to torsion are identical to those given in Section
G2.2 to calculate Cy, with the shear buckling coefficient equal to &, = 5.0. The shear
distribution due to torsion is uniform in the longest sides of a rectangular HSS, and
this is the same distribution that is assumed to exist in the web of an I-shape beam.
Therefore, it is reasonable that the provisions for buckling are the same in both cases.

DOUBLY SYMMETRIC I-SHAPED MEMBERS AND
CHANNELS SUBJECT TO TORSION

This Specification adopted the same provisions given in the 2016 AISC Specification
to calculate the torsion strength for doubly symmetric I-shaped members and channels.
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CHAPTERH

DESIGN OF MEMBERS FOR
COMBINED FORCES

Chapters D, E, F, and G of this Specification address austenitic and duplex stainless steel
members subject to only one type of force: axial tension, axial compression, flexure, and
shear and torsion, respectively, or to multiple forces that can be treated as only one type of
force. This chapter addresses members subject to a combination of two or more individual
forces.

The provisions of this chapter for the design of members subject to combined loading are
the same as those included in the 2016 AISC Specification for doubly and singly symmetric
members subject to combined loading. The provisions for members subject to combined
flexure and axial force were compared against test results on round HSS and I-shaped mem-
bers reported in the SCI Commentary to the Design Manual for Structural Stainless Steel
(Baddoo, 2018) and test results on rectangular HSS reported in Young and Hartono (2002).
The test results lie above the interaction curve in all cases. A resistance factor larger than
0.90 was calculated for austenitic stainless steel. However, in order to maintain consistency
with the 2016 AISC Specification, a resistance factor of 0.90 was adopted. No data were
available for duplex stainless steel; therefore, a resistance factor of 0.90 is assumed, based
upon the results for austenitic stainless steel.

Recent investigations into the interaction between induced shear stress and flexural stress
within stainless steel plate girders under lateral load indicate this interaction is sufficiently
insignificant as to be safely neglected for most practical design considerations (Chen et al.,
2020b). While some amount of interaction is present under low stress scenarios, plastic
mechanisms occurring under ultimate limit state conditions have been found to be largely
insensitive to this interaction.

The continuous strength method (CSM), included in Appendix 2, provides an alternative,
less conservative method for determining the strength of laterally restrained I-shaped, HSS,
and box-section members subject to compression and flexure about one or both axes, when
the requirements given in Appendix 2, Table A-2.1.1, are met.

H1. DOUBLY SYMMETRIC I-SHAPED MEMBERS, CHANNELS, HSS,
AND BOX SECTIONS SUBJECT TO FLEXURE AND AXIAL FORCE

1. Doubly Symmetric I-Shaped Members, Channels, HSS, and
Box Sections Subject to Flexure and Compression

This section contains design provisions for doubly symmetric I-shaped members,
channels, and HSS under combined flexure and compression and under combined
flexure and tension.
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DOUBLY SYMMETRIC I-SHAPED MEMBERS, CHANNELS, HSS [Comm. HI.

The normalized equations corresponding to a beam-column are as follows:

P, M P
BLAM: g fisgn (C-HI-1)
P oM, P
P, M, P,
T+ L =1 forL<02 (C-H1-2)
2R M, P

The interaction equations in this section (Equations H1-1a and H1-1b) are designed
to be very versatile. The terms in the denominator fix the endpoints of the interaction
curve. The available flexural strength, M., is determined by the appropriate provi-
sions from Chapter F. It encompasses the limit states of yielding, lateral-torsional
buckling, flange local buckling, and web local buckling.

The axial term, P, is governed by the provisions of Chapter E, and it can accommo-
date nonslender or slender-element columns, as well as the limit states of major- and
minor-axis flexural buckling, and torsional and flexural-torsional buckling.

The utility of the interaction equations is further enhanced by the fact that they also
permit the consideration of biaxial bending without the presence of axial load.

Doubly Symmetric I-Shaped Members, Channels, HSS, and
Box Sections Subject to Flexure and Tension

Section HI1.1 considers the most frequently occurring cases in design: members
under flexure and axial compression. Section H1.2 addresses the less frequent cases
of flexure and axial tension. Since axial tension increases the bending stiffness of
the member to some extent, Section H1.2 permits the increase of Cj in Chapter F.
Thus, when the bending term is controlled by lateral-torsional buckling, the moment
gradient factor, Cp, is increased by:

DOUBLY SYMMETRIC I-SHAPED MEMBERS, CHANNELS,
HSS, AND BOX SECTIONS SUBJECT TO COMBINED TORSION,
FLEXURE, SHEAR, AND/OR AXIAL FORCE

HSS and Box Sections Subject to Combined Torsion, Shear,
Flexure, and Axial Force

The interaction equation for austenitic and duplex HSS is the same as the one used in
the 2016 AISC Specification. In this interaction equation, normal effects due to flex-
ural and axial load effects are combined linearly and then combined with the square
of the linear combination of flexural and torsional shear effects. When an axial
compressive load effect is present, the required flexural strength is to be determined
by second-order analysis. When normal effects due to flexural and axial load effects
are not present, the square of the linear combination of flexural and torsional shear
effects underestimates the actual interaction. A more accurate measure is obtained
without squaring this combination.
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2.

H3.

Doubly Symmetric I-Shaped Members and Channels Subject to
Combined Stress

The required stresses are determined by elastic stress analysis based on established
theories of structural mechanics. The three limit states to consider and the corre-
sponding available stresses are:

(a) Yielding under normal stress—F',
(b) Yielding under shear stress—0.6F),
(c) Buckling—F,,

In most cases, it is sufficient to consider normal stresses and shear stresses separately
because maximum values rarely occur in the same place in the cross section or at the
same place in the span.

The provisions in this section allow constrained local yielding to take place adjacent
to areas that remain elastic without constituting failure of the member.

RUPTURE OF FLANGES WITH HOLES SUBJECT TO TENSION

Equation H3-1 is provided to evaluate the limit state of tensile rupture of the flanges
of beam-columns. This provision is only applicable in cases where there are one or
more bolt holes in the flange in net tension under the combined effect of flexure and
axial forces. When both the axial and flexural stresses are tensile, their effects are
additive. When the stresses are of opposite sign, the tensile effect is reduced by the
compression effect.
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CHAPTER |
DESIGN OF COMPOSITE MEMBERS

Steel-concrete composite construction is very popular owing to the efficient use of the two
constituent materials. There are examples of structures made from concrete-filled hollow
stainless steel sections and also stainless steel composite bridges, where the stainless steel
beam is connected to the concrete slab through steel headed stud anchors. However, to date,
no international design standard gives design rules for stainless steel-concrete composite
design, although this is likely to change in the next 10 years.

There has been a fair amount of research into the behavior of stainless steel-concrete com-
posite columns over the last 15 years (e.g., Ellobody and Young, 2006; Lam and Gardner,
2008; Uy et al., 2011; Tao et al., 2011; Liao et al., 2017; and Han et al., 2019). The behavior
of stainless steel-concrete composite beams has been studied numerically and analytically
(Shamass and Cashell, 2019), although there are no tests currently available in the literature.
Composite joints have also been studied (Song at al., 2019).

In principle, the same methods given in Chapter I of the 2016 AISC Specification for car-
bon steel composite construction will apply to stainless steel, although some adjustments
to coefficients will be required to provide strain compatibility arising from the nonlinear
stress-strain characteristics of stainless steel.

The issue of shear connection is paramount for all composite construction, and it is recom-
mended to use welded stainless steel headed stud anchors to maintain the corrosion resistance
throughout the entire system. The studs should be made from cold-drawn bar stock con-
forming to ASTM A493 (ASTM, 2016¢c) or ASTM A276/A276M (ASTM, 2017a). AWS
D1.6/D1.6M (AWS, 2017) covers stud welding:

(1) Stainless steel studs to stainless steel base metal

(2) Stainless steel studs to carbon steel base metal

(3) Carbon steel studs to stainless steel base metal

Consideration should be given to the impact of any loss of stiffness of the headed stud anchor
(resulting from the nonlinear stress-strain characteristics of stainless steel) on the beam or

column and connection behavior. The loss of stiffness will be greater for composite slabs
with trapezoidal decking compared to plain concrete slabs (typically used for bridges).
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CHAPTER J
DESIGN OF CONNECTIONS

The provisions of Chapter J cover the design of connections not subject to cyclic loads. Wind
and other environmental loads are generally not considered to be cyclic loads. The provisions
generally apply to connections other than HSS and box sections. See Chapter K for provi-
sions specific to HSS and box-section connections and Appendix 3 for fatigue provisions.

J1.

GENERAL PROVISIONS

The provisions in this section were adopted without modification from the 2016
AISC Specification, except as detailed in this Commentary.

Splices in Heavy Sections

For the reasons listed in Commentary Section J2, careful joint fit-up, preparation, joint
location, and weld sequence are critical for minimizing distortion. Strong fixtures and
tooling are needed to prevent movement during welding, which is a particular concern
with austenitic stainless steels. Many small beads will cause greater distortion than a
few heavy beads.

When inert gas shielding is used, the tooling should also provide an inert gas backup
at the root of the weld to prevent oxidation when the root pass is being made. While
the shielding gas is usually argon, helium or mixtures of argon and helium are used
for heavy sections.

Due to the differences between carbon and stainless steels, the volume of weld metal
in joints must be limited to the smallest size that will provide the necessary proper-
ties. In thick plate, a “U” groove gives a smaller weld volume than a “V” groove and
should be considered. If it is possible to weld from both sides of a joint, a double “U”
or “V” groove joint preparation should be used. This not only reduces the volume of
weld metal required but also helps to balance the shrinkage stresses.

If copper chills (a type of heat sink to accelerate cooling near welds) are to be used
near a weld area, they should be nickel plated to prevent copper pickup. If copper is
in contact with the high-temperature region of the heat affected zone, it can melt and
penetrate the grain boundaries of austenitic stainless steel, causing cracking.

AWS D1.6/1.6M, clause 7 (AWS, 2017), requires that all shop welded splices in
each component be made prior to welding component parts to other component parts
of the member. When making subassembly parts in the shop or field, the welding
sequence is required to be reasonably balanced between the web and flange welds as
well as about the major and minor axes of the member. The drawings are required
to show the procedures and welding sequences to minimize distortion and shrinkage
stresses. AWS D1.6/D1.6M, clause 4, Part C, defines the requirements, limitations,
and prohibitions for splices.
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J2.

GENERAL PROVISIONS [Comm. J1.

The interior portions of heavy plates may contain a coarser grain structure and/or
lower notch toughness than other areas of these products. The toughness of stainless
steel is superior to that of carbon steel, particularly for the austenitic stainless steels.

The provisions of AWS D1.6/D1.6M are minimum requirements that apply to most
structural welding situations. Guidance specific to the higher alloyed austenitic stain-
less steels and any of the duplex stainless steels should be obtained from the stainless
steel mill. For some alloys, there will be plate thickness restrictions for heavy welded
sections; specifically, the maximum duplex plate thickness that can be welded is
typically 2 in. (50 mm).

Note that while AWS D1.6/D1.6M provides prequalified weld procedure specifica-
tions (PWPS) for standard austenitic stainless steels, these do not exist for duplex
or high alloy stainless steels, and the fabricator must create their own welding
procedure specification (WPS) for various thickness ranges when using these
materials. It is also necessary to establish a procedure qualification record (PQR)
for various thickness ranges when using these materials. Additional welding time
and budget (when compared to austenitic stainless steels) is required when using
these materials.

Beam Copes and Weld Access Holes

The provisions given in the Specification are taken from AWS D1.6/AWS D1.6M,
clauses 7.15,7.4.7.1, 7.4.7.2, and Figure 7.1.

Where practical, reentrant corner or cut materials should be formed to provide a
gradual transition with a minimum radius of 1 in. (25 mm) (AWS D1.6/D1.6M,
clause 7.4.7.2). The reentrant corner may be formed by mechanical or thermal cutting,
followed by grinding, if necessary, to meet the surface requirements of AWS D1.6/
D1.6M, clause 7.4.5.

If dimensions of the part allow, the weld access hole should have a radius not less
than 3 in. (10 mm).

Weld backing, if used, should comply with AWS D1.6/D1.6M, clause 7.9, and Table
7.1.

WELDS

The AWS D1.6/D1.6M code contains the welding requirements for the fabrication,
assembly, and erection of welded structures and weldments subject to design stress,
where at least one of the materials being joined is stainless steel. It is intended for
use with base metals with a minimum thickness of Y16 in. (2 mm). The structural
sections used in the welded structures covered by AWS D1.6/D1.6M are produced to
the requirements of ASTM material or product specifications (see Section A3) with
the exception of open welded sections made by methods other than laser or laser
hybrid welding, where additional specification is needed by the engineer and, where
necessary, testing (see Table A3.1).
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AWS D1.6/D1.6M still references ASTM A167 (ASTM, 2009) even though this
standard was withdrawn by ASTM some time ago. The correct specification is ASTM
A240/A240M (ASTM, 2020f) (the relevant structural alloys had been removed from
ASTM A167 well before it was withdrawn).

There are significant differences between welding stainless and carbon steels. Weld-
ing should only be done by stainless steel welders with current certification for the
alloy and weld procedure. Furthermore, the significant differences between each
stainless steel alloy family must be considered as well as any special considerations
that might exist for a specific alloy.

The linear thermal expansion for austenitic stainless steels is approximately 30%
higher than for carbon steels, and the thermal conductivity is about one-third that
of carbon steel, so heat is conducted away from the weld zone more slowly. Both
factors make shrinkage stresses greater, and both thin and thick plates deform
easily. Therefore, control of distortion must be carefully considered when designing
austenitic stainless steel welds. AWS D1.6/D1.6M requires careful sequencing of
welds and procedures to limit distortion and drawings when weld distortion is of
particular concern. In comparison, the thermal expansion of duplex stainless steels is
only slightly higher than that of carbon steels, and the thermal conductivity is about
half that of carbon steels so the heat is conducted away from the weld zone more
slowly than for carbon steels. Because of these differences, special care is required
for dissimilar metal welds between stainless and carbon steels.

Further information regarding the precautions to take when welding stainless steel is
included in Section M2.6. Particular information on the welding of duplex stainless
steel can be found in Practical Guidelines for the Fabrication of Duplex Stainless
Steels (IMOA, 2014).

Although they are regularly welded, AWS D1.6/D1.6M does not have PWPS for
all of the highly alloyed austenitic stainless steels or the duplex stainless steels,
but Annex G provides nonmandatory guidelines for WPS qualification for these
alloys. Annex G also provides guidance on welding of precipitation hardening stain-
less steels. Specific welding advice can be obtained from a stainless steel mill that
produces the alloy or from a stainless steel welding products supplier. AWS D1.6/
D1.6M, clause 5, provides the requirements for the generation and application of
PWPS which are exempt from qualification by testing in accordance with clause 6.
Otherwise, clause 6 provides the requirements for qualification of welding proce-
dures and personnel.

Groove Welds

Effective Area

Table J2.1 gives the same provisions as Table J2.1 in the 2016 AISC Specification.
Table J2.2 is taken from AWS D1.6/D1.6M.
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Partial-joint-penetration (PJP) groove welds joining the end of a hollow structural
section (HSS) to a plate surface approximately perpendicular to the axis of the HSS,
such as a base plate or cap plate, can be designed in the same manner as a non-HSS
PJP weld. The effective throat is the shortest distance from the surface of the weld to
the weld root. The weld root may not be at the joint root as this distance is dependent
on the included angle, welding process, and welding position.

For PJP welds connecting two or more square or round HSS, see Chapter K and
AWS D1.6/D1.6M, Figure 5.5.

Limitations

The provisions were adopted from the 2016 AISC Specification.

Fillet Welds

Effective Area
The provisions were adopted from the 2016 AISC Specification.

For skewed T-joints, the effective throat of a fillet weld is generally equal to the min-
imum thickness of the weld metal. When the skew angle is between 60° and 135°,
this is the shortest distance from the surface to the joint root. When the skew angle
is less than 60° but greater than 30°, the effective throat is reduced because of the
inability to place filler metal at the back of the weld. See AWS D1.6/D1.6M, Annex
B, for determining the effective throat. There are no prequalified fillet welds with a
skew angle less than or equal to 30°, and welders need to qualify to weld joints with
angles less than 30°. Frequently, welds with angles less than 30° are not included in
the calculated strength of the connection.

The effective throat of a fillet weld does not include the weld reinforcement or any
penetration beyond the weld root. Some welding procedures produce a consistent
penetration beyond the root of the weld. This penetration contributes to the strength
of the weld. However, it is necessary to demonstrate that the weld procedure to be
used produces this increased penetration. In practice, this can be done initially by
cross-sectioning the runoff tabs of the joint. Once this is done, no further testing is
required, as long as the welding procedure is not changed.

Limitations

Table J2.4 gives the minimum size of fillet welds and is taken from the 2016 AISC
Specification and considered to be applicable to stainless steel also. Anything less
than a Y%-in. (6-mm) leg fillet weld is difficult for a welder to achieve, although it is
achievable with an automatic welding process.

The provisions for calculating the effective lengths of fillet welds are taken from the
2016 AISC Specification. There are no data for long stainless steel welds, but it is
considered that the rules developed for carbon steel welds are applicable.
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Plug and Slot Welds

Effective Area

The provisions were adopted from the 2016 AISC Specification.

Limitations

The provisions were adopted from the 2016 AISC Specification.

Strength

Similar to carbon steel welded joints, the strength of stainless steel welded joints
is governed by the strength of either the base material or the deposited weld metal.
Table J2.5 provides the nominal weld strengths and the ¢ and Q factors for each
weld type.

The provisions in this Specification for calculating the strength of groove, fillet, plug,
and slot welded joints are the same as those included in the 2016 AISC Specification
for carbon steel welded joints. However, the matching strength requirements for the
filler metal given in the 2016 AISC Specification for CJP groove welded joints are
not included in this Specification. This is because in contrast to carbon steel welds,
where the filler metal is selected on the basis of its strength, for stainless steel welds
the selection of the filler metal is predominantly based on metallurgical criteria.
Although for prequalified austenitic welds, AWS D1.6/D1.6M requires the filler
metal to have a strength that equals or exceeds the corresponding specified minimum
base metal strength; for duplex welds or any other nonprequalified weld, there is
no matching strength requirement imposed on the filler metal. For this reason, this
Specification requires the strength of the weld metal to be evaluated when determin-
ing the strength of CJP welded joints. However, since the strength of the weld metal is
based on the filler metal ultimate strength, Fgxy, and for CJP groove welded joints
the strength of the base metal is given by the specified minimum yield strength, F\,
the strength of this type of welded joint will rarely be governed by the strength of the
filler metal.

