MISSOURI
Missouri University of Science and Technology
&I Scholars' Mine

Wei-Wen Yu Center for Cold-Formed Steel

Center for Cold-Formed Steel Structures Library Structures

01 Aug 1989

Load and resistance factor design of cold-formed steel load and
resistance factor design specification for cold-formed steel
structural members with commentary

Ling-En Hsiao

Wei-wen Yu
Missouri University of Science and Technology, wwy4@mst.edu

Theodore V. Galambos

Follow this and additional works at: https://scholarsmine.mst.edu/ccfss-library

b Part of the Structural Engineering Commons

Recommended Citation

Hsiao, Ling-En; Yu, Wei-wen; and Galambos, Theodore V., "Load and resistance factor design of cold-
formed steel load and resistance factor design specification for cold-formed steel structural members
with commentary" (1989). Center for Cold-Formed Steel Structures Library. 142.
https://scholarsmine.mst.edu/ccfss-library/142

This Technical Report is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Center for Cold-Formed Steel Structures Library by an authorized administrator of Scholars' Mine. This
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu.


http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/ccfss-library
https://scholarsmine.mst.edu/ccfss
https://scholarsmine.mst.edu/ccfss
https://scholarsmine.mst.edu/ccfss-library?utm_source=scholarsmine.mst.edu%2Fccfss-library%2F142&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/256?utm_source=scholarsmine.mst.edu%2Fccfss-library%2F142&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/ccfss-library/142?utm_source=scholarsmine.mst.edu%2Fccfss-library%2F142&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

CIVIL ENGINEERING STUDY 89-5
STRUCTURAL SERIES

Twelfth Progress Report

LOAD AND RESISTANCE FACTOR DESIGN OF COLD-FORMED STEEL

LOAD AND RESISTANCE FACTOR DESIGN SPECIFICATION FOR
COLD-FORMED STEEL STRUCTURAL MEMBERS WITH COMMENTARY

by

Ling-En Hsiao
Research Assistant
University of Missouri-Rolla

Wei-Wen Yu
Project Director
University of Missouri-Rolla

Theodore V. Galambos

Consultant
University of Minnesota

A Research Project Sponsored by the American Iron and Steel Institute

August 1989

DEPARTMENT OF CIVIL ENGINEERING
UNIVERSITY OF MISSOURI-ROLLA
ROLLA, MISSOURI



FOREWORD

This progress report contains the following two parts:
Part I: Load and Resistance Factor Design Specification for
Cold-Formed Steel Structural Members (pp. i-107).
Part II: Commentary on the Load and Resistance Factor Design
Specification for Cold-Formed Steel Structural Members
(pp. 109-161).
The load and resistance factor design specification proposed herein is
the revised version of the design recommendations prepared in February 1988
and submitted to American Iron and Steel Institute as Tenth Progress Report.
This document was prepared according to the 1986 edition of the AISI Spec-
ification for the Design of Cold-Formed Steel Structural Members. The se-
lections of ¢ factors are discussed in the Commentary for various types of
structural members and connections.
This investigation was sponsored by American Iron and Steel Institute.
The technical guidance provided by the AISI Subcommitte on Load and Resist-
ance Factor Design and the AISI Staff is gratefully acknowledged. Members
of the AISI Subcommitte are: K. H. Klippstein (Chairman), R. Bjorhovde, D.
S. Ellifritt, S. J. Errera, T. V. Galambos, B. Hall, D. H. Hall, R. B.
Heagler, N. Iwankiw, A. L. Johnson, D. L. Johnson, A. C. Kuentz, A. S. Nowak,
T. B. Pekoz, C. W. Pinkham, R. M. Schuster, and W. W. Yu. Former members of
the AISI Task Group on LRFD included R. L. Cary, N. C. Lind, R. B. Matlock,

W. Mueller, F. J. Phillips, D. S. Wolford and Late Professor G. Winter.
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Special thanks are extended to T. V. Galambos, Consultant of the
project, T. N. Rang, B. Supornsilaphachai, B. K. Snyder, L. C. Pan, and M.

K. Ravindra for their contributions to the project.



PART 1

LOAD AND RESISTANCE FACTOR DESIGN SPECIFICATION

FOR

COLD-FORMED STEEL STRUCTURAL MEMBERS



PREFACE

The AISI allowable stress design specification has long been used for
the design of cold-formed steel structural members. The Load and Resistance
Factor Design (LRFD) Specification has recently been developed from a re-
search project sponsored by American Iron and Steel Institute. In this LRFD
Specification, separate load and resistance factors are applied to specified
loads and nominal resistance to ensure that the probability of reaching a
limit state is acceptably small. These factors reflect the uncertainties
of analysis, design, loading, material properties and fabrication. They are
derived on the basis of the first order probabilistic methodology as used
for the development of the AISC Load and Resistance Factor Design Specifi-
cation for Structural Steel Buildings.

This Specification contains six chapters of the LRFD recommendations
for cold-formed steel structural members and connections. The background
information for the design criteria is discussed in the Commentary and other

related references.
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SYMBOLS AND DEFINITIONS
Symbol Definition Section

A Full unreduced cross-sectional area of the member €3.1.1, C3.1.2,
C4, C6.2, D4.1

A b1t+AS, for transverse stiffeners at interior B6.1

support and under concentrated load, and b2t+AS,

for transverse stiffeners at end support
A Gross cross-sectional area of bolt ' E3.4
A 18t2+AS, for transverse stiffeners at interior B6.1

2

support and under concentrated load, and 10t +AS,

for transverse stiffeners at end support

Ae Effective area at the stress Fn C4, C6.2

An Net area of cross section C2, E3.2

AS Cross-sectional area of transverse stiffeners B4, B4.1, B4.2,

B6.1

A'S Effective area of stiffener B4, B&4.1, B&4.2
st Gross area of shear stiffener B6.2

Awn Net web area E4

A1 Bearing area E5.1

A2 Full cross sectional area of concrete support E5.1

a Shear panel length of the unreinforced web element. B6.2, C3.2,

For a reinforced web element, the distance between D3.2
transverse stiffeners

a Length of bracing interval D3.2

vii



Symbol

Definition

Stud spacing
Term for determining the tensile yield point of
corners

Effective design width of compression element

Effective width for deflection calculation
Effective design width of sub-element or element
See Fig. B4.1

For flexural members, ratio of the total corner
cross-sectional area of the controlling flange to
the full cross-sectional area of the controlling
flange

Bending coefficient dependent on moment gradient
End moment coefficient in interaction formula
Coefficient for lateral bracing of C- and Z-section
End moment coefficient in interaction formula
End moment coefficient in interaction formula
Correction factor

Coefficient for lateral torsional buckling

End moment coefficient in interaction formula

Coefficient for lateral bracing of C- and Z-section

viii

Section
D4.1
A5.2.1
B2.1, B2.2,
B2.3, B3.1,
B3.2, B4.1,
B4.2, BS5,
D3.2.1
B2.1, B2.2
Al.2, B2.3,

B4, B4.1, BS

A5.2.2

C3.1.2
C5
D3.2.1
C5
Cs
Fi
€3.1.2
C3.1.2

D3.2.1

B5



Symbol

Definition

Coefficient for lateral bracing of C- and Z-section
Shear stiffener coefficient

Torsional warping constant of the cross-section
Compression strain factor

Initial column imperfection

Term used to compute shear strain in wall board
Coefficient as defined in Fig. B4.2

Amount of curling

Outside diameter of cylindrical tube

Overall depth of lip

Shear stiffener coefficient
Nominal dead load

Initial column imperfection

Depth of section

Width of arc seam weld

VisiBle diameter of outer surface of arc spot weld
Diameter of bolt

Average diameter of the arc spot weld at

mid-thickness of t

ix

D3.

Bé.

C3.

C3.

D&4.

Section

2.1

2

1.2

1.1

1

B4, B4.1, D&.2

B4,

B1l.

B4.2

1b

Cé6.1, Cé.2,

D4.

B1.

B6.

AS5.

D&.

B1.

2

1, B4, D1.1

2
1.4
1

1b, B4,

C3.1.1, D1.1,

D3.2.1, D4.1

E2.
E2.
E3,

E2.

3
2
E3.1,

2

E3.2



Symbol

Definition

Average width of seam weld

Effective diameter of fused area

Effective width of arc seam weld at fused surfaces
Diameter of standard hole

Reduced effective width of stiffener

Actual effective width of stiffener

Coped web depth

Modulus of elasticility of steel (29.5 x 103 ksi)

Nominal earthquake load

Initial column imperfection; a measure of the
initial twist of the stud from the initial, ideal,
unbuckled location

Term used to compute shear strain in wallboard
Inelastic modulus of elasticility

Minimum allowable distance measured in the line of
force from the centerline of a weld to the nearest
edge of an adjacent weld or to the end of the

connected part toward which the force is directed

Section

E2.3
E2.2
E2, E2.3

B2.2, E3.1, E&4

B4, B4.2

B4, B4.2

E4

Bl.1b, B2.1,

B6.1, C3.1.1,
C3.2, C4,
C4.1, CS,
C6.1, D1.2,
D4.1, D&.2,
E2.2

AS5.1.4

D4.1

D4.1
D4.1

E2.2



Symbol Definition Section

e in The distance e measured in the line of force from E3.1
the centerline of a standard hole to the nearest

edge of an adjacent hole or to the end of the

connected part toward which the force is directed

ey Yield strain = Fy/E €3.1.1
Fe Elastic buckling stress C4, C4.1, C&.2,
| C4.3, C6.2,

D4.1

Fm Mean value of the fabrication factor F1

Fn Nominal buckling stress C4, C6.2

Fnt Nominal tensile strength of bolts E3.4

an Nominal shear strength of bolts E3.4

F'nt Nominal tensile strength for bolts subject to E3.4

combination of shear and tension

Fsy Yield point as specified in Sections A3.1 or A3.2 A3.1, A3.2,
A3.3.2, E2.2,
E3.1, E3.2
Fu Tensile strength as specified in Sections A3.1 or A3.1, A3.2,
A3.2, or as reduced for low ductility steel A3.3, A3.3.2,
E2.2, E2.3,
E2.4, E2.5,
E3.1, E3.2,
E3.3, E4

xi



Symbol

uv

F
wy

ya
yc

vt

ys

yv

Definition

Tensile strength of virgin steel specified

by Section A3 or established in accordance with
Section F3.3

Yield point for design of transverse stiffeners
Strength level designation in AWS electrode
classification

Yield point used for design, not to exceed the
specified yield point or established in accordance
with Section F3, or as increased for cold work of
forming in Section A5.2.2 or as reduced for low

ductility steels in Section A3.3.2

Average yield point of section

Tensile yield point of corners

Weighted average tensile yield point of the flat
portions

Yield point of stiffener steel

Tensile yield point of virgin steel specified by
Section A3 or established in accordance with
Section F3.3

Stress in the compression element computed on the

basis of the effective design width

xii

A3,

E2.

B6.
E2.
E2.
Al.
AS.
B2.
c2,
Cé4,
D1.
AS.
AS.

AS.

B6.
A3,

F3.

B2.

B3.

