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PREFACE

(This Preface is not part of ANSI/AISC 360-10, Specification for Structural Steel Buildings,
but is included for informational purposes only.)

This Specification is based upon past successful usage, advances in the state of knowledge,
and changes in design practice. The 2010 American Institute of Steel Construction’s
Specification for Structural Steel Buildings provides an integrated treatment of allowable
stress design (ASD) and load and resistance factor design (LRFD), and replaces earlier
Specifications. As indicated in Chapter B of the Specification, designs can be made accord-
ing to either ASD or LRFD provisions.

This Specification has been developed as a consensus document to provide a uniform
practice in the design of steel-framed buildings and other structures. The intention is to pro-
vide 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 wide experience and high professional standing, representing a wide geo-
graphical distribution throughout the United States. The committee includes approximately
equal numbers of engineers in private practice and code agencies, engineers involved in
research and teaching, and engineers employed by steel fabricating and producing compa-
nies. The contributions and assistance of more than 50 additional professional volunteers
working in ten task committees are also hereby acknowledged.

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

The reader is cautioned that professional judgment must be exercised when data or rec-
ommendations in the Specification are applied, as described more fully in the disclaimer
notice preceding this Preface.
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16.1-xxvii

SYMBOLS

Some definitions in the list below have been simplified in the interest of brevity. In all cases,
the definitions given in the body of the Specification govern. Symbols without text defini-
tions, used only in one location and defined at that location are omitted in some cases. The
section or table number in the right-hand column refers to the Section where the symbol is
first used.

Symbol Definition Section
ABM Cross-sectional area of the base metal, in>(mm?) ................... 24
Ap Nominal unthreaded body area of bolt or threaded part, in.2 (mm?) .. ... J3.6
Api Cross-sectional area of the overlapping branch, in.2 (mm?) ........... K23
Apj Cross-sectional area of the overlapped branch, in.2 (mm?) ............ K23
Ac Area of concrete, in.2 (IMM?) .. ...ttt 12.1b
Ac Area of concrete slab within effective width, in? (mm?) ............. 13.2d
Ae Effective net area, in.2 (INM?) . ...\ vvur et D2
Ae Summation of the effective areas of the cross section based on

the reduced effective width, be, in.2 (mm?) ........................ E72
A Area of compression flange, in2 (mm?) .......................... G3.1
Agg Gross area of tension flange, in2 (mm?) ......................... F13.1
Asn Net area of tension flange, in.2(mm?) ........................... F13.1
At Area of tension flange, in2 (mm?) ............ ... .. ..., G3.1
Aq Gross cross-sectional area of member, in.> (mm?) ................... B3.7
Aq Gross area of composite member, in2 (mm?) ....................... 12.1
Agy Gross area subject to shear, in.> (mm?) ............................ J43
An Net area of member, in.2 (IMM?) ... ..o, B4.3
An Area of the directly connected elements, in.2 (mm?) ............ Table D3.1
Ant Net area subject to tension, in2(mm?) ............................ J43
A Net area subject to shear, in2(mm?) .............................. J43
App Projected area in bearing, in.2(mm?) ......... ... ... .. ... ... ... 17
As Cross-sectional area of steel section, in2 (mm?) .................... 12.1b
Asa Cross-sectional area of steel headed stud anchor, in2(mm?) .......... 18.2a
At Area on the shear failure path, in2 (mm?) ......................... D5.1
Agr Area of continuous reinforcing bars, in.2(mm?) ..................... 12.1
Asr Area of adequately developed longitudinal reinforcing steel within

the effective width of the concrete slab, in.> (mm?) ................. 13.2d
A Net area in tension, in2 (mm?) ............................... App.34
Aw Area of web, the overall depth times the web thickness, dty,

N2 (MM?) . G2.1
Awe Effective area of the weld, in2 (Mm?) .. ....ounee e, 124
Avei Effective area of weld throat of any ith weld element, in.> (mm?) ....... 24
A Loaded area of concrete, in> (MM?) .. ...t 16.3a
A Area of steel concentrically bearing on a concrete support, in.2 (mm?) ....J8
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Symbol
Ay

B

B

By
Boi
Bhj
Bp
By
B>
C

Co
Cq
o
Cm
Cp

Cr
Cs

Cy
Cw
C
D
D
D
Dy
Dy

Ec

Ec(T)

EM

SYMBOLS

Definition Section
Maximum area of the portion of the supporting surface that is
geometrically similar to and concentric with the loaded area, in.?> (mm?) . . . J8
Overall width of rectangular HSS member, measured 90 ° to the

plane of the connection, in. (mm) .................. ... ..... Table D3.1
Overall width of rectangular steel section along face transferring

load, in. (IMM) .. ..ot e 16.3¢
Overall width of rectangular HSS branch member, measured 90 °

to the plane of the connection, in. (mm) .......................... K2.1
Overall width of the overlapping branch, in. (mm) .................. K2.3
Overall width of the overlapped branch, in. (mm) .................. K2.3
Width of plate, measured 90 ° to the plane of the connection,

TN (M) Lt e e K1.1
Multiplier to account for P-deffects .................. ... .. ... App.8.2
Multiplier to account for P-Aeffects ............ ... ... ... ... App.8.2
HSS torsional constant . .......... .. ... i H3.1
Lateral-torsional buckling modification factor for nonuniform

moment diagrams .. ...ttt F1
Coefficient accounting for increased required bracing stiffness

atinflection point ............ .. ... ... i App. 6.3.1
Constant from Table A-3.1 for the fatigue category .............. App.33
Coefficient accounting for nonuniform moment ............... App. 8.2.1
Ponding flexibility coefficient for primary member in a

flatroof ... .. App. 2.1
Coefficient for web sidesway buckling .......................... J104
Ponding flexibility coefficient for secondary member in a

flatroof ... .. App. 2.1
Web shear coefficient ............ ... ... .. i i G2.1
Warping constant, in.® (mm®) ....... ... ... ... . E4
Edge distance increment ...................o i, Table J3.5
Outside diameter of round HSS, in. (mm) .................... Table B4.1
Outside diameter of round HSS main member, in. (mm) ............. K2.1
Nominal dead load, kips (N) ........... ... ... .. .. App.2.2
Outside diameter of round HSS branch member, in. (mm) ............ K2.1

In slip-critical connections, a multiplier that reflects the ratio of
the mean installed bolt pretension to the specified minimum

bOlt Pretension . ............i i J3.8
Modulus of elasticity of steel = 29,000 ksi (200 000 MPa) ...... Table B4.1
Modulus of elasticity of concrete = W%‘5 f¢ , ksi

(0.043WE° ([T, MPa) ..o I2.1b
Modulus of elasticity of concrete at elevated temperature,

ksi (MPa) ... App. 4232
Modulus of elasticity of steel = 29,000 ksi (200 000 MPa) ........... 12.1b
Elastic modulus of elasticity of steel at elevated temperature,

ksi (MPa) ... App. 4243
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Symbol
Elegst

Fe

Fea

Feow, Febz
Fer

Fcry

Ferz

Fe

Fe(T)

FEX

Fexx

Fn
Fn

Frem
Fnt

’
nt

I:I’]W
I:I’]W

Frwi
Frwix
aniy
Fp(T)
Fsr
Fr

Fu
Fu(T)

SYMBOLS 16.1-xxix

Definition Section
Effective stiffness of composite section, kip-in.? (N-mm?) ............ 12.1b
Available stress,ksi(MPa) . ........ . ... ... K1.1
Available axial stress at the point of consideration, ksi (MPa) .......... H2
Available flexural stress at the point of consideration, ksi (MPa) ........ H2
Critical stress, ksi (MPa) ........ ... ... . . . . i E3
Critical stress about the y-axis of symmetry, ksi (MPa) ................ E4
Critical torsional buckling stress, ksi (MPa) ......................... E4
Elastic buckling stress, ksi (MPa) ........ ... .. .. . .. . .. E3
Critical elastic buckling stress with the elastic modulus E(T)
at elevated temperature, ksi (MPa) ............. ... ... .... App. 42423
Flexural elastic buckling stress about the major principal axis,
ksi (MPa) ... e E4
Filler metal classification strength, ksi (MPa) ...................... 124
Flexural elastic buckling stress about the major principal axis,
ksi (MPa) ... e E4
Torsional elastic buckling stress, ksi (MPa) ......................... E4
Nominal bond stress, 0.06 ksi (040 MPa) ........................ 16.3¢

Magnitude of flexural stress in compression flange at which flange
local buckling or lateral-torsional buckling is influenced by

yielding, ksi(MPa) ......... .. . i Table B4.1
Nominal stress, ksi (MPa) ......... ... ... ... H3.3
Nominal tensile stress, Fnt, or shear stress, Fny, from Table J3.2,

ksi (MPa) ..o J3.6
Nominal stress of the base metal, ksi (MPa) ....................... 124
Nominal tensile stress from Table J3.2,ksi MPa) ................... 137
Nominal tensile stress modified to include the effects of shear stress,

ksi (MPa) ... 137
Nominal shear stress from Table J3.2,ksi (MPa) .................... J3.7
Nominal stress of the weld metal, ksi (MPa) ....................... 124
Nominal stress of the weld metal (Chapter J) with no increase in

strength due to directionality of load, ksi (MPa) ..................... K4
Nominal stress in ith weld element, ksi (MPa) ...................... 124
X component of nominal stress, Fnwi, ksi (MPa) ..................... 124
y component of nominal stress, Fpwi, ksi(MPa) .................. ... 124
Proportional limit at elevated temperatures, ksi (MPa) ......... App. 4232
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. 3.1
Specified minimum tensile strength, ksi (MPa) ...................... D2

Minimum tensile strength at elevated temperature, ksi (MPa) ...App.4.2.3.2
Specified minimum yield stress, ksi (MPa). As used in this