The resistance factors, ¢, and the safety factors, Q, given in Table J2.5 to determine
the available strength of austenitic and duplex stainless steel welded joints are the
same as those given in Table J2.5 of the 2016 AISC Specification for carbon steel
welds, and less onerous than those recommended in the first edition of AISC Design
Guide 27 (Baddoo, 2013), which were derived based on the limited amount of data
on stainless steel welded joints available at the time of publication. The applicability
of the resistance and safety factors adopted in this Specification for austenitic and
duplex stainless steel welds was assessed based on the results from a reliability anal-
ysis carried out by Meza and Baddoo (2020) on austenitic and duplex stainless steel
fillet welded joint specimens, and extrapolated to the other types of welded joints.
The experimental data used in the reliability analysis were collected from research
carried out by Lee et al. (2017), Yang et al. (2019), and Fortan et al. (2020) on fillet
welded joint specimens tested with the load applied parallel or perpendicular to the
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weld axis. The nominal strength of the fillet welded joint specimens, R, was deter-
mined using Equation J2-5, which takes into account the angle between the line of
action of the load and the longitudinal axis of the weld, 8. The data on stainless
steel welded joints were divided into four groups with reference to the alloy family
(austenitic or duplex) and the direction of the load with respect to the weld axis
(parallel or perpendicular to the weld axis). The results from this reliability analysis
showed that using a resistance factor, ¢ = 0.75, and safety factor, Q = 2.00, for aus-
tenitic and duplex fillet welded joints lead to B-factors that ranged from 3.8 to 5.1,
which were considered to be close enough to B = 4 targeted for connections in this
Specification.

Combination of Welds

The provisions were adopted from the 2016 AISC Specification.

Welding Consumable and Electrode Requirements

The choice of filler metal should comply with the requirements for matching filler
metals given in AWS D1.6/D1.6M, which states that the filler metal selection should
predominantly be based on metallurgical criteria. For prequalified welds, AWS
D1.6/D1.6M, clause 5.3.2, requires base metals to be welded with filler metals from
either the corresponding alloy or a higher alloy filler metal in accordance with AWS
D1.6/1.6M, Table 5.3. For nonprequalified welds, such as the higher alloyed austeni-
tic and duplex stainless steels, selection of a lower strength filler metal might occur.
AWS D1.6/D1.6M, Table 4.1, note b, requires the engineer to consider the strength
of either overmatching or undermatching weld filler metal.

Mixed Weld Metal
The provisions were adopted from the 2016 AISC Specification.

Welding Dissimilar Steels

When welding stainless steel to carbon steel, the cleanliness of the surface, includ-
ing complete removal of any zinc, is very important. Alloy dilution and type of filler
metal are also critical. An over alloyed filler metal is used to compensate for the alloy
dilution within the weld metal by the carbon steel.

When welding stainless steel to carbon steel, the provisions included in Section J2.8
require the paint system to extend a minimum distance of 2 in. (50 mm) beyond the
weldment onto the stainless steel to avoid galvanic corrosion. This type of corrosion
takes place when two dissimilar metals are in direct electrical contact and are also
bridged by an electrolyte. Any moisture source—including condensation, humidity,
rain, and immersion in liquids—can serve as an electrolyte. The chemistry of the
liquid or deposits on the surface, such as chloride salts and pollutants, can increase
the rate of corrosion. In this case, a current flows from the anodic metal (carbon steel)
to the cathodic or nobler metal (stainless steel) through the electrolyte. As a result,
the less noble metal corrodes.
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Stainless steels usually form the cathode in a galvanic couple and, therefore, do not
suffer additional corrosion. This form of corrosion is particularly relevant when con-
sidering joining stainless steel to carbon or low alloy steels or weathering steel. The
filler metal is specified based on metallurgical criteria. Galvanic corrosion between
different stainless steel alloys is hardly ever a concern, and then, only under fully
immersed conditions.

BOLTS AND THREADED PARTS

Stainless Steel Bolts

Whereas the RCSC Specification (RCSC, 2014) does not cover joints made with
stainless steel bolts, many of its provisions are equally applicable to stainless steel as
to carbon steel bolts and these provisions are listed in Section J3.1.

Although this Specification allows bolts with either unified national course (UNC) or
8 UN threads, resistance checks for bolts were developed based on UNC threads. The
net tensile area of bolts with UNC threads is smaller than for bolts with 8§ UN threads;
therefore, it is conservative to base resistance checks on bolts having UNC threads.

There are four main ASTM standards covering stainless steel bolts. The first is for
general applications, and the remaining three are used for specialized applications
like low or high temperature, high strength, high pressure, and also when specifying
bolt diameters over 1% in. (38 mm).

ASTM F593, Standard Specification for Stainless Steel Bolts, Hex Cap Screws,
and Studs (ASTM, 2017b)

This is the most common standard giving the chemical compositions and mechani-
cal properties of smaller diameter [up to 1'% in. (38 mm)] stainless steel bolts for
general corrosion resistance service applications. This standard includes austenitic,
ferritic, martensitic, and precipitation hardening stainless steels for general corro-
sion resistance. Group numbers indicate that fasteners are chemically equivalent
for general-purpose use. S30400/S30403 bolts are classified as Alloy Group 1, and
S31600/S31603 are Alloy Group 2 bolts. The corresponding standard for nuts is
ASTM F594, Standard Specification for Stainless Steel Nuts (ASTM, 2020d).

ASTM A320/A320M, Standard Specification for Alloy-Steel and Stainless Steel
Bolting for Low-Temperature Service (ASTM, 2018b)

This standard covers austenitic and ferritic stainless steels and is intended specifi-
cally for low-temperature service, whether the application is structural or a piece of
equipment. Type S30400 bolts are designated as B§ and B8A, and Type S31600
as B8M and BSMA. The standard covers bolts up to diameters of 1'% in. (38 mm).
The corresponding standard for nuts is ASTM A962/A962M (ASTM, 2019d),
Standard Specification for Common Requirements for Bolting Intended for Use at
any Temperature from Cryogenic to the Creep Range.
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ASTM A193/A193M, Standard Specification for Alloy-Steel and Stainless Steel
Bolting for High Temperature or High Pressure Service and Other Special
Purpose Applications (ASTM, 2020h)

This standard covers austenitic and ferritic stainless steel bolting for high tempera-
ture or high pressure service, or other special purpose applications. It includes both
metric and U.S. customary units. This is the only standard that can be used for order-
ing stainless steel bolts in larger diameters. The corresponding standard for nuts
is ASTM A194/A194M, Standard Specification for Carbon Steel, Alloy Steel, and
Stainless Steel Nuts for Bolts for High Pressure or High Temperature Service, or
Both (ASTM, 2020e).

ASTM A1082/A1082M Standard Specification for High Strength Precipitation
Hardening and Duplex Stainless Steel Bolting for Special Purpose Applications
(ASTM, 2016d)

This standard covers high-strength duplex and precipitation hardening stainless
steels for special-purpose applications such as pressure vessels. Nuts are to be made
from the stainless steels listed in the standard and tested to its requirements. This
is the only ASTM standard that covers duplex stainless steel bolts, and it has no
minimum or maximum size limit. The size limit for precipitation hardening stainless
steels varies with the heat treatment condition but is generally 8 in. (200 mm).

If bolts are lubricated and have not been torqued to the point of galling, then reuse
may be permitted with approval by the engineer of record for connections other than
slip-critical joints and pretensioned connections subject to fatigue loading.

Size and Use of Holes

The provisions were adopted from the 2016 AISC Specification, except for the re-
quirements for washers.

Washers are required for use under the bolt head because the research used to develop
recommendations for slip-critical bolts was conducted on stainless steel bolts with
hex heads, not heavy hex heads. Therefore, washers are needed under the bolt head to
develop sufficient contact stress area.

Minimum Spacing

The provisions were adopted from the 2016 AISC Specification.

Minimum Edge Distance

The provisions were adopted from the 2016 AISC Specification.

Maximum Spacing and Edge Distance

Maximum criteria adopted in this Specification are the same as those given in the
2016 AISC Specification, and they are intended to eliminate local buckling of the
plies.
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Tension and Shear Strength of Bolts and Threaded Parts

Due to the variety of stainless steel bolts on the market, produced in accordance with
different specifications with varying strength, this Specification does not give a table
of nominal strengths for bolts in tension and shear. Instead, it gives expressions for
F,; and Fy, that were derived from a limited test program on M16 to M20 austenitic
bolts subject to tension, shear, and combined tension and shear (SCI, 1990). Further
tension and shear tests on individual bolt/nut assemblies were carried out under a
European research program (European Commission, 2002). Some of the shear tests
were carried out with the plates loaded in tension, and some in compression. Bolt
diameters M12, M16, and M20 were tested; all the bolts were austenitic stainless
steel bolts. Insufficient data were available to enable a reliability analysis to be
carried out for tension rods and bolts in the same way as for austenitic and duplex
stainless steels. Therefore, the appropriate resistance factors for austenitic and duplex
stainless steel were reduced by 10% for precipitation hardening stainless steels to
give an extra margin of safety.

Combined Tension and Shear in Bearing-Type Connections

The provisions for combined tension and shear in stainless steel bearing-type con-
nections were adopted from the 2016 AISC Specification, with the exception of
the ¢ and Q values for precipitation hardening stainless steel bolts. These values
are reduced from those of austenitic and duplex stainless steels as discussed in
Commentary Section J3.6.

Stainless Steel Bolts in Slip-Critical Connections

Slip-critical connections are required when deformations in bolted connections must
be limited to predefined values either for serviceability or ultimate limit reasons.
Typical applications can be found in bridges, cranes, radio masts, and towers of wind
turbines; for joints that are subject to fatigue load with reversal of the loading direc-
tion; or where functional requirements make slip-critical connections necessary (e.g.,
for sensitive machinery). Essential characteristics of these connections are firstly, the
level of pretension in the bolts, and secondly, the slip coefficient, which is mainly
influenced by the surface roughness of the clamped plates. For this reason, the level
of pretension has to be guaranteed over the whole service life of the structure, and
loss of pretensioning due to relaxation and creep effects (e.g., due to geometrical
tolerances of the clamped plates or creep and relaxation of the structural elements
themselves) has to be avoided.

In the past, stainless steel bolting assemblies were not used in slip-critical applica-
tions because of a lack of knowledge about their pretensioning behavior, friction
coefficients, pretension losses, suitable tightening methods, etc. A European research
project (European Commission, 2019; Afzali et al., 2017; Stranghédner et al., 2017a;
Stranghoner et al., 2017b) was the first project to carry out a comprehensive study of
the performance of austenitic and duplex stainless steel slip-resistant connections, and
the provisions in this Specification are based on the results of this project. There are
no product standards for stainless steel bolts specifically designed for pretensioning.
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Tightening tests with stainless steel bolting assemblies were performed for varying
bolt dimensions from M12 to M24 of austenitic and duplex bolts to study the preten-
sioning behavior. Bolts of two strengths were tested: the strength of the lower strength
bolts was F; = 93 ksi (640 MPa) and F,, = 116 ksi (800 MPa), and the strength of the
stronger bolts was Fy, = 130 ksi (900 MPa) and F,;, = 145 ksi (1 000 MPa).

Section A3.3 requires hardened washers to be used under both the bolt head and nut
in pretensioned joints subject to fatigue loading and slip-critical joints. Tests showed
that washers should have at least 200 Brinell HBW for bolts with a tensile strength
of 116 ksi (800 MPa) and 290 Brinell HBW for bolts with a tensile strength of
145 ksi (1000 MPa) in order to limit the surface pressures on the clamped package
and thus minimize pretension losses due to plastification of the surface. Embedding
of the surface can be minimized by increasing the surface pressure area by using
washers with a larger diameter than the nut or the head of the bolt. Depending on
the yield strength of the clamped steel material, plastification of the surface of the
clamped package can occur. For this reason, washers are more important for steel
plates of lower strength. This Specification requires that all washers be hardened to
290 Brinell HBW, regardless of tensile strength.

The effects and importance of lubrication on the basic pretensioning behavior were
studied. Galling can occur when bolting assemblies made of stainless steel are highly
pretensioned and torqued. Experimental work showed that galling could be avoided
up to a pretension level near the maximum individual bolt force when suitable lubri-
cants are applied. All investigated bolting assemblies showed a tendency to severe
galling when effective lubrication was not applied to the contact surfaces between
the paired threads and the bearing surfaces between nut and washer.

Loss of pretension in stainless steel bolting assemblies may occur due to viscoplastic
deformation behavior of the stainless steel bolting assembly and the clamped com-
ponents. The viscoplastic deformation can be categorized in two groups: viscoplastic
deformation under constant load condition for the plates (i.e., creep deformation)
and viscoplastic deformation under constant strain condition for the bolts (i.e., stress
relaxation). Stainless steel, as with other metals demonstrating nonlinear stress-
strain characteristics, is known to creep at room temperature when loaded above its
elastic limit (limit of proportionality). However, the studies on pretensioned bolting
assemblies showed that pretension losses due to creep and relaxation effects are
comparable to those of carbon steel.

This Specification requires that the suitability for pretensioning of a bolting assembly
be certified by procedure testing. This procedure, known as a bolt tightening qualifi-
cation procedure (BTQP), is presented in the second edition of AISC Design Guide
27 (Baddoo and Meza, 2021) and includes

* Bolt tension tests to confirm that the bolts meet the specifications in which they
were ordered

* Suitability testing and analysis to determine key parameters of the fastener assem-
bly installation behavior

e Evaluation of the suitability tests to establish if the fastener assemblies have

sufficient strength, ductility, and lubrication
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* Determination of tightening parameters such that fastener assemblies can reliably
be installed to their specified pretension using one of the following installation
methods: turn-of-nut, calibrated wrench, or combined

Equation J3-5 defines the minimum fastener tension, 7}, as 70% of the yield strength
of the bolt multiplied by the net tensile area of the bolt, whereas the 2016 AISC
Specification gives T, as 70% of the tensile strength of the bolt multiplied by the net
tensile area of the bolt. This is due to the tests showing that it was not always pos-
sible to guarantee a minimum fastener tension as high as 70% of the tensile strength
of the bolt.

Table C-J3.1 gives the net tensile area of bolts.

The D, value for stainless steel bolts is equal to 1.0 because only limited test data
exist on the ratio of the mean installed bolt pretension to the specified minimum bolt
pretension for stainless steel bolts. This is different from the D, value of 1.13 for
carbon steel bolts.

Slip coefficients for stainless steel faying surfaces were measured in accordance
with the method in the European specification EN 1090-2 (CEN, 2018) for as-rolled,
shot-blasted, and grit-blasted surfaces. Tests were subsequently carried out follow-
ing the test procedures in RCSC Specification Appendix A, with adaptations made
for testing bare stainless steel faying surfaces (Afzali et al., 2019). The tests showed
that the asperity of grit-blasted faying surfaces is sharper than that of the shot-blasted
surfaces and consequently provides better mechanical interlocking between the
surfaces, which means better slip resistance behavior in the connections. This is the
reason this Specification requires that all faying surfaces be grit blasted.

Many parameters influence the roughness of a blasted surface; for example, the type
and size of the abrasive, angle, and pressure. For this Specification, the surface rough-
ness, either Rz or Rt, was chosen to distinguish between surface classes and their
associated slip coefficient values, as shown in Table M2.1. Because slip coefficient
values for stainless steel are dependent on surface roughness, rather than surface con-
dition as they are for carbon steels, definitions for the surface classes are provided in
Section M2.13. These requirements specify that a steel fabricator must use a grit-blast-
ing technique that achieves the desired surface roughness and also periodically inspect
blasted surfaces during production to see that surface requirements are being met.

Currently, there are insufficient test data to define slip coefficients for surfaces
smoother than Class SSB. The surface classes in Table J3.4 begin with Class SSB to
align with the 2016 AISC Specification and to allow for the addition of Class SSA in
a future edition of this Specification once there are sufficient slip coefficient test data
on unblasted stainless steel faying surfaces.

This Specification does not provide slip coefficient values for unblasted faying
surfaces because limited slip coefficient test data exist for these types of surfaces.
Experimental tests have been conducted on unblasted faying surfaces meeting the
requirements of ASTM A480/A480M (ASTM, 2020a), No. 1 Finish (Afzali et al.,
2019). However, additional slip coefficient test data are needed because many other
unblasted surface finish types exist for stainless steel.
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TABLE C-J3.1
Net Tensile Area of Bolts
Bolt Diameter, Net Tensile Area, Threads per Inch,
d,in. A, in.2 nlbl
%s 0.226 11
Ya 0.334 10
8 0.462 9
1 0.606 8
1% 0.763 7
1% 0.969 7
1% 1.16 6
17 1.41 6
[ Net tensile area = (n/4)(d — 0.9743/n)?
bl For diameters listed, thread series is UNC (coarse).

Blasting the stainless steel surfaces increases the possibility of corrosion as small
abrasive media may become embedded in the surfaces. Only the faying surfaces of
the slip-critical connection have to be blasted.

Slip-critical connections comprising stainless steel bolts and carbon steel plate are
outside the scope of this Specification because of a lack of test data. It is standard
practice to isolate dissimilar metals in bearing-type connections using compressible
washers and bushings. For a slip-critical connection, it would be necessary to use
incompressible materials.

Note also that welding the nut to the bolt to prevent the former from unscrewing is
a practice to be avoided. A second nut can be added if necessary to prevent the bolt
from loosening.

Bearing and Tearout Strength at Bolt Holes

Provisions for bearing strength of pins differ from those for bearing strength of bolts;
refer to Section J8.

Bearing strength values are provided as a measure of the strength of the material
upon which a bolt bears, not as a protection to the fastener, which needs no such
protection. Accordingly, the same bearing value applies to all joints assembled by
bolts, regardless of fastener shear strength or the presence or absence of threads in
the bearing area.

Material bearing strength may be limited either by bearing deformation of the hole or
by tearout (a bolt-by-bolt block shear rupture) of the material upon which the bolt bears.