Section

A5.5.2,

2, F3.3

1

2, E2.3,

4, E2.5

2, A3.3,
2.1, A5.2.2,
1, B5, B6.1,
€3.1, €3.2,
C6.1, C6.2,
2, D4.2, E2
2.1, E5.1
2.1

2.1, F3.2

AS.2.2,

3

1, B2.2,

2, B4, B&.1



Symbol Definition Section

fav Average computed stress in the full, unreduced Bl.1b
flange width

f'C Specified compression stress of concrete E5.1

fd Computed compressive stress in the element being B2.1, B2.2,
considered. Calculations are based on the effective B3.1, B4.1,
section at the load for which deflections are B4.2
determined

fdl,fd2 Computed stresses f1 and f2 as shown in Fig. B2.3
B2.3-1. Calculations are based on the effective
section at the load for which deflectiéns are
determined

fd3 Computed stress f3 in edge stiffener, as shown B3.2
in Fig. B4-2. Calculations are based on the
effective section at the load for which deflections
are determined

fv Computed shear stress on a bolt E4

fl’ f2 Web stresses defined by Fig. B2.3-1 B2.3

f3 Edge stiffener stress defined by Fig. B4.2 B3.2

G Shear modulus for steel C3.1.1, D&.1

G' Inelastic shear modulus D4.1

g Vertical distance between two rows of connections D1.1

nearest to the top and bottom flanges

xiii



Symbol

sf

I
Xy

yc

Definition

Depth of flat portion of web measured along the
plane of web

Adequate moment of inertia of stiffener so that
each component element will behave as a stiffened
element

Moment of inertia of the full unreduced section
about the bending axis

Actual moment of inertia of the full stiffener
about its own centroidal axis parallel to the
element to be stiffened

Moment of inertia of the full area of the multiple
stiffened element, including the intermediate
stiffeners, about its own centroidal axis parallel
to the element to be stiffened

Moment of inertia of full section about principal
axes

Product of inertia of full section about major and
minor centroidal axes

Moment of inertia of the compression portion of a
section about the gravity axis of the entire section
about the y-axis

St. Venant torsion constant

Section property for torsional-flexural buckling

xiv

B1.

C3.

B1.

B4.

C5

B1.

B4.

D1.

D3.

C3.

C3.

Section

2, B6.2,

2, C3.4

1, B4, B4.1,

1, B4, B4.1,

1, D3.2.2

2.2, D4.1

.1.2

1.2

1.2



Symbol

Definition

Effective length factor

A constant

Effective length factor in the plane of bending
Effective length factor for torsion

Effective length factor for bending about x-axis
Effective length factor for bending about y-axis

Plate buckling coefficient

Shear buckling coefficient

Full span for simple beams, distance between
inflection points for continuous beams, twice the
length of cantilever beams

Length of seam weld not including the circular ends
Length of fillet weld

Unbraced length of member

Nominal live load

Nominal roof live load

Length of transverse stiffener

Unbraced length of compression member for torsion
Unbraced length of compression member for bending

about x-axis

XV

C3.

Ca.

D3.

C5

C3.

C3.

C3.

B2.

B3.

B4.

B6.

B1.

E2.

E2.

C3.

D1.

A5.

AS.

B6.

C3.

C3.

Section

1.2, C&,
1, C5

2.2

1.2
1.2

1.2

1, B3.2, B4,
1, B4.2
2, C3.2

lc, D3.2.1

4, E2.5

1.2, C4.1,



Symbol

Definition

Unbraced length of compression member for bending
about y-axis

Critical moment

Elastic critical moment

Mean value of the material factor

Nominal flexural strength

Nominal flexural strengths about the centroidal
axes determined in accordance with Section C3
Required flexural strength

Required flexural strength about x-axis
Required flexural strength about y-axis

Moment causing a maximum strain ey

Smaller end moment

Larger end moment

Distance from the shear center of one channel to
the mid-plane of its web

Actual length of bearing

Number of holes

Number of tests

Number of parallel purlin lines

n2ET, /(K L)’

Force to be resisted by intermediate beam brace

Mean value of the tested-to-predicted load ratios

xvi

C3.

C3.

C3.

F1

C3.

C3.

C5

C3.

C5

C5

B2.

C3.

C3.

D3.

D3.

E&4

F1

D3.

C5

D3.

F1

Section

1.2

1.2

1.2

1, €3.1.1,
1.2, C6.1
3, C3.5
1, C3.1
1.2, CS
1.2, C5
2.2, D1.1
6

2.1

2.1



Symbo1l Definition Section

Pn Nominal axial strength of member C4, C6.2

Pn Nominal strength of connection component E2, E2.2, E2.3,
E2.4, E2.5

Pno Nominal axial strength of member determined in C5

accordance with Section C4 for L = O
p Required axial strength C5
Q Design shear rigidity for sheathing on both sides D4.1

of the wall assembly

Qi Load effect F1

q Uniformly distributed factored load in the plane D1.1
of the web

q Design shéar rigidity for sheathing per inch of D4.1

stud spacing

Eo Factor used to determine design shear rigidity D&4.1

R Reduction factor €3.1.3

R Coefficient C4, C6.2

R Inside bend radius A5.2.1, C3.4

an Nominal roof rain load A5.1.4

Rn Nominal resistance F1

RP Average value of all test results Fl

r Radius of gyration of full, unreduced cross section (C3.1.1, C&,
C4.1

xvii



Symbol

r
cy

Definition

Force transmitted by the bolt or bolts at the
section considered, divided by the tension force
in the member at that section
Radius of gyration of one channel about its
centroidal axis parallel to web
Radius of gyration of I-section about the axis
perpendicular to the direction in which buckling
would occur for the given conditions of end support
and intermediate bracing
Polar radius of gyration of cross section about the
shear center
Radius of gyration of cross section about
centroidal principal axes
1.28JE/f
Elastic section modulus of the effective section
calculated at a stress MC/Sf in the extreme fiber
Elastic section modulus of the effective section
calculated with extreme compression or tension
fiber at F

y
Elastic section modulus of full, unreduced section
for the extreme compression fiber

Nominal snow load

xviii

Section

E3.2

D1.1

D1.1

£3.1.1, C4.2,
D4.1

C3.1.1

B4, B&4.1
€3.1.1, C3.1.2,
Cé4

C3.1.1

C3.1.1, C3.1.2,
Cé6.1

A5.1.4



Symbol

max

Definition

Maximum permissible longitudinal spacing of welds
or other connectors joining two channels to form an
I-section

Fastener spacing

Spacing in line of stress of welds, rivets, or
bolts connecting a compression coverplate or sheet
to a non-integral stiffener or other element

Weld spacing

Nominal tensile strength

Design strength of connection in tension

Base steel thickness of any element or section

Thickness of the thinnest connected part
Equivalent thickness of a multiple-stiffened
element

Effective throat of weld

xix

Section

D1.1

D1.2, D4.1

E3.2

D1.1
c2

D1.1

Al.2, A3.4,
A5.2.1, B1.1,
Bl.1b, B1.2,
B2.1, B4, B&4.1,
B4.2, B5, B6.1,
€3.1.1, C3.2,
C3.4, C&4, C6.1,
C6.2, D1.2,
E2.4, E2.5
E3.1, E&4

B5, B6.1

E2.4, E2.5



Symbol

Definition

Coefficient of variation
Coefficient of variation

Nominal shear strength

Coefficient of variation
load ratios
Coefficient of variation

Required shear strength

of the

of the

of the

of the

fabrication factor

material factor

tested-to-predicted

load effect

Factored load supported by all purlin lines being

restrained

Nominal wind load

Flat width of element exclusive of radii

Width of flange projection beyond the web or half

the distance between webs for box- or U-type

sections

Projection of flanges from inside face of web

Leg on weld

Leg on weld

Fi

F1

Bé.
C3.

F1

F1l

C3.

D3.

AS5.

Al.

B2.

B3.

B4.

C3.

D1.

B1l.

Bl.

E2.

E2.

Section

2, C3.2,

2.1

1b, D1.1



Symbol

1l/a

Definition

Distance from concentrated load to brace

Distance from shear center to centroid along the
principal x-axis

Yield point of web steel divided by yield point of
stiffener steel

Magnification factors

Coefficient

Target reliability index

Actual shear strain in the sheathing

Permissible shear strain of the sheathing

Load factor

Angle between web and bearing surface > 45° but no

more than 90o

Angle between the vertical and the plane of the web

of the Z-section, degrees
Stress related to shear strain in sheathing
Theoretical elastic buckling stress

Torsional buckling stress

Reduction factor

Slenderness factors

f2/f1

xx1i

Section

D3.2
€3.1.1, C&4.2,
D4 .1

B6.2

C5

C4.2, D4.1
Fl

D4.1

D4.1

Fl

C3.4

D3.2.1

D4.1
D4.1
C3.1.1, C&4.2,
D&.1
B2.1
B2.1, C3.5.2

B2.3



Symbol Definition

¢ Resistance factor
¢b Resistance factor for bending strength
¢C Resistance factor for concentrically loaded

compression member

¢c Resistance factor for bearing strength

¢t Resistance factor for tension member

¢V Resistance factor for shear strength

¢w Resistance factor for web crippling strength

xxii

Section

A5.1.5, E2,
E2.1, E2.2,
E2.3, E2.4,
E2.5, E2.6,
E3.1, E3.2,
E3.3, E3.4,

E4, F1

A5.1.5, C3,
€3.1.1, C3.1.2,
€3.1.3, C3.3,

€3.5, C5, C6.1,

C6.3, D&.2,
D&4.3
A3.3.1,

A5.1.5, B6.1,
C4, C5, C6.2,
C6.3, D&.1,
D&. 3

E5.1
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B6.2, C3.2,
€3.3
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LOAD AND RESISTANCE FACTOR DESIGN SPECIFICATION FOR

COLD-FORMED STEEL STRUCTURAL MEMBERS

A. GENERAL PROVISIONS

Al Limits of Applicability and Terms

Al.1 Scope and Limits of Applicability

This Load and Resistance Factor Design Specification is intened as
an alternate to the Specification for the Design of Cold-Formed Steel
Structural Members of the American Iron and Steel Institute.

This specification shall apply to the design of structural members
cold-formed to shape from carbon or low-alloy steel sheet, strip, plate or
bar not more than one inch in thickness and used for load-carrying purposes
in buildings. It may also be used for structures other than buildings pro-

vided appropriate allowances are made for thermal and/or dynamic effects.

Al.2 Terms
Where the following terms appear in this Specification they shall have
the meaning herein indicated:

(a) Stiffened or Partially Stiffened Compressjion Elements. A stiff-

ened or partially stiffened compression element is a flat compression element
(i.e., a plane compression flange of a flexural member or a plane web or
flange of a compression member) of which both edges parallel to the direction
of stress are stiffened by a web, flange, stiffening lip, intermediate

stiffener, or the like.



(b) Unstiffened Compression Elements. An unstiffened compression
element is a flat compression element which is stiffened at only one edge
parallel to the direction of stress.

(c) Multiple-Stiffened Elements. A multiple-stiffened element is an

element that is stiffened between webs, or between a web and a stiffened
edge, by means of intermediate stiffeners which are parallel to the direction
of stress. A sub-element is the portion between adjacent stiffeners or be-
tween web and intermediate stiffener or between edge and intermediate
stiffener.

(d) Flat-Width-to-Thickness Ratio. The flat width of an element

measured along its plane, divided by its thickness.

(e) Effective Design Width. Where the flat width of an element is

reduced for design purposes, the reduced design width is termed the effective
width or effective design width.

(f) Thickness. The thickness, t, of any element or section shall be
the base steel thickness, exclusive of coatings.

(g) Torsional-Flexural Buckling. Torsional-flexural buckling is a
mode of buckling in which compression members can bend and twist simultane-
ously.

(h) Point-Symmetric Section. A point-symmetric section is a section

symmetrical about a point (centroid) such as a Z-section having equal

flanges.

(i) Yield Point. Yield point, Fy or Fsy’ as used in this Specifica-
tion shall mean yield point or yield strength.

(j) Stress. Stress as used in this Specification means force per unit

area.



(k) Confirmatory Test. A confirmatory test is a test made, when de-

sired, on members, connections, and assemblies designed according to the
provisions of Sections A through E of this Specification or its specific
references, in order to compare actual versus calculated performance.

(1) Performance Test. A performance test is a test made on structural

members, connections, and assemblies whose performance cannot be determined
by the provisions of Sections A through E of this Specification or its spe-
cific references.

(m) Virgin Steel. Virgin steel refers to steel as received from the

steel producer or warehouse before being cold worked as a result of fabri-
cating operations.