Specification, “yield stress” denotes either the specified minimum

yield point (for those steels that have a yield point) or specified

yield strength (for those steels that do not have a yield point) ......... B3.7
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Ist1

lst2

Ix, Iy

SYMBOLS

Definition Section
Specified minimum yield stress of HSS branch member material,
ksi (MPa) ... e K2.1
Specified minimum yield stress of the overlapping branch material,
ksi (MPa) ... K23
Specified minimum yield stress of the overlapped branch material,
ksi (MPa) ... K23
Specified minimum yield stress of the flange, ksi (MPa) ............. J10.1
Specified minimum yield stress of plate, ksi (MPa) ................ KI1.1
Specified minimum yield stress of reinforcing bars, ksi (MPa) ....... 12.1b
Specified minimum yield stress of the stiffener material,
ksi (MPa) ... G33
Yield stress at elevated temperature, ksi (MPa) ............... App.4243
Specified minimum yield stress of the web material,
ksi (MPa) ... G33
Shear modulus of elasticity of steel = 11,200 ksi (77 200 MPa) ......... E4
Shear modulus of elasticity of steel at elevated temperature,
ksi(MPa) ... App.4.232
Flexural constant . .............c.uiiuniiniiiiiiiin. E4
Story shear, in the direction of translation being considered,
produced by the lateral forces used to compute Ay, kips (N) ... .. App.822
Overall height of rectangular HSS member, measured in the
plane of the connection, in. (mm) .......................... Table D3.1
Overall height of rectangular HSS branch member, measured
in the plane of the connection, in. (mm) .......................... K2.1
Overall depth of the overlapping branch, in. (mm) .................. K23
Moment of inertia in the plane of bending, in.* (mm*) .......... App. 8.2.1
Moment of inertia of the concrete section about the elastic
neutral axis of the composite section, in* (mm*) ................... 12.1b
Moment of inertia of the steel deck supported on secondary
members, in* (mm*) ... App. 2.1
Moment of inertia of primary members, in.*(mm*) .............. App. 2.1
Moment of inertia of secondary members, in.* (mm*) ............ App. 2.1
Moment of inertia of steel shape about the elastic neutral axis
of the composite section, in.* (mm*) ............... ... ... . ..... 12.1b
Moment of inertia of reinforcing bars about the elastic neutral axis
of the composite section, in.* (mm*) ............... ... ... . ..... 12.1b

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*) ...................... G33
Minimum moment of inertia of transverse stiffeners required for

development of the web shear buckling resistance in Section G2.2,

indmm®) G33
Minimum moment of inertia of transverse stiffeners required for

development of the full web shear buckling plus the web

tension field resistance, V= Ve, in* (mm®*) . ........... ... . .. ... G33
Moment of inertia about the principal axes, in* (mm®*) ................ E4
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Lp
Lp

Lm

Mc

Mcx, Mcy

SYMBOLS 16.1-xxxi

Definition Section
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
Minor principal axis moment of inertia, in* (mm*) ................. F10.2
Torsional constant, in* (mm®*) .......... ... ... ... ................. E4
Effective length factor ......... .. ... .. .. .. . . ... C3,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 ........................ E4

Effective length factor in the plane of bending, calculated based on
the assumption of no lateral translation at the member ends, set

equal to 1.0 unless analysis justifies a smaller value ............ App. 8.2.1
Height of story,in. (mm) ......... ... ... ... .. oo, App.7.32
Length of member, in. (mm) ........... .. .. .. ... H3.1
Nominal occupancy liveload ............ ... ... ... ... ... App.4.14
Laterally unbraced length of member, in. (mm) ...................... E2
Length of span,in. (mm) . ......... ... ... ... .. ... ... App. 6.3.2a
Length of member between work points at truss chord

centerlines, in. (IMM) . ... ...ttt ittt e e e e e E5

Length between points that are either braced against lateral
displacement of compression flange or braced against twist

of the cross section, in. (Mm) .................uuurirenenenennn.. F2.2
Distance between braces, in. (mm) ................. ... ....... App. 6.2
Largest laterally unbraced length along either flange at the point

ofload,in. (Mm) ........... .. i J104
Limiting laterally unbraced length for eligibility for moment

redistribution in beams according to Section B3.7 ................. F13.5
Limiting laterally unbraced length for the limit state of yielding,

N (M) e e e F2.2
Length of primary members, ft (m) ........................... App. 2.1
Limiting laterally unbraced length for plastic analysis,

I (M)« e e e e e e e e App.1.2.3
Limiting laterally unbraced length for the limit state of inelastic
lateral-torsional buckling, in. (mm) ........... ... .. .. .. .. ... .... F2.2
Length of secondary members, ft(m) ......................... App. 2.1
Distance from maximum to zero shear force, in. (mm) ................ G6
Absolute value of moment at quarter point of the unbraced

segment, kip-in. (N-mm) . ... F1
Required flexural strength using ASD load combinations,

Kip-in. (N-mMm) . ..o e J104
Absolute value of moment at centerline of the unbraced segment,

Kip-in. (N-IM) . .o F1
Absolute value of moment at three-quarter point of the unbraced

segment, kip-in. (N-mm) . ....... .. F1
Available flexural strength determined in accordance with

Chapter F, kip-in. (N-mm) .......... ... .. oot HI1.1
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Symbol
MCX
MCX

Me
My

M max

Mnmid
Mn

Mrx,Mry

SYMBOLS

Definition Section
Available lateral-torsional strength for strong axis flexure
determined in accordance with Chapter F using Cp = 1.0,

Kip-in. (N-MmM) . ..o H1.3
Available flexural strength about the X-axis for the limit state of

tensile rupture of the flange, kip-in. N-mm) ........................ H4
Elastic lateral-torsional buckling moment, kip-in. (N-mm) .......... F10.2
First-order moment using LRFD or ASD load combinations,

due to lateral translation of the structure only, kip-in. (N-mm) . . .. .. App. 82
Absolute value of maximum moment in the unbraced segment,

Kip-in. (N-IM) . .o F1
Moment at the middle of the unbraced length, kip-in. (N-mm) . ...App.1.2.3
Nominal flexural strength, kip-in. N-mm) .......................... F1

First-order moment using LRFD or ASD load combinations,
with the structure restrained against lateral translation,

Kip-in. (N-MM) . ..o App. 8.2
Plastic bending moment, kip-in. N-mm) .................... Table B4.1
Moment corresponding to plastic stress distribution over the
composite cross section, kip-in. (N-mm) .......... ... ... ... .... 13.4b
Required second-order flexural strength under LRFD or ASD
load combinations, kip-in. (N-mm) ............. ... ... ....... App. 8.2
Required flexural strength using LRFD or ASD load
combinations, Kip-in. (N-mm) . ......... .. .. .. . i, H1.1
Required bracing moment using LRFD or ASD load
combinations, kip-in. (N-mm) . ........... ... ... ... ... ... App. 6322
Required in-plane flexural strength in branch using LRFD or
ASD load combinations, kKip-in. (N-mm) ......................... K3.2
Required out-of-plane flexural strength in branch using LRFD
or ASD load combinations, kip-in. N-mm) ....................... K3.2
Required flexural strength, kip-in. (N-mm) .. ...................... HI1.1

Required flexural strength at the location of the bolt holes;
positive for tension in the flange under consideration, negative

for compression, kip-in. (N-mm) . ......... ... ... ... ... ... H4
Required flexural strength using LRFD load combinations,

Kip-in. (N-mMm) . ..o e J104
Moment at yielding of the extreme fiber, kip-in. N-mm) ........ Table B4.1
Yield moment about the axis of bending, kip-in. (N-mm) ............ F10.1
Moment at yielding of the extreme fiber in the compression

flange, kip-in. (N-mm) . ......... ... F42
Moment at yielding of the extreme fiber in the tension flange,

Kip-in. (N-MmM) . ..o F4.4
Effective moment at the end of the unbraced length opposite

from Mo, kip-in. (N-mm) ........ ... ... ... ... ... ... App.1.2.3
Smaller moment at end of unbraced length, kip-in.

(N-IM) &« e F13.5,App. 123
Larger moment at end of unbraced length, kip-in.

(N-IMM) © e e F13.5,App. 123
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Pe story
Pey

Pei

Pit

Pt

Pn

Pn
PI’]O

Py
Py
Pr

Pr
Prp

Pstory

Py

Py

SYMBOLS 16.1-xxxiii

Definition Section
Notional load applied at level i, kips (N) . ........ ..., C2.2b
Additional lateral load, kips (N) ........ ... ... ... .. ... ... App.7.3
Overlap connection coefficient ............. ... ... ... ... ...... K2.2
Available axial strength, kips (N) ........ ... ... ... ... .. ... ... HI1.1

Available compressive strength out of the plane of bending, kips (N) ...H1.3
Elastic critical buckling load determined in accordance with

Chapter C or Appendix 7,kips (N) .......... ... ... ... 12.1b
Elastic critical buckling strength for the story in the direction

of translation being considered, kips (N) ...................... App 822
Elastic critical buckling load for buckling about the weak axis,

KPS (N) .« H1.2
Elastic critical buckling strength of the member in the plane of

bending, Kips (N) .. .o ot App. 8.2.1
First-order axial force using LRFD or ASD load combinations,

due to lateral translation of the structure only, kips (N) ........... App. 82

Total vertical load in columns in the story that are part of moment
frames, if any, in the direction of translation being considered,

Kips (N) .o App.8.2.2
Nominal axial strength, kips (N) .. ......... .. ... o .. D2
Nominal compressive strength, kips (N) ........... ... ... ... ... .. El
Nominal compressive strength of zero length, doubly symmetric,

axially loaded composite member, kips (N) ............. ... ... ... .. 12
First-order axial force using LRFD and ASD load combinations,

with the structure restrained against lateral translation, kips (N) ....App. 8.2
Nominal bearing strength, kips (N) ........... ... ... ... ... ... ... I8
Required second-order axial strength using LRFD or ASD load

combinations, kips (N) ......... .. ... i i App. 8.2
Required axial compressive strength using LRFD or ASD load

combinations, Kips (N) .. ... C23
Required axial strength using LRFD or ASD load combinations,