The bearing strength of stainless steel connections has been investigated by Salih
et al. (2011). Whereas the load-deformation curve for carbon steel connections flat-
tens off after the initiation and spreading of yielding, for stainless steel connections
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this curve continues to rise significantly owing to strain hardening. For this reason,
greater clarity in defining bearing capacity than has previously been used when con-
sidering carbon steel connections was necessary. Different failure definitions were
devised for stainless steel connections, and bearing design equations for both thick
and thin material that cover two cases (one restricting and one ignoring serviceability
deformations) were proposed. The recommendations for thick material given in Salih
et al. (2011) have been included in Section J3.10, which are based on numerical anal-
ysis. For bolted connections where deformation is not a key design consideration, the
design formula was proposed based on the numerically predicted ultimate bearing
resistance taken as the maximum attained load regardless of the associated defor-
mation (i.e., similar to the treatment for net section failure). With regards to bolted
connections where deformation is a design consideration, the design expression
was developed on the basis of the numerically predicted ultimate bearing resistance
taken as the load at a prespecified acceptable deformation, with an adopted value of
/3 in. (1 mm) under serviceability conditions for stainless steel connections.

The accuracy of the design formulae was assessed through comparisons against the
test results from Cai and Young (2014). The comparisons were made based on the
measured material and geometric properties from the test specimens, and with all
safety factors set equal to unity. The proposed design formulae were shown to yield
accurate and consistent bearing resistance predictions of bolted connections, with
the mean test-to-predicted resistance ratio equal to 1.14 and a coefficient of variation
of 0.09.

Wall Strength at Tension Fasteners

With any connection configuration where the fasteners transmit a tensile force to the
HSS wall, a rational analysis must be used to determine the appropriate limit states.
These may include a yield-line mechanism in the HSS wall and/or pull-out through
the HSS wall, in addition to applicable limit states for the fasteners subject to tension.

Bolting Dissimilar Metals

The design of joints needs careful attention to maintain optimum corrosion resis-
tance. This is especially true for joints that may become wet from the weather, spray,
immersion, or condensation, etc. Further guidance is given in AISC Design Guide 27
on galvanic corrosion and design detailing to avoid it.

The use of carbon steel bolts to connect stainless steel elements, whether or not the
bolts are galvanized, is prohibited because the bolts will corrode at a highly acceler-
ated rate relative to the stainless steel due to the potential difference and adverse
surface area difference. The rate of crevice corrosion will also be accelerated by the
potential difference.

Slip-critical connections in which stainless steel bolts connect carbon steel plates
are outside the scope of the design provisions in this Specification. However, the
performance of these types of connections could be verified by testing, although it
would be necessary for the metals to be galvanically isolated if the conditions for
galvanic corrosion exist.
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AFFECTED ELEMENTS OF MEMBERS AND CONNECTING ELEMENTS [Comm. J4.

AFFECTED ELEMENTS OF MEMBERS AND CONNECTING
ELEMENTS

The provisions in this section were adopted from the 2016 AISC Specification except
as detailed in this Commentary.

Strength of Elements in Shear

The value of the resistance factor for shear yielding is 0.90 (with an equivalent safety
factor of 1.67), which is consistent with the provisions in Chapter G. This is different
from the value for resistance factor of 1.00 in the 2016 AISC Specification (with an
equivalent safety factor of 1.50). Prior to the 2005 AISC Specification (AISC, 2005),
a resistance factor of 0.90 was used. After that it was increased to 1.00 to align with
the ASD specification—the increase in LRFD design strength being justified by the
long history of satisfactory performance of ASD use.

FILLERS

The provisions in this section were adopted without modification from the 2016
AISC Specification, except for the requirement that the filler material should have
equivalent corrosion resistance and strength to that of the structural member.
Background information is given in the 2016 AISC Specification Commentary.

BEARING STRENGTH

The provisions in this section were adopted without modification from the 2016
AISC Specification, except that no provisions are given in this Specification for
expansion rollers and rockers.

In general, the bearing strength design of finished surfaces is governed by the limit
state of bearing (local compressive yielding) at nominal loads. The nominal bear-
ing strength of milled contact surfaces exceeds the yield strength because adequate
safety is provided by post-yield strength as deformation increases.

PINS

The provisions in Section J8 address the design of pins in pin-connected assemblies
typically used for structural applications.

The methodology of calculating the moment in a pin by assuming it is simply
supported by the connected parts is because in most pin-connected assemblies in
structural applications a diametral clearance exists between the pin and the con-
necting parts. Due to this clearance, as the assembly is tensioned, the pin bends and
contact between the pin and the connecting parts localizes at small regions. Figure
C-J8.1 shows a typical pin-connected assembly under load, P, for which the reaction
forces in the pin can be simplified as four concentrated forces.
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Due to the ductility of stainless steel, localized deformations take place on the
surface of the pin and connecting parts at the points of contact, which result in the
reaction forces being transmitted into the pin through an effective contact patch,
rather than a theoretical point, as shown in Figure C-J8.2. Numerical simulations on
a large number of pin-connected assemblies have shown that the dimensions of the
contact patches can be approximated as

h = 0.41dy (C-18-1)

Li—— LD (C-18-2)
1.8AF) pin-a

Lp = —P (C-J8-3)
1.8hFy pin-B

where F), pis.a is the lesser between the specified minimun yield strength of the pin
and connecting part A, Fy pj,.p is the lesser between the specified minimum yield
strength of the pin and connecting part B, and d);, is the diameter of the pin. The
maximum bending moment in the pin can thus be calculated using Equation C-J§-4.
A similar approach can be used to calculate the maximum bending moment in a pin
in contact with a greater number of connecting parts:

P(2c+La+Lg)
4

Mpin,max - (C‘J8‘4)

Connecting
T / part A

. P12' P12
Pin L L
G
I
P/ZT TP/Z
c
\ Connecting
L P part B

Fig. C-J8.1. Typical pin-connected assembly.
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COLUMNS BASES AND BEARING ON CONCRETE

The provisions in this section were adopted without modification from the 2016
AISC Specification. Background information is given in the Commentary to that
standard.

ANCHOR RODS AND EMBEDMENTS

The term “anchor rod” is used for threaded rods embedded in concrete to anchor
structural steel. The term “rod” is intended to clearly indicate that these are threaded
rods, not structural bolts, and should be designed as threaded parts in accordance
with Section J3.6 using the material specified in Section A3.4.

Generally, the largest tensile force for which anchor rods must be designed is that pro-
duced by bending moment at the column base and augmented by any uplift caused
by the overturning tendency of a building under lateral load.

DOUBLY SYMMETRIC I-SHAPED MEMBERS WITH
CONCENTRATED FORCES

The provisions in this section have been adopted from the 2016 AISC Specification
without modification. They are known to be conservative; however, it was decided
to retain them until research on stainless steel I-shaped members subject to concen-
trated forces justify the adoption of more accurate design rules.

Connecting Effective contact
part A \\ | patch |
I \ \
N U
! ! ﬁ - \
777ET+4}F R — )(\ :,7‘,%
L | |
1 \ |
\ L \
o
Connecting
part B

Fig. C-J8.2. Effective contact patches.
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J12.

SQUARE AND RECTANGULAR HSS WITH CONCENTRATED
FORCES

The provisions in this section are specific to stainless steel square and rectangular
hollow structural sections (HSS). The four specified loading cases given in Table
J12.1—namely, end one-flange loading (EOF), interior one-flange loading (IOF),
end two-flange loading (ETF), and interior two-flange loading (ITF)—are in line
with those in the North American Specification for the Design of Cold-Formed Steel
Structural Members (AISI, 2016a).

The behavior of cold-formed steel sections under locally distributed edge forces has
been investigated by many researchers. It has been found that the theoretical analysis
of web crippling for square and rectangular HSS under concentrated bearing forces
is rather complicated because it involves numerous factors, such as (a) nonuniform
stress distribution under the applied force and adjacent portions of the web, (b)
elastic and inelastic stability of the web element, (c) local yielding in the immediate
region of load application, (d) bending produced by eccentric load or reaction when it
is applied on the bearing flange at a distance beyond the curved transition of the web,
(e) initial out-of-plane imperfection of plate elements, and (f) various edge restraints
provided by beam flanges and interaction between flange and web elements (AISI,
2016b). For these reasons, the web crippling provisions in Section J12 are based
upon the available experimental data on stainless steel square and rectangular HSS
reported by Talja and Salmi (1995), Gardner et al. (2006), Zhou and Young (2006,
2007), Talja and Hradil (2012), Islam and Young (2012, 2014), and Cai and Young
(2019a, 2019b), as summarized in Table C-J12.1.

Prabakaran (1993) and Prabakaran and Schuster (1998) developed a unified equa-
tion (Equation J12-1) for various cold-formed steel sections under different loading
cases. This equation has been adopted in this section for stainless steel square and
rectangular HSS. The newly calibrated coefficients are summarized in Table J12.1 of
the Specification, and the parametric limitations given are based on the experimental
data. The nominal strength, R, in Section J12 applies to the entire square and rec-
tangular HSS, not only for a single web.
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Table C-J12.1
Data Used for Calibration of
Design Provisions

References Materials* Number of Tests

EOF IOF ETF ITF
Talja & Salmi (1995) A - 6 - -
Gardner et al. (2006) HSA - 6 - -
Zhou & Young (2006) A - - 17 16
Zhou & Young (2007) HSA & D 11 14 15 15
Islam & Young (2014) LD 3 3 5 5
Cai & Young (2019a) LD 8 - 19 -
Cai & Young (2019b) LD - 16 - 21

* Note: A = austenitic stainless steel; HSA = high-strength austenitic stainless steel; D = duplex
stainless steel; LD = lean-duplex stainless steel.
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CHAPTER K

ADDITIONAL REQUIREMENTS FOR HSS AND
BOX-SECTION CONNECTIONS

Chapter K addresses the strength of simple connections to austenitic and duplex stainless
steel square or round hollow structural sections (HSS) and box sections of uniform wall
thickness, where seam welds between box-section elements are complete-joint-penetration
groove welds in the connection region.

Compared to the 2016 AISC Specification, this Specification does not include provisions for
plate-to-HSS connections, moment connections, or rectangular HSS-to-HSS connections,
due to a lack of experimental data on these types of stainless steel HSS connections.

K1. GENERAL PROVISIONS

The provisions of this chapter are based on the CIDECT (Wardenier et al., 1991;
Packer et al., 1992) design rules for welded carbon steel HSS joints, which have
also been adopted by the 2016 AISC Specification. Tests reported by Rasmussen
and Young (2001) and Rasmussen and Hasham (2001) on welded X- and K-joints
in square and circular hollow sections showed that these provisions can be safely
applied to compute the resistance of the types of stainless steel connections included
in Section K2. These test data, which only include austenitic stainless steel connec-
tions, were previously used by Rasmussen and Young (1994) to carry out a reliability
analysis that showed that a resistance factor of 0.90 can be used with the CIDECT
strength equations. Because no data are available for duplex stainless steel, a resis-
tance factor of 0.90 was adopted, based on the findings for austenitic stainless steel,
which demonstrate greater material nonlinearity.

The 2016 AISC Specification limited the applicability of the CIDECT recommenda-
tions to carbon steel with a yield stress of up to 51 ksi (355 MPa). This limit was
imposed partly because carbon steel joints with yield stresses greater than 51 ksi
(355 MPa) may not have adequate ductility. Since both austenitic and duplex stain-
less steels generally have high ratios of tensile strength to 0.2% offset yield strength
and high values of elongation after fracture, no strength limitation was imposed for
stainless steel HSS connections.

K2. HSS-TO-HSS TRUSS CONNECTIONS

The design rules in this section apply to geometries in which the centerlines of the
branch member(s) and the chord members lie in a single plane. In addition, in order for
the connection to be treated as a truss connection in which the members are connected
by pinned joints, eccentricity between the centerlines of the branch members and the
chord member should lie within the limits given in Table K2.1a or Table K2.2a.

The provisions in this chapter for the design of welded HSS connections are based
on potential strength limit states that may arise for particular connection geometries
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and loading, which, in turn, represent possible failure modes that may occur within
prescribed limits of applicability. There is no connection deformation limit state con-
sidered in these provisions. While for carbon steel, the CIDECT strength expressions
and their limit of validity implicitly guarantee that at service loads deformations are
below the limit of 1% of the chord width or diameter, the increased nonlinearity
exhibited by stainless steel makes it more susceptible to serviceability issues, and
there may be some cases in which the serviceability limit may be exceeded, as
described in the following Commentary.

Chapter K does not prohibit using joints that fall outside the listed limits of appli-
cability; however, this Specification and Commentary do not provide connection
capacities or guidance when doing so. A rational approach to their design is left to
the designer. Further information regarding the failure modes that should be consid-
ered when designing connections that fall outside the limits of applicability given in
this section can be found in the Commentary to the 2016 AISC Specification.

The 2016 AISC Specification Commentary Section K1 provides a definition of K-,
T-, and Y-connection configurations.

Round HSS

The tests used to assess the applicability of the CIDECT strength equations to stain-
less steel round HSS-to-HSS truss connections only included cross- and K-joints
(Rasmussen and Hasham, 2001). However, given the consistently conservative test
strengths reported from these experiments, it was deemed safe to extend the applica-
bility range of the CIDECT strength equations to cover T- and Y-connections also,
as given in Table K2.1.

Although the experiments carried out by Rasmussen and Hasham (2001) showed that
the CIDECT equations provided conservative strength predictions for all the tested
joints, the deformation of one of the cross-connection specimens exceeded the 1%
deformation limit at service loads. In order to address this issue, a User Note was
added to warn engineers that if limiting deformations is a critical part of the design,
a more detailed analysis should be carried out for these types of joints.

Square HSS

Although the tests used to assess the applicability of the CIDECT strength equations
to stainless steel square HSS-to-HSS truss connections included cross- and K-con-
nections and for both types of connections the CIDECT strength equations were found
to yield conservative predictions, this Specification only includes K-connections to
align with the types of connections covered by the 2016 AISC Specification.

Tests on stainless steel square HSS K-connections reported by Rasmussen and
Young (2001) showed that the serviceability deformation limit of 1% of the chord
width was not exceeded if they fall within the limits of applicability given by Table
K2.2A; therefore, for this type of connection it is not necessary to check joint defor-
mations under service loads.
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CHAPTER L
DESIGN FOR SERVICEABILITY

GENERAL PROVISIONS

Serviceability may need to be checked under various service loads, including (a)
static loads from the occupants, snow or rain on the roof, or temperature fluctua-
tions and (b) dynamic loads from human activities, wind effects, the operation of
mechanical or building service equipment, or traffic near the building. Service loads
are loads that act on the structure at an arbitrary point-in-time and may be only a
fraction of the corresponding nominal load. The response of the structure to service
loads generally can be analyzed assuming elastic behavior. Members that accumulate
residual deformations under service loads also may require examination with respect
to this long-term behavior.

Serviceability limit states and appropriate load combinations for checking confor-
mance to serviceability requirements can be found in ASCE/SEI 7, Minimum Design
Loads and Associated Criteria for Buildings and Other Structures, Section 1.3.2,
Commentary Section 1.3.2, Appendix C, and Commentary Appendix C (ASCE,
2016).

The Commentary to the 2016 AISC Specification gives further background infor-
mation.

DEFLECTIONS

Excessive vertical deflections and misalignment arise primarily from three sources:
(a) gravity loads, such as dead, live, and snow loads; (b) effects of temperature, creep,
and differential settlement; and (c) construction tolerances and errors. Appropriate
limiting values of deformations depend on the type of structure, detailing, and
intended use (Galambos and Ellingwood, 1986). Historically, common deflection lim-
its for horizontal members have been !/360 of the span for floors subjected to reduced
live load and !/240 of the span for roof members. Deflections of about /300 of the span
(for cantilevers, /150 of the length) are visible and may lead to general architectural
damage or cladding leakage. Deflections greater than !/ of the span may impair
operation of movable components such as doors, windows, and sliding partitions.

Proper control of deflections is a complex subject requiring careful application of
professional judgment. AISC Design Guide 3, Serviceability Design Considerations
for Steel Buildings, 2nd Edition (West et al., 2003), provides an extensive discus-
sion of the issues. Further information about deflection can also be found in the
Commentary to the 2016 AISC Specification, including recommended load combina-
tions for computing deflections.
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All steels with gradual yielding show transient creep when loaded above their elastic
limit (the limit of proportionality) and the amount of creep deformation increases
with increasing load level. The elastic limit for austenitic and duplex stainless steels
is around 60% of the strength at the 0.2% offset permanent strain. For members
subject to long-term loading at stresses close to the 0.2% offset strength, creep defor-
mations should be taken into consideration (e.g., pretensioned strands). The creep
and relaxation behavior of austenitic and duplex stainless steels was characterized in
a recent European research project (European Commission, 2019).

Table User Note L2.1 gives the secant modulus for common types of stainless steel
at a maximum stress in the cross section equal to 0.6F), Whereas the compressive
stress in doubly symmetric cross sections is the same as the tensile stress, this is not
the case for asymmetric cross sections; therefore, using these approximate values can
be exceedingly conservative for asymmetric cross sections.

DRIFT

Drift limits are imposed on buildings to minimize damage to cladding and to non-
structural walls and partitions. Lateral frame deflection is evaluated for the building
as a whole, where the applicable parameter is the total building drift, defined as the
lateral frame deflection, A, at the top of the most occupied floor divided by the height
of the building to that level, H, that is, A/H. For each floor, the applicable parameter
is interstory drift, defined as the lateral deflection of a floor, J,, relative to the lateral
deflection of the floor immediately below, §,-;, divided by the distance between
floors, A; that is, (Sn —Sn_l)/h.

Typical drift limits in common usage vary from H/100 to H/600 for total building
drift and //200 to h/600 for interstory drift, depending on building type and the type
of cladding or partition materials used. The most widely used values are H (or /)/400
to H (or h)/500 (ASCE, 1988). These limits generally are sufficient to minimize
damage to cladding and nonstructural walls and partitions. Smaller drift limits may
be appropriate if the cladding is brittle. AISC Design Guide 3 (West et al., 2003)
contains recommendations for higher drift limits that have successfully been used in
low-rise buildings with various cladding types.

Further information regarding the importance of drift control to prevent damage to
building elements can be found in the Commentary to the 2016 AISC Specification.