(n) Virgin Steel Propertjes. Virgin steel properties refer to me-

chanical properties of virgin steel such as yield point, tensile strength,
and elongation.

(o) Specified Minimum Yield Point. The specified minimum yield point

is the lower limit of yield point which must be equalled or exceeded in a
specification test to qualify a lot of steel for use in a cold-formed steel
structural member designed at that yield point.

(p) Cold-Formed Steel Structural Members. Cold-formed steel struc-
tural members are shapes which are 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.

(q) LRFD (lLoad and Resistance Factor Design). A method of propor-

tioning structural components (members, connectors, connecting elements and

]
-



assemblages) such that no applicable limit state is exceeded when the
structure is subjected to all appropriate load combinatiomns.

(r) Design Strength. Factored resistance or strength (force, moment,

as appropriate), ¢Rn, provided by the structural component.

(s) Required Strength. Load effect (force, moment, as appropriate)

acting on the structural component determined by structural analysis from

the factored loads (using most appropriate critical load combinations).

Al.3 Units of Symbols and Terms
The Specification is written so that any compatible system of units
may be used except where explicitly stated otherwise in the text of these

provisions.

A2 Non-Conforming Shapes and Construction

The provisions of the Specification are not intended to prevent the use
of alternate shapes or constructions not specifically prescribed herein.
Such alternates shall meet the provisions of Section F of the Specification

and be approved by the appropriate building code authority.

A3 Material

A3.1 Applicable Steels
This Specification requires the use of steel of structural quality
as defined in general by the provisions of the following specifications of
the American Society for Testing and Materials:
ASTM A36/A36M-84a, Structural Steel
ASTM A242/A242M-85, High-Strength Low-Alloy Structural Steel
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ASTM A441M-85, High-Strength Low-Alloy Structural Manganese Vanadium
Steel

ASTM A446/A446M-85 (Grades A, B, C, D, & F) Steel, Sheet, Zinc-Coated
(Galvanized) by the Hot-Dip Process, Structural (Physical) Quality

ASTM A500-84, Cold-Formed Welded and Seamless Carbon Steel Structural
Tubing in Rounds and Shapes

ASTM A529/A529M-85, Structural Steel with 42 ksi Minimum Yield Point
(1/2 in. Maximum Thickness)

ASTM A570/A570M-85 Steel, Sheet and Strip, Carbon, Hot-Rolled,
Structural Quality

ASTM A572/A572M-85, High-Strength Low-Alloy Columbium-Vanadium Steels
of Structural Quality

ASTM A588/A588M-85, High-Strength Low-Alloy Structural Steel with 50
ksi Minimum Yield Point to 4 in. Thick

ASTM A606-85 Steel, Sheet and Strip, High Strength, Low Alloy,
Hot-Rolled and Cold-Rolled, with Improved Atmospheric Corrosion
Resistance |

ASTM A607-85 Steel Sheet and Strip, High Strength, Low Alloy,
Columbium or Vanadium, or both, Hot-Rolled and Cold-Rolled

ASTM A611-85 (Grades A, B, C, & D) Steel, Sheet, Carbon, Cold-Rolled,
Structural Quality

ASTM A715-85 (Grades 50 and 60) Sheet Steel and Strip, High-Strength,
Low-Alloy, Hot-Rolled, with Improved Formability

ASTM A792-85a (Grades 33, 37, 40 & 50) Steel Sheet, Aluminum-Zinc

Alloy-Coated by the Hot-Dip Process, General Requirements

A3.2 Other Steels



The listing in Section A3.1 does not exclude the use of steel up to
and including one inch in thickness ordered or produced to other than the
listed specifications provided such steel conforms to the chemical and me-
chanical requirements of one of the listed specifications or other published
specification which establishes its properties and suitability, and provided
it is subjected by either the producer or the purchaser to analyses, tests
and other controls to the extent and in the manner prescribed by one of the

listed specifications and Section A3.3.

A3.3 Ductility
Steels not listed in Section A3.1 and used for structural members and

connections shall comply with one of the following ductility requirements:

A3.3.1 The ratio of temnsile strength to yield point shall not be less
than 1.08, and the total elongation shall not be less than 10 percent for a
two-inch gage length or 7 percent for an eight-inch gage length standard
specimen tested in accordance with ASTM A370-77. If these requirements
cannot be met, the following criteria shall be satisfied: (1) local
elongation in a 1/2 inch gage length across the fracture shall not be less
than 20%, (2) uniform elongation outside the fracture shall not be less than

3% . When material ductility is determined on the basis of the local and

*Further information on the test procedures should be obtained from the
Commentary.



uniform elongation criteria, the use of such material is restricted to the
%

design of purlins and girts in accordance with Sections C3.1.1(a), C3.1.2,

and C3.1.3. For purlins and girts subject to combined axial load and bending

moment (Section C5), Pu/cpcPn shall not exceed 0.15.

A3.3.2 Steels conforming to ASTM A446 Grade E and A611 Grade E and other
steels which do not meet the provisions of Section A3.3.1 may be used for
particular configurations provided (1) the yield strength, Fy, used for de-
sign in Chapters B, C and D is taken as 75 percent of the specified minimum
yield point or 60 ksi, whichever is less and (2) the tensile strength, Fu’
used for design in Chapter E is taken as 75 percent of the specified minimum
tensile stress or 62 ksi, whichever is less. Alternatively, the suitability
of such steels for the configuration shall be demonstrated by load tests in
accordance with Section Fl1. Design strengths based on these tests shall not
exceed the strengths calculated according to Chapters B through E, using the
specified minimum yield point, Fsy’ for Fy and the specified minimum tensile
strength, Fu.

Design strengths based on existing use shall not exceed the
strengths calculated according to Chapters B through E, using the specified
minimum yield point, Fsy’ for Fy and the specified minimum tensile strength,

F

u’

**Horizontal structural members which support roof deck or panel covering
and applied loads principally by bending.



A3.4 Delivered Minimum Thickness
The uncoated minimum steel thickness of the cold-formed product as
delivered to the job site shall not at any location be less than 95 percent
of the thickness, t, used in its design; however, thicknesses may be less

at bends, such as corners, due to cold-forming effects.

A4 Loads

A4.1 Dead Load
The dead load to be assumed in design shall consist of the weight of
steelwork and all material permanently fastened thereto or supported

thereby.

A4.2 Live or Snow Load
The live or snow load shall be that stipulated by the applicable code
or specification under which the structure is being designed or that dictated

by the conditions involved.

A4 .3 Impact Load
For structures carrying live loads which induce impact, the assumed

live load shall be increased sufficiently to provide for impact.

A4 .4 Wind or Earthquake Load
Wind or earthquake load shall be that stipulated by the applicable
code or specification under which the structure is being designed or that
dictated by the conditions involved.

8



A4.5 Ponding
Unless a roof surface is provided with sufficient slope toward points
of free drainage or adequate individual drains to prevent the accumulation
of rainwater, the roof system shall be investigated by rational analysis to

assure stability under ponding conditionms.

A5 Structural Analysis and Design

A5.1 Design Basis

This Specification is based on the Load and Resistance Factor Design
concept. Load and Resistance Factor Design is a method of proportioning
cold-formed steel structural components (i.e., members, connectors and con-
nections) such that any applicable limit state is not exceeded when the
structure is subjected to any appropriate load combinations.

Two types of limit states are to be considered: 1) the limit state
of the strength required to resist the extreme loads during the intended life
of the structure, and 2) the limit state of the ability of the structure to
perform its intened function during its 1life. These limit states will be
called the Limit State of Strength and the Limit State of Serviceability,

respectively, in these criteria.

A5.1.1 Limit State - Strength
The design is satisfactory when the required strengths, as de-
termined from the assigned nominal loads which are multiplied by appropriate
load factors, are smaller than or equal to the design strength of each

structural component.



The design strength is equal to ¢Rn, where ¢ is a resistance
factor and Rn is the nominal strength determined according to the formulas
given in Chapter C for members, in Chapter D for structural assemblies and
in Chapter E for connections. Values of resistance factors ¢ are given in
Section A5.1.5 for the appropriate limit states governing member and con-

nection strength.

A5.1.2 Limit State - Serviceability
Serviceability is satisfactory if a nominal structural response
(e.g. live load deflection) due to the applicable nominal loads is less than

or equal to the appropriate acceptable or allowable value of this response.

A5.1.3 Nominal Loads
The nominal loads shall be the minimum design loads stipulated
by the applicable code under which the structure is designed or dictated by
the conditions involved. In the absence of a code, the loads and load com-
binations shall be those stipulated in the American National Sfandard, Min-
imum Design Loads for Buildings and Other Structures, ANSI A58.1. For design
purposes, the loads stipulated by the applicable code shall be taken as

nominal loads.

10



*
A5.1.4 Load Factors and Load Combinations

The structure and its components must be designed for the appro-
priate most critical load combination. The following load combinations of
the factored nominal loads shall be used in the computation of the required
strengths:

1. 1.4D + L
n n
2. 1.2D + 1.6 L + 0.5(L or S_ or R_)
n n n rn
3. 1.2D + (1.4 1L or 1.6 S or 1.6 R_)+ (0.5L or 0.8 W)
rn n rn n n
4, 1.2 D + 1.3 W +0.5L + 0.5(L or S or R_)
n n n n rn
S. 1.2 D +1.5E + (0.5L_or 0.2 8)
n n n

6. 0.9D - (1.3 W_or 1L.5E)
n n

nominal dead load

1)
=l
[¢]
H
o
w]
=]
1]

E = nomihal earthquake load

L = nominal live load

L__= nominal roof live load

R__= nominal roof rain load

S_ = nominal snow load

W_ = nominal wind load (Exception: For wind load on
individual purlins, girts, wall panels and roof

decks, multiply the load factor for Wn by 0.9)

* For roof and floor construction, recommended load combinations for dead
load, weight of wet concrete, and construction load including equipment,
workmen and formwork are given in Section A5.1 of the Commentary.

11



Exception: The load factor for Ln in combinations (3), (4), and (5) shall
equal to 1.0 for garages, areas occupied as places of public assembly, and
all areas where the live load is greater than 100 psf.

When the structural effects of F, H, P or T are significant, they
shall be considered in design as the following factored loads: 1.3F, 1.6H,

1.2P, and 1.2T, where

F loads due to fluids with well-defined pressures and

maximum heights

H = loads due to the weight and lateral pressure of soil
and water in soil

P = loads, forces, and effects due to ponding

T = self-straining forces and effects arising from
contraction or expansion resulting from temperature
changes, shrinkage, moisture changes, creep in component

materials, movement due to differential settlement, or

combinations thereof.

A5.1.5 Resistance Factors
The resistance factors to be used for determining the design

strengths, ¢Rn, of structural members and connections shall be taken as

follows:

12



Type of Strength Resistance Factor, ¢

(a) Stiffeners

Transverse stiffeners----------c-c-c-cvomoecroneecncoeo-nan- 0.85
Shear stiffeners ====-==---=c--c---mcomcmenmocmceceocoaeaa- 0.90
(b) Tension members---==---==---=e--coe-—momccmumccme oo 0.95

(c) Flexural members
Bending strength

For sections with stiffened or partially stiffened

compression flanges---===---=-----cc--c-c-cceccocooooneoo- 0.95
For sections with unstiffened compression flanges--------- 0.90
Laterally unbraced beamg-~---------~---csomcmoccccccnnnnn 0.90

Beams having one flange through-fastened to deck or

sheathing (C- or Z-sections)--===---===-=-o-----ccwccneconan—oo 0.90
Web design
Shear strength" ------------------------------------------- 0.90

Web crippling

For single unreinforced webs---==-----c-o-eocnocono- 0.75
For I-sections-====--~===---e-c-o-eoocceoscccveomemnemne— 0.80
(d) Concentrically loaded compression members------------------- 0.85

(e) Combined axial load and bending
¢c for compression==-===---se-ceoomceceoms oo esmmeo e meom 0.85
¢b for bending
Using Section C3.1.1===----~--c-c--m-cmomomoomnnano- 0.90-0.95

Using Section C3.1.2-=-=-===-we--emoc-cocoocmoooennnonn 0.90

*When h/t < ‘/EkV/Fy, ® = 1.0
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(f) Cylindrical tubular members

Bending strength---===-==---c-cem-c-coo--com-o e 0.