KPS (N) .o H1.1
Required axial strength of the member at the location of the bolt

holes; positive in tension, negative in compression, kips (N) ........... H4
Required external force applied to the composite member, kips (N) ....16.2a
Required brace strength using LRFD or ASD load combinations,

KipS (N) oot App. 6.2
Required axial strength in chord at a joint, on the side of joint

with lower compression stress, kips (N) ..................... Table K1.1

Total vertical load supported by the story using LRFD or ASD
load combinations, as applicable, including loads in columns

that are not part of the lateral force resisting system, kips (N) ....App.8.2.2
Required axial strength in chord using LRFD load combinations,

KPS (N) .o K1.1
Required axial strength in compression, kips (N) .............. App.122
Axial yield strength, kips (N) ......... ... ... . i i Cc23
Net reduction factor accounting for all slender compression elements ....E7
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Symbol
Qa

Qet

QCV

Qf

Qn

Qnt
an
Qrt
Qnv

Qs
R

R

R
Ra
RFiL

Rg
Rm
Rn
Rn
Rn

Rnwi

SYMBOLS

Definition Section
Reduction factor for slender stiffened elements .. ................... E72
Available tensile strength, kips (N) ......... ... ... ... ... ... ... 18.3¢c
Available shear strength, kips (N) .......... ... ... ... ... ... ... 18.3¢c
Chord-stress interaction parameter . ....................c......... K2.2
Nominal strength of one steel headed stud or steel channel anchor,
Kips (N) ot 13.2
Nominal tensile strength of steel headed stud anchor, kips (N) ........ 18.3b
Nominal shear strength of steel headed stud anchor, kips (N) ......... 18.3a
Required tensile strength, kips (N) ......... ... ... ... ... ... ... 18.3¢c
Required shear strength, kips (N) .......... ... ... ... .. ... ... 18.3¢c
Reduction factor for slender unstiffened elements ................... E7.1
Radius of joint surface, in. (mm) .............. ... .. ... ... Table J2.2
Nominal load due to rainwater or snow, exclusive of the ponding
contribution, ksi (MPa) ........ ... ... ... ... . il App.2.2
Seismic response modification coefficient ........................ Al.l
Required strength using ASD load combinations ................... B34
Reduction factor for joints using a pair of transverse fillet
weldsonly ... ... App.3.3
Coefficient to account for group effect ........................ ... 18.2a
Coefficient to account for influence of P-don P-A ............. App.8.2.2
Nominal strength, specified in Chapters B through K ............... B3.3
Nominal slip resistance, kips (N) ..., J3.8
Nominal strength of the applicable force transfer mechanism,
Kips (N) oo 16.3
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

alternate in Section J2.4(a),kips (N) ....... . .o 124
Horizontal component of the nominal strength of a weld group,

Kips (N) oo 2.4
Vertical component of the nominal strength of a weld group,

Kips (N) oo 2.4
Position effect factor for shearstuds .............. ... ... ... ... 18.2a
Web plastification factor ............ ... ... ... . il F4.1
Bending strength reduction factor ......... ... ... ... .. oL F5.2
Reduction factor for reinforced or nonreinforced transverse
partial-joint-penetration (PJP) groove welds ................... App.33
Web plastification factor corresponding to the tension flange

yielding limit state . ........... .. ... . F4.4
Required strength using LRFD load combinations .................. B33
Elastic section modulus, in® (mm?) .............................. F8.2
Spacing of secondary members, ft (m) ............... ... ... .. App. 2.1
Nominal snow load ......... ... ... ... ... . .. App.4.14
Elastic section modulus to the toe in compression relative to

the axis of bending, in> (mm®). .............. ... .. ............ F10.3
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Symbol
Se

Smin
Sop
Sxe» Sxt

Sx

Ta
Tp
Te
Tn
Tr

SYMBOLS 16—xxxv

Definition Section
Effective section modulus about major axis, in.>(mm?) .............. F7.2
Effective elastic section modulus of welds for in-plane bending
(Table K4.1),in2 (mm?) ...... ... .. . . ... . . K4
Lowest elastic section modulus relative to the axis of bending,
N3 Mm?) L F12
Effective elastic section modulus of welds for out-of-plane bending
(Table K4.1),in2 (mm?) ...... ... ... . . ... . . K4
Elastic section modulus referred to compression and tension
flanges, respectively, in.> (mm?®) .......... ... ... ... ... Table B4.1
Elastic section modulus taken about the X-axis, in.> (mm?) ............ F2.2
Elastic section modulus taken about the y-axis. For a channel,
the minimum section modulus, in.> (mm?®) ......................... F6.2
Nominal forces and deformations due to the design-basis fire
defined in Appendix Section4.2.1 ........ ... ... ... ....... App.4.14
Required tension force using ASD load combinations, kips (N) ........ 13.9
Minimum fastener tension given in Table J3.1 or J3.1M, kips (N) ...... J3.8
Available torsional strength, kip-in. (N-mm) ... .................... H3.2
Nominal torsional strength, kip-in. N-mm) ....................... H3.1
Required torsional strength using LRFD or ASD load combinations,
Kip-in. (N-IM) . ..o H3.2
Required tension force using LRFD load combinations, kips (N) ....... 3.9
Shear lag factor ....... ... . ... . .. D3
Utilization ratio ........... ..ot K22
Reduction coefficient, used in calculating block shear
rupture strength . ... L L J43
Stress index for primary members ............ ... ... .. ... App.2.2
Stress index for secondary members .......... ... ... ... ... .. App.2.2
Nominal shear force between the steel beam and the concrete
slab transferred by steel anchors, kips (N) ......... ... ... ... .... 13.2d
Available shear strength, kips (N) ........ ... ... ... ... ... ...... H3.2
Smaller of the available shear strengths in the adjacent web
panels with Vy, as defined in Section G2.1,kips (N) ................. G33
Smaller of the available shear strengths in the adjacent web panels
with Vj, as defined in Section G3.2,kips (N) ........ ... .. .. ... .... G33
Nominal shear strength, kips (N) . ......... ... ... .. ... ... ... Gl
Larger of the required shear strengths in the adjacent web panels
using LRFD or ASD load combinations, kips (N) .................. G3.3
Required shear strength using LRFD or ASD load combinations,
Kips (N) oot H3.2
Required longitudinal shear force to be transferred to the steel
or concrete, Kips (N) ... .o 16.2

Gravity load applied at level i from the LRFD load
combination or ASD load combination, as applicable,

Kps (N) oo C2.2b, App.7.32
Plastic section modulus about the axis of bending,
N3 Mm?) . F7.1
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SYMBOLS

Definition Section
Plastic section modulus of branch about the axis of bending,
N3 mMm?) K3.1
Plastic section modulus about the X-axis, in.> (mm?) ................. F2.1
Plastic section modulus about the y-axis, in.> (mm?) ................. F6.1
Clear distance between transverse stiffeners, in. (mm) .............. F13.2
Distance between connectors, in. (Mm) . .................oueunn... E6.1
Shortest distance from edge of pin hole to edge of member
measured parallel to the direction of force, in. (mm) ................ D5.1
Half the length of the nonwelded root face in the direction
of the thickness of the tension-loaded plate, in. (mm) ............. App.3.3
Weld length along both edges of the cover plate termination
to the beam or girder, in. (mm) .. ......... ..ottt F13.3

Ratio of two times the web area in compression due to application

of major axis bending moment alone to the area of the compression

flange components .......... ... F42
Full width of leg in compression, in. (mm) ....................... F10.3
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) . ... .o e F6.2
Full width of longest leg,in. (mm) ............. ... ... ... ...... E7.1
Width of unstiffened compression element; width of stiffened

compression element, in. (mMm) ............. ... i, B4.1
Width of the leg resisting the shear force,in. (mm) ................... G4
Width of column flange, in. (mm) .. ........... .. .. .. .. ... ..... J10.6
Reduced effective width,in. (mm) ............................... E7.2
Effective edge distance for calculation of tensile rupture strength

of pin-connected member, in. (mm) .. ......... .. ..., D5.1
Effective width of the branch face welded to the chord, in. (mm) ...... K2.3
Effective width of the branch face welded to the overlapped brace,

N (M) e e e e K2.3
Width of flange, in. (mm) ......... .. .. .. .. B4.1
Width of compression flange, in. (mm) ........... ... ... ... ..... F42
Width of tension flange, in. (mm) ........... .. .. .. .. .. .. ..., G3.1
Length of longer leg of angle,in. (mm) ............................ E5
Length of shorter leg of angle,in. (mm) .............. ... ... ... .. E5
Stiffener width for one-sided stiffeners, in. (mm) .............. App. 632
Nominal fastener diameter, in. (mm) ............................. J33
Nominal bolt diameter, in. (mm) .. ..............otiiirenenn... J3.10
Full nominal depth of the section, in. (mm) .................. B4.1,J10.3
Depth of rectangular bar,in. (mm) ........... ... ... ... ... ..... F11.2
Diameter, in. (IMM) . ...... ...ttt et e e J7
Diameter of pin, in. (mm) ........... ... i D5.1
Depth of beam, in. (mm) ......... .. .. . ..., J10.6
Nominal diameter (body or shank diameter), in. (mm) ............ App.34
Depth of column, in. (mm) ......... ... .. ..., J10.6
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Definition Section
Eccentricity in a truss connection, positive being away from
the branches, in. (Mm) . ............ ...ttt K2.1
Distance from the edge of steel headed stud anchor shank to
the steel deck web, in. (mm) .......... .. ... ... ... 18.2a
Specified compressive strength of concrete, ksi (MPa) .............. 11.2b