VIBRATION

An extensive treatment of vibration in steel-framed floor systems and pedestrian
bridges is found in AISC Design Guide 11, Vibrations of Steel-Framed Structural
Systems Due to Human Activity (Murray et al., 2016). This guide provides basic
principles and simple analytical tools to evaluate steel-framed floor systems and
footbridges for vibration serviceability due to human activities, including walking
and rhythmic activities.
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WIND-INDUCED MOTION

Acceleration in wind-sensitive buildings may be expressed as either root mean
square (RMS) or peak acceleration. Both measures are used in practice, and there is
no clear agreement as to which is the more appropriate measure of motion percep-
tion. Guidance for design acceleration levels used in building design may be found in
the literature (Chen and Robertson, 1972; Hansen et al., 1973; Irwin, 1986; NRCC,
1990; Griffis, 1993).

Further information regarding wind-induced motion can be found in the Commentary
to the 2016 AISC Specification.

THERMAL EXPANSION AND CONTRACTION

The satisfactory accommodation of thermal expansion and contraction cannot be
reduced to a few simple rules but must depend largely upon the judgment of a
qualified engineer. Conditions during construction, such as temperature effects
before enclosure of the structure, should also be considered. Complete separation
of the framing at widely spaced expansion joints is generally more satisfactory than
more frequently located devices that depend upon the sliding of parts in bearing.
Guidelines for the recommended size and spacing of expansion joints in buildings
may be found in NRC (1974).

Note that the coefficient of thermal expansion for austenitic stainless steels is about
30% higher than that of carbon steel. Where carbon steel and austenitic stainless steel
are used together, the effects of differential thermal expansion should be considered
in design. The thermal expansion of duplex stainless steel is very similar to that of
carbon steel. The thermal conductivity of austenitic and duplex stainless steels is
about 30% of that of carbon steel.

Table User Note A3.1 gives the values of the coefficient of thermal expansion of
austenitic and duplex stainless steel for temperatures ranging between 68°F (20°C)
and 212°F (100°C).

CONNECTION SLIP

In bolted connections with bolts in holes having only small clearances, such as stan-
dard holes and slotted holes loaded transversely to the axis of the slot, the amount
of possible slip is small. Slip at these connections is not likely to have serviceability
implications. Possible exceptions include certain unusual situations where the effect
of slip is magnified by the configuration of the structure, such as a connection at the
base of a shallow cantilever beam or post where a small amount of bolt slip may
produce unacceptable rotation and deflection.

This Specification requires that connections with oversized holes or slotted holes
loaded parallel to the axis of the slot be designed as slip-critical connections. For a
discussion of slip at these connections, see Commentary Section J3.8. Where slip at
service loads is a realistic possibility in these connections, the effect of connection
slip on the serviceability of the structure must be considered.
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CHAPTER M
FABRICATION AND ERECTION

FABRICATION AND ERECTION DOCUMENTS

Significant guidance on the fabrication and erection of stainless steel is readily
available in the following industry association brochures that, although not legally
binding, are often referenced in fabrication and erection documents:

Practical Guidelines for the Fabrication of Duplex Stainless Steels IMOA, 2014)
The Forming Potential of Stainless Steel (Euro Inox, 2006a)
Erection and Installation of Stainless Steel Components (Euro Inox, 2006b)

Bending Stainless Steel Tube—Design Benefits in Engineering and Architecture
(Euro Inox, 2012a)

Stainless Steels: Tables of Fabrication Parameters (Euro Inox, 2012b)
Fabrication and Post-Fabrication Cleanup of Stainless Steels (Tuthill, 1986)
Electroforming—A Unique Metal Fabrication Process (NIDI, 1998)

Practical Guidelines for the Fabrication of High Performance Austenitic Stainless
Steels IMOA, 2010)

Practical Guide to Using 6Mo Austenitic Stainless Steel (NIDI, 1994)
High Performance Stainless Steels (NIDI, 2000)

Practical Guidelines for the Fabrication of Austenitic Stainless Steels (IMOA,
2020)

FABRICATION

Identification

Hard stamps, punches, and drill marks are not allowed for stainless steel because
they are stress risers. Also, these markings may be aesthetically objectionable.

It is critical to remove temporary color coding or marking with paint, crayon, ink
stencils, or similar approved chloride- and sulfide-free marking products prior to
project completion because they are well-known sources of corrosion problems if
left on the stainless steel during service. These contaminants can act as crevices and
initiation sites for pitting and crevice corrosion. Additionally, if they are present in
an area where welding occurs, they can cause carbide precipitation, which can lead
to sensitization and intergranular corrosion during service.
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Handling and Storage

Magnetic lifts are not used for austenitic or duplex stainless steels. Austenitic stain-
less steels have very low magnetic permeability and, with a partially austenitic
microstructure, duplex stainless steels have a substantially lower magnetic perme-
ability than carbon steels.

Suitable handling and storage measures to see that the surface finish of stainless steel
is not damaged include, but are not limited to:

(a) Use of protective strippable film, paper interleave, plastic wrapping, or other
suitable protective packaging, to be left on as long as practical. If strippable
film is applied, it should be on the surface no longer than the period of the film
warranty and not exposed to temperatures outside the manufacturer’s approved
exposure range. If the location is exposed to salt spray or mist, the film should
be removed as soon as possible to prevent crevice corrosion under the film. Only
ultraviolet rated film should be exposed to sunlight.

(b) Avoidance of unprotected storage or transportation in locations exposed to salt-
laden coastal atmospheres or deicing salt mist. Precautions should also be taken
to avoid immersion in seawater, as can occur during a storm surge.

(c) Protection of storage racks by wooden, rubber, or plastic battens or sheaths to
avoid free iron contamination from free iron, copper, zinc, or other metallic con-
tact with stainless steel surfaces.

(d) Protection of stainless steel from direct contact with other steel alloy lifting
tackle, temporary supports or handling equipment such as chains, hooks, strap-
ping, and rollers or the forks of fork lift trucks by use of isolating materials or
light plywood or suction cups. Appropriate erection tools should be used such
that surface contamination does not occur.

(e) Avoidance of contact with chemicals and acids, including dyes, glues, adhe-
sive tape, hydrochloric acid, chloride containing cleaning products, and undue
amounts of oil and grease. If it is necessary to use them, their suitability and the
maximum duration of exposure should be determined.

(f) Use of segregated manufacturing areas for stainless steel to prevent free iron or
other metals from being embedded in the surface.

(g) Use of separate tools dedicated for use on stainless steel only, particularly grind-
ing wheels and wire brushes. Metal wire brushes and wire wool used on stainless
steel should be stainless steel, preferably an austenitic stainless steel of equiva-
lent corrosion resistance.

Most stocked stainless steel brushes and wool are either the martensitic stainless
steel S41000 (410) or the austenitic stainless steel S30200 (302). S41000 is sig-
nificantly less corrosion resistant than any of the stainless steels referenced in this
Specification. S30200 would be acceptable for the less corrosion-resistant stainless
steels in this Specification, such as the precipitation hardening stainless steels or
S30400/S30403 (304/304L). If a low alloy stainless steel brush or wire wool is used

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



314

FABRICATION [Comm. M2.

on a higher alloy stainless steel, particles of the lower alloyed stainless steel may
embed in the surface and cause unanticipated corrosion if the service environment
is too corrosive for the lower alloy stainless steel. Wire brushes that are made from
stainless steels that match the corrosion resistance of higher alloyed stainless steels
may require special manufacturing and incur large costs and delay. For higher alloy
stainless steels, the use of flexible nonwoven abrasive discs may be preferred over
wire brushing.

Cambering, Curving, and Straightening

Cold bending, curving, drawing, and other forming of austenitic and duplex stainless
steels is common. Power requirements for bending stainless steel are higher than
for bending geometrically similar components of other steel alloys. Both spring-
back and work hardening must be considered. Work hardening must be considered
when forming austenitic stainless steels as their strength can increase by about 50%.
Hardness testing can be an effective means of determining that there has not been
excessive cold working during straightening or curving. The amount of springback
that will occur after bending will vary with the alloy family, specific alloy, and (to
a lesser degree) the chemistry variation of the heat; reference charts are available,
but some tooling adjustment may be required. The springback for duplex stainless
steels is greater than for austenitic stainless steels. Nitrogen alloying additions are
used to increase strength (and corrosion resistance) and have a significant effect on
behavior. The elastic springback of an alloy determines the amount of overbending
that is required to achieve the desired tolerances, and a high level of springback
may make forming tighter bends impossible and preclude the use of a specific alloy
in some designs. Higher strength stainless steels, such as the duplex and austenitic
stainless steels alloyed with nitrogen, require higher forming forces and show more
elastic springback.

Cutting

Oxyacetylene torch cutting can only be used for cutting metals whose oxides have a
low melting point, like low- to medium-carbon steels and wrought iron. Metals like
stainless steel cannot be cut due to the formation of a chromium oxide that prevents
oxidation from fully occurring.

Welded Construction

Regarding back-side shielding, oxidation of the back side of welds can cause “sugar-
ing” which has an unattractive appearance and reduced corrosion resistance. Back
shielding of duplex stainless welds with nitrogen deters the loss of nitrogen at the
weld root and helps maintain sufficient austenite needed for ductility and corrosion
resistance. Back shielding can minimize the formation of heat tint and facilitate
cleaning per ASTM A380/A380M (ASTM, 2017c¢); therefore, back shielding should
be used whenever the possibility of exposure of the weld root exists. Back shielding
should be considered whenever there is a possibility of significant heating of the back
side of the material being welded.
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CHAPTER N
QUALITY CONTROL AND QUALITY ASSURANCE

This chapter on quality control and quality assurance does not address a number of applica-
tions associated with structural stainless steel. The following is a list of references that may
help with quality control and quality assurance for some of these items:

(1) Steel (open web) joists and joist girders—Each model specification of the Steel Joist
Institute contains a section on quality.

(2) Concrete reinforcing bars, concrete materials, or placement of concrete for composite
members—ACI 318 and ACI 318M (ACI, 2014).

N1. GENERAL PROVISIONS

This chapter provides minimum requirements for quality control (QC), quality assur-
ance (QA), and nondestructive testing (NDT) for structural stainless steel systems for
buildings and other structures.

This chapter also defines a comprehensive system of quality control requirements
on the part of the stainless steel fabricator and erector and similar requirements for
quality assurance on the part of the project owner’s representatives when such is
deemed necessary to complement the contractor’s quality control function. These
requirements exemplify recognized principles of developing involvement of all
levels of management and the workforce in the quality control process as the most
effective method of achieving quality in the constructed product. The chapter supple-
ments these quality control requirements with quality assurance responsibilities as
are deemed suitable for a specific task. The requirements follow the same require-
ments for inspections utilized in AWS D1.6/D1.6M (AWS, 2017) and the RCSC
Specification (RCSC, 2014).

Under AISC Code of Standard Practice for Structural Stainless Steel Buildings
Section 8 (AISC, 2021), the fabricator or erector is to implement a QC system as part
of their normal operations. Those that participate in AISC Quality Certification or
similar programs are required to develop QC systems as part of those programs. The
engineer of record (EOR) should evaluate what is already a part of the fabricator’s
or erector’s QC system in determining the quality assurance needs for each project.
Where the fabricator’s or erector’s QC system is considered adequate for the project,
including compliance with any specific project needs, the special inspection or QA
plan may be modified to reflect this. Similarly, where additional needs are identified,
supplementary requirements should be specified.

The terminology adopted is intended to provide a clear distinction between fabricator
and erector requirements and the requirements of others. The definitions of QC and
QA used here are consistent with usage in related industries, such as the steel bridge
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industry, and they are used for the purposes of this Specification. It is recognized that
these definitions are not the only definitions in use. For example, QC and QA are
defined differently in the AISC Quality Certification program in a fashion that is use-
ful to that program and are consistent with the International Standards Organization
and the American Society for Quality.

For the purposes of this Specification, QC includes those tasks performed by the
stainless steel fabricator and erector that have an effect on quality or are performed
to measure or confirm quality. QA tasks performed by organizations other than the
stainless steel fabricator and erector are intended to provide a level of assurance that
the product meets the project requirements.

The terms quality control and quality assurance are used throughout this Chapter to
describe inspection tasks required to be performed by the stainless steel fabricator and
erector and project owner’s representatives, respectively. The QA tasks are inspec-
tions often performed when required by the applicable building code or authority
having jurisdiction (AHJ), and designated as “special inspections,” or as otherwise
required by the project owner or engineer of record.

Chapter N defines two inspection levels for required inspection tasks and labels them
as either “observe” or “perform.” The choice in terminology reflects the multi-task
nature of welding and bolting operations, and the required inspections during each
specific phase.

FABRICATOR AND ERECTOR QUALITY CONTROL PROGRAM

Many quality requirements are common from project to project. Many of the pro-
cesses used to produce structural stainless steel have an effect on quality and are
fundamental and integral to the fabricator’s or erector’s success. Consistency in
imposing quality requirements between projects facilitates more efficient procedures
for both.

The construction documents referred to in this chapter are, of necessity, the versions
of the design documents, specifications, and approval documents that have been
released for construction, as defined in the AISC Code of Standard Practice for
Structural Stainless Steel Buildings (AISC, 2021). When responses to requests for
information and change orders exist that modify the construction documents, these
also are part of the construction documents. When a building information model is
used on the project, it also is a part of the construction documents.

Elements of a quality control program can include a variety of documentation, such
as policies, internal qualification requirements, and methods of tracking production
progress. Any procedure that is not apparent subsequent to the performance of the
work should be considered important enough to be part of the written procedures.
Any documents and procedures made available to the quality assurance inspector
(QAI) should be considered proprietary and not distributed inappropriately.

The inspection documentation should include the following information:

(1) The product inspected

(2) The inspection that was conducted
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(3) The name of the inspector and the time period within which the inspection was
conducted

(4) Nonconformances and corrections implemented

Records can include marks on pieces, notes on drawings, process paperwork, or
electronic files. A record showing adherence to a sampling plan for pre-welding
compliance during a given time period may be sufficient for pre-welding observation
inspection.

The level of detail recorded should result in confidence that the product is in compli-
ance with the requirements.

FABRICATOR AND ERECTOR DOCUMENTS

Submittals for Stainless Steel Construction

The documents listed must be submitted so that the EOR or the EOR’s designee
can evaluate that the items prepared by the fabricator or erector meet the EOR’s
design intent. This is usually done through the submittal of approval documents. For
additional information concerning this process, refer to the AISC Code of Standard
Practice for Structural Stainless Steel Buildings (AISC, 2021).

Available Documents for Stainless Steel Construction

The documents listed must be available for review by the EOR. Certain items are of a
nature that submittal of substantial volumes of documentation is not practical; there-
fore it is acceptable to have these documents reviewed at the fabricator’s or erector’s
facility by the engineer or designee, such as the QA agency. Additional commentary
on some of the documentation listed in this section follows:

(1) This section requires documentation to be available for the fastening of deck.
For deck fasteners, such as screws and power fasteners, catalog cuts and/or
manufacturers installation instructions are to be available for review. There is no
requirement for certification of any deck fastening products.

(2) Because the selection and proper use of welding filler metals is critical to achiev-
ing the necessary levels of strength, notch toughness, and quality, the availability
for review of welding filler metal documentation and welding procedure speci-
fications (WPS) is required. This allows a thorough review on the part of the
engineer and allows the engineer to have outside consultants review these docu-
ments, if needed.

(3) The fabricator and erector maintain written records of welding personnel qualifi-
cation testing. Such records should contain information regarding date of testing,
process, WPS, test plate, position, and the results of the testing. In order to
verify the six-month limitation on welder qualification, the fabricator and erector
should also maintain a record documenting the dates that each welder has used a
particular welding process.

(4) The fabricator should consider AISC Code of Standard Practice for Structural
Stainless Steel Buildings Section 6.1, in establishing material control procedures
for structural stainless steel.
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INSPECTION AND NONDESTRUCTIVE TESTING PERSONNEL

Quality Control Inspector Qualifications

The fabricator or erector determines the qualifications, training, and experience
required for personnel conducting the specified inspections. Qualifications should be
based on the actual work to be performed and should be incorporated into the fabri-
cator’s or erector’s QC program. Inspection of welding should be performed by an
individual who, by training and/or experience in metals fabrication, inspection, and
testing, is competent to perform inspection of the work. This is in compliance with
AWS D1.6/D1.6M, clause 8 (AWS, 2017). Recognized certification programs are a
method of demonstrating some qualifications but they are not the only method nor
are they required by Chapter N for QC inspectors.

Quality Assurance Inspector Qualifications

The QA agency determines the qualifications, training, and experience required for
personnel conducting the specified QA inspections. This may be based on the actual
work to be performed on any particular project. AWS D1.6/D1.6M, clause 8.1.4.1,
states, “An individual who, by training or experience, or both, in metals fabrication,
inspection and testing, is competent to perform inspection of the work.” Qualification
for the QA inspector may include experience, knowledge, and physical requirements.
These qualification requirements are documented in the QA agency’s written prac-
tice. AWS B5.1 (AWS, 2013) is a resource for qualification of a welding inspector.

The use of assistant welding inspectors under direct supervision is as permitted in
AWS D1.6/D1.6M, clause 8.1.4.4.

NDT Personnel Qualifications

NDT personnel should have sufficient education, training, and experience in those
NDT methods they will perform. ASNT SNT-TC-1a (ASNT, 2011a) and ANSI/
ASNT CP-189 (ASNT, 2011b) prescribe visual acuity testing, topical outlines for
training, written knowledge, hands-on skills examinations, and experience levels for
the NDT methods and levels of qualification.

As an example, under the provisions of ASNT SNT-TC-1a, an NDT Level II individ-
ual should be qualified to set up and calibrate equipment and to interpret and evaluate
results with respect to applicable codes, standards, and specifications. The NDT Level
IT individual should be thoroughly familiar with the scope and limitations of the
methods for which they are qualified and should exercise assigned responsibility for
on-the-job training and guidance of trainees and NDT Level I personnel. The NDT
Level II individual should be able to organize and report the results of NDT tests.

MINIMUM REQUIREMENTS FOR INSPECTION OF
STRUCTURAL STAINLESS STEEL BUILDINGS

Quality Control

The welding inspection tasks listed in Tables N5.4-1 through N5.4-3 are inspection
items contained in AWS D1.6/D1.6M (AWS, 2017), but have been organized in the
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tables in a more rational manner for scheduling and implementation using categories
of before welding, during welding, and after welding. Similarly, the bolting inspec-
tion tasks listed in Tables N5.6-1 through N5.6-3 are inspection items contained in
the RCSC Specification (RCSC, 2014) but they have been organized in a similar
manner for scheduling and implementation using traditional categories of before
bolting, during bolting, and after bolting. The details of each table are discussed in
Commentary Sections N5.4 and N5.6.