Axial compression----~---s-e-e-ce-cecce-ccosoomoomomromoo- 0.

(g) Wall studs and wall stud assemblies

95

85

Wall studs in compression-----------=--eecse—ccccacccanoa- 0.85
Wall studs in bending
For sections with stiffened or partially stiffened
compression flanges-=«~=-=-=--r-e-reeccccrccnescmncmnoon 0.95
For sections with unstiffened compression flanges--=---- 0.90
(h) Welded connections
Groove welds
Tension or compression==---=--se---me-ceccce-cerocacnoo- 0.90
Shear (welds)--=-==--===--ccc-remcr e mmem e m e = 0.80
Shear (base metal)---=-=-===--=c---cc-cceccmcoccrcccnonn 0.90
Arc spot welds
Welds--=---=--mc---c-mcmomcrccc e mmm s e m e m e mmm - - 0.60
Connected part-=---===--==--r--c-rm-e--ce-occoccoaoa- 0.50-0.60
Minimum edge distance--==----=-=-==---c-ce-—---mcoo- 0.60-0.70
Arc seam welds
Welds-====-==------cw---eomremmrm o m e e e e 0.60
Connected part------=---~---r sc---ccc-ecooccocc-csceooooan- 0.60
Fillet welds
Longitudinal loading (connected part)-=«--==-=--=-=-=-- 0.55-0.60
Transverse loading (connected part)------=====c-c--w---- 0.60
Welds==~========---ccscommemer e mccseme o ce e m e 0.60
Flare groove welds
Transverse loading (connected part)------=-====-==------ 0.55
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Longitudinal loading (connected part)---------=---=----- 0.55
Welds========-c-=meccecoccccccorcnccmrom s mcc e e c e oo e 0.60
Resistance welds~-=----=--=---==---coccccocccccnooocon-oo--0.65
(i) Bolted connections
Minimum spacing and edge distance---=--====~-c-c~=c--- 0.60-0.70
Tension strength on net section

With washers

Double shear connection--=--v==-w---cre-ccccrcrccrmcnn- 0.65
Single shear comnnection--------=--<c-==-c-cccercnccuoc-u- 0.55
Without washers--=----v=---s----cecc-o-ommoccccrcooae- 0.65

Bearing strength

See Tables E3.3-1 and E3.3-2----~--~~-c-m-cweoccuonoo- 0.55-0.70

Shear strength of bolts------------e--o-r-ocveuocem e 0.65
Tensile strength of bolts----=--==---r-c-cmcmmmccnccnoon—- 0.75

(j) Shear rupture---=-----=-=---e--c--ce---oo-cococs-se-cmooo-ose-- 0.75
(k) Connections to other materials (Bearing)-------==-----~ - ————- 0.60

A5.2 Yield Point and Strength Increase from Cold Work of Forming

A5.2.1 Yield Point
The yield point used in design, Fy’ shall not exceed the specified
minimum yield point, or as established in accordance with Chapter F, or as
increased for cold work of forming in Section A5.2.2 or as reduced for low

ductility steels in Section A3.3.2.

A5.2.2 Strength Increase from Cold Work of Forming
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Strength increase from cold work of forming may be obtained by
substituting Fya for Fy’ where Fya is the average yield point of the full
section. Such increase shall be limited to Section C3.1 (excluding Section
C3.1.1(b)) C4, C5, C6 and D4. The limitations and methods for determining
Fya are as follows:

(a) For axially loaded compression members and flexural members whose
proportions are :uch that the quantity p is unity as determined ac-
cording to Section B2 for each of the component elements of the
section, the design yield stress, Fya’ of the steel shall be deter-
mined on the basis of one of the following methods:

(1) full section tensile tests (see paragraph (a) of Section
F3.1)

(2) stub column tests (see paragraph (b) of Section F3.1)

(3) computed as follows:

= +(1- . A5.2.2-
Fya Cch (1 C)Fyf (Eq. A5.2.2-1)
where
Fya = Average yield point of the steel in the full section

of compression members or full flange sections of
flexural members

C = For compression members, ratio of the total corner
cross-sectional area to the total cross-sectional
area of the full section; for flexural members, ratio
of the total corner cross-sectional area of the
controlling flange to the full cross-sectional area
of the controlling flange

Fyf = Weighted average tensile yield point of the flat
portions established in accordance with Section F3.2
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or virgin yield point if tests are not made

_ m . . , .
ch = BcFyv/(R/t) , tensile yield point of corners. This

formula is applicable only when Fuv/Fyv 2 1.2, R/t = 7,

and minimum included angle < 120° (Eq. A5.2.2-2)

BC = 3.69(Fuv/Fyv)-0.819(Fuv/Fyv)2-1.79 (Eq. A5.2.2-3)

m = 0.192(Fuv/Fyv)-0.068 (Eq. AS.2.2-4)

R = Inside bend radius

Fyv = Tensile yield point of virgin steel* specified by Section
A3 or established in accofdance with Section F3.3

Fuv = Tensile strength of virgin steel* specified by Section

A3 or established in accordance with Section F3.3

(b) TFor axially loaded tension members the yield point of the steel
shall be determined by either method (1) or method (3) prescribed
in paragraph (a) of this Section.

(¢) The effect of any welding on mechanical properties of a member
shall be determined on the basis of tests of full section specimens
containing within the gage length, such welding as thé manufacturer
intends to use. Any necessary allowance for such effect shall be

made in the structural use of the member.

*Virgin steel refers to the condition (i.e. coiled or straight) of the
steel prior to the cold-forming operation.
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A5.3 Durability
A structure shall be designed to perform its required functions during

its expected life for durability consideration.

A6 Reference Documents
This Specification recognizes other published and latest approved spec-
ifications and manuals, when applicable, for use in designs contemplated

herein, as follows:

1. American National Standards Institute, ANSI AS58.1-1982, "Minimum De-
sign Loads in Buildings and Other Structures,'" American National
Standards Institute, Inc., (ANSI), 1430 Broadway, New York, New York

10018

2. Applicable standards of the American Society for Testing and Materi-

als, (ASTM), 1916 Race Street, Philadelphia, Pennsylvania 19013

3. American Institute of Steel Construction, "Allowable Stress Design
Specification for Structural Steel Buildings with a Chapter on Plas-
tic Design," American Institute of Steel Construction, (AISC), 400

North Michigan Avenue, Chicago, Illinocis 60611, June 1, 1989

4. American Welding Society, AWS D1.3-81, "Structural Welding Code-Sheet
Steel,”" American Welding Society, (AWS), 550 N. W. LeJeune Road,

Miami, Florida 33126
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B. ELEMENTS

Bl Dimensional Limits and Considerations

B1.1 Flange Flat-Width-to-Thickness Considerations

(a)

Note: Unstiffened compression elements that have w/t ratios exceeding

Maximum Flat-Width-to-Thickness Ratios

Maximum allowable overall flat-width-to-thickness ratios, w/t,

disregarding intermediate stiffeners and taking as t the actual

thickness of the element, shall be as follows:

(1)

(2)

(3)

approximately 30 and stiffened compression elements that have

w/t ratios exceeding approximately 250 are likely to develop

Stiffened compression element having one longitudinal edge

connected to a web or flange element, the other stiffened

by:

Simple 1lip 60
Any other kind of stiffener

having IS > Ia and D/w < 0.8

according to Section B4.2 90
Stiffened compression element

with both longitudinal edges

connected to other stiffened

elements 500
Unstiffened compression element

and elements with an edge stiffener

having IS < Ia and D/w < 0.8 according

to Section B4.2 60
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noticeable deformation at the full design strength, without
affecting the ability of the member to carry required strength.
Stiffened elements having w/t ratios larger than 500 can be used
with adequate design strength to sustain the required loads,
however, substantial deformations of such elements usually will
invalidate the design formulas of this Specification.
(b) Flange Curling
Where the flange of a flexural member is unusually wide and it is
desired to limit the maximum amount of curling or movement of the
flange toward the neutral axis, the following formula applies to the

compression and tension flanges, either stiffened or unstiffened:

- 4 -

we =4J0.061tdE/£,  *J(100c /d) (Eq. Bl.1b-1)
where
we = Width of flange projecting beyond the web; or half of the
distance between webs for the box- or U-type beams
t = Flange thickness
d = Depth of beam
*

cg = Amount of curling
fav = Average stress in the full, unreduced flange width. (Where

members are designed by the effective design width procedure,
the average stress equals the maximum stress multiplied by

the ratio of the effective design width to the actual width.)

#The amount of curling that can be tolerated will vary with different
kinds of sections and must be established by the designer. Amount of
curling in the order of 5 percent of the depth of the section is usually
not considered excessive.
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(c) Shear Lag Effects - Unusually Short Spans Supporting Concentrated Loads

Where the span of the beam is less than 30wf (w,_, as defined below)

f

and it carries one concentrated load, or several loads spaced farther

apart than 2w_., the effective design width of any flange, whether in

f)

tension or compression, shall be limited to the following:

TABLE B1.1(c)
SHORT, WIDE FLANGES

MAXIMUM ALLOWABLE RATIO OF EFFECTIVE DESIGN WIDTH TO ACTUAL WIDTH

L/wf Ratio L/wf Ratio
30 1.00 14 0.82
25 0.96 12 0.78
20 0.91 10 0.73
18 0.89 8 0.67
16 0.86 6 0.55
where
L = Full span for simple beams; or the distance between inflection

points for continuous beams; or twice the length of cantilever
beams.

w, = Width of flange projection beyond the web for I-beam and
similar sections or half the distance between webs of box- or

U-type sections.
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For flanges of I-beams and similar sections stiffened by lips at the
outer edges, We shall be taken zs the sum of the flange projection

beyond the web plus the depth of the lip.

Bl.2 Maximum Web Depth-to-Thickness Ratio
The ratio, h/t, of the webs of flexural members shall not exceed
the following limitations:
(a) For unreinforced webs: (h/t)max = 200
(b) For webs which are provided with transverse stiffeners satisfying
the requirements of Section BS.l:
(1) When using bearing stiffeners only, (h/t)max = 260
(2) When using bearing stiffeners and intermediate stiffeners,
(h/t)max = 300
In the above,

h

Depth of flat portion of web measured along the plane of web

Web thickness

it

t
Where a web consists of two or more sheets, the h/t ratio shall

be computed for the individual sheets.
B2 Effective Widths of Stiffened Elements

B2.1 Uniformly Compressed Stiffened Elements

{(a) Load Capacity Determination
The effective widths, b, of uniformly compressed elements shall
be determined. from the following formulas: -

w when A < 0.673 (Eq. B2.1-1)

b

ow when A > 0.673 (Eq. B2.1-2)

b
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where

£
1}

Flat width as shown in Figure B2.1-1

he]
]

(1-0.22/A)/A . (Eq. B2.1-3)

A is a slenderness factor determined as follows:

A = (1.052/JK) (w/t)(JE/E) (Eq. B2.1-4)
t = Thickness of the uniformly compressed stiffened elements
where

f for load capacity determination is as follows:
For flexural members:
(1) If Procedure I of Section C3.1.1 is used, f=Fy if the initial
yielding is in compression in the element considered.
If the initial yielding is not in compression in the element
considered, then the stress f shall be determined for the
element considered on the basis of the effective section at

My (moment causing initial yield).