Compressive strength of concrete at elevated temperature, ksi (MPa) . .. I1.2b
Stress due to D + R (D = nominal dead load, R = nominal load
due to rainwater or snow exclusive of the ponding contribution),

ksi (MPa) ... App.2.2
Required axial stress at the point of consideration using LRFD

or ASD load combinations, ksi (MPa) ............................. H2
Required flexural stress at the point of consideration using LRFD

or ASD load combinations, ksi (MPa) ............................. H2
Required shear stress using LRFD or ASD load combinations,

ksi (MPa) ... 137
Transverse center-to-center spacing (gage) between fastener gage

lines, in. (IMIM) .. ...t it et e et B4.3
Gap between toes of branch members in a gapped K-connection,

neglecting the welds, in. (mm) . ......... ... i, K2.1
Width of stiffened compression element, in. (mm) .................. B4.1
Height of shear element, in. (mm) ............ .. .. .. ... ..... G2.1b

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. (IMM) .. ...ttt e e e e J104
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, in. (mm) ................ B4.1
Distance between the 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) ................. B4.1
Nominal height of rib,in. (mm) ............ ... .. .. .. .. ....... 18.2a
Distance from outer face of flange to the web toe of fillet, in. (mm) ...J10.2
Coefficient for slender unstiffened elements .................. Table B4.1
Slip-critical combined tension and shear coefficient ................. J3.9
Web plate shear buckling coefficient ............................ G2.1
Actual length of end-loaded weld, in. (mm) ........................ 122
Length of connection, in. (mm) ............. .. ..c..oou.... Table D3.1
Length of bearing, in. (mm) .......... ... ... .. ... .. .. J7

Clear distance, in the direction of the force, between the edge
of the hole and the edge of the adjacent hole or edge of the
material, in. (IMM) .. ... .. i J3.10
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Definition Section
Length of channel anchor, in. (mm) ............................. 18.2b
Total effective weld length of groove and fillet welds to
rectangular HSS for weld strength calculations, in. (mm) .............. K4
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
Number of nodal braced points within the span ................. App. 6.3
Threads perinch (permm) ......... ... .. .. ..., App.34
Number of bolts carrying the applied tension . .. .................... J3.9
Number of slip planes required to permit the connection to slip ........ J3.8
Number of stress range fluctuations in design life ............... App.33
Pitch, in. per thread (mm per thread) .......................... App.34
Ratio of element i deformation to its deformation at maximum
S SS oot 2.4
Radius of gyration, in. (mm) .......... ... ... ... ... ... E2
Distance from instantaneous center of rotation to weld element
with minimum Ay/fj ratio, in. (MM) . ..........ititnrenenenenn.. 124
Minimum radius of gyration of individual component, in. (mm) ....... E6.1
Distance from instantaneous center of rotation to ith weld element,
TN (M) Lttt e e e e e 124
Polar radius of gyration about the shear center,in. (mm) ............... E4

Radius of gyration of the flange components in flexural compression
plus one-third of the web area in compression due to application

of major axis bending moment alone, in. (mm) ..................... F42
Effective radius of gyration, in. (mm) ............. ... ... ... .... F2.2
Radius of gyration about the X-axis, in. (mm) ....................... E4
Radius of gyration about the geometric axis parallel to the

connected leg, in. (MM) . ... ...ttt E5
Radius of gyration about y-axis, in. (mm) .......................... E4
Radius of gyration about the minor principal axis, in. (mm) ............ E5
Longitudinal center-to-center spacing (pitch) of any two

consecutive holes, in. (mm) ............ ... ... ... B4.3
Thickness of element, in. (mm) .............. .. ... iuerenon... E7.1
Thickness of wall,in. (mm) ............. ... ... . itirirenon... E7.2
Thickness of angle leg,in. (mm) ............. ... ... ... ....... F10.2
Width of rectangular bar parallel to axis of bending, in. (mm) ........ F11.2
Thickness of connected material, in. (mm) ........................ J3.10
Thickness of plate, in. (mm) ........... .. ... i .. D5.1
Total thickness of fillers, in. (mm) ............................... J52
Design wall thickness of HSS member, in. (mm) .............. B4.1,K1.1
Design wall thickness of HSS branch member, in. (mm) ............. K2.1
Thickness of overlapping branch, in. (mm) ........................ K23
Thickness of overlapped branch,in. (mm) ........................ K23
Thickness of column flange, in. (mm) ............... ... .. ... .... J10.6
Thickness of flange, in. (mm) ......... .. .. ... .. F6.2
Thickness of loaded flange, in. (mm) ................ ... .. ... .... J10.1
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Definition Section
Thickness of flange of channel anchor, in. (mm) ................... 18.2b
Thickness of compression flange,in. (mm) ........................ F42
Thickness of plate, in. (mm) ........... ... ..., K1.1
Thickness of tension loaded plate, in. (mm) .................... App.3.3
Thickness of web stiffener, in. (mm) ....................... App. 6.3.2a
Thickness of web, in. (mm) ....................c.ciuuun.n. Table B4.1
Smallest effective weld throat thickness around the perimeter
of branch or plate, in. (ImMm) .......... ...t K4
Thickness of channel anchor web, in. (mm) ....................... 18.2b
Width of cover plate, in. (mm) .......... ..., F13.3
Size of weld leg, in. (mm) . ...ttt 2.2
Subscript relating symbol to major principal axis bending ............. H2
Width of plate, in. (mm) .. ......... ... .. 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.33
Weight of concrete per unit volume (90 < w < 155 Ibs/ft?
or 1500 Swe<2500kg/m?) ... 12.1
Average width of concrete rib or haunch, in. (mm) .................. 13.2
Subscript relating symbol to strong axis bending . ................... HI1.1
Xcomponent Of Fj .. ... 24
Coordinates of the shear center with respect to the centroid,
N (M) Lo e e e e E4
Eccentricity of connection, in. (mm) ........................ Table D3.1
Subscript relating symbol to weak axis bending . ................... HI1.1
yecomponent Of I . ... ... i J2.4
Subscript relating symbol to minor principal axis bending ............. H2
ASD/LRFD force level adjustment factor ......................... Cc23
Reduction factor given by Equation J2-1 .......................... 22

‘Width ratio; the ratio of branch diameter to chord diameter
for round HSS; the ratio of overall branch width to chord

width for rectangular HSS ....... ... ... .. ... il K2.1
Overall brace system stiffness, kip-in./rad (N-mm/rad) ........ App.6.3.2a
Required brace stiffness, kips/in. (N/mm) ..................... App. 6.2.1

Effective width ratio; the sum of the perimeters of the
two branch members in a K-connection divided by

eight times thechord width ......... ... ... ... .. ... ... ..... K2.1
Effective outside punching parameter ............................ K23
Web distortional stiffness, including the effect of web transverse

stiffeners, if any, kip-in./rad N-mm/rad) .................... App. 6.3.2a
Required torsional stiffness for nodal bracing, kip-in./rad

(N-mm/rad) ... App. 6.3.2a
Section property for unequal leg angles, positive for short legs

in compression and negative for long legs in compression ........... F10.2
First-order interstory drift due to the LRFD or ASD load

combinations, in. (MM) . ...ttt .. App.7.32
First-order interstory drift due to lateral forces, in. (mm) ........ App.822
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SYMBOLS

Definition Section
Deformation of weld elements at intermediate stress levels,
linearly proportioned to the critical deformation based on
distance from the instantaneous center of rotation, rj, in. (mm) ......... 124
Deformation of weld element at maximum stress, in. (mm) ........... 124
Deformation of weld element at ultimate stress (rupture),
usually in element furthest from instantaneous center of
rotation, in. (IMM) . . .. ..ot e e e 124
Maximum concrete strain at elevated temperature, % . . ........ App.4232
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 rectangular HSS ................... K2.1
Gap ratio; the ratio of the gap between the branches of a
gapped K-connection to the width of the chord for
rectangular HSS . ... .. ... . . K2.1
Load length parameter, applicable only to rectangular HSS;
the ratio of the length of contact of the branch with the

chord in the plane of the connection to the chord width ............. K2.1
Slenderness parameter . ... .. .. ... ... F3.2
Limiting slenderness parameter for compact element ................. B4
Limiting slenderness parameter for plastic design ............... App.12
Limiting slenderness parameter for compact flange ................. F32
Limiting slenderness parameter for compact web . .................... F4
Limiting slenderness parameter for noncompact element .............. B4
Limiting slenderness parameter for noncompact flange .............. F32
Limiting slenderness parameter for noncompact web ................ F42
Mean slip coefficient for Class A or B surfaces, as applicable,

or as established by tests ............ .. ... . i J3.8
Resistance factor, specified in Chapters B through K ................ B33
Resistance factor for bearing on concrete ......................... 16.3a
Resistance factor for flexure ........... ... ... ... ... .. i F1
Resistance factor for compression ............. ... ... .. oL B3.7
Resistance factor for axially loaded composite columns ............. 12.1b
Resistance factor for shear on the failure path ..................... D5.1
Resistance factor for torsion ............ ... ... ... o oL H3.1
Resistance factor for tension . ............. ... ... .. il D2
Resistance factor for steel headed stud anchor in tension . ............ 18.3b
Resistance factor for shear ........ ... ... ... ... .. ... . i Gl
Resistance factor for steel headed stud anchor in shear .............. 18.3a
Safety factor, specified in Chapters B through K ................... B34
Safety factor for bearing on concrete . ............ ... ... .. ... 16.1
Safety factor for flexure ........ ... ... ... L il F1
Safety factor for compression ............. ... .. il B3.7
Safety factor for axially loaded composite columns ................. 12.1b
Safety factor for shear on the failure path ........................ D5.1
Safety factor fortorsion .......... ... ... ... . i H3.1
Safety factor fortension ............ .. ... . .. il i D2
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Definition

Safety factor for steel headed stud anchor in tension .............
Safety factor forshear ............ ... ... .. ... . i
Safety factor for steel headed stud anchor in shear ..............
Minimum reinforcement ratio for longitudinal reinforcing ........
The larger of Fpw/Fystand 1.0 ..o
Angle of loading measured from the weld longitudinal axis, degrees . . ..
Acute angle between the branch and chord, degrees ..............

Angle of loading measured from the longitudinal axis of ith weld

element, degrees ... ... ...t e
Stiffness reduction parameter .. ............. ... ...
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GLOSSARY

Terms defined in this Glossary are italicized in the Glossary and where they first appear
within a section or long paragraph throughout the Specification.