Typical model building codes, such as the 2018 International Building Code (IBC)
(ICC, 2018), make specific statements about inspecting to “approved construction docu-
ments” the original and revised design drawings and specifications as approved by
the building official or AHJ. AISC Code of Standard Practice for Structural Stainless
Steel Buildings Section 4.2.1(a) (AISC, 2021) requires the transfer of information from
the contract documents (design documents and project specifications) into accurate
and complete fabrication and erection documents. Therefore, relevant items in the
design documents and project specifications that must be followed in fabrication and
erection should be placed on the fabrication and erection documents or in typical notes
issued for the project. Because of this provision, QC inspection may be performed
using fabrication and erection documents, not the original design documents.

The applicable referenced standards in construction documents are commonly
this standard, the AISC Code of Standard Practice for Structural Stainless Steel
Buildings, AWS D1.6/D1.6M, and the RCSC Specification.

Quality Assurance

AISC Code of Standard Practice for Structural Stainless Steel Buildings Section
8.4.2 contains the following provisions regarding the scheduling of shop fabrica-
tion inspection: “Inspection of shop work by the Inspector shall be performed in
the Fabricator’s shop to the fullest extent possible. Such inspections shall be timely,
in-sequence, and performed in such a manner as will not disrupt fabrication opera-
tions and will permit the repair of nonconforming work prior to any required painting
while the material is still in-process in the fabrication shop.”

Similarly, AISC Code of Standard Practice for Structural Stainless Steel Buildings
Section 8.4.3 states, “Inspection of field work shall be promptly completed without
delaying the progress or correction of the work.”

AISC Code of Standard Practice for Structural Stainless Steel Buildings Section
8.4.1 states, “The Fabricator and the Erector shall provide the Inspector with access
to all places where the work is being performed. A minimum of 24 hours notification
shall be given prior to the commencement of work.” However, the inspector’s timely
inspections are necessary for this to be achieved, while the scaffolding, lifts, or other
means provided by the fabricator or erector for their personnel are still in place or
are readily available.

AISC Code of Standard Practice for Structural Stainless Steel Buildings Section 6.1
states, “Identification of Material. The fabricator shall be able to demonstrate by a
written procedure and actual practice a method of material identification, visible up
to the point of assembling members...”
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AISC Code of Standard Practice for Structural Stainless Steel Buildings Section 8.2
states, “Material test reports shall constitute sufficient evidence that the mill product
satisfies material order requirements. The Fabricator shall make a visual inspection
of material that is received from the mill, ...” AISC Code of Standard Practice for
Structural Stainless Steel Buildings Sections 5.2 and 6.1 address the traceability
of material test reports to individual pieces of stainless steel and the identification
requirements for structural stainless steel in the fabrication stage.

Model building codes, such as the IBC, make specific statements about inspecting to
“approved construction documents” and the original and revised design documents
and specifications as approved by the building official or the AHJ. Because of these
IBC provisions, the QAI should inspect using the original and revised design docu-
ments and project specifications. The QAI may also use the fabrication and erection
documents to assist in the inspection process.

Coordinated Inspection

Coordination of inspection tasks may be needed for fabricators in remote locations or
distant from the project itself or for erectors with projects in locations where inspec-
tion by a local firm or individual may not be feasible or where tasks are redundant.

The approval of both the AHJ and EOR is required for quality assurance to rely upon
quality control, so there must be a level of assurance provided by the quality activi-
ties that are accepted. It may also serve as an intermediate step short of waiving QA
as described in Section N6.

Inspection of Welding

AWS D1.6/D1.6M requires inspection, and any inspection task should be done by
the fabricator or erector (termed “contractor” within AWS D1.6/D1.6M) under the
terms of clause 8.1.2.1, as follows:

Contractor’s Inspection. This type of inspection and test shall be performed as
necessary prior to assembly, during assembly, during welding, and after welding
to ensure that materials and workmanship meet the requirements of the contract
documents. Contractor’s inspection and testing shall be the responsibility of the
Contractor, unless otherwise provided in the contract documents.

This is further clarified in clause 8.1.3.3, which states:

Inspector. When the term Inspector is used without further qualification as to the
specific Inspector category described above, it applies equally to inspection and
verification within the limits of responsibility described in 8.1.2.1 and 8.1.2.2.

The basis of Tables N5.4-1, N5.4-2, and N5.4-3 are inspection tasks, as well as qual-
ity requirements, and related detailed items contained within AWS D1.6/D1.6M.
Commentary Tables C-N5.4-1, C-N5.4-2, and C-N5.4-3 provide specific references
to clauses in AWS D1.16/D1.6M. In the determination of the task lists, and whether
the task is designated “observe” or “perform,” the pertinent terms of the following
AWS D1.6D1.6M clauses were used:
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TABLE C-N5.4-1

Reference to AWS D1.6/D1.6M (AWS, 2017)
Clauses for Inspection Tasks prior to Welding

Inspection Tasks prior to Welding Clauses
Welding procedure specifications (WPS) available 8.3
Manufacturer certifications for welding consumables 8.2
available
Material identification (type/grade) 8.2
Welder identification system 8.4

(welder qualification)
(identification system
not required by AWS

D1.6/D1.6M)
Fit-up of groove welds (including joint geometry)
e Joint preparation 8.5.2
¢ Dimensions (alignment, root opening, root face, bevel) 7.8.2,7.8.3
e Cleanliness (condition of stainless steel surfaces) 7.4
e Tacking (tack weld quality and location) 713

e Backing type and fit (if applicable)

7.8.1.1,78.1.2,7.9

Fit-up of CJP groove welds of HSS T-, Y-, and K-joints
without backing (including joint geometry)

e Joint preparation 7.8.2,7.8.3
e Dimensions (alignment, root opening, root face, bevel) 7.8.2,7.8.3
e Cleanliness (condition of stainless steel surfaces) 743,744
e Tacking (tack weld quality and location) 713
Configuration and finish of access holes 7.4.7,85.2

(also see Section J1.6)

Fit-up of fillet welds

¢ Dimensions (alignment, gaps at root) 7.8.1
e Cleanliness (condition of stainless steel surfaces) 7.4
e Tacking (tack weld quality and location) 713

8.5 Inspection of Work and Records

8.5.1 Size, Type, Length, and Location of Welds. The Inspector shall ensure that
the size, type, length, and location of all welds conform to the requirements of this
code and to the detail drawings and that no unspecified welds have been added
without the approval of the Engineer.

8.5.2 Scope of Inspection. The Inspector shall, at suitable intervals, observe joint
preparation, assembly practice, welding techniques, and welder’s and welding
operator’s performance, to ensure that the applicable requirements of this code
are met.
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TABLE C-N5.4-2
Reference to AWS D1.6/D1.6M (AWS, 2017)
Clauses for Inspection Tasks during Welding

Inspection Tasks during Welding Clauses
Use of qualified welders 8.4
Control and handling of welding consumables 8.2
e Packaging 7.3
e Exposure control 7.3.1 (for SMAW), 7.3.2 (for SAW)
No welding over cracked tack welds 713

Environmental conditions
e Wind speed within limits 711
e Precipitation and temperature 9.6.2.4

WPS followed 7.8.4,7.14,8.3.2,85.2
Settings on welding equipment
Travel speed

Selected welding materials
Shielding gas type/flow rate
Preheat applied 7.10
Interpass temperature maintained (min/max.)
Proper position (F, V, H, OH)

Welding techniques 7.15.2,85.2,8.5.3
e Interpass and final cleaning 7.20.1
e Each pass within profile limitations
e Each pass meets quality requirements

8.5.3 Extent of Examination. The Inspector shall inspect the work to ensure
that it meets the requirements of this code. ... Size and contour of welds shall be
measured with suitable gages. ...

“Observe” tasks are as described in clauses 8.5.2 and 6.5.3. Clause 8.5.2 uses the
term “observe” and also defines the frequency to be “at suitable intervals.” “Perform”
tasks are required for each weld by AWS D1.6/D1.6M, as stated in clause 8.5.1 or
8.5.3, or are necessary for final acceptance of the weld or item. The use of the term
perform is based upon the use in AWS D1.6/D1.6M of the phrases “shall examine
the work” and “size and contour of welds shall be measured”; hence, “perform”
items are limited to those functions typically performed at the completion of each
weld.

The words “all welds” in clause 8.5.1 clearly indicate that all welds are required to
be inspected for size, length, and location in order to verify conformity. Chapter N
follows the same principle in labeling these tasks “perform,” which is defined as
“Perform these tasks for each welded joint or member.”
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TABLE C-N5.4-3
Reference to AWS D1.6/D1.6M (AWS, 2017)
Clauses for Inspection Tasks after Welding

Inspection Tasks after Welding Clausesl?

Welds cleaned 7.20.1
Size, length, and location of welds 8.5.1
Welds meet visual acceptance criteria 8.5.3

e Crack prohibition Table 8.1(1)

e Weld/base-metal fusion Table 8.1(2)

e Crater cross section Table 8.1(3)

e Weld profiles 7.16, Table 8.1(4)

e Weld size Table 8.1(6)

e Undercut Table 8.1(7)

e Porosity Table 8.1(8)
Arc strikes 719
k-areald Not addressed in AWS
Weld access holes in rolled heavy shapes and built-up 7.4.7,8.5.2
heavy shapes (see also Section J1.6)
Backing removed and weld tabs removed (if required) 7.9,717.3,8.17.2.1
Repair activities 7.21,8.5.3
Document acceptance or rejection of welded joint or 8.5.4,8.5.5
member

lelk-area issues were identified in AISC (1997). See Commentary on the 2016 AISC Specification
Section J10.8.

The words “suitable intervals” used in clause 8.5.2 characterize that it is not necessary
to inspect these tasks for each weld, but inspect as necessary to verify that the appli-
cable requirements of AWS D1.1/D1.1M are met. Following the same principles and
terminology, Chapter N labels these tasks as “observe,” which is defined as “Observe
these items on a random basis.”

The selection of suitable intervals as used in AWS D1.6/D1.6M is not defined within
AWS D1.6/D1.6M, other than the AWS statement “to ensure that the applicable
requirements of this code are met.” The establishment of “at suitable intervals” is
dependent upon the quality control program of the fabricator or erector, the skills and
knowledge of the welders themselves, the type of weld, and the importance of the
weld. During the initial stages of a project, it may be advisable to have increased levels
of observation to establish the effectiveness of the fabricator’s or erector’s quality
control program, but such increased levels need not be maintained for the duration of
the project, nor to the extent of inspectors being on site. Rather, an appropriate level
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of observation intervals can be used that are commensurate with the observed per-
formance of the contractor and their personnel. More inspection may be warranted
for weld fit-up and monitoring of welding operations for complete-joint-penetration
(CJP) and partial-joint-penetration (PJP) groove welds loaded in transverse tension,
compared to the time spent on groove welds loaded in compression or shear, or time
spent on fillet welds. More time may be warranted observing welding operations
for multi-pass fillet welds, where poor quality root passes and poor fit-up may be
obscured by subsequent weld beads, when compared to single pass fillet welds.

The terms “perform” and “observe” are not to be confused with the terms “periodic
special inspection” and “continuous special inspection” used in the IBC for other
construction materials. Both sets of terms establish two levels of inspection. The IBC
terms specify whether the inspector is present at all times or not during the course of
the work. Chapter N establishes inspection levels for specific tasks within each major
inspection area. “Perform” indicates each item is to be inspected, and “observe”
indicates samples of the work are to be inspected. It is likely that the number of
inspection tasks will determine whether an inspector has to be present full time, but
it is not in accordance with Chapter N to let the time an inspector is on site determine
how many inspection tasks are done.

AWS D1.6/D1.6M, clause 8.3, states that the contractor’s (fabricator/erector)
inspector is specifically responsible for the WPS, verification of prequalification
or proper qualification, and performance in compliance with the WPS. Quality
assurance inspectors monitor welding to make sure QC is effective. For this reason,
Tables N5.4-1 and N5.4-2 maintain an inspection task for the QA for these func-
tions. For welding to be performed, and for this inspection work to be done, the
WPS must be available to both welder and inspector. A separate inspection for HSS
T-, Y-, and K-connections was added to recognize the separate fit-up tolerances for
these joints in AWS D1.6/D1.6M, Table 8.1, and their importance to achieving an
acceptable root.

Material verification of weld filler materials is accomplished by observing that the
consumable markings correspond to those in the WPS and that certificates of compli-
ance are available for consumables used.

The footnote to Table N5.4-1 states that “The fabricator or erector, as applicable,
shall maintain a system by which a welder who has welded a joint or member can
be identified. Stamps, if used on cyclically loaded members, require the approval
of the EOR and shall be the low-stress type and compatible with the stainless steel
base metal.” AWS D1.6/D1.6M does not require a welding personnel identification
system. However, the inspector must verify the qualifications of welders, including
identifying those welders whose work “appears to be below the requirements of this
code.” Also, if welds are to receive nondestructive testing (NDT), it is essential to
have a welding personnel identification system to reduce the rate of NDT for good
welders and increase the rate of NDT for welders whose welds frequently fail NDT.
This welder identification system can also benefit the contractor by clearly identify-
ing welders who may need additional training.
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Table N5.4-3 includes requirements for observation that “No prohibited welds have
been added without the approval of the EOR.” AWS D1.6/D1.6M, clause 7.13,
includes specific provisions for tack welds incorporated into final welds, tack welds
not incorporated into final welds, and construction aid welds.

AWS D1.6/D1.6M, clause 9, Stud Welding, includes requirements regarding the stud
welding materials and their condition, base metal condition, stud application quali-
fication testing, pre-production welding inspection and bend testing, qualification of
the welding operator, visual inspection of completed studs and bend testing of certain
studs when required, and the repair of nonconforming studs. For manually welded
studs, special requirements apply to the stud base and the welding procedures.

The proper fit-up for groove welds and fillet welds prior to welding should first be
checked by the fitter and/or welder. Such detailed dimensions should be provided on
the shop or erection drawings, as well as included in the WPS. Fitters and welders
must be equipped with the necessary measurement tools to verify proper fit-up prior
to welding.

AWS D1.6/D1.6M, clause 8.2, Inspection of Materials, states that, “The Contractor’s
Inspector shall ensure that only materials conforming to the requirements of the
contract documents and this code are used.” For this reason, the check of welding
equipment is assigned to QC only in Chapter N, and is not required for QA.

Nondestructive Testing of Welded Joints

Procedures

Buildings are subjected to static loading unless fatigue is specifically addressed as pre-
scribed in Appendix 3. Section J2 provisions contain exceptions to AWS D1.6/D1.6M.

CJP Groove Weld NDT

For statically loaded structures, AWS D1.6/D1.6M and the Specification have no
specific nondestructive testing (NDT) requirements, leaving it to the engineer to
determine the appropriate NDT method(s), locations or categories of welds to be
tested, and the frequency and type of testing (full, partial, or spot), in accordance
with AWS D1.6/D1.6M, clause 8.15.

The Specification implements a selection of NDT methods and a rate of ultrasonic
testing (UT) based upon a rational system of risk of failure. If based upon a model
building code, such as the International Building Code (ICC, 2018), the applicable
building code will assign every building or structure to one of four different risk
categories. Where there is no applicable building code, then Section A1 requires that
the risk category be assigned in accordance with ASCE/SEI 7 (ASCE, 2016).

Complete-joint-penetration (CJP) groove welds loaded in tension applied trans-
versely to their axis are assumed to develop the capacity of the smaller stainless steel
element being joined and therefore have the highest demand for quality. CJP groove
welds in compression or shear are not subjected to the same crack propagation
risks as welds subjected to tension. Partial-joint-penetration (PJP) groove welds are
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designed using a limited available strength when in tension, based upon the root con-
dition, and therefore are not subjected to the same high stresses and subsequent crack
propagation risk as a CJP groove weld. PJP groove welds in compression or shear
are similarly at substantially less risk of crack propagation than CJP groove welds.

Fillet welds are designed using limited strengths, similar to PJP groove welds, and
are designed for shear stresses regardless of load application and therefore do not
warrant NDT.

The selection of joint type for ultrasonic testing (UT) is based upon AWS D1.6/
D1.6M, clause 8.20, which limits the procedures and standards as stated in Part F
of AWS D1.6D1.6M to groove welds and heat-affected zones in austenitic stainless
steel. The requirement to inspect 10% of CJP groove welds is a requirement that the
full length of 10% of the CJP groove welds are to be inspected.

Welded Joints Subject to Fatigue

CJP groove welds in butt joints so designated in Appendix 3, Table A-3.1, Sections
5 and 6.1, require that internal soundness be verified using ultrasonic testing (UT)
or radiographic testing (RT), meeting the acceptance requirements of AWS D1.6/
D1.6M, clause 8.12 or 8.13, as appropriate.

Reduction of Ultrasonic Testing Rate

For statically loaded structures in risk categories III and IV, reduction of the rate of
UT from 100% is permitted for individual welders who have demonstrated a high
level of skill, proven after a significant number of their welds have been tested.

Increase in Ultrasonic Testing Rate

For risk category II, where 10% of CJP groove welds loaded in transverse tension
are tested, an increase in the rate of UT is required for individual welders who have
failed to demonstrate a high level of skill, established as a failure rate of more than
5%, after a sufficient number of their welds have been tested. To implement this
effectively, and not necessitate the retesting of welds previously deposited by a
welder who has a high reject rate established after the 20 welds have been tested, it
is suggested that at the start of the work, a higher rate of UT be performed on each
welder’s completed welds.

Inspection of Bolting

The RCSC Specification (RCSC, 2014), like the referenced welding standard, defines
bolting inspection requirements in terms of inspection tasks and scope of examina-
tions. The RCSC Specification uses the term “routine observation” for the inspection
of all pretensioned bolts, further validating the choice of the term “observe” in this
chapter of the Specification.

Table N5.6-1 includes requirements for observation of ‘“Fasteners marked in accor-
dance with ASTM requirements.” This includes the required package marking of the
fasteners and the product marking of the fastener components in accordance with the
applicable ASTM standard.
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Snug-tightened joints are required to be inspected to verify that the proper fastener
components are used and that the faying surfaces are brought into firm contact during
installation of the bolts. The magnitude of the clamping force that exists in a snug-
tightened joint is not a consideration and need not be verified.