- ¢
—
| : " b/2 b/2 =
1 !
Actuat Element Etfective Eiement and Stress

on Effective Elements

Figure B2.1-1 Stiffened Elements with Uniform Compression
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(2) If procedure II of Section C3.1.1 is used, then f is the stress
in the element considered at Mn determined on the basis of the
effective section.

(3) 1If Section C3.1.2 is used, then the f=MC/Sf as described
in that Section in determining Sc'

For compression members f is taken equal to Fn as determined in

Section C4 or D4.1 as applicable.

E

Modulus of elasticity

k

Plate buckling coefficient

4 for stiffened elements supported by a web on each
longitudinal edge. Values for different types of elements are
given in the applicable sectioms.

{b) Deflection Determination

The effective widths, b used in computing deflection shall be

d!

determined from the following formulas:

bd = w when A £ 0.673 (Eq. B2.1-5)

bd = pw when A > 0.673 (Eq. B2.1-6)
where

w = Flat width

P = Reduction factor determined by either of the following two

procedures:

(1) Procedure I.
A low estimate of the effective width may be obtained from

Eqs. B2.1-3 and B2.1-4 where fd is substituted for f where

fd is the computed compressive stress in the element being

considered.
(2) Procedure II.
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For stiffened elements supported by a web on each longitudinal
edge an improved estimate of the effective width can be

obtained by calculating p as follows:

p =1 when A £ 0.673 (Eq. B2.1-7)

p = (1.358-0.461/A)/A when 0.673 < A < Ac (Eq. B2.1-8)

p = (0.41+0.59 Fy/fd-O.ZZ/A)/A when A 2 Ac (Eq. B2.1-9)
where

AC = 0.256+0.328(w/t)[Fy/E (Eq. B2.1-10)

and A is as defined by Eq. B2.1-4 except that fd is

substituted for f.

B2.2 Uniformly Compressed Stiffened Elements with Circular Holes

(a) Load Capacity Determination
The effective width, b, of stiffened elements with uniform
compression having circular holes shall be determined as follows:
for 0.50 2 dh/w 2 0, and w/t < 70

center-to-center spacing of holes > 0.50w and 3dh,

b = w-dh when A < 0.673 (Eq. B2.2-1)
b = w(1-0.22/A-0.8dh/w)/A when A > 0.673 (Eq. B2.2-2)
where

w = Flat width

dh = Diameter of holes

A is as defined in Section B2.1
(b) Deflection Determination

The effective width, bd’ used in deflection calculations shall

be equal to b determined in accordance with Procedure I of Section

B2.2a except that f, is substituted for f, where fd is the

d
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computed compressive stress in the element being considered.

B2.3 Effective Widths of Webs and Stiffened Elements with Stress Gradient
(a) Load Capacity Determination

The effective widths, b, and b2’ as shown in Figure B2.3-1

1

shall be determined from the following formulas:

b1 = be/(S-W) (Eq. B2.3-1)

For ¥ £ -0.236

b, = b_/2 (Eq. B2.3-2)

b1+b2 shall not exceed the compression portion of the web

calculated on the basis of effective section

For W > -0.236

b2 = be-b1 (Eq. B2.3-3)
where

be = Effective width b determined in accordance with Section
B2.1 with fl substituted for f and with k determined as
follows:

k = 4+2(1-¥)+2(1-¥) (Eq. B2.3-4)

Y = fz/f1

fl’ f2 = Stresses shown in Figure B2.3-1 calculated on the basis

of effective section.

f1 is compression (+) and f2 can be either tension (-) or

compression. In case f1 and f2 are both compression, f1 > f2‘
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Actual Element

f. (compression) f, (compression)

'l

,f:a. e

\/

\\

b,
', (ten 1, (compression) \

Eftective Elemnents and Stresses on
Effective Elements

Figure B2.3-1 Stiffened Elements with Stress Gradient and Webs

(b) Deflection Determination
The effective widths in computing deflections at a given load shall

be determined in accordance with Section B2.3a except that fdl

and fd2 are substituted for fland f2 where fdl’ fd2 = Computed

stresses f1 and f2 as shown in Figure B2.3-1. Calculations are
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based on the effective section at the load for which deflections zre

determined.

B3 Effective Widths of Unstiffened Elements

B3.1 Uniformly Compressed Unstiffened Elements

(a)

(b)

Load Capacity Determination

Effective widths, b, of unstiffened compression elements with
uniform compression shall be determined in accordance with Section
B2.1a with the exception that k shall be taken as 0.43 and w as
defined in Figure B3.1-1.

Deflection Determination

The effective widths used in computing deflection shall be
determined in accordance with Procedure I of Section B2.1b except

that f, is substituted for f and k = 0.43.

d

Stress { A
e :
4 (1
l 1 °
I Actual Element : Effective Element and Stress

on Effective Element

Figure B3.1-1 Unstiffened Element with Uniform Compression

30



B3.2 Unstiffened Elements and Edge Stiffeners with Stress Gradient

(a)

(b)

Load Capacity Determination

Effective widths, b, of unstiffened compression elements and edge

stiffeners with stress gradient shall be determined in accordance

with Section B2.la with f = £

and

5 as in Figure B4-2 in the element

k = 0.43.

Deflection Determination

Effective widths, b, of unstiffened compression elements and edge

stiffeners with stress gradient shall be determined in accordance

with Procedure I of Section B2.1lb except that £ is substituted

for

d3
f and k = 0.43.

B4 Effective Widths of Elements with an Edge Stiffener or One Intermediate

Stiffener

The following notation is used in this section.

1.28E/E ' (Eq. B4-1)
Buckling coefficient

Dimension defined in Figure B4-1

Dimensions defined in Figure B4-2

Reduced effective width of the stiffener as specified in this
section. ds’ calculated according to Section B4.2, is to be
used in computing the overall effective section properties
(see Figure B&-2)

Effective width of the stiffener calculated according to
Section B3.1 (see Figure B4-2)

Coefficients defined in Figures B4-1 and B&4-2

Reduced area of the stiffener as specified in this section.
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As is to be used in computing the overall effective section
properties. The centroid of the stiffener is to be considered
located at the centroid of the full area of the stiffener, and
the moment of inertia of the stiffener about its own centroidal

axis shall be that of the full section of the stiffener.

Ia = Adequate moment of inertia of stiffener, so that each component
element will behave as a stiffened element.

IS, A'S = Moment of inertia of the full stiffener about its own centroidal
axis parallel to the element to be stiffened and the effective
area of the stiffener, respectively. For edge stiffeners the
round corner between the stiffener and the element to be stiffened
shall not be considered as a part of the stiffener.

For the stiffener shown in Figure B4-2,
IS = (d%t sin®0)/12 (Eq. B&4-2)
A'S = d'st (Eq. B4-3)
by Stress f

=
g

+

C,b/2 C,b/2 Czb/z Clb/Z

EHective Elements and Stress

Actual Elements on Etfective Element

J

Stitfener Section

Figure B4-1 Elements with Intermediate Stiffener



B4.1 Uniformly Compressed Elements with an Intermediate Stiffener

(a) Load Capacity Determination

Case I1: bo/t < S (Eq. B4.1-1)
Ia = 0 (no intermediate stiffener needed)(Eq. B4.1-2)
b =w (Eq. B&4.1-3)
As = A'S (Eq. B4.1-4)
Case II: S < b_/t < 3§ (Eq. B4.1-5)
I /t'= [So(bo/t)/S]-SO (Eq. B&4.1-6)

b and As are calculated according to Section B2.1la where

1/2

k = 3(Is/Ia) +1 < 4 (Eq. B4.1-7)
As = A s(IS/Ia) < A s (Eq. B4.1-8)
i w
é \j
d
i Effective Stiffener
Actual Stiffener used for Calculating
Overall Section
Properties
Stress { for flange
————— Stress f, for lip
co cb
2 2 N\
LSRN
\\ \\o’

Effective Element and Stress on Effective Element

Figure B4-2 Elements with Edge Stiffener
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Case JII: bO/t 2 38
I /t* = (128(b_/t)/S)-285 (Eq. B&4.1-9)
b and AS are calculated according to Section B2.la where

k

3(15/18)1/3+1 < 4 (Eq. B4.1-10)

A
s

t 1 -
A S(Is/Ia) < A S (Eq. B&4.1-11)
(b) Deflection Determination
Effective widths shall be determined as in Section B4.la except

that fd is substituted for f.

B4.2 Uniformly Compressed Elements with an Edge Stiffener

(a) Load Capacity Determination

Case I: w/t £ §/3 (Eq. B4.2-1)
Ia = 0 (no edge stiffener needed) (Eq. 84.2-2).
b =w (Eq. B4.2-3)
dg = d'S for simple lip stiffener (Eq. B&.2-4)
AS = A's for other stiffener shapes (Eq. B4.2-5)

Case II: §/3 < w/t < 3§

I/t*= 399[(w/t)/$-0.33)° (Eq. B4.2-6)
n =1/2

c, =1I/I <1 (Eq. B&4.2-7)
C, = 2-C, (Eq. B4.2-8)

b shall be calculated according to Section B2.1 where

kK = [4.82-5(D/w)](IS/Ia)n+0.43
< 5.25-5(D/w) (Eq. B4.2-9)
for 0.8 = D/w > 0.25
k = 3.57(15/1a)“+o.43 < 4.0 (Eq. B4.2-10)

for (D/w) < 0.25
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- 1 t -
ds =d s(IS/Ia) < d s (Eq. B4.2-11)
for simple lip stiffener
- 1 t -
AS = A S(IS/Ia) < A s (Eq. B4.2-12)
for other stiffener shape
Case III: w/t 2 S
Ia/t4 = [115(w/t)/S])+5 (Eq. B4.2-13)
Cl’ CZ’ b, k, ds, AS are calculated per Case II with n = 1/3
(b) Deflection Determination

Effective widths shall be determined as in Section B4.2a except

that fd is substituted for f.

B5 Effective Widths of Edge Stiffened Elements with Intermediate Stiffeners
or Stiffened Elements with More Than One Intermediate Stiffener
For the determination of the effective width, the intermediate stiffener
of an edge stiffened element or the stiffeners of a stiffened element with
more than one stiffener shall be disregarded unless each .intermediate

stiffener has the minimum IS as follows:

I o= [3.66j(w/t)2-(0.136E/Fy)]t‘ (Eq. B5-1)

but not less than 18.4t*

where
w/t = Width-thickness ratio of the larger stiffened sub-element
IS = Moment of inertia of the full stiffener about its own centroidal

axis parallel to the element to be stiffened
(a) 1If the spacing of intermediate stiffeners between two webs is such
that for the sub-element between stiffeners b < w as determined in
Section B2.1, only two intermediate stiffeners (those nearest each
web) shall be considered effective.
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(b) If the spacing of intermediate stiffeners between a web and an edge
stiffener is such that for the sub-element between stiffeners b < w
as determined in Section B2.1, only one intermediate stiffener,
that nearest the web, shall be considered effective.

(c) If intermediate stiffeners are spaced so closely that for the
elements between stiffeners b = w as determined in Section B2.1,
all the stiffeners may be considered effective. In computing the
flat-width to thickness ratio of the entire multiple-stiffened
element, such element shall be considered as replaced by an
"equivalent element' without intermediate stiffeners whose width,
bo’ is the full width between webs or from web to edge stiffener,
and whose equivalent thickness, ts’ is determined as follows:

- 3 -
e, = *fi2T__/b_ (Eq. B5-2)

where
Isf = Moment of inertia of the full area of the multiple-stiffened
element, including the intermediate stiffeners, about its own
centroidal axis. The moment of inertia of the entire section shall
be calculated assuming the "equivalent element" to be located at the
centroidal axis of the multiple stiffened element, including the
intermediate stiffener. The actual extreme fiber distance shall be
used in computing the section modulus.