Notes:

(1) Terms designated with 1 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 some action to mitigate adverse effects.

Allowable strength*+. Nominal strength divided by the safety factor, Ry/Q.

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

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).

Authority having jurisdiction (AHJ). Organization, political subdivision, office or individual
charged with the responsibility of administering and enforcing the provisions of the appli-
cable building code.

Available strength*t. Design strength or allowable strength, as appropriate.
Available stress*. Design stress or allowable stress, as appropriate.
Average rib width. In a formed steel deck, average width of the rib of a corrugation.

Batten plate. Plate rigidly connected to two parallel components of a built-up column or
beam designed to transmit shear between the components.

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.

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

Bearing (local compressive yielding)+. 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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Block shear rupturet. In a connection, limit state of tension rupture along one path and shear
yielding or shear rupture along another path.

Braced frame7. Essentially vertical truss system that provides resistance to lateral forces and
provides stability for the structural system.

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, cross section, section, shape. Member, cross section, section or shape
fabricated from structural steel elements that are welded or bolted together.

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

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

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

Cladding. Exterior covering of structure.

Cold-formed steel structural member+. Shape manufactured by press-braking blanks sheared
from sheets, cut lengths of coils or plates, or by roll forming cold- or hot-rolled coils or
sheets; both forming operations being performed at ambient room temperature, that is,
without manifest addition of heat such as would be required for hot forming.

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 steel superstructure and the foundation.

Compact section. Section capable of developing a fully plastic stress distribution and pos-
sessing a rotation capacity of approximately three before the onset of local buckling.

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

Composite beam. Structural steel beam in contact with and acting compositely with a rein-
forced concrete slab.
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Composite component. Member, connecting element or assemblage in which steel and con-
crete elements work as a unit in the distribution of internal forces, with the exception of
the special case of composite beams where steel anchors are embedded in a solid concrete
slab or in a slab cast on formed steel deck.

Concrete breakout surface. The surface delineating a volume of concrete surrounding a steel
headed stud anchor that separates from the remaining concrete.

Concrete crushing. Limit state of compressive failure in concrete having reached the ulti-
mate strain.

Concrete haunch. In a composite floor system constructed using a formed steel deck, the
section of solid concrete that results from stopping the deck on each side of the girder.

Concrete-encased beam. Beam totally encased in concrete cast integrally with the slab.

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

Construction documents. Design drawings, specifications, shop drawings and erection
drawings.

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

Cover plate. Plate welded or bolted to the flange of a member to increase cross-sectional
area, section modulus or moment of inertia.

Cross connection. HSS connection in which forces in branch members or connecting ele-
ments transverse to the main member are primarily equilibrated by forces in other branch
members or connecting elements on the opposite side of the main member.

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 drawings. Graphic and pictorial documents showing the design, location and dimen-

sions of the work. These documents generally include plans, elevations, sections, details,
schedules, diagrams and notes.

Design load+t. Applied load determined in accordance with either LRFD load combinations
or ASD load combinations, whichever is applicable.

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

Diagonal stiffener. Web stiffener at column panel zone oriented diagonally to the flanges,
on one or both sides of the web.

Diaphragm+. Roof, floor or other membrane or bracing system that transfers in-plane forces
to the lateral force resisting system.

Diaphragm plate. Plate possessing in-plane shear stiffness and strength, used to transfer
forces to the supporting elements.

Direct analysis method. Design method for stability that captures the effects of residual
stresses and initial out-of-plumbness of frames by reducing stiffness and applying
notional loads in a second-order analysis.
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Direct bond interaction. In a composite section, mechanism by which force is transferred
between steel and concrete by bond stress.

Distortional failure. Limit state of an HSS truss connection based on distortion of a rectan-
gular HSS chord member into a rhomboidal shape.

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

Effective length. Length of an otherwise identical column with the same strength when
analyzed with pinned end conditions.

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

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 distribu-
tion which 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 which are in excess of the anticipated ambient conditions.

Encased composite member. Composite member consisting of a structural concrete member
and one or more embedded steel shapes.

End panel. Web panel with an adjacent panel on one side only.
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 drawings and
specifications.

Expansion rocker. Support with curved surface on which a member bears that can tilt to
accommodate expansion.

Expansion roller. Round steel bar on which a member bears that can roll to accommodate
expansion.

Eyebar. Pin-connected tension member of uniform thickness, with forged or thermally cut
head of greater width than the body, proportioned to provide approximately equal
strength in the head and body.

Factored load . Product of a load factor and the nominal load.

Fastener. Generic term for bolts, rivets or other connecting devices.
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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.

Filled composite member. Composite member consisting of a shell of HSS filled with struc-
tural concrete.

Filler. Plate used to build up the thickness of one component.
Filler metal. Metal or alloy added in making a welded joint.

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

Fillet weld reinforcement. Fillet welds added to groove welds.

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.

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 them 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 mate-
rials 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 may be taken as the total sec-
tion 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.
Formed section. See cold-formed steel structural member.

Formed steel deck. In composite construction, steel cold formed into a decking profile used
as a permanent concrete form.
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Fully restrained moment connection. Connection capable of transferring moment with neg-
ligible rotation between connected members.

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

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.

Girder filler. In a composite floor system constructed using a formed steel deck, narrow
piece of sheet steel used as a fill between the edge of a deck sheet and the flange of
a girder.

Gouge. Relatively smooth surface groove or cavity resulting from plastic deformation or
removal 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. See also AWS D1.1/D1.1M.

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.

High-strength bolt. Fastener in compliance with ASTM A325, A325M, A490, A490M,
F1852, F2280 or an alternate fastener as permitted in Section J3.1.

Horizontal shear. In a composite beam, force at the interface between steel and concrete
surfaces.

HSS. Square, rectangular or round hollow structural steel section produced in accordance
with a pipe or tubing product specification.

Inelastic analysis. Structural analysis that takes into account inelastic material behavior,
including plastic analysis.

In-plane instabilityt. Limit state involving buckling in the plane of the frame or the member.

Instability . 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.

Introduction length. In an encased composite column, the length along which the column
force is assumed to be transferred into or out of the steel shape.

Jointf. 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.

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'/2 in. (38 mm) into the web beyond the k
dimension.
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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.

Lacing. Plate, angle or other steel shape, in a lattice configuration, that connects two steel
shapes together.

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.

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 bucklingt. 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.

Leaning column. Column designed to carry gravity loads only, with connections that are not
intended to provide resistance to lateral loads.

Length effects. Consideration of the reduction in strength of a member based on its unbraced
length.

Lightweight concrete. Structural concrete with an equilibrium density of 115 Ib/ft?
(1840 kg/m>) or less as determined by ASTM C567.

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

Load factorf. 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** +. 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**¥. Yielding that occurs in a local area of an element.

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

LRFD load combinationt. Load combination in the applicable building code intended for
strength design (load and resistance factor design).
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Main member. In an HSS connection, chord member, column or other HSS member to which
branch members or other connecting elements are attached.

Mechanism. Structural system that includes a sufficient number of real hinges, plastic
hinges or both, so as to be able to articulate in one or more rigid body modes.

Mill scale. Oxide surface coating on steel formed by the hot rolling process.

Moment connection. Connection that transmits bending moment between connected
members.

Moment frame+. Framing system that provides resistance to lateral loads and provides sta-
bility to the structural system, primarily by shear and flexure of the framing members and
their connections.

Negative flexural strength. Flexural strength of a composite beam in regions with tension
due to flexure on the top surface.

Net area. Gross area reduced to account for removed material.

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

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

Nominal rib height. In a formed steel deck, height of deck measured from the underside of
the lowest point to the top of the highest point.

Nominal strength*+. 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.

Noncompact section. Section that can develop the yield stress in its compression elements
before local buckling occurs, but cannot develop a rotation capacity of three.

Nondestructive testing. Inspection procedure wherein no material is destroyed and the
integrity of the material or component is not affected.

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.

Out-of-plane buckling¥. Limit state of a beam, column or beam-column involving lateral or
lateral-torsional buckling.

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

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.

Partially restrained moment connection. Connection capable of transferring moment with
rotation between connected members that is not negligible.
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Percent elongation. Measure of ductility, determined in a tensile test as the maximum elon-
gation 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 analysis. Structural analysis based on the assumption of rigid-plastic behavior, that
is, that equilibrium is satisfied and the stress is at or below the yield stress throughout the
structure.

Plastic hinge. Fully yielded zone that forms in a structural member when the plastic moment
is attained.

Plastic moment. Theoretical resisting moment developed within a fully yielded cross
section.

Plastic stress distribution method. In a composite member, method for determining Stresses
assuming that the steel section and the concrete in the cross section are fully plastic.

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.

Plate girder. Built-up beam.

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

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

Positive flexural strength. Flexural strength of a composite beam in regions with compres-
sion due to flexure on the top surface.

Pretensioned bolt. Bolt tightened to the specified minimum pretension.

Pretensioned joint. Joint with high-strength bolts tightened to the specified minimum
pretension.

Properly developed. Reinforcing bars detailed to yield in a ductile manner before crushing
of the concrete occurs. Bars meeting the provisions of ACI 318, insofar as development
length, spacing and cover, are deemed to be properly developed.

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-5 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.

Quality assurance. Monitoring and inspection tasks performed by an agency or firm other
than the fabricator or erector 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.
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Quality assurance inspector (QAIl). 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
conformance with the approved construction documents and referenced standards.

Quiality 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 drawings, 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.

Relative 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 nodal brace).

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

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

Restrained construction. Floor and roof assemblies and individual beams in buildings where
the surrounding or supporting structure is capable of resisting substantial thermal expan-
sion throughout the range of anticipated elevated temperatures.

Reverse curvature. See double curvature.
Root of joint. Portion of a joint to be welded where the members are closest to each other.

Rotation capacity. Incremental angular rotation that a given shape can accept prior to exces-
sive load shedding, defined as the ratio of the inelastic rotation attained to the idealized
elastic rotation at first yield.