Pretensioned joints and slip-critical joints are required to be inspected to verify that
the proper fastener components are used and that the faying surfaces are brought into
firm contact during the initial installation of the bolts. Pre-installation verification
testing is required for all pretensioned bolt installations, and the nature and scope
of installation verification will vary based on the installation method used. The fol-
lowing provisions from the RCSC Specification serve as the basis for Tables N5.6-1,
N5.6-2, and N5.6-3. In the following, underlining has been added for emphasis of
terms:

9.2.1. Turn-of-Nut Pretensioning: The inspector shall observe the pre-installation
verification testing required in Section 8.2.1. Subsequently, it shall be ensured by
routine observation that the bolting crew properly rotates the turned element rela-
tive to the unturned element by the amount specified in Table 8.2. Alternatively,
when fastener assemblies are match-marked after the initial fit-up of the joint, but
prior to pretensioning; visual inspection after pretensioning is permitted in lieu of
routine observation.

9.2.2. Calibrated Wrench Pretensioning: The inspector shall observe the pre-
installation verification testing required in Section 8.2.2. Subsequently, it shall be
ensured by routine observation that the bolting crew properly applies the calibrated
wrench to the turned element. No further evidence of conformity is required.

The presence of the inspector is dependent upon whether the installation method
provides visual evidence of completed installation. Turn-of-nut installation without
matchmarking and calibrated wrench installation provides no visual evidence of
completed installation, and the inspector is to be “engaged” on site, although not
necessarily watching every bolt or joint as it is being pretensioned.

The inspection provisions of the RCSC Specification rely upon observation of the
work; hence, all tables in this Specification use “observe” for the designated tasks.

Other Inspection Tasks

IBC requires that anchor rods be set accurately to the pattern and dimensions called
for on the plans. In addition, it is required that the protrusion of the threaded ends
through the connected material be sufficient to fully engage the threads of the nuts,
but not be greater than the length of the threads on the bolts.

AISC Code of Standard Practice for Structural Stainless Steel Buildings Section
7.5.1 states that anchor rods, foundation bolts, and other embedded items are to be
set by the owner’s designated representative for construction. The erector is likely
not on site to verify placement, therefore it is assigned solely to the quality assurance
inspector (QAI). Because it is not possible to verify proper anchor rod materials and
embedment following installation, it is required that the QAI be on site when the
anchor rods are being set.
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N6. APPROVED FABRICATORS AND ERECTORS
IBC Section 1704.2.5.1 (ICC, 2018) states that:

Special inspections during fabrication are not required where the work is done on
the premises of a fabricator registered and approved to perform such work without
special inspection.

Approval shall be based upon review of the fabricator’s written procedural and
quality control manuals and periodic auditing of fabrication practices by an
approved agency.

An example of how these approvals may be made by the building official or authority
having jurisdiction (AHJ) is the use of the AISC Certification program. A fabricator
certified to the AISC Certified Structural Steel Fabricator, Standard for Certification
Programs (AISC, 2020), meets the criteria of having a quality control manual, writ-
ten procedures, and annual onsite audits conducted by AISC’s independent auditing
company, Quality Management Company, LLC. Similarly, steel erectors may be
an AISC Certified Erector or AISC Advanced Certified Steel Erector. The audits
confirm that the company has the personnel, knowledge, organization, equipment,
experience, capability, procedures, and commitment to produce the required quality
of work for a given certification category.

Granting a waiver of QA inspections in a fabrication shop does not eliminate the
required NDT of welds; instead of being performed by QA, such inspections are
performed by the fabricator’s QC. Even when QA inspection is waived, the NDT
reports prepared by the fabricator’s QC are available for review by a third-party QA.
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APPENDIX 1
DESIGN BY ADVANCED ANALYSIS

General provisions for designing for stability are presented in Chapter C, in which specific
details are provided for the direct analysis method. This appendix provides details for
explicitly modeling system and member imperfections and/or inelasticity within the analy-
sis. The provisions are based on the 2016 AISC Specification, but with the modifications
described herein. Further information can be found in the Commentary to the 2016 AISC
Specification.

1.2

1.

1.3.

DESIGN BY ELASTIC ANALYSIS

General Stability Requirements

This method is currently restricted to doubly symmetric sections, including I-shapes,
HSS, and box sections, because current analytical testing has generally taken place
with these section types. The designer can consider using singly symmetric shapes
or other shapes as long as an investigation is undertaken to verify the results are
properly capturing twisting effects and generally produce designs comparable to the
traditional design approach as specified in Chapter C and the other design require-
ments contained in Chapters D through K.

Calculation of Required Strengths

Since member instability is directly captured in a second-order analysis with imper-
fections, only cross-section strength checks are required to verify the capacity of the
structure.

Note that in the 2016 AISC Specification, the use of additional notional loads in place
of stiffness reduction through 7, is not permitted; the same restriction is applied in
this Specification for stainless steel design.

DESIGN BY INELASTIC ANALYSIS

This section contains provisions for the inelastic analysis and design of structural
stainless steel systems by second-order inelastic analysis, including continuous
beams, moment frames, braced frames, and combined systems. The nonlinear mate-
rial stress-strain response of stainless steel has a direct influence on the structural
behavior of stainless steel cross sections, members, and frames (Gardner, 2019).
Material nonlinearity results in greater deflections due to the loss of material stiff-
ness, and therefore, without the consideration of plasticity in the structural analysis,
forces and moments are often underestimated (Walport et al., 2019a). It has been
concluded that material nonlinearity should generally be considered in the global
analysis of stainless steel structures (Walport et al., 2019b). The guidance provided
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in the 2016 AISC Specification for carbon steel design largely relates to the occur-
rence of traditional idealized plastic hinges. However, such hinges do not form in
stainless steel structures; instead, zones of plasticity with gradually reducing stiffness
are exhibited. Traditional plastic hinge analysis is, therefore, not generally appro-
priate, and an inelastic plastic zone (distributed-plasticity) analysis, incorporating
a nonlinear material stress-strain response, must be carried out for stainless steel
design, as given in this appendix.

Material

Extensive past research on the plastic and inelastic behavior of continuous beams,
rigid frames, and connections has amply demonstrated the suitability of steel with
yield stress levels up to 80 ksi (550 MPa) (Afshan et al., 2015; Gardner et al., 2000).

Unbraced Length

The equations for calculating the limiting unbraced length, L,,4, are a modified version
of those in the 2016 AISC Specification for carbon steel reflecting the changes in
Chapter F for the two materials. The limiting unbraced length, L,q, represents a
portion of the limiting laterally unbraced length for the limit state of yielding, L,
defined in Chapter F. To calibrate the revised expressions, values of £ = 29,000 ksi
(200 000 MPa), Fy = 41 ksi (280 MPa), and two ratios, 1 and 0.8, were considered.
With these values and using the expressions from the 2016 AISC Specification,
when M{/M, = 1 and when M{/M, = 0.8, the limiting unbraced length is equal
to 0.67 and 0.90 times the limiting laterally unbraced length for the limit state of
yielding, respectively. Consequently, forming simultaneous equations and using the
revised definition of the limiting laterally unbraced length for the limit state of yield-
ing defined in Chapter F for stainless steel, the two constants were derived in each
equation for L.

Axial Force

For consistency, the limitation on the design compressive strength of 0.75FyA, is
from the 2016 AISC Specification. This precautionary limitation has been included
to provide sufficient inelastic rotation capacity in members subject to high levels
of axial force. Note, however, that the continuous strength method presented in
Appendix 2 results in strain limits that inherently capture the influence of the load-
ing on ductility.

Analysis Requirements

The second-order inelastic structural analysis is carried out using finite element
analysis utilizing beam elements. With the nonlinear stainless steel material model
given in Appendix 7, capacities continuously increase under increasing deformation.
In reality, cross-section deformations and capacities are controlled by local buckling.
A limit is therefore required to control the level of plastic deformation and hence the
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capacity of the cross section and ultimately the structure. The limit comes from the
continuous strength method (CSM). This approach of design by inelastic analysis
therefore features a second-order inelastic analysis using the nonlinear stainless steel
material model, included in Appendix 7, and the CSM strain limits. Hence, cross-
section slenderness-dependent levels of spread of plasticity, moment redistribution,
and strain hardening are permitted, in a consistent and accurate manner.

When performing this type of analysis, failure of the structural system or member is
defined as the point at which either (1) the CSM strain limit is reached at any point in
the system or (2) the peak load is attained during the analysis, whichever occurs first
(Walport et al., 2019¢). The maximum load obtained from the analysis is a nominal
load. Therefore, in order to determine the design strength of the structural system or
member, the nominal load has to be converted into a design load by multiplying it
by the resistance factor, ¢ = 0.90.

The continuous nature of the approach allows cross sections of all classes to be
designed in the same way.

Residual Stress and Partial Yielding Effects

As an alternative to modeling residual stresses, equivalent member imperfections
may be utilized that account for both geometric imperfections and material imperfec-
tions (i.e., residual stresses), as determined using Equation C-A-1-1, where 0, is the
imperfection factor as given in Table C-A-1.1 (Walport et al., 2020). These may be
modeled in the form of a half sine wave or elastic buckling mode shape:

“5 1

O _%eq p L (C-A-1-1)
L 150 "™ L 1000

where
L =length of member, in. (mm)
ep = equivalent member imperfection amplitude, in. (mm)

Continuous Strength Method Strain Limits

The most accurate representation of the behavior of a structure is achieved through
directly allowing for instability, plasticity, residual stresses, and initial geometric
imperfections through the use of second-order (advanced) inelastic analysis with
imperfections. Advanced analysis is commonly carried out using beam finite ele-
ments for ease of use and computational efficiency, but these elements cannot capture
local cross-section deformations. While shell finite elements are able to capture
cross-section local buckling behavior, they are computationally expensive. A practi-
cal solution is to use beam finite elements, with strain limits applied to simulate local
buckling and control the level of plastic deformation, and hence the capacity of the
cross section and ultimately the structure. In this approach (Fieber et al., 2019, 2020;
Walport et al., 2021), the influence of material nonlinearity on the structural response
is directly modeled through the definition of the full stress-strain curve of the material,
while the strain limits are taken from the continuous strength method (CSM).
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TABLE C-A-1.1
Imperfection Factors, o.eq, for Different
Types of Members for Calculating the

Equivalent Member Imperfection

Member Type Axis of Buckling Oeq
Rectangular and round HSS Any 0.49
Major 0.49

Rolled or welded I-shaped sections, and
welded box sections Minor 0.76

The accuracy of this design approach was verified against a significant number of
benchmark results from experiments and nonlinear shell finite element analyses of
stainless steel members and structural systems. The continuous strength method
(CSM) is employed to simulate local buckling by applying strain limits to control the
extent to which plasticity, moment redistribution, and strain hardening is permitted.
Failure of a member or structure is defined as the point at which the CSM strain limit
is reached or, in stability governed cases, where the peak load occurs prior to the
CSM strain limit being reached; the peak load is taken as the ultimate load. Equations
A-1-5 and A-1-6 differ from Equations A-2-3 and A-2-4 to allow for gradual yield-
ing due to the incorporation of the nonlinear material model.

The required strain is determined at the outer compressive fiber and may be aver-
aged over the elastic local buckling half-wavelength, L., of the full cross section.
Note that the presence of stiffeners locally constrains the shape of the cross section
and hence L,; is located to either side of the stiffener, as shown in Figure C-A-1.1.

L,

(i) Without stiffeners, Le; N l 1 /
is centered around the [ ~__ 1 1 /|
critical cross section \;J}Z

M
Mmax
L, Stiffener
(i) With stiffeners, Le; is ~_ ; -

|
located to one side of | ~—_ : id —_—

the stiffener adjacent to \/

the critical cross section
Mmax

Fig. C-A-1.1. Moment diagrams and strain averaging approach.
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The local cross-section slenderness, A;, quantifies the susceptibility of a cross sec-
tion to local buckling. The elastic buckling stress of the crosssection, F,;, may be
calculated accurately through numerical methods, for example, the Constrained and
Unconstrained Finite Strip Method (CUFSM) software (Li and Schafer, 2010) or, for
I-shaped sections, square and rectangular HSS, and box sections, using the simplified
expressions presented in the following discussion (Gardner et al., 2019).

Second-order inelastic analysis with CSM strain limits enables the resistance of the
structure to be captured allowing suitable levels of inelastic redistribution within
indeterminate structural systems; it also allows the structural failure mechanism to
be clearly visualized (Fieber et al., 2020; Walport et al., 2021).

Elastic Local Buckling Stress, F,;, of Full Cross Section. The expressions for
the determination of F,; for full cross sections provided in this Commentary are
for I-sections, square and rectangular HSS, and box sections. Expressions for other
cross-section types can be found in Gardner et al. (2019). Design examples illustrat-
ing the use of these expressions can be found in AISC Design Guide 27 (Baddoo
and Meza, 2021).

The full cross-section elastic local buckling stress, F,;, is determined using Equation
C-A-1-2:

Fou=F3S, +G(FL, - F5,) where 0<¢<1 (C-A-1-2)
where
Fg’sp = elastic local buckling stress of isolated critical element assuming simply
supported boundary conditions, ksi (MPa)
= min(B, £S5 BuFSS,) (C-A-1-3)
F jsf = elastic local buckling stress of isolated flange assuming simply supported
boundary conditions, ksi (MPa)
F jsw = elastic local buckling stress of isolated web assuming simply supported
boundary conditions, ksi (MPa)
Fi , = elastic local buckling stress of isolated critical element assuming fixed
boundary conditions, ksi (MPa)
= min(B rEq pBuFy, W) (C-A-1-4)
Fe{ ,» = eclastic local buckling stress of isolated web assuming fixed boundary
conditions, ksi (MPa)
Fe{ ¢ = elastic local buckling stress of isolated flange assuming fixed boundary
conditions, ksi (MPa)
By = flange stress correction factor
Fug
_ les,max (C-A-]-S)
F, fumax
B = web stress correction factor
F,
_ Les,max (C_A_1_6)
F, w,max

Feg max = maximum compressive stress in the cross section, ksi (MPa)
Ffmax = maximum compressive stress in the flange, ksi (MPa)

F\, max = maximum compressive stress in the web, ksi (MPa)

€ = interaction coefficient as determined from Table C-A-1.4
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Note: B and B,, are only necessary when the maximum compressive stress in the
flange and web is different (e.g., I-sections subjected to minor-axis bending).

Elastic Local Buckling Stress of Isolated Web and Flange. The isolated flange
and web elastic buckling stresses with simply supported (SS) and fixed (F) boundary
conditions may be determined from Equation C-A-1-7:

2
2
wE (¢t
Fy,=k————| 2% (C-A-1-7)
or 12(1—v2)[b,,]

where
b, = width of element, in. (mm)
k = buckling coefficient based on the stress distribution, ‘¥, as calculated from
Tables C-A-1.2 and C-A-1.3
t, = thickness of element, in. (mm)
v = Poisson’s ratio
=03

Elastic Local Buckling Half-Wavelength, L., of Full Cross Section. A design
example illustrating the use of these expressions can be found in AISC Design Guide
217.

The full cross-section elastic local buckling half-wavelength, L.y, is determined using
Equation C-A-1-8:

Ly=1IS +§( Fp elp) where 0<{<1 (C-A-1-8)
where
€ = interaction coefficient as determined from Table C-A-1.4
Lfls p = elastic local buckling half-wavelength of isolated critical element assuming

simply supported boundary conditions, in. (mm)

- (1) (C-A-1)

Lffw = elastic local buckling half-wavelength of isolated web assuming simply
supported boundary conditions, in. (mm)

LSSf = elastic local buckling half-wavelength of isolated flange assuming simply

supported boundary conditions, in. (mm)
n = transition function given in Table C-A-1.5
Lfl, p = elastic local buckling half-wavelength of isolated critical element assuming
ﬁxed boundary conditions, in. (mm)
Ly m+ L s (1-m) (C-A-1-10)
Lfl,w = elastic local buckling half-wavelength of isolated web assuming fixed
boundary conditions, in. (mm)
LZJ- = elastic local buckling half-wavelength of isolated flange assuming fixed
boundary conditions, in. (mm)
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TABLE C-A-1.2

Buckling Coefficient, k, for Stiffened and
Unstiffened Elements with Simply
Supported (SS) Boundary Conditions
along Adjoined Edges

Stress Distribution!?! Y = 02/G1 Buckling Coefficient
1 k=4
£ 1 0 - b2
o f >y > =
TAE —3 oy
2 n
w -
Ta " 0 k=17.81
c® |
£ I%fz 0>y >-1 k =9.78y? - 629y +7.81
o
-1 k=23.9
1 k=0.43
0 k=0.57
f f
2 1 k=0.85
% 1>y >-3 k =0.07y2 - 021y +0.57
Eo
] g 1 k=0.43
g, oys0 0578
oo = v
E f1 0.3 + vy
2 f5
5 0 k=170
; 0>y >-1 k=171y% -5y +1.7
1
% f, » k=238
-1>y>-3 k =5.78y? —12.8y +5.22

[al Compression taken as positive (shaded gray).
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TABLE C-A-1.3
Buckling Coefficient, k, or Stiffened and
Unstiffened Elements with Fixed (F) Boundary
Conditions along Adjoined Edges

Stress Distribution(®! Y = 62/G1 Buckling Coefficient
1 k=6.97
i)
= 14.29
(7] =
E _ f1|>lf2 mv=o 1.05+y
w 0 k=136
e = -
2 LL_ f1
(] 2
£ f, 0>y >—1 k=14.5y2 —11 .5y +13.6
7]
- k=396
1 k=125
0 k=1.62
f.
f, !
. 1 k=213
5
£ 1>y >-1 k =0.07y? - 0.44y +1.62
QO —
o9
o & 1 k=125
g 1
oL | ¢ 1.58
= 1 -
£ ~, 1>y>0 0.263+y
c
> 0 k= 6.01
f1 - k=373
f2
“1>y>-3 k=9.8y2-215y+6

[al Compression taken as positive (shaded gray).
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TABLE C-A-1.4
Interaction Coefficient, {, for
Square and Rectangular HSS, Box Sections,
and I-Sections

Section Load Casel? Flange Critical (¢ < 1) Web Critical (¢ > 1)
° fir far t
% l{:| C=tl(0.24—af¢)0'6 .
@ 0 fiw | Compression f ¢= 4[0_53 _ "LWJ
‘£ ! and/or £V H 1/0.6 ty 0
geol” major-axis |as = 0.24 — {o.{f) (7 - ﬂ H
S S ANy bending t,) \B ay=0.63-0.12 <053
chH L 2w <
% § B ‘ <0.24
D x
o
s @| 1, Fru =053 2w
< = Compression §=--0.53-—+
© fis tw (0
o st and/or
S 1 . minor-axis N/A 4
@ __w 1| | bending 4w =0.63- 0.1 <053
f1‘fl:| fZ,f
T#ﬂmf Fiow Compression
f and/or t ty tr 0.3
=0.15—¢>-—-(04-0.2 =—0.45-—
d major-axis ¢ tw ¢ t ( 5) ¢ ty 02
g b f bending
Vz=Zr—7lf,,
g | =
®
v t; t,
= Fauw Fiw Compression | §=a -0 >~ (ar —0.250) _t a
s ty |k ¢=-|0.45-2
[ - and/or tw o?
by f2r | minor-axis ar =0.9-0.75y; < 0.35
b—d bending a1 =1- 0.6y < 0.7 ay =0.8yf —0.5>0.1

SS SS
¢ _ ﬁfFeLf _ Fel,f [Fw,maxj
BWFe?j/ Fe‘?,?v Ff,max
Oaf

Yi=——
O1f

@ For tension and bending, the expression for bending can conservatively be used.
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Transition Function, 1
Load Casel®
Section Compression and/or Compression and/or
Major-Axis Bending Minor-Axis Bending
Square and rectangular n=1- 1
HSS and box sections o3 +1
canti n=1-———>0 ¢—0.5a1)" +1
I-sections (¢ B 0_5)3 +1
Where a1 =2yf —1>2-0.6
SS
¢ _ BfFel,f _ Feﬁ? (Fw,maxj
BWFeSlfv FeSl,‘Ev Ff«max
c
= % (see Table C-A-1.4)
e For tension + bending, the expression for bending can conservatively be used.