(dy If w/t > 60, the effective width, be’ of the sub-element or element
shall be determined from the following formula:
be/t = b/t-O.lO(w/t-éO) (Eq. B5-3)

where

flat-width ratio of sub-element or element

w/t

o
1]

effective design width determined in accordance with the
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provisions of Section B2.1
be = effective design width of sub-element or element to be used
in design computations
For computing the effective structural properties of a member having
compression sub-elements or element subjected to the above reduction in ef-
fective width, the area of stiffeners (edge stiffener or intermediate
stiffeners) shall be considered reduced to an effective area as follows:

For 60 < w/t <90:

Aeg = Ohgy (Eq. BS-4)
where
a = (3-2be/w)-(1/30)(l-be/w)(w/t) (Eq. B5-5)

For w/t 2 90:
Aef = (be/w)Ast (Eq. B5-6)
In the above expressions, Aef and ASt refer only to the area of the
stiffener section, exclusive of any portion of adjacent elements.
The centroid of the stiffener is to be considered located at the centroid
of the full area of the stiffener, and the moment of inertisa of.the stiffener

about its own centroidal axis shall be that of the full section of the

stiffener.
B6 Stiffeners

B6.1 Transverse Stiffeners
Transverse stiffeners attached to beam webs at points of concentrated
loads or reactions, shall be designed as compression'members; Concentrated
loads or reactions shall be applied directly into the stiffeners, or each
stiffener shall be fitted accurately to the flat portion of tke flange to
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provide direct load bearing into the end of the stiffener. Means for shear

transfer between the stiffener and the web shall be provided according to

Chapter E. Required strengths for the concentrated loads or reactions shall

not exceed the design strength, ¢CPn, where ¢C = 0.85 and Pn is the smaller

value given

by (a) and (b) as follows:

(a) Pn = FwyAc (Eq. B6.1-1)
(b) Pn = Nominal axial strength evaluated according to Section C&4(a)
with Ae replaced by Ab
where
AC = 18t2+AS, for transverse stiffeners at interior support and
under concentrated load (Eq. B6.1-2)
AC = 10t2+As, for transverse stiffeners at end support(Eq. B6.1-3)
wy = Lower value of beam web, Fy or stiffener section, Fys
Ab = b1t+AS, for transverse stiffeners at interior support and
under concentrated load (Eq. B6.1-4)
Ab = b2t+AS, for transverse stiffeners at end support(Egq. B6.1-5)
As = Cross sectional area of transverse stiffeners
b1 = 25t[0.0024(Lst/t)+0.72) < 25t (Eq. B6.1-6)
b‘2 = 12t[0.0044(LSt/t)+0.83J £ 12t (Eq. B6.1-7)
Lst = Length of transverse stiffener
t = Base thickness of beam web

The w/tS ratio for the stiffened and unstiffened elements of cold-

formed steel transverse stiffeners shall not exceed 1.28/(E/Fys) and 0.37

J(E/Fys) respectively, where Fys is the yield stress, Fy’ and t_ the thickness

of the stiffener steel.

B6.2 Shear Stiffeners
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Where shear stiffeners are required, the spacing shall be such that
the required shear strength shall not exceed the design shear strength,
@vVn, permitted by Section 3.2, and the ratio a/h shall not exceed
(260/(h/t))? nor 3.0.

The actual moment of inertia, IS, of a pair of attached shear
stiffeners, or of a single shear stiffener, with reference to an axis in the
plane of the web, shall have a minimum value of

Iomin = sht?(h/a-0.7(a/h)] 2 (h/50)* (Eq. B6.2-1)

The gross area of shear stiffeners shall be not less than

A, = [(1-C)/2){a/n-(a/n)?/((a/h)+J1+(a/b)*)} YDht (Eq. B6.2-2)
where

C, = 45,000kv/[Fy(h/t)2] when C < 0.8 (Eq. B6.2-3)

c, = [190/(h/t))(va/_F}'7) when C_ > 0.8 (Eq. B6.2-4)

kv = 4.00 + 5.34/(a/h)? when a/h < 1.0 (Eq. B6.2-3)

kv = 5.34 + 4.00/(Ca/h)? when a/h > 1.0 (Eq. B6.2-6)

a = Distance between transverse stiffeners

Y = Yield point of web steel/Yield point of stiffener steel

D = 1.0 for stiffeners furnished in pairs

D = 1.8 for single-angle stiffeners

D = 2.4 for single-plate stiffeners

t and h are as defined in Section B1.2

B6.3 Non-Conforming Stiffeners
The design strength of members with transverse stiffeners that do not
meet the requirements of Section B6.1 or B6.2, such as stamped or rolled-in
transverse stiffeners shall be determined by tests in accordance with Chapter

F of this Specification.
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C. MEMBERS

Cl Properties of Sections

Properties of sections (cross-sectional area, moment of inertia, section
modulus, radius of gyration, etc.) shall be determined in accordance with
conventional methods of structural design. Properties shall be based on the
full cross section of the members (or net sections where the use of net
section is applicable) except where the use of a reduced cross section, or

effective design width, is required.

C2 Tension Members

For axially loaded tension members, the design tensile strength, ¢tTn’

shall be determined as follows:

¢, = 0.95

Tn = AnFy (Eq. C2-1)
where

Tn = Nominal strength of member when loaded in tension

¢t = Resistance factor for tension

An = Net area of the cross section

Fy = Design yield stress

For tension members using bolted connections, the design tensile strength

shall also be limited by Section E3.2.

C3 Flexural Members

C3.1 Strength for Bending Only
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The design flexural strength, ¢an, shall be the smallest of the

values calculated according to Sections C3.1.1, C3.1.2, and C3.1.3.

C3.1.1 Nominal Section Strength

The design flexural strength, ¢an, shall be determined with ¢5
= 0.95 for sections with stiffened or partially stiffened compression flanges
and 0.90 for sections with unstiffened compression flanges, and the nominal
section strength, Mn, calculated either on the basis of initiation of
yielding in the effective section (Procedure I) or on the basis of the ine-
lastic reserve capacity (Procedure II) as applicable.
(a) Procedure I - Based on Initiation of Yielding

Effective yield moment based on section strength, Mn’ shall be

determined as follows:

Mn = Ser (Eq. C3.1.1-1)
where

Fy = Design yield stress as determined in Section AS5.2.1

Se = Elastic section modulus of the effective section calculated

with the extreme compression or tension fiber at Fy
(b) Procedure II - Based on Inelastic Reserve Capacity
The inelastic flexural reserve capacity may be used when the following
conditions are met:
(1) The member is not subject to twisting or to lateral, torsional,
or torsional-flexural buckling.
(2) The effect of cold forming is not included in determining the
yield pointle.
(3) The ratio of the depth of the compressed portion of the web to
its thickness does not exceed Al.
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(4) The shear force does not exceed 0.35Fy times the web area, h x t.

(5) The angle between any web and the vertical does not exceed 30
degrees.

The nominal flexural strength, Mn’ shall not exceed either l.ZSSer

determined according to Procedure I or that causing a maximum

compression strain of Cyey (no limit is placed on the maximum tensile

strain).
where
e = Yield strain = F_/E
y y
E = Modulus of elasticity
Cy = Compression strain factor determined as follows:

(a) Stiffened compression elements without intermediate stiffeners

Cy = 3 for w/t < Al
Cy = 3-2[(w/t-A1)/(A2-A1)] for Al < w/t < Az
Cy =1 for w/t 2 A2
where
Al = 1.11//Fy/E (Eq. €C3.1.1-2)
AZ = l.28//Fy/E (Eq. €3.1.1-3)
(b) Unstiffened compression elements
c_=1
y

(c) Multiple-stiffened compression elements and compression

elements with edge stiffeners

When applicable, effective design widths shall be used in calcu-
lating section properties. Mn shall be calculated considering equilibrium
of stresses, assuming an ideally elastic-plastic stress-strain curve which

is the same in tension as in compression, assuming small deformation and
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assuming that plane sections remain plane during bending. Combined bending

and web crippling shall be checked by provisions of Section C3.5.

C3.1.2 Lateral Buckling Strength
The design strength of the laterally unbraced segments of doubly-
*
or singly-symmetric sections subjected to lateral buckling, ¢an, shall

be determined with_¢b = 0.90 and Mn calculated as follows:

Mn = SC(MC/Sf) (Eq. €3.1.2-1)
where
Sf = Elastic section modulus of the full unreduced section for the

extreme compression fiber
S = Elastic section modulus of the effective section calculated at a
stress MC/Sf in the extreme compression fiber
M = Critical moment calculated according to (a) or (b) below:
(a) For I- or Z-sections bent about the centroidal axis (x-axis)
perpendicular to the web:
For M =2 2.78M
e y
M =M (Eq. C3.1.2-2)
For 2.784_ > M > 0.56M
y e y

MC = (10/9)My(1-10My/36Me) (Eq. C3.1.2-3)

* The provisions of this Section apply to I-, Z-, C- and other singly-
symmetric section flexural members (not including multiple-web deck, U-
and closed box-type members, and curved or arch members). The provisions
of this Section do not apply to laterally unbraced compression flanges
of otherwise laterally stable sections. Refer to Section C3.1.3 for C-
and Z-purlins in which the tension flange is attached to sheathing.



For M < 0.56M
e y

= . 2 -
Mc Me (Eq. C2.1.2-4)
where
My = Moment causing initial yield at the extreme compression fiber
of the full section
= Sny . (Eq. C3.1.2-5)
Me = Elastic critical moment determined either as defined in (b)

below or as follows:
= n‘Edech/(Lz) for doubly-symmetric I-sections (Eq. C3.1.2-6)

= andech/(ZL’) for point-symmetric Z-sections (Eq. C3.1.2-7)
L = Unbraced length of the member
ch= Moment of inertia of the compression portion of a section about
the gravity axis of the entire section parallel to the web, using
the full unreduced section
Other terms are defined.in (b) below.
(b) For singly-symmetric sections (x-axis is assumed to be the axis of
symmetry):
For M > 0.5M
e y
MC = My(l-My/AMe) (Eq. C3.1.2-8)
For M < 0.5M
e y
M =M (Eq.C3.1.2-9)

where

My is as defined in (a) above

Me = Elastic critical moment
Me = CbrOAJEZ;Ez for bending about the symmetry axis (x-axis

is the axis of symmetry oriented such that the shear center
has a negative x-coordinate).
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ex

o)
ey

where

Alternatively, Me can be calculated using the formula
for doubly-symmetric I-sections given in (a) above

(Eq. C3.1.2-10)

CsAaex[j+Cstz+r02(ot/cex)J/cTF

for bending about the centrodial axis perpendicular to

the symmetry axis , (Eq. C3.1.2-11)
+ 1 for moment causing compression on the shear center

side of the cenfroid

- 1 for moment causing tension on the shear center side

of the centroid

rﬁE/(KXLX/rx)z (Eq. C3.1.2-12)
2 2 Eq. .1.2-13
er/(KyLy/ry) (Eq. C3.1.2-13)
1/(Ar02)[GJ+n2ECw/(KtLt)’] (Eq. €3.1.2-14)

Full cross-sectional area
Bending coefficient which can conservatively be taken as

unity, or calculated from

2
= 1.75+1.OS(MI/M2)+0.3(M1/M2) < 2.3

Ml is the smaller and Mz the larger bending moment at the
ends of the unbraced length, taken about the strong axis of
the member, and where Ml/MZ’ the ratio of end moments, is
positive when M, and M, have the same sign (reverse curvature
bending) and negative when they are of opposite sign (single
curvature bending). When the bending moment at any point
within an unbraced length is larger than that at both ends

of this length, and for members subject to combined axial
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TF

where

load and bending moment (Section C5), Cb shall be taken as
unity.

Modulus of elasticity

Depth of section

0.6-0.4(M1/M2)

M, is the smaller and M, the larger bending moment at the

1 2
ends of the unbraced length, and where MI/MZ, the ratio of
end moments, is positive when Ml and MZ have the same sign
(reverse curvature bending) and negative when they are of
opposite sign (single curvature bending). When the bending
moment at any point within an unbraced length is larger than
that at both ends of this length, and for members subject
to combined axial load and bending moment (Section C53), CTF
shall be taken as unity.