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

Safety factor, Q1. Factor that accounts for deviations of the actual strength from the nomi-
nal 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-6 effect and P-A effect.

Seismic response modification factor. Factor that reduces seismic load effects to strength
level.
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Service load+. Load under which serviceability limit states are evaluated.

Service load combination. Load combination under which serviceability limit states are
evaluated.

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

Shear bucklingf. Buckling mode in which a plate element, such as the web of a beam,
deforms 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 wall{. Wall that provides resistance to lateral loads in the plane of the wall and
provides stability for the structural system.

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.

Sheet steel. In a composite floor system, steel used for closure plates or miscellaneous trim-
ming in a formed steel deck.

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

Sidesway buckling (frame). Stability limit state involving lateral sidesway instability of a
frame.

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. Written documents containing the requirements 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 stress{. Lower limit of yield stress specified for a material as
defined by ASTM.

Splice. Connection between two structural elements joined at their ends to form a single,
longer element.

Specification for Structural Steel Buildings, June 22, 2010
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



16.1-liv GLOSSARY

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.

Statically loaded. Not subject to significant fatigue stresses. Gravity, wind and seismic load-
ings are considered to be static loadings.

Steel anchor. Headed stud or hot rolled channel welded to a steel member and embodied in
concrete of a composite member to transmit shear, tension or a combination of shear and
tension at the interface of the two materials.

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

Stiffener. Structural element, usually 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).

Strain compatibility method. In a composite member, method for determining the stresses
considering the stress-strain relationships of each material and its location with respect to
the neutral axis of the cross section.

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 steel. Steel elements as defined in Section 2.1 of the AISC Code of Standard
Practice for Steel Buildings and Bridges.

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

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 equilibriated by shear in the main member.

Tensile strength (of material)f. Maximum tensile stress that a material is capable of sus-
taining 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 rup-
ture due to simultaneous tension and shear force.

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 man-
ner similar to a Pratt truss.

Thermally cut. Cut with gas, plasma or laser.
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Tie plate. Plate element used to join two parallel components of a built-up column, girder or
strut rigidly connected to the parallel components and designed to transmit shear between
them.

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 reinforcement. In an encased composite column, steel reinforcement in the form
of closed ties or welded wire fabric providing confinement for the concrete surrounding
the steel shape.

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 high-strength 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 cen-
ters of gravity of the bracing members.

Uneven load distribution. In an HSS connection, condition in which the load is not distrib-
uted through the cross section of connected elements in a manner that can be readily
determined.

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

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.

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

Weak axis. Minor principal centroidal axis of a cross section.

Weathering steel. High-strength, low-alloy steel that, with suitable precautions, can be used
in normal atmospheric exposures (not marine) without protective paint coating.

Web cripplingt. Limit state of local failure of web plate in the immediate vicinity of a con-
centrated load or reaction.

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

Weld metal. Portion of a fusion weld that has been completely melted during welding. Weld
metal has elements of filler metal and base metal melted in the weld thermal cycle.

Weld root. See root of joint.

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 equilibriated by shear in the main member.
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Yield momentf. In a member subjected to bending, the moment at which the extreme outer
fiber first attains the yield stress.

Yield pointf. First stress in a material at which an increase in strain occurs without an
increase in stress as defined by ASTM.

Yield strength+. Stress at which a material exhibits a specified limiting deviation from the
proportionality of stress to strain as defined by ASTM.

Yield stresst. Generic term to denote either yield point or yield strength, as appropriate for
the material.

Yieldingt. Limit state of inelastic deformation that occurs when the yield stress is reached.

Yielding (plastic moment)¥. Yielding throughout the cross section of a member as the bend-
ing moment reaches the plastic moment.

Yielding (yield moment)t. Yielding at the extreme fiber on the cross section of a member
when the bending moment reaches the yield moment.
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CHAPTER A
GENERAL PROVISIONS

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

The chapter is organized as follows:

Al

Al. Scope

A2. Referenced Specifications, Codes and Standards
A3. Material

A4. Structural Design Drawings and Specifications

SCOPE

The Specification for Structural Steel Buildings (ANSI/AISC 360), hereafter referred
to as the Specification, shall apply to the design of the structural steel system or sys-
tems with structural steel acting compositely with reinforced concrete, where the
steel elements are defined in the AISC Code of Standard Practice for Steel Buildings
and Bridges, Section 2.1, hereafter referred to as the Code of Standard Practice.

This Specification includes the Symbols, the Glossary, Chapters A through N, and
Appendices 1 through 8. The Commentary and the User Notes interspersed through-
out are not part of the Specification.

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

This Specification sets forth criteria for the design, fabrication and erection of struc-
tural steel buildings and other 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.

Wherever this Specification refers to the applicable building code and there is none,
the loads, load combinations, system limitations, and general design requirements
shall be those in ASCE/SEI 7.

Where conditions are not covered by the 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.
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A2,

SCOPE [Sect. Al.

User Note: For the design of structural members, other than hollow structural
sections (HSS) that are cold-formed to shapes with elements not more than 1 in.
(25 mm) in thickness, the provisions of the AIST North American Specification for
the Design of Cold-Formed Steel Structural Members are recommended.

Seismic Applications

The Seismic Provisions for Structural Steel Buildings (ANSI/AISC 341) shall apply
to the design of seismic force resisting systems of structural steel or of structural
steel acting compositely with reinforced concrete, unless specifically exempted by
the applicable building code.

User Note: ASCE/SEI 7 (Table 12.2-1, Item H) specifically exempts structural
steel systems, but not composite systems, in seismic design categories B and C
if they are designed according to the Specification and the seismic loads are
computed using a seismic response modification factor, R, of 3. For seismic
design category A, ASCE/SEI 7 does specify lateral forces to be used as the
seismic loads and effects, but these calculations do not involve the use of an R
factor. Thus for seismic design category A it is not necessary to define a seismic
force resisting system that meets any special requirements and the Seismic
Provisions for Structural Steel Buildings do not apply.

The provisions of Appendix 1 of this Specification shall not apply to the seismic
design of buildings and other structures.

Nuclear Applications

The design, fabrication and erection of nuclear structures shall comply with the
requirements of the Specification for Safety-Related Steel Structures for Nuclear
Facilities (ANSI/AISC N690), in addition to the provisions of this Specification.

REFERENCED SPECIFICATIONS, CODES AND STANDARDS
The following specifications, codes and standards are referenced in this Specification:

ACT International (ACI)

ACI 318-08 Building Code Requirements for Structural Concrete and Commentary

ACI 318M-08 Metric Building Code Requirements for Structural Concrete and
Commentary

ACI 349-06 Code Requirements for Nuclear Safety-Related Concrete Structures and
Commentary

American Institute of Steel Construction (AISC)

AISC 303-10 Code of Standard Practice for Steel Buildings and Bridges

ANSI/AISC 341-10 Seismic Provisions for Structural Steel Buildings

ANSI/AISC N690-06 Specification for Safety-Related Steel Structures for Nuclear
Facilities
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American Society of Civil Engineers (ASCE)

ASCE/SEI 7-10 Minimum Design Loads for Buildings and Other Structures
ASCE/SEI/SFPE 29-05 Standard Calculation Methods for Structural Fire Protection

American Society of Mechanical Engineers (ASME)

ASME B18.2.6-06 Fasteners for Use in Structural Applications
ASME B46.1-02 Surface Texture, Surface Roughness, Waviness, and Lay

American Society for Nondestructive Testing (ASNT)

ANSI/ASNT CP-189-2006 Standard for Qualification and Certification of
Nondestructive Testing Personnel

Recommended Practice No. SNT-TC-1A-2006 Personnel Qualification and
Certification in Nondestructive Testing

ASTM International (ASTM)

A6/A6M-09 Standard Specification for General Requirements for Rolled Structural
Steel Bars, Plates, Shapes, and Sheet Piling

A36/A36M-08 Standard Specification for Carbon Structural Steel

A53/A53M-07 Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated, Welded and Seamless

A193/A193M-08b Standard Specification for Alloy-Steel and Stainless Steel Bolting
Materials for High Temperature or High Pressure Service and Other Special
Purpose Applications

A194/A194M-09 Standard Specification for Carbon and Alloy Steel Nuts for Bolts
for High Pressure or High Temperature Service, or Both

A216/A216M-08 Standard Specification for Steel Castings, Carbon, Suitable for
Fusion Welding, for High Temperature Service

A242/A242M-04(2009) Standard Specification for High-Strength Low-Alloy
Structural Steel

A283/A283M-03(2007) Standard Specification for Low and Intermediate Tensile
Strength Carbon Steel Plates

A307-07b Standard Specification for Carbon Steel Bolts and Studs, 60,000 PSI
Tensile Strength

A325-09 Standard Specification for Structural Bolts, Steel, Heat Treated, 120/105
ksi Minimum Tensile Strength

A325M-09 Standard Specification for Structural Bolts, Steel, Heat Treated 830 MPa
Minimum Tensile Strength (Metric)

A354-07a Standard Specification for Quenched and Tempered Alloy Steel Bolts,
Studs, and Other Externally Threaded Fasteners

A370-09 Standard Test Methods and Definitions for Mechanical Testing of Steel
Products

A449-07b Standard Specification for Hex Cap Screws, Bolts and Studs, Steel, Heat
Treated, 120/105/90 ksi Minimum Tensile Strength, General Use

A490-08b Standard Specification for Heat-Treated Steel Structural Bolts, Alloy
Steel, Heat Treated, 150 ksi Minimum Tensile Strength

A490M-08 Standard Specification for High-Strength Steel Bolts, Classes 10.9 and
10.9.3, for Structural Steel Joints (Metric)
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REFERENCED SPECIFICATIONS, CODES AND STANDARDS [Sect. A2.