Elastic Local Buckling Half-Wavelength of Isolated Web and Flange. The iso-
lated flange and web local buckling half-wavelength assuming simply supported
(SS) and fixed (F) boundary conditions may be determined from Equation C-A-1-11:

Lei,p = kipby (C-A-1-11)

where
b, = width of element, in. (mm)
krp = half-wavelength coefficient given in Table C-A-1.6

Shear, Torsion, and Bending Interaction

In this method of design, by second-order inelastic analysis with CSM strain limits,
the influence of shear force on flexural strength is accounted for through the reduc-
tion factor, pg,. Extensive numerical modeling has shown this to account for the
shear and bending interaction and provide safe and accurate strength predictions
(Walport et al., 2021).
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TABLE C-A-1.6
Plate Buckling Half-Wavelength Coefficient, k;p,
for Stiffened and Unstiffened Elements with Simply
Supported and Fixed-Edge Conditions

Stress Distribution(?] VY = 02/04 Simply Supported Edges Fixed Edges

12y 2>0.25 kip=1 ki p = 0.66

0.25 > y>-1 kip=1-0.21(y - 0.25)% kip = 0.66 — 0.12(y — 0.25)

-1 kip = 0.67 kip = 0.47

2.8+0.3a, 2\t
KL p = max br )\ tw

2+362(])

For compression and/or major-
axis bending®!:

Stiffened Elements
i)
o

P fil 12y>- kip = 1.65
2 a=1.0
For compression and/or
minor-axis bending®!:
a =2y <2.6-16y
2
3
5 2.8+0.3a, (&)(L’]
w ki p = max br )\ ty
§ 2+ 3ay0
;g For compression and/or major-
g " 1>y>0 axis bending: Kip = 1.65
1 :] f, a»=1.0
For compression and/or minor-
axis bending:
4 ap=2y=2.6-1.6y
fa
0 > 1 o= 0.818 o= 0.68
ZV=- LT 0221-y 04—y
-1 kip = 0.67 kip =0.48

“1>y>-3 kip = 0.06y? + 0.39y + 1 kb = 0.04y? + 0.29y + 0.73

o= BfFeS/,? _ Fesl? [Fw,maxJ
BWFSS FSS ,:f,max

el,w el,w

18l Compression taken as positive (shaded gray).
[l For tension plus bending, the expression for bending can conservatively be used.
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APPENDIX 2
THE CONTINUOUS STRENGTH METHOD

The continuous strength method (CSM) is a deformation-based design approach which consid-
ers the beneficial effects of strain hardening and element interaction in the design of stainless
steel cross sections. The CSM has been developed over a number of years (Ashraf et al., 2006;
Ashraf et al., 2008; Afshan and Gardner, 2013; Liew and Gardner, 2015; Buchanan et al., 2016;
Zhao and Gardner, 2018; Zhao et al., 2017). It uses the nondimensional measure of cross-
section deformation capacity, which is presented as a function of the full cross-section slender-
ness that accounts for the beneficial effect of element interaction within the cross section. An
elastic, linear hardening material model is also adopted, which gives a better representation of
the actual material behavior of stainless steels than the elastic, perfectly plastic material model.

2.1.

2.2.

2.3.

LIMITATIONS

The CSM applies to round HSS and sections comprising flat plates (e.g., doubly sym-
metric I-shapes, square and rectangular HSS, singly symmetric channel and T-sections,
and asymmetric angle sections) subjected to both isolated and combined loading condi-
tions.

Table A-2.1.1 gives the range of applicability of the CSM; the CSM is not applicable in
the case of global instabilities.

MATERIAL MODELING

The CSM elastic, linear hardening material model is illustrated in Figure A-2.2.1, with
the strain hardening slope, Eg,, calculated using Equation A-2-1. The values of the
material coefficients for austenitic and duplex stainless steel were calibrated based on
measured material tensile coupon test data by means of least squares regression (Liew
and Gardner, 2015).

DEFORMATION CAPACITY

The CSM employs “base curves” derived on the basis of a regression fit to compression
and bending test data for a range of metallic materials, including austenitic and duplex
stainless steel. These base curves define the relationship between the deformation capac-
ity (expressed in terms of the strain ratio, €cgn / €y, and the full cross-section slenderness,
M, as given by Equations A-2-3 and A-2-4 for plated sections and round HSS, respec-
tively. Each base curve contains two parts: the first part applies to nonslender sections
with A; < 0.68 for plated sections and A; < 0.30 for round HSS, corresponding to strain
ratios, €cgm / €, greater than or equal to unity, while the second part applies to slender
sections with A; > 0.68 for plated sections and A; > 0.30 for round HSS, corresponding to
strain ratios, €cgn / €y, less than unity. The two parts meet at the yield slenderness limit,
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24.

2.5.

which is the transition point between slender and nonslender sections. Two limits are
applied to the strain ratio, €y / €y, for nonslender cross sections. The first limit of A
is to prevent excessive strains, while the second limit, which is related to the adopted
elastic, linear hardening material model, is to avoid over-prediction of the material
strength. The limit of A =5 given in Section 2.3.2 only applies when conducting
cross-section strength for design by second-order elastic analysis with imperfections
according to Appendix 1. If the CSM is utilized in combination with Chapter C and
within the limits of Table A-2.1.1 (i.e., stocky members), then a limit of A = 15 is
allowed.

The local cross-section slenderness, A;, quantifies the susceptibility of a cross section
to local buckling. The elastic buckling stress of the cross section, F,;, may be calcu-
lated through numerical methods, for example, using the CUFSM (Li and Schafer,
2010) or, for I-sections and square and rectangular HSS, using the simplified expres-
sions of Gardner et al. (2019) presented in the Commentary to Appendix 1.

TENSILE STRENGTH

When calculating the CSM tensile strength of stainless steel structural members,
the maximum tensile stress the cross section can reach is determined from the CSM
material model given in Figure A-2.2.1 by limiting the strain to the minimum of 15g,
and 0.10(1— Fy/Fu) (de J. dos Santos et al., 2021). These are the same strain limits
used for members in compression that are not affected by cross-sectional and global
instabilities.

For tensile members with holes, the provisions for the verification of the net section
are the same as those included in Section D2. Due to the large ductility and strong
strain hardening exhibited by stainless steels, the attainment of the tensile strength
may require a significant amount of deformation. For this reason, a User Note was
included in Appendix 2, Section 2.4, indicating that the verification of the net section
can be performed at a stress below the tensile strength. The stress in the net section
can be calculated based on the CSM material model and the maximum permissible
elongation of the member by using the simple expression given in the User Note of
Section D2. Alternatively, the more accurate material model given in Appendix 7
may be used.

COMPRESSIVE STRENGTH

After the maximum attainable strain, €.y, and the corresponding strain hardening
modulus, E,, are determined, the CSM design stress, f.q,, for stainless steel cross-
sections under pure compression can be calculated in accordance with Equation
C-A-2-1 for nonslender sections with design strains greater than or equal to the yield
strain (€q4y / €, 21) and Equation C-A-2-2 for slender sections with design strains
less than the yield strain (€.gn / €, <1). Note that in Equation C-A-2-1 the strain
hardening behavior of the material is accounted for through the strain hardening
modulus, E,. The CSM design stress, f.sm, can then be employed directly to obtain
the nominal compressive strength, P, for the limit state of yielding or local buckling
using Equation C-A-2-3.
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2.6.

COMPRESSIVE STRENGTH [Comm. 2.5.
€
Fesm = Fy + Egy ey( ;Sm _1] for €con/ey 2 1.0 (C-A-2-1)
y
Sesm = E€cgn for €egpley < 1.0 (C-A-2-2)
P = fcxmAg (C-A-2-3)
FLEXURAL STRENGTH

The CSM design equations for flexural strength were derived by Gardner et al.
(2011), Afshan and Gardner (2013), Buchanan et al. (2016), and Zhao et al. (2017),
where extensive validation and comparisons with experimental and numerical data
are presented. The provisions for asymmetric and singly symmetric cross sections in
bending about an axis that is not one of symmetry were developed and evaluated by
Zhao and Gardner (2018).

Bending about an Axis of Symmetry. Once the maximum attainable strain in the
Cross section, €.gy, is determined in accordance with Section 2.3, the design stress
distribution can then be derived based on the elastic, linear hardening material model.

For slender sections with a design strain ratio less than unity (€.s, / €y < 1), there is an
elastic, linear-varying stress distribution and no benefit arises from strain hardening;
the CSM flexural strength is thus directly calculated, as the elastic bending moment
resistance multiplied by the strain ratio, as given by Equation A-2-15, for bending
about the major or minor axis.

For nonslender sections with a design strain ratio greater than or equal to unity
(€csim/ €y 2 1), the CSM flexural strength was firstly derived analytically through inte-
gration of the design stress distribution throughout the cross-section depth, and then
transformed into a simplified design formula, as given by Equation A-2-16, where o
is the CSM bending coefficient, related to cross-section shape and axis of bending,
as shown in Table A-2.6.1.

Bending about an Axis that is Not One of Symmetry. For asymmetric and singly
symmetric cross sections in bending about an axis that is not one of symmetry,
the maximum attainable compressive strain, €.qn,, should be determined in accor-
dance with Equations A-2-3 and A-2-4 (i.e., €cgm,c = €csm), While the corresponding
outer-fiber tensile strain, €.y, should be determined assuming a linearly varying
through-depth strain distribution using Equation C-A-2-4, where & is the overall
height of the section in the direction of bending and y, is the distance from the elastic
neutral axis (ENA) to the outer compressive fiber:

h_yc

c

(C-A-2-4)

Ecsm,t = Ecsmyc
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2.7.

When computing €.y, the design neutral axis should first be assumed to be located
at the ENA location. If the maximum design strain, €cgy max, taken as the maximum
of €cyn,c and €cgy, 1, 18 less than the yield strain, €,, the use of the ENA may be con-
sidered to be appropriate, and the nominal flexural strength should be calculated
from Equation A-2-15, with €., = €cgmmax. If the maximum design strain, €.y mar,
is greater than or equal to the yield strain, €y, the design neutral axis should be
changed from the previously assumed ENA to the location dictated by cross-section
equilibrium or, as an approximation, the midpoint between the elastic and plastic
neutral axes. €cgn,; and €cgm max should then be recalculated using the new design
neutral axis, and the corresponding CSM nominal flexural strength determined using
Equation A-2-16.

It is worth pointing out that cross sections bent about a nonsymmetric axis, in which
the neutral axis is closer to the compression side, may benefit from strain hardening
even if failure due to local buckling takes place before the compression side of the
cross section reaches the yield stress, as some yielding may be attained on the tension
side at the fibers most distant from the neutral axis.

COMBINED FLEXURE AND COMPRESSION

The CSM was extended by Zhao et al. (2015, 2016a, 2016b), to account for I-shaped
members, as well as square, rectangular, and round HSS subjected to combined
compression and bending. Section 2.7 makes use of the combined loading equations
included in Chapter H (as well as Equation A-2-17) but anchored to the CSM end-
points for the compressive and flexural strengths.
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APPENDIX 3
FATIGUE

When the limit state of fatigue is a design consideration, its severity is most significantly
affected by the number of load applications, the magnitude of the stress range, and the sever-
ity of the stress concentrations associated with particular details. Issues of fatigue are not
normally encountered in building design; however, when encountered, and if the severity
is great enough, fatigue is of concern and all provisions of this appendix must be satisfied.

Fatigue tests on austenitic and duplex stainless steel have shown that similar crack growth
behavior occurs in carbon and stainless steel details and that stainless steels have fatigue
strengths very similar to those in carbon steels (Koskimiki and Niemi, 1995; European
Commission, 2002, 2008). International design standards therefore specify that the fatigue
design rules for carbon steels are applicable to austenitic and duplex stainless steels (CEN,
2005; DNVGL, 2019).

The provisions in this appendix on fatigue strengths apply to structures operating under
normal atmospheric conditions and with sufficient corrosion protection and regular mainte-
nance. The effect of seawater corrosion is not covered. Microstructural damage from high
temperatures (>300°F or >150°C) is not covered. Furthermore, almost all the fatigue tests
on stainless steel joints in the literature had been performed in air. In the presence of a
corrosive environment, fatigue strength is reduced, and the magnitude of reduction depends
on materials, environment, loading frequency, and other factors. However, the weld geome-
try has been shown to have a more detrimental effect on fatigue than seawater (European
Commission, 2008).

In view of the above, the provisions in this appendix were taken from the 2016 AISC Speci-
fication with the following minor modifications. Further information regarding the develop-
ment of these provisions can be found in the Commentary to the 2016 AISC Specification.

3.3. PLAIN MATERIAL AND WELDED JOINTS

1. Allowable Stress Range

Some of the fatigue design parameters given in the 2016 AISC Specification were
not included in Table A-3.1, and some descriptions were modified. This was either
because the design of the details was not covered in this Specification, or are not
relevant to stainless steel.

Specification for Structural Stainless Steel Buildings, June 11, 2021
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Comm. 3.6.] NONDESTRUCTIVE EXAMINATION REQUIREMENTS FOR FATIGUE 345

34.

3.5.

3.6.

Specific Requirements for Welded Connections in
Cyclically Loaded Structures

As with all welded stainless steel components, AWS D1.6/D1.6M applies. AWS
D1.6/D1.6M, clause 4.14, provides specific additional criteria for cyclically loaded
welded stainless steel components that address continuity and prohibited weld
details. Intermittent fillet welds are prohibited, except on opposite sides of a common
plane around a common corner at the discretion of the engineer of record (per AWS
D1.6/D1.6M, clause 4.4.4.3).

AWS DI1.6/D1.6M, clauses 4.9 and 4.10, provide specific additional criteria for
cyclically loaded welded stainless steel components that address transitions. For butt
joints in non-HSS cyclically-loaded connections and HSS cyclically loaded axial
members, transitions in thickness or width should not exceed 40% with the surface
or edge of either part. Alternatively, a non-HSS width transition can occur with a
2-ft (0.6-m) minimum radius tangent to the narrower part of the center of the butt
joints.

BOLTS AND THREADED PARTS

In Appendix 3, Section 3.4(b), “high-strength bolts, common bolts” was replaced
by “bolts.”

FABRICATION AND ERECTION REQUIREMENTS FOR FATIGUE

Additional requirements from AWS D1.6/D1.6M were added concerning welds in
cyclically loaded members.

NONDESTRUCTIVE EXAMINATION REQUIREMENTS FOR
FATIGUE

The acceptance requirements for austenitic stainless steel in AWS D1.6/1.6M,
clauses 8.12.2 or 8.13.2, are the same as those in AWS D1.1/D1.1M, clauses 6.12.2
or 6.13.2. Although no equivalent requirements are given for duplex stainless steel
in AWS D1.6/1.6M, the same requirements can be deemed to apply.
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4.1.

4.2.

APPENDIX 4
STRUCTURAL DESIGN FOR FIRE CONDITIONS

GENERAL PROVISIONS

This Specification adopts the same requirements included in the 2016 AISC Specifi-
cation for Appendix 4, Sections 4.1.1 to 4.1.4.

Avoidance of Embrittlement Due to Contact with Molten Zinc

Zinc can cause a phenomenon called liquid metal embrittlement (LME) of stainless
steel, resulting in potentially catastrophic failure (Solo et al., 2017). If galvanized
steel is used in the proximity of stainless steel and a fire occurs, the stainless steel
should be examined and evaluated for LME caused by the zinc.

STRUCTURAL DESIGN FOR FIRE CONDITIONS BY ANALYSIS
Design-Basis Fire

This Specification adopts the same requirements included in the 2016 AISC Speci-
fication.

Temperatures in Structural Systems under Fire Conditions

The temperature rise in an unprotected stainless steel section can be determined in
the same way as for carbon steel:

AT, = (Tr —Ts)At (C-A-4-1)

a
()
D
where
D = heat perimeter, in. (m)
Tr =temperature of the fire, °F (°C)
Ts = temperature of the steel, °F (°C)
W = weight (mass) per unit length, 1b/ft (kg/m)
a = heat transfer coefficient, Btu/(ft2-s-°F) (W/m?2-°C)

—a.+a (C-A-4-2)
a. = convective heat transfer coefficient
a, =radiative heat transfer coefficient, given as:
SBEF (4 4
= Tiv —T. C-A-4-3
T —Ts ( FK SK) ( )

Sg = Stefan-Boltzmann constant

=3.97 x 107 Btu/ft-in-s-°F*  (5.67 x 1078 W/m?-°C*)
Trx = (Tr +459)/1.8 for Tr in °F

=(Tr +273) for Tr in °C
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3a.