Polar radius of gyration of the cross section about the
shear center

W (Eq. C3.1.2-15)
Radii of gyration of the cross section about the
centroidal principal axes

Shear modulus

Effective length factors for bending about the x- and
y-axes, and for twisting

Unbraced lengths of compression member for bending about
the x- and y-axes, and for twisting

Distance from the shear center to the centroid along the
principal x-axis, taken as negative
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J = St. Venant torsion constant of the cross section

Cw = Torsional warping constant of the cross section

: = 3 2 - -

j 1/(2Iy)(_(Ax dA+f,xy*dA)-x (Eq. C3.1.2-16)

C3.1.3 Beams Having One Flange Through-Fastened to Deck or Sheathing
This section does not apply to a continuous beam between
inflection points adjacent to a support.
The design flexural strength, ¢an, of a C- or Z-section loaded
in a plane parallel to the web and with the tension flange attached to deck
or sheathing and with compression flange laterally unbraced shall be deter-

mined with ¢b = 0.90 and the nominal flexural strength, Mn’ calculated as

follows:

Mn = RSeFy (Eq. C3.1.3-1)
where

R = 0.40 for simple span C-sections

0.50 for simple span Z-sections

0.60 for continuous span C-sections

0.70 for continuous span Z-sections
S and Fy are defined in Section C3.1.1
The reduction factor, R, shall be limited to roof systems meeting

the following conditions:

(1) Member depth shall be less than 11.5 inches

(2) The flanges shall be edge stiffened compression elements

(3) 60 s depth/thickness < 170

(4) 2.8 < depth/flange width < 4.5

(5) 16 < flat width/thickness of flange < 43

(6) Lap length in each direction (distance from center of support to
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end of lap) shall not be less than:
1.5d for Z-sections
3.0d for C-sections
(7) Member span length shall be no greater than 33 feet
(8) For continuous span systems, the longest member span shall not be
more than 20% greater than the shortest span
(9) Both flanges shall be prevented from moving laterally at the
supports
(10) Roof or wall panels shall be steel sheets, minimum of 0.019" coated
thickness, having a minimum rib depth of 1 in., spaced 12 in. on
centers and attached in a manner to effectively inhibit relative
movement between the panel and purlin flange
(11) Insulation shall be glass fiber blanket 0 to 6 inches thick
compressed between the member and panel in a manner consistent
with the fastener being used
(12) Fastener type shall be minimum No. 12 self-drilling or self-tapping
sheet metal screws or 3/16 - in. rivets, washers 1/2 in. diameter
(13) Fasteners shall not be standoff type screws
(14) Fasteners shall be spaced not greater than 12 in. on centers and
placed near the center of the beam flange
If variables fall outside any of the above stated limits, the user
must perform full scale tests in accordance with Section F1l of the Specifi-
cation, or apply another rational analysis procedure. In any case, the user
may perform tests, in accordance with Section Fl, as an alternate to the

procedure described in this section.

C3.2 Strength for Shear Omly
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The design shear strength, ¢vvn’ at any section shall be calculated

as follows:

(a) For h/t < JEkv/Fy

¢, = 1.0
V, = 0.577F ht (Eq. C3.2-1)
(b) For JEkv/Fy < h/t < 1.415JEkv/Fy
¢, = 0.90
= 2 -
V_ = 0.64t /kVPyE (Eq. €3.2-2)

(c) For h/t > 1.415,/Ekv/Fy

¢v = 0.90
Vn = 0.905Ekvt’/h (Eq. C3.2-3)
where
¢v = Resistance factor for shear
Vn = Nominal shear strength of the beam
t = Web thickness
h = Depth of the flat portion of the web measured along the plane
of the web
kv = Shear buckling coefficient determined as follows:
1. For unreinforced webs, kv = 5.34
2. For beam webs with transverse stiffeners satisfying the
requirements of Section B6
when a/h < 1.0
kv = 4.00+5.34/(a/h)? (Eq. C3.2-4)
when a/h > 1.0
k, = 5.34+4.00/(a/h)? ‘ (Eq. c3.2-$)
where
a = the shear panel length for unreinforced web element
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= distance between transverse stiffeners for web elements
For a web consisting of two or more sheets, each sheet shall be considered

as a separate element carrying its share of the shear force.

C3.3 Strength for Combined Bending and Shear
For beams with unreinforced webs, the required flexural strength,
Mu’ and the required shear strength, Vu’ shall satisfy the following inter-
action equation:
2 2 -
(Mu/¢an)+(Vu/¢VVn) < 1.0 (Eq. C3.3-1)
For beams with transverse web stiffeners, the required flexural
strength, Mu’ and the required shear strength, Vu, shall not exceed ¢an
and ¢vvn’ respectively. When Mu/(¢an) > 0.5 and Vu/(¢vVn) > 0.7, then Mu
and Vu shall satisfy the following interaction equation:
+ -
0.6(Mu/¢an) (Vu/¢vvn) < 1.3 (Eq. C3.3-2)
In the above equations:

¢b = Resistance factor for bending (See Section C3.1)

¢v = Resistance factor for shear (See Segtion C3.2)

Mn = Nominal flexural strength determined according to Section C3.1.1
when bending alone exists

Vn = Nominal shear strength when shear alone exists

C3.4 Web Crippling Strength

These provisions are applicable to webs of flexural members subject
to concentrated loads or reactions, or the components thereof, acting per-
pendicular to the longitudinal axis of the member and in the plane of the

web under consideration, and causing compressive stresses in the web.
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To avoid crippling of unreinforced flat webs of flexural members
having a flat width ratio, h/t, equal to or less than 200, required strength
for the concentrated loads and reactions shall not exceed the values of
¢an, with ¢w = 0.75 and 0.80 for single unreinforced webs and I-sections,
respectively, and Pn given in Table C3.4-1. Webs of flexural members for
which h/t is greater than 200 shall be provided with adequate means of
transmitting concentrated loads and/or reactions directly into the webs.

The formulas in Table C3.4-1 apply to beams when R/t < 6 and to deck
when R/t € 7, N/t <€ 210 and N/h £ 3.5.

Pn represents the nominal strength for concentrated load or reaction
for one solid web connecting top and bottom flanges. For two or more webs,
Pn shall be computed for each individual web and the results added to obtain
the nominal load or reaction for the multiple web.

For build-up I-sections, or similar sections, the distance between

the web connector and beam flange shall be kept as small as practical.

51



TABLE C3.4-1

P
n
Shapes Having I-Sections or

Single Webs Similar Sections(l)

Stiffened or Stiffened,

Partially Unstiffened Partially
Stiffened Flanges Stiffened and Un-
Flanges stiffened Flanges

End
Reaction Eq. C3.4-1 | Eq. C3.4-2 Eq. C3.4-3
. (3)
Opposing loads
Spaced>1.5h(2) . '
nterior
Reaction(h) Eq. C3.4-4 | Eq. C3.4-4 Eq. C3.4-5
End
Reaction Eq. C3.4-6 | Eq. C3.4-6 Eq. C3.4-7
. (3)
Opposing Loads
Spaced Sl.Sh(S)I .
nterior
Reaction(aa Eq. C3.4-8 | Eq. C3.4-8 Eq. C3.4-9

Footnotes and Equation References to Table C3.4-1:

(1

(2)

(3)

(4)

(5)

I-sections made of two channels connected back to back or similar
sections which provide a high degree of restraint against rotation

of the web (such as I-sections made by welding two angles to a channel).
At locations of one concentrated load or reaction acting either on
the top or bottom flange, when the clear distance between the bearing
edges of this and adjacent opposite concentrated loads or reactions
is greater than 1.5h.

For end reactions of beams or concentrated loads on the end of
cantilevers when the distance from the edge of the bearing to the

end of the beam is less than 1.5h.

For reactions and concentrated loads when the distance from the edge
of bearing to the end of the beam is equal to or greater than 1.5h.
At locations of two opposite concentrated loads or of a concentrated
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load and an opposite reaction acting simultaneously on the top and
bottom flanges, when the clear distance between their adjacent bearing
edges is equal to or less than 1.5h.
Equations for Table C3.4-1:
tsz3C4Ce[331-0.61(h/t)][1+0.01(N/t)] (Eq. C3.4-1)
tsz3CACe[217-O.28(h/t)][1+O.01(N/t)] (Eq. C3.4-2)

when N/t > 60, the factor [140.01(N/t)] may be increased to

(0.71+0.015(N/t)]

tZché(10+1.25JN/t) (Eq. C3.4-3)
tzkclczce[538-0.74(h/t)][1+0.007(N/t)] (Eq. C3.4-4)

when N/t > 60, the factor [1+0.007(N/t)) may be increased to

[0.75+0.011(N/t))

tzpycs(o.ss+o.12m)(15+3.zsjﬁ72) (Eq. C3.4-5)
tzkc3c4c9(244-0.57(h/t)][1+o.01(N/t)] (Eq. C3.4-6)
tzpycs(o.64+0.31m)(10+1.25Jﬁ7€) (Eq. C3.4-7)
t?kC,C,Co(771-2.26(h/t)] [1+0.0013(N/t)] (Eq. C3.4-8)
t?ch7(o.sz+o.15m)(15+3.25Jﬁ7E) (Eq. C3.4-9)

In the above-referenced formulas,

¢w = Resistance factor for web crippling

Pn = Nominal strength for concentrated locad or reaction per web

C1 = (1.22-0.22k) (Eq. C3.4-10)

C2 = (1.06-0.06R/t) < 1.0 (Eq. C3.4-11)

C3 = (1.33-0.33k) (Eq. €3.46-12)

C4 = (1.15-0.15R/t) < 1.0 but not less than 0.50 (Eq. C3.4-13)

C5 = (1.49-0.53k) = 0.6 (Eq. C3.4-14)

C6 = 1+(h/t)/750, when h/t < 150 | (Eq. C3.4-15)
= 1.20, when h/t > 150 (Eq. C3.4-16)
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C7 = 1/k, when h/t < 66.5 (Eq. €C3.4-17)
= [1.10-(h/t)/665J(1/k), when h/t > 66.5 (Eq. C3.4-18)

Cg = (0.98-(h/t)/865](1/k) (Eq. C3.4-19)

C8 = 0.7+0.3(6/90)? (Eq. C3.4-20)

Fy = Design yield stress of the web, ksi

h = Depth of the flat portion of the web measured along the plane of
the web

k = Fy/33 (Eq. €3.4-21)

m = t/0.075 (Eq. C3.4-22)

t = Web thickness, inches

N = Actual length of bearing, inches. For the case of two equal and
opposite concentrated loads distributed over unequal bearing lengths,
the smaller value of N shall be taken

R = Inside bend radius

6 = Angle between the plane of the web and the plane of the bearing

surface 2 450, but not more than 90°

C3.5 Combined Bending and Web Crippling Strength
Unreinforced flat webs of shapes subjected to a combination of bending
and concentrated load or reaction shall be designed to meet the following
requirements:
(a) TFor shapes having single unreinforced webs:
1.07(Pu/¢an)+(Mu/¢an) S 1.42 (Eq. €3.5-1)
Exception: At the interior supports of continuous spans, the above
formula is not applicable to deck or beams with two or more single webs,
provided the compression edges of adjacent webs are laterally supported in
the negative moment region by continuous or intermittently connected flange

54



elements, rigid cladding, or lateral bracing, and the spacing between adja-
cent webs does not exceed 10 inches.
(b) For shapes having multiple unreinforced webs such as I-sections made
of two channels connected back-to-back, or similar sections which provide a
high degree of restraint against rotation of the web {such as I-sections made
by welding two angles to a channel);
0.82(Pu/¢an)+(Mu/¢an) < 1.32 (Eq. C3.5-2)
Exception: When h/t < 2.33/JZ§;7E§ and A € 0.673, the nominal con-
centrated load or reaction strength may be determined by Section C3.4.
In the above formulas,
¢b = Resistance factor for bending (See Section C3.1)
¢ = Resistance factor for web crippling (See Section C3.4)
P = Required strength for the concentrated load or reaction in the
presence of bending moment.
P = Nominal strength for concentrated load or reaction in the absence
of bending moment determined in accordance with Section C3.4
M = Required flexural strength at, or immediately adjacent to, the
point of application of the concentrated load or reaction Pu

Nominal flexural strength determined according to Section C3.1.1

=
]

if bending alone exists

w = Flat width of the beam flange which contacts the bearing plate
t = Thickness of the web or flange
A = Slenderness factor given by Section B2.1

C4 Concentrically Loaded Compression Mrmbers
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This section applies to members in which the resultant of all loads acting
on the member is an axial load passing through the centroid of the effective
section calculated at the stress, Fn, defined in this section.