A500/A500M-07 Standard Specification for Cold-Formed Welded and Seamless
Carbon Steel Structural Tubing in Rounds and Shapes

A501-07 Standard Specification for Hot-Formed Welded and Seamless Carbon Steel
Structural Tubing

A502-03 Standard Specification for Steel Structural Rivets, Steel, Structural

AS514/A514M-05 Standard Specification for High-Yield Strength, Quenched and
Tempered Alloy Steel Plate, Suitable for Welding

A529/A529M-05 Standard Specification for High-Strength Carbon-Manganese
Steel of Structural Quality

A563-07a Standard Specification for Carbon and Alloy Steel Nuts

A563M-07 Standard Specification for Carbon and Alloy Steel Nuts [Metric]

AS568/A568M-09 Standard Specification for Steel, Sheet, Carbon, Structural, and
High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled, General Requirements for

A572/A572M-07 Standard Specification for High-Strength Low-Alloy Columbium-
Vanadium Structural Steel

A588/A588M-05 Standard Specification for High-Strength Low-Alloy Structural Steel,
up to 50 ksi [345 MPa] Minimum Yield Point, with Atmospheric Corrosion Resistance

A606/A606M-09 Standard Specification for Steel, Sheet and Strip, High-Strength,
Low-Alloy, Hot-Rolled and Cold-Rolled, with Improved Atmospheric Corrosion
Resistance

AG618/A618M-04 Standard Specification for Hot-Formed Welded and Seamless
High-Strength Low-Alloy Structural Tubing

A668/A668M-04 Standard Specification for Steel Forgings, Carbon and Alloy, for
General Industrial Use

A673/A673M-04 Standard Specification for Sampling Procedure for Impact Testing
of Structural Steel

A709/A709M-09 Standard Specification for Structural Steel for Bridges

A751-08 Standard Test Methods, Practices, and Terminology for Chemical Analysis
of Steel Products

A847/A847M-05 Standard Specification for Cold-Formed Welded and Seamless
High-Strength, Low-Alloy Structural Tubing with Improved Atmospheric
Corrosion Resistance

A852/A852M-03(2007) Standard Specification for Quenched and Tempered Low-
Alloy Structural Steel Plate with 70 ksi [485 MPa] Minimum Yield Strength to 4
in. [100 mm] Thick

A913/A913M-07 Standard Specification for High-Strength Low-Alloy Steel Shapes
of Structural Quality, Produced by Quenching and Self-Tempering Process (QST)

A992/A992M-06a Standard Specification for Structural Steel Shapes

User Note: ASTM A992 is the most commonly referenced specification for
W-shapes.

A1011/A1011M-09a Standard Specification for Steel, Sheet and Strip, Hot-Rolled,
Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with
Improved Formability, and Ultra-High Strength

A1043/A1043M-05 Standard Specification for Structural Steel with Low Yield to
Tensile Ratio for Use in Buildings

Specification for Structural Steel Buildings, June 22, 2010
AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Sect. A2.] REFERENCED SPECIFICATIONS, CODES AND STANDARDS 16.1-5

C567-05a Standard Test Method for Determining Density of Structural Lightweight
Concrete

E119-08a Standard Test Methods for Fire Tests of Building Construction and Materials

E165-02 Standard Test Method for Liquid Penetrant Examination

E709-08 Standard Guide for Magnetic Particle Examination

F436-09 Standard Specification for Hardened Steel Washers

F436M-09 Standard Specification for Hardened Steel Washers (Metric)

F606-07 Standard Test Methods for Determining the Mechanical Properties of
Externally and Internally Threaded Fasteners, Washers, Direct Tension Indicators,
and Rivets

F606M-07 Standard Test Methods for Determining the Mechanical Properties of
Externally and Internally Threaded Fasteners, Washers, and Rivets (Metric)

F844-07a Standard Specification for Washers, Steel, Plain (Flat), Unhardened for
General Use

F959-09 Standard Specification for Compressible-Washer-Type Direct Tension
Indicators for Use with Structural Fasteners

F959M-07 Standard Specification for Compressible-Washer-Type Direct Tension
Indicators for Use with Structural Fasteners (Metric)

F1554-07a Standard Specification for Anchor Bolts, Steel, 36, 55, and 105 ksi Yield
Strength

User Note: ASTM F1554 is the most commonly referenced specification for
anchor rods. Grade and weldability must be specified.

F1852-08 Standard Specification for “Twist-Off”” Type Tension Control Structural
Bolt/Nut/Washer Assemblies, Steel, Heat Treated, 120/105 ksi Minimum Tensile
Strength

F2280-08 Standard Specification for “Twist Off”” Type Tension Control Structural Bolt/
Nut/Washer Assemblies, Steel, Heat Treated, 150 ksi Minimum Tensile Strength

American Welding Society (AWS)

AWS A5.1/A5.1M-2004 Specification for Carbon Steel Electrodes for Shielded
Metal Arc Welding

AWS A5.5/A5.5M-2004 Specification for Low-Alloy Steel Electrodes for Shielded
Metal Arc Welding

AWS A5.17/A5.17M-1997 (R2007) Specification for Carbon Steel Electrodes and
Fluxes for Submerged Arc Welding

AWS A5.18/A5.18M-2005 Specification for Carbon Steel Electrodes and Rods for
Gas Shielded Arc Welding

AWS A5.20/A5.20M-2005 Specification for Carbon Steel Electrodes for Flux Cored
Arc Welding

AWS A5.23/A5.23M-2007 Specification for Low-Alloy Steel Electrodes and Fluxes
for Submerged Arc Welding

AWS A5.25/A5.25M-1997 (R2009) Specification for Carbon and Low-Alloy Steel
Electrodes and Fluxes for Electroslag Welding

AWS A5.26/A5.26M-1997 (R2009) Specification for Carbon and Low-Alloy Steel
Electrodes for Electrogas Welding
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AWS A5.28/A5.28M-2005 Specification for Low-Alloy Steel Electrodes and Rods
for Gas Shielded Arc Welding

AWS A5.29/A5.29M-2005 Specification for Low-Alloy Steel Electrodes for Flux
Cored Arc Welding

AWS A5.32/A5.32M-1997 (R2007) Specification for Welding Shielding Gases

AWS B5.1-2003 Specification for the Qualification of Welding Inspectors

AWS D1.1/D1.1M-2010 Structural Welding Code—Steel

AWS D1.3 -2008 Structural Welding Code—Sheet Steel

Research Council on Structural Connections (RCSC)

Specification for Structural Joints Using High-Strength Bolts, 2009

MATERIAL
Structural Steel Materials

Material test reports or reports of tests made by the fabricator or a testing laboratory
shall constitute sufficient evidence of conformity with one of the ASTM standards
listed in Section A3.1a. For hot-rolled structural shapes, plates, and bars, such tests
shall be made in accordance with ASTM A6/A6M; for sheets, such tests shall be
made in accordance with ASTM A568/A568M; for tubing and pipe, such tests shall
be made in accordance with the requirements of the applicable ASTM standards
listed above for those product forms.

ASTM Designations

Structural steel material conforming to one of the following ASTM specifications is
approved for use under this Specification:

(1) Hot-rolled structural shapes

ASTM A36/A36M ASTM A709/A709M
ASTM A529/A529M ASTM A913/A913M
ASTM A572/A572M ASTM A992/ A992M
ASTM A588/A588M ASTM A1043/A1043M
(2) Structural tubing
ASTM A500 ASTM A618/A618M
ASTM A501 ASTM A847/A847TM
(3) Pipe
ASTM A53/A53M, Gr. B
(4) Plates
ASTM A36/A36M ASTM A588/A588M
ASTM A242/A242M ASTM A709/A709M
ASTM A283/A283M ASTM A852/A852M
ASTM AS514/A514M ASTM A1011/A1011M
ASTM A529/A529M ASTM A1043/A1043M
ASTM A572/A572M
(5) Bars
ASTM A36/A36M ASTM A572/A572M
ASTM A529/A529M ASTM A709/A709M
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(6) Sheets
ASTM A606/A606M
ASTM A1011/A1011M SS, HSLAS, AND HSLAS-F

Unidentified Steel

Unidentified steel, free of injurious defects, is permitted to be used only for members
or details whose failure will not reduce the strength of the structure, either locally or
overall. Such use shall be subject to the approval of the engineer of record.

User Note: Unidentified steel may be used for details where the precise mechan-
ical properties and weldability are not of concern. These are commonly curb
plates, shims and other similar pieces.

Rolled Heavy Shapes

ASTM A6/A6M hot-rolled shapes with a flange thickness exceeding 2 in. (50 mm)
are considered to be rolled heavy shapes. Rolled heavy shapes used as members
subject to primary (computed) tensile forces due to tension or flexure and spliced
or connected using complete-joint-penetration groove welds that fuse through the
thickness of the flange or the flange and the web, shall be specified as follows.
The structural design documents shall require that such shapes be supplied with
Charpy V-notch (CVN) impact test results in accordance with ASTM A6/A6M,
Supplementary Requirement S30, Charpy V-Notch Impact Test for Structural Shapes
— Alternate Core Location. The impact test shall meet a minimum average value of
20 ft-1b (27 J) absorbed energy at a maximum temperature of +70 °F (+21 °C).

The above requirements do not apply if the splices and connections are made by
bolting. Where a rolled heavy shape is welded to the surface of another shape using
groove welds, the requirement above applies only to the shape that has weld metal
fused through the cross section.

User Note: Additional requirements for joints in heavy rolled members are given
in Sections J1.5,J1.6,J2.6 and M2.2.

Built-Up Heavy Shapes

Built-up cross sections consisting of plates with a thickness exceeding 2 in. (50 mm)
are considered built-up heavy shapes. Built-up heavy shapes used as members sub-
ject to primary (computed) 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 specified as follows. The structural
design documents shall require that the steel be supplied with Charpy V-notch
impact test results in accordance with ASTM A6/A6M, Supplementary
Requirement S5, Charpy V-Notch Impact Test. The impact test shall be conducted
in accordance with ASTM A673/A673M, Frequency P, and shall meet a minimum
average value of 20 ft-Ib (27 J) absorbed energy at a maximum temperature of
+70 °F (+21 °C).
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When a built-up heavy shape is welded to the face of another member using groove
welds, the requirement above applies only to the shape that has weld metal fused
through the cross section.