3b.

Tsx = (Tg +459)/1.8 for Ts in °F
= (Ts +273) for Ts in °C
e€r =emissivity of the fire and view coefficient, which can be taken as 0.4 for
stainless steel
¢y = specific heat of the steel, Btu/Ib-°F (J/kg-°C)
At = time interval, s

For the standard exposure, the convective heat transfer coefficient, a., can be approxi-
mated as 1.02 x 10 Btu / (ft-in.-s-°F) (25 W/m?2-°C).

The specific heat of austenitic and duplex stainless steel, c;, may be determined from
the following with Ts in °F for Equation C-A-4-4 and in °C for Equation C-A-4-4M:

cs=0.107 + (0.372 x 1073)(Ty — 32) — (2.15 x 1078)(Ty — 32)? —
(5.49 x 1071215 — 32)3, BTU/(Ib-°F) (C-A-4-4)

cs =450 + 0.2807 — (2.91 x 107HT% + (1.34 x 107 T,
J/kg-K (C-A-4-4M)

Passive fire protection is very rarely applied to stainless steels.

The Commentary to the 2016 AISC Specification gives further background informa-
tion.

Material Strengths at Elevated Temperatures

Thermal Elongation

The data for austenitic stainless steel were taken from a German standard (DIN,
1992), while for duplex steel the data were provided by a stainless steel mill and
represent an average value for a range of commonly used duplex alloys.

Mechanical Properties at Elevated Temperatures

For the modeling and design of stainless steel structures in fire, it is necessary to
consider the material properties at elevated temperatures. The key parameters are
typically expressed as a proportion of the corresponding room temperature proper-
ties. Following work by Gardner et al. (2010), generic sets of reduction factors for
groups of stainless steel alloys were developed. These sets group together alloys
exhibiting similar elevated temperature properties, with the tabulated retention
factors derived based on the mean retention factors for each group. These are the
same factors as given in the first edition of AISC Design Guide 27 (Baddoo, 2013);
however, values for the reduction in strength at the 2% total strain are also included
since this parameter is used in the material model at elevated temperatures given in
Appendix 7.
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STRUCTURAL DESIGN FOR FIRE CONDITIONS BY ANALYSIS [Comm. 4.2.

Stainless steel exhibits a pronounced response to cold work, and tests were carried
out on cold-formed stainless steel sections by Ala-Outinen (1996) and Chen and
Young (2006) to evaluate the response at elevated temperatures. It was shown that the
increased material strength existing at room temperature due to cold work is constant
up to about 1,300°F (700°C), after which the beneficial effects begin to decrease, and
the influence of cold forming totally disappears at 1,650°F (900°C). Considering the
cold-work condition, where cold forming associated strength enhancements are uti-
lized in design, for temperatures of 1,400°F (760°C) and above, the annealed 0.2%
proof strength retention factors must be reduced by 20%. Similarly, for temperatures
of 1,400°F (760°C) and above, the annealed 2% proof strength retention factors must
be reduced by 10%. The tensile strength at elevated temperatures is less sensitive to
the effects of cold work and therefore the annealed retention factors may be used for
all elevated temperatures (Gardner et al., 2010).

Table C-A-4.2.1 gives some mechanical properties at elevated temperature for pre-
cipitation hardening alloy S17400 in the H1150 heat treatment condition (ASME,
2019). Strength data at higher temperatures is given in the Aerospace Structural
Metals Handbook (Brown and Setlak, 2004).

Structural Design Requirements

This Specification adopts the same requirements included in the 2016 AISC
Specification for Appendix 4, Sections 4.2.4a, 4.2.4b, and 4.2.4c.

Design by Simple Methods of Analysis

Simple methods may suffice when a structural member or component can be assumed
to be subjected to uniform heat flux on all sides and the assumption of a uniform tem-
perature is reasonable as, for example, in a free-standing column surrounded by fire.

This Specification adopts the same approach used in the 2016 AISC Specification
for evaluating the performance of individual members at elevated temperatures
during exposure to fire, where the nominal strength of the member at elevated tem-
peratures, R, is determined from Chapters D through H, and Appendix 4, using
material strength and stiffnesses at elevated temperatures defined in Tables A-4.2.1
and A-4.2.2 for austenitic stainless steel alloys, and Tables A-4.2.3 and A-4.2.4 for
duplex stainless steel alloys. The design strength is then calculated as ¢R,,, where ¢
is the resistance factor at ambient temperature given in Chapters D through H. The
design of connections at elevated temperatures is not covered in this Specification
due to insufficient research data on the degradation of the material properties of
stainless steel bolts or welds at elevated temperatures.
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TABLE C-A-4.2.1
Properties of Precipitation Hardening

Type S17400 at Elevated Temperatures

Steel T‘,tla:rr(\opg)rature, ky = F ( )/F k, = F, ( )/F
68 (20) 1.00 1.00
200 (93) 0.92 1.00
400 (200) 0.85 0.97
500 (260) 0.83 0.95
600 (320) 0.81 0.94
750 (400) 0.77 0.90
800 (430) 0.76 0.87
1000 (540) 0.57 0.66

For compression and flexural members susceptible to buckling instabilities, the pro-
visions given in Chapters E and F of this Specification (at ambient temperature), with
steel properties (E, F), and F,) reduced for elevated temperatures, can considerably
overestimate the strength of the member. To address this, the flexural buckling provi-
sions for nonslender columns given in Chapter E, and the lateral-torsional buckling
provisions for compact I-shaped members and channels given in Chapter F, were
slightly modified based on the results from detailed finite element method analyses
on I-shaped and rectangular HSS columns, and I-shaped beams susceptible to global
instabilities at elevated temperature reported by Kucukler et al. (2020). The design
under fire conditions of compression members with slender elements and flexural
members with noncompact and slender elements is not covered in this Specification.

For compression members under fire conditions, the flexural buckling provisions
in Chapter E were modified by replacing the flexural coefficients o and B, given
in Table E3.1 by the temperature dependent coefficients o(7) and Ba(7) given in
Table A-4.2.5. Excluding the difference in the definition of the flexural buckling
coefficients and material factors used to account for the material properties degrada-
tion at elevated temperatures, the expressions given in this section for calculating
the flexural buckling strength of columns under fire conditions are essentially the
same as those given in Chapter E for ambient temperature. The format of the expres-
sion to calculate the critical stress for the limit state of inelastic flexural buckling in
Chapter E (Equation E3-3) was modified in this section so that it is given as a func-
tion of B(7) (Equation A-4-2). The temperature dependent coefficients o(7) and
Ba(T) converge to the coefficients o and B, when the temperature approaches room
temperature, allowing for continuity between the flexural buckling curve at elevated
temperature and the one given in Chapter E for room temperature.
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For flexural members under fire conditions, the only modifications to the lateral-tor-
sional buckling provisions given in Chapter F are the definitions of the lateral-
torsional buckling coefficients, B;7 and B, .7, given in Table F2.1, which in this sec-
tion are replaced with the temperature dependent coefficients Br(T) and B, .(T),
as given in Table A-4.2.6. The expressions given in Table A-4.2.6 for the
temperature dependent coefficient B, (7) were derived based on the results from
numerical models on austenitic and duplex stainless steel I-shaped beams at ele-
vated temperatures, while the expressions for the temperature dependent coeffi-
cient B, .(T) were derived by considering that B,z is implicitly included in B, 7.
Similar to the case of compression members, the temperature dependent coefficients
BrA(T) and B, .(T) converge to the coefficients By and B, .7 when the temperature
approaches the room temperature, allowing for continuity between the lateral-
torsional buckling curves at elevated temperature and those given in Chapter F for
room temperature.

DESIGN BY QUALIFICATION TESTING

This Specification adopts the same requirements included in the 2016 AISC Speci-
fication.
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APPENDIX 5
EVALUATION OF EXISTING STRUCTURES

GENERAL PROVISIONS

The load combinations referred to in this chapter pertain to static loading because it
is the most prevalent condition encountered. If other loading conditions are a consid-
eration, the appropriate load combination from ASCE/SEI 7 (ASCE, 2016) or from
the applicable building code should be used.

MATERIAL PROPERTIES

Determination of Required Tests

The extent of tests required depends on the nature of the project, the criticality of
the structural system or member evaluated, and the availability of records pertinent
to the project. Thus, the engineer of record has the responsibility to determine the
specific tests required and the locations from which specimens are to be obtained.

Tensile Properties

Samples required for tensile tests should be removed from regions of reduced stress,
such as at flange tips at beam ends and external plate edges, to minimize the effects
of the reduced area. The number of tests required will depend on whether they are
conducted to merely confirm the strength of a known material or to establish the
strength of some other material.

Base Metal Notch Toughness

The engineer of record should specify the location of samples. Samples should be
cored, flame cut, or saw cut. The distance from the edge of flat tension specimens
[generally, specimens %2 in. (13 mm) thick or less] need to be made only large
enough to obtain the grip width. The distance from the center of a cylindrical ten-
sion specimen to either of the thermal cut edges should be 1 in. (25 mm) or larger.
The engineer of record will determine if remedial actions are required, such as the
possible use of bolted splice plates.

Weld Metal

Because connections typically have a greater reliability index than structural mem-
bers (see Commentary Section B3.1), strength testing of weld metal is not usually
necessary. The specified provisions in AWS D1.6/D1.6M provide a means for judg-
ing the quality of welds. Where feasible, any samples removed should be obtained
from compression splices rather than tension splices, because the effects of repairs
to restore the sampled area are less critical.
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Bolts

Because connections typically have a greater reliability index than structural mem-
bers (see Commentary Section B3.1), removal and strength testing of fasteners is not
usually necessary. However, strength testing of bolts is required where they cannot
be properly identified otherwise.

EVALUATION BY STRUCTURAL ANALYSIS

Strength Evaluation

Resistance and safety factors reflect variations in determining strength of members
and connections, such as uncertainty in theory and variations in material properties
and dimensions. If an investigation of an existing structure indicates that there are
variations in material properties or dimensions significantly greater than those antici-
pated in new construction, the engineer of record should consider the use of more
conservative values.

EVALUATION BY LOAD TESTS

Determination of Load Rating by Testing

This Specification adopts the same requirements included in the 2016 AISC Speci-
fication.

Stainless steel displays higher ductility and greater strain hardening than carbon steel,
and therefore, the test rig capabilities may need to be greater than those required for
testing carbon steel members of equivalent material yield strength. This not only
applies to rig loading capacity, but also to the ability of the rig to allow greater defor-
mation of the specimen.

It should be noted that at higher specimen loads, the effects of creep become more
manifest, and this may mean that strain or displacement readings do not stabilize
within a reasonable time.

Serviceability Evaluation

In certain cases, serviceability performance must be determined by load testing. It
should be recognized that complete recovery (in other words, return to the pretested
deflected shape) after removal of maximum load is unlikely because of phenomena
such as local yielding, slip in bolted connections, effects of continuity, etc. Because
most structures exhibit some slack when load is first applied, it is appropriate to pro-
ject the load-deformation curve back to zero load to determine the slack and exclude
it from the recorded deformations. Where desirable, the applied load sequence can
be repeated to demonstrate that the structure is essentially elastic under service loads
and that the permanent set is not detrimental.
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5.5.

EVALUATION REPORT

Extensive evaluation and load testing of existing structures is often performed when
appropriate documentation no longer exists or when there is considerable disagree-
ment about the condition of a structure. The resulting evaluation is only effective if
well documented, particularly when load testing is involved. Furthermore, as time
passes, various interpretations of the results can arise unless all parameters of the
structural performance, including material properties, strength, and stiffness, are
well documented.
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APPENDIX 6
MEMBER STABILITY BRACING

The expressions for the calculation of member stability bracing in this Specification were
taken from the 2016 AISC Specification. Information regarding the development of these
expressions can be found in the Commentary to the 2016 AISC Specification.

A numerical study was performed to assess the strength and stiffness requirements of brac-
ing to stainless steel members. A series of concentrically braced stainless steel columns
of varying slenderness were considered. It was shown that provided the bracing stiffness
requirements given in the 2016 AISC Specification were met, the capacity of a stainless steel
braced member reached a similarly high proportion of its fully braced value as an equivalent
carbon steel member. However, owing to the nonlinear stress-strain response of stainless
steel, greater capacity demands were placed on the braces; hence the strength requirements
of the braces given by Equations A-6-1, A-6-3, A-6-5, A-6-7, and A-6-9 were increased by
50% over the values given in the 2016 AISC Specification.
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APPENDIX 7
MODELING OF MATERIAL BEHAVIOR

This appendix provides analytical expressions for modeling of material behavior, as well as
calculating the secant and tangent modulus, of austenitic and duplex stainless steel structural
members.

An accurate description of the stress-strain behavior of stainless steel is essential for use in
structural design codes, and advanced analytical and numerical models, whose applications
may include the simulation of section forming, the structural behavior of members and con-
nections, the response of structures under extreme loads, and so on.

7.1
1.

MATERIAL BEHAVIOR AT AMBIENT TEMPERATURE

Stress-Strain Behavior

The stainless steel material model presented in this appendix is based on the original
single stage expression developed by Ramberg and Osgood (1943) and modified by
Hill (1944), which is given by Equation A-7-1a. This equation requires three inde-
pendent parameters to be specified in order to describe the stress-strain behavior for
a particular stainless steel material. Namely, the initial modulus of elasticity, E, the
specified minimum yield strength, F), and a strain hardening coefficient, n, which
characterizes the degree of nonlinearity of the stress-strain curve (lower values imply
a greater degree of nonlinearity), as shown in Figure C-A-7.1.

Recent research by Arrayago et al. (2015) showed that the value of n may be accu-
rately obtained using Equation C-A-7-1, based on the ratio of the 0.05% offset
strength, F 059, to the specified minimum yield strength, Fy:

n= ln—(4) (C-A-7-1)
In(Fy/Fo.os% )

Examination of a large collection of measured stress-strain curves on a variety of
stainless steel grades and product forms suggested that a representative value of n
equal to 7 and 8 can be used for austenitic and duplex stainless steel, respectively.

While the single Ramberg-Osgood formulation gives excellent agreement with
experimental stress-strain data up to the specified minimum yield strength, at higher
strains the model generally overestimates the stress corresponding to a given level
of strain. This led to the development of a number of two-stage (and three-stage)
models, notably by Mirambell and Real (2000), Rasmussen (2003), Gardner and
Nethercot (2004a), Gardner and Ashraf (2006), and Quach et al. (2008). The use
of two adjoining Ramberg-Osgood curves leads to improved modeling accuracy
at strains above the specified minimum yield strength. The basic Ramberg-Osgood
expression is used up to the 0.2% offset yield strength, then a modified expression
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MATERIAL BEHAVIOR AT AMBIENT TEMPERATURE [Comm. 7.1.

redefines the origin for the second curve as the specified minimum yield strength
and provides continuity of gradients. The improved accuracy at higher strains of this
compound Ramberg-Osgood expression are demonstrated in Figure C-A-7.2.

The two-stage Ramberg-Osgood material model, including recent refinements based
on the work of Arrayago et al. (2015), was adopted in this appendix. According to
these models, when the specified minimum tensile strength, F,, of austenitic and
duplex stainless steels is not known, it can be obtained according to Equation C-A-7-2,
based on the specified minimum yield strength and the initial modulus of elasticity:
Fy

Fj=——— (C-A-7-2)

Fy

0.2+185—

E

Tangent Modulus, E;

The expression for the tangent modulus was derived from Equation A-7-1a by com-
puting do/de. Therefore, the expression for the tangent modulus is only valid for
stresses below or equal to the specified minimum yield strength.

1.2
1.0 1 e = - TTTTTT
I,/’/; =
y
0.8 - ///
=W 06 -
0.4 *n=5
"n=10 — — —
*n=25 -------
02 - *n —00 ——_——
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y
*n = Ramberg/Osgood coefficient

Fig. C-A-7.1. Effect of the n coefficient on the nonlinearity of
the stress-strain curve.
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7.2

Secant Modulus, E;

The expression for the secant modulus was also obtained from the modified
Ramberg-Osgood equation (Equation A-7-1a) by computing the ratio, f/fe. The
expression for the secant modulus is only valid for stresses that are lower or equal to
the specified minimum yield stength.

MATERIAL BEHAVIOR AT ELEVATED TEMPERATURES

Extensive research studies have been carried out to investigate the elevated tempera-
ture material response of different stainless steel alloys (Gardner et al., 2010; Liang
et al., 2019). Based upon these research studies, it was found that the two-stage
Ramberg-Osgood stress-strain relationship very accurately represents the material
response of different stainless steel alloys at elevated temperatures, also enabling
consistency with the two-stage Ramberg-Osgood material stress-strain model at
room temperature adopted in this Specification. Another very important advantage
of the use of the adopted Ramberg-Osgood material model at elevated temperatures
is that it enables direct determination of residual plastic strains resulting from the
initial residual stresses that have to be defined in the numerical modeling of welded
stainless steel elements in fire. The development of the adopted material model at
elevated temperatures is described in Gardner et al. (2016) and Liang et al. (2019).

100 (689) | Basic Ramberg-Osgood
curve based on 0.01% \(

‘E 80 (552)-| and 0.2% strains _

£ e

Z 60 (414) o

—@“ 40 (276) - Compound Ramberg-
2 Osgood curve

(0]

& 20(138) Experimental stress-

strain data points

0 \ \ \ \ \
0 0.005 0.01 0.015 0.020 0.025

Strain

Fig. C-A-7.2. Comparison between compound and basic
Ramberg-Osgood models.
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Metric Conversion Factors for Common Steel
Design Units Used in AISC Specifications
Unit Multiply by to obtain
length inch (in.) 25.4 millimeters (mm)
length foot (ft) 0.3048 meters (m)
mass pound-mass (lbm) 0.4536 kilograms (kg)
stress ksi 6.895 megapascals (MPa), N/mm?
moment kip-in. 113000 N-mm
energy ft-1bf 1.356 joule (J)
force kip (1000 Ibf) 4448 newton (N)
force psf 47.88 pascal (Pa), N/m?
force plf 14.59 N/m
temperature To convert °F to °C: t.° = (t° — 32)/1.8
In%(;z rjq,u;fc?:relr\ér;?;isguzgo gravity = 32.2 ft/sec® = 9.81 m/sec?
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