(a) The design axial strength, ¢an’ shall be calculated as follows:

¢C = 0.85

Pn = Aan (Eq. C4-1)
where

Ae = Effective area at the stress Fn. For sections with circular

holes, Ae shall be determined according to Section BZ.2a,
subject to the limitations of that section. If the number of
holes in the effective length region times the hole diameter
divided by the effective length does not exceed 0.015, Ae can
be determined ignoring the holes.
Fn is determined as follows:

For Fe > Fy/z Fn = Fy(l-Fy/éFe) (Eq. C&4-2)
For Fe < Fy/Z Fn = Fe (Eq. C4-3)
Fe is the least of the elastic flexural, torsional and
torsional-flexural buckling stress determined according to
Sections C4.1 through C4.3.

(b) For C- and Z-shapes, and single-angle sections with unstiffened

flanges, Pn shall be taken as the smaller of Pn calculated above and

P calculated as follows:

n
P = AWE/(25.7(w/t)*) (Eq. Ck-4)
where
A = Area of the full, unreduced cross section
w = Flat width of the unstiffened element
t = Thickness of the unstiffened element
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(c) Angle sections shall be designed for the required axial strength,
Pu’ acting simultaneously with a moment equal to PuL/1000 applied
about the minor principal axis causing compression in the tips of
the angle legs.

(d) The slenderness ratio, KL/r, of all compression members preferably
should not exceed 200, except that during construction only, KL/r

preferably should not exceed 300.

C4.1 Sections Not Subject to Torsional or Torsional-Flexural Buckling
For doubly-symmetric sections, closed cross sections and any other
sections which can be shown not to be subject to torsional or torsional-
flexural buckling, the elastic flexural buckling stress, Fe’ shall be de-

termined as follows:

Fe = mE/(KL/x)? (Eq. C&4.1-1)
where
E = Modulus of elasticity

N

K = Effective length factor
L = Unbraced length of member
r = Radius of gyration of the full, unreduced cross section

* In frames where lateral stability is provided by diagonal bracing, shear
walls, attachment to an adjacent structure having adequate lateral
stability, or floor slabs or roof decks secured horizontally by walls or
bracing systems parallel to the plane of the frame, and in trusses, the
effective length factor, K, for compression members which do not depend
upon their own bending stiffness for lateral stability of the frame or
truss, shall be taken as unity, unless analysis shows that a smaller
value may be used. In a frame which depends upon its own bending
stiffness for lateral stability, the effective length, KL, of the
compression members shall be determined by a rational method and shall
not be less than the actual unbraced length.
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C4.2 Doubly- or Singly-Symmetric Sections Subject to Torsional or
Torsional-Flexural Buckling
For sections subject to torsiomnal or torsional-flexural buckling, Fe
shall be taken as the smaller of Fe calculated according to Section C4.1 and

Fe calculated as follows:

- - 2. -
F, = (1/2B)((o_ *0.) j(oex+ot) 48o_ o, ) (Eq. C&4.2-1)
Alternatively, a conservative estimate of Fe can be obtained
using the following equation:
Fe = ctoex/(ot+cex) (Eq. C4.2-2)
where o, and O, are defined in C3.1.2(b)
B = 1-(xy/ry)? (Eq. C4.2-3)
For singly-symmetric sections, the x-axis is assumed to be the axis

of symmetry.

C4.3 Nonsymmetric Sections
For shapes whose cross sections do not have any symmetry, either about
an axis or about a point, Fe shall be determined by rational analysis. Al-
ternatively, compression members composed of such shapes may be tested in

accordance with Chapter F.

C5 Combined Axial Load and Bending
The required strengths Pu, Mux and Muy shall satisfy the following
interaction equations:
Pu/¢cpn+cmxmux/¢anx°nx+CmyMuy/¢anyany < 1.0 (Eq. C5-1)
Pu/¢ano+Mux/¢anx+Muy/¢any < 1.0 (Eq. €5-2)
When Pu/cpCPn < 0.15, the following formula may be used in lieu of the above

two formulas:
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Pu/qan+Mux/¢anx+Muy/¢any < 1.0 (Eq. C5-3)

where

p
u

M and M
ux uy

no

M and M
n

nx

l/cnx

1/a

= Required axial strength

Required flexural strengths with respect to the centroidal
axes of the effective section determined for the required
axial strength alone. For angle sections, Muy shall be
taken either as the required flexural strength or the
required flexural strength plus PuL/IOOO, whichever result
in a lower value of Pn'

Nominal axial strength determined in accordance with
Section C&

Nominal axial strength determined in accordance with
Section C4, with Fn = Fy
Nominal flexural strengths about the centroidal axes
determined in accordance with Section C3

Magnification factors

1/(1-Pu/¢CPE) (Eq. C5-4)
0.95 and 0.90 for bending strength (Section C3.1.1) or
0.90 for laterally unbraced beam (Section C3.1.2)

0.85

rﬁEIb/(KbLb)z (Eq. C5-5)
Moment of inertia of the full, unreduced cross section
about the axis of bending

Actual unbraced length in the plane of bending
Effective length factor in the plane of bending
Coefficients whose value shall be taken as follows:

1. For compression members in frames subject to joint
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translation (sidesway)
Cm = 0.85

2. For restrained compression members in frames braced
against joint translation and not subject to transverse
loading between their supports in the plane of bending
Cm = 0.6-0.4(M1/M2) (Eq. C5-6)

where
MI/MZ is the ratio of the smaller to the larger
moment at the ends of that portion of the member under
consideration which is unbraced in the plane of bending.
Ml/M2 is positive when the member is bent in reverse
curvature and negative when it is bent in single
curvature.

3. For compression members in frames braced against joint
translation in the plane of loading and subject to
transverse loading between their supports, the value of
Cm may be determined by rational analysis..However, in
lieu of such analysis, the following values may be used:
(a) for members whose ends are restrained, Cm = 0.85,

(b) for members whose ends are unrestrained, Cm = 1.0.

Cé6é Cylindrical Tubular Members
The requirements of this Section apply to cylindrical tubular members
having a ratio of outside diameter to wall thickness, D/t, not greater than

0.441E/F_.
y

C6.1 Bending
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For flexural members, the required flexural strength uncoupled from
axial load, shear, and local concentrated forces or reactions shall not ex-
ceed ¢an, where ¢b = 0.95 and Mn is calculated as follows:

For D/t < 0.07OE/Fy

Mn = 1.25Fysf (Eq. C6.1-1)
For 0.070E/Fy < D/t = 0.319E/Fy

Mn = [0.970+0.OZO(E/Fy)/(D/t)]FySf (Eq. €6.1-2)
For 0.319E/Fy < D/t < 0.441E/Fy

Moo= [0.328E/(D/t)]Sf (Eq. C6.1-3)
where

Sf = Elastic section modulus of the full, unreduced cross section

C6.2 Compression
The requirements of this Section apply to members in which the re-
sultant of all factored loads and moments acting on the member is equivalent
to a single force in the direction of the member axis passing through the

centroid of the section.

The design axial strength, chn, shall be calculated as follows:

@C = 0.85

P F A (Eq. C6.2-1)

n ne

In the above equation,

For F > F /2
e y

Fn = Flexural buckling stress
= F_(1-F_/4F Eq. C6.2-2
(L /4F ) (Eq )
Fe = Elastic flexural buckling stress determined according to
Section C4.1
A, = (1-(1-R)(1-A,/A))A (Eq. C6.2-3)
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R = ,Fy/ZFe (Eq. €6.2-4)
A0 = [0.037/(DFy/tE)+0.667]A < A for D/t < 0.441E/Fy (Eq. C6.2-5)
A = Area of the unreduced cross section

For ¥ < F /2
e y
F =F
n e

A = A
£6.3 Combined Bending and Compression

Combined bending and compression shall satisfy the provisions of

Section C5.
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D. STRUCTURAL ASSEMBLIES

D1 Built-Up Sections

D1.1 I-Sections Composed of Two Channels
The maximum permissible longitudinal spacing of welds or other con-
nectors, s ., joining two channels to form an I-section shall be

(a) For compression members:

Snax - chy/(ZrI) (Eq. D1.1-1)
where
L = Unbraced length of compression member
ry = Radius of gyration of the I-section about the axis perpendicular
to the direction in which buckling would occur for the given
conditions of end support and intermediate bracing
rCy = Radius of gyration of one channel about its centroidal axis

parallel to the web
(b) For flexural members:
Smax L/6 (Eq. D1.1-2)

In no case shall the spacing exceed the value

Smax 2gTs/(mq) (Eq. D1.1-3)
where
L = Span of_beam
Ts = Design strength of connection in tension (Section E)
g = Vertical distance between the two rows of connections nearest to
the top and bottom flanges
q = Intensity of factored load on the beam (For methods of

determination, see below)
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m = Distance from the shear center of one channel to the mid-plane of
its web. For simple channels without stiffening lips at the outer
edges, |

m = wfz/(wa+d/3) (Eq. D1.1-4)

For channels with stiffening lips at the outer edges,

m = wfdt/(AIx)[wfd+2D(d-4D2/3d)] (Eq. D1.1-5)

w, = Projection of flanges from the inside face of the web (For
channels with flanges of unequal width, We shall be taken as the

width of the wider flange)

d = Depth of channel or beam

D = Oveiall depth of lip

Ix = Moment of inertia of one channel about its centroidal axis normal
to the web.

The ihtensity of factored load, q, is obtained by dividing the mag-
nitude of factored concentrated loads or reactions by the length of bearing.
For beams designed for a uniformly distributed load, q shall be taken equal
to three times the intensity of the uniformly distributed factored load. If
the length of bearing of a concentrated load or reaction is smaller than weld
spacing, s, the required design strength of the welds or connections closest
to the load or reaction is

TS = Pm/(2g) (Eq. D1.1-6)

The required maximum spacing of connections, s , depends upon the

max
intensity of the factored load directly at the connection. Therefore, if
uniform spacing of connections is used over the whole length of the bean,
it shall be determined at the point of maximum local load intensity. In cases
where this procedure would result in uneconomically close spacing, either

one of the following methods may be adopted: (a) the connection spacing may
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be varied along the beam according to the variation of the load intensity;
or (b) reinforcing cover plates may be welded to the flanges at points where
concentrated loads occur. The design shear strength of the connections
joining these plates to the flanges shall then be used for Ts’ and g shall

be taken as the depth of the beam.

D1.2 Spacing of Connections in Compression Elements
The spacing, s, in the line of stress, of welds, rivets, or bolts
connecting a compression cover plate or sheet to a non-integral stiffener
or other element shall not exceed
(a) that which is required to transmit the shear between the connected
parts on the basis of the design strength per connection specified
elsewhere herein; nor

(b) 1.16tJTE7?:3, where t is the thickness of the cover plate or sheet,
and fc is the stress at service load in the cover plate or sheet