User Note: Additional requirements for joints in heavy built-up members are
given in Sections J1.5,J1.6,J2.6 and M2.2.

Steel Castings and Forgings

Steel castings shall conform to ASTM A216/A216M, Grade WCB with Sup-
plementary Requirement S11. Steel forgings shall conform to ASTM A668/A668M.
Test reports produced in accordance with the above reference standards shall consti-
tute sufficient evidence of conformity with such standards.

Bolts, Washers and Nuts

Bolt, washer and nut material conforming to one of the following ASTM specifica-
tions is approved for use under this Specification:

(1) Bolts
ASTM A307 ASTM A490
ASTM A325 ASTM A490M
ASTM A325M ASTM F1852
ASTM A354 ASTM F2280
ASTM A449

(2) Nuts
ASTM A194/A194M ASTM A563M
ASTM A563

(3) Washers
ASTM F436 ASTM F844
ASTM F436M

(4) Compressible-Washer-Type Direct Tension Indicators
ASTM F959
ASTM F959M

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

Anchor Rods and Threaded Rods

Anchor rod and threaded rod material conforming to one of the following ASTM
specifications is approved for use under this Specification:

ASTM A36/A36M ASTM A572/A572M
ASTM A193/A193M ASTM A588/A588M
ASTM A354 ASTM F1554
ASTM A449

User Note: ASTM F1554 is the preferred material specification for anchor rods.
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A4,

A449 material is acceptable for high-strength anchor rods and threaded rods of
any diameter.

Threads on anchor rods and threaded rods shall conform to the Unified Standard
Series of ASME B18.2.6 and shall have Class 2A tolerances.

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

Consumables for Welding

Filler metals and fluxes shall conform to one of the following specifications of the
American Welding Society:

AWS A5.1/A5.1M AWS A5.25/A5.25M
AWS A5.5/A5.5M AWS A5.26/A5.26M
AWS A5.17/A5.1TM AWS A5.28/A5.28M
AWS A5.18/A5.18M AWS A5.29/A5.29M
AWS A5.20/A5.20M AWS A5.32/A5.32M

AWS A5.23/A5.23M

Manufacturer’s certification shall constitute sufficient evidence of conformity with
the standards. Filler metals and fluxes that are suitable for the intended application
shall be selected.

Headed Stud Anchors

Steel headed stud anchors shall conform to the requirements of the Structural
Welding Code—Steel (AWS D1.1/D1.1M).

Manufacturer’s certification shall constitute sufficient evidence of conformity with
AWS D1.1/D1.1M.

STRUCTURAL DESIGN DRAWINGS AND SPECIFICATIONS

The structural design drawings and specifications shall meet the requirements in the
Code of Standard Practice.

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

Section A3.1c Rolled heavy shapes where alternate core Charpy V-notch tough-
ness (CVN) is required

Section A3.1d Built-up heavy shapes where CVN toughness is required

Section J3.1 Locations of connections using pretensioned bolts

Other information is needed by the fabricator or erector and should be shown on
design drawings including:

Fatigue details requiring nondestructive testing (Appendix 3; e.g., Table A3.1,
Cases 5.1 to 5.4)

Risk category (Chapter N)

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

This chapter addresses general requirements for the analysis and design of steel structures
applicable to all chapters of the specification.

The chapter is organized as follows:

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

B1. GENERAL PROVISIONS

The design of members and connections shall be consistent with the intended behav-
ior of the framing system and the assumptions made in the structural analysis.
Unless restricted by the applicable building code, lateral load resistance and stabil-
ity may be provided by any combination of members and connections.

B2. LOADS AND LOAD COMBINATIONS

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

User Note: When using ASCE/SEI 7, for design according to Section B3.3
(LRFD), the load combinations in ASCE/SEI 7, Section 2.3 apply. For design
according to Section B3.4 (ASD), the load combinations in ASCE/SEI 7, Section
2.4 apply.

B3. DESIGN BASIS

Designs shall be made according to the provisions for load and resistance factor
design (LRFD) or to the provisions for allowable strength design (ASD).

1. Required Strength

The required strength of structural members and connections shall be determined by
structural analysis for the appropriate load combinations as stipulated in Section B2.
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Design by elastic, inelastic or plastic analysis is permitted. Provisions for inelastic
and plastic analysis are as stipulated in Appendix 1, Design by Inelastic Analysis.

2. Limit States

Design shall be based on the principle that no applicable strength or serviceability
limit state shall be exceeded when the structure is subjected to all appropriate load
combinations.

Design for structural integrity requirements of the applicable building code shall be
based on nominal strength rather than design strength (LRFD) or allowable strength
(ASD), unless specifically stated otherwise in the applicable building code. Limit
states for connections based on limiting deformations or yielding of the connection
components need not be considered for meeting structural integrity requirements.

For the purpose of satisfying structural integrity provisions of the applicable building
code, bearing bolts in connections with short-slotted holes parallel to the direction of
the tension load are permitted, and shall be assumed to be located at the end of the slot.

3. Design for Strength Using Load and Resistance Factor Design (LRFD)

Design according to the provisions for load and resistance factor design (LRFD)
satisfies the requirements of this Specification when the design strength of each
structural 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 B3.4, shall apply.

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

Ry < ORy (B3-1)

where
Ry =required strength using LRFD load combinations
Rn = nominal strength, specified in Chapters B through K
o = resistance factor, specified in Chapters B through K
OR, = design strength

4. 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
B3.3, shall apply.

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

Ra < Rn/Q (B3-2)
where
Ra  =required strength using ASD load combinations
Rn = nominal strength, specified in Chapters B through K
Q = safety factor, specified in Chapters B through K
Rn/€ = allowable strength
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Design for Stability

Stability of the structure and its elements shall be determined in accordance with
Chapter C.

Design of Connections

Connection elements shall be designed in accordance with the provisions of Chapters
J and K. The forces and deformations used in design shall be consistent with the
intended performance of the connection and the assumptions used in the structural
analysis. 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: Section 3.1.2 of the Code of Standard Practice addresses communi-
cation 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 angle between the con-
nected members at the strength limit states.

(b) Partially Restrained (PR) Moment Connections
Partially restrained (PR) moment connections transfer moments, but the rotation
between connected members is not negligible. In the analysis of the structure, the
force-deformation response characteristics of the connection shall be included.
The response characteristics of a PR connection shall be documented in the
technical literature or established by analytical or experimental means. The com-
ponent elements of a PR connection shall have sufficient strength, stiffness and
deformation capacity at the strength limit states.

Moment Redistribution in Beams

The required flexural strength of beams composed of compact sections, as defined
in Section B4.1, and satisfying the unbraced length requirements of Section F13.5
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10.

11.

12.

may be taken as nine-tenths of the negative moments at the points of support, pro-
duced by the gravity loading and determined by an elastic analysis satisfying the
requirements of Chapter C, provided that the maximum positive moment is
increased by one-tenth of the average negative moment determined by an elastic
analysis. This reduction is not permitted for moments in members with Fy exceed-
ing 65 ksi (450 MPa), for moments produced by loading on cantilevers, for design
using partially restrained (PR) moment connections, or for design by inelastic
analysis using the provisions of Appendix 1. This reduction is permitted for design
according to Section B3.3 (LRFD) and for design according to Section B3 .4 (ASD).
The required axial strength shall not exceed 0.15¢cF/Ag for LRFD or 0.15F Aq/Q.
for ASD where ¢¢ and Q¢ are determined from Section E1, and Ag = gross area of
member, in.> (mm?), and F, = specified minimum yield stress, ksi (MPa).

Diaphragms and Collectors

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

Design for Serviceability

The overall structure and the individual members and connections shall be checked
for serviceability. Requirements for serviceability design are given in Chapter L.

Design for Ponding

The roof system shall be investigated through structural analysis to assure adequate
strength and stability under ponding conditions, unless the roof surface is provided
with a slope of !/4 in. per ft (20 mm per meter) or greater toward points of free
drainage or an adequate system of drainage is provided to prevent the accumulation
of water.

Methods of checking ponding are provided in Appendix 2, Design for Ponding.

Design for Fatigue

Fatigue shall be considered in accordance with Appendix 3, Design for Fatigue, for
members and their connections subject to repeated loading. Fatigue need not be con-
sidered for seismic effects or for the effects of wind loading on normal building
lateral force resisting systems and building enclosure components.

Design for Fire Conditions

Two methods of design for fire conditions are provided in Appendix 4, Structural
Design for Fire Conditions: by Analysis and by Qualification Testing. Compliance
with the fire protection requirements in the applicable building code shall be
deemed to satisfy the requirements of this section and Appendix 4.

Nothing in this section is intended to create or imply a contractual requirement for the
engineer of record responsible for the structural design or any other member of the
design team.
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User Note: Design by qualification testing is the prescriptive method specified in
most building codes. Traditionally, on most projects where the architect is the
prime professional, the architect has been the responsible party to specify and
coordinate fire protection requirements. Design by analysis is a new engineering
approach to fire protection. Designation of the person(s) responsible for design-
ing for fire conditions is a contractual matter to be addressed on each project.

Design for Corrosion Effects

Where corrosion may impair the strength or serviceability of a structure, structural
components shall be designed to tolerate corrosion or shall be protected against
corrosion.

Anchorage to Concrete

Anchorage between steel and concrete acting compositely shall be designed in accor-
dance with Chapter 1. The design of column bases and anchor rods shall be in
accordance with Chapter J.

MEMBER PROPERTIES

Classification of Sections for Local Buckling

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

For flexure, sections are classified as compact, noncompact or slender-element sec-
tions. For a section to qualify as compact, its flanges must be continuously connected
to the web or webs and the width-to-thickness ratios of its compression elements
shall not exceed the limiting width-to-thickness ratios, Ap, from Table B4.1b. If the
width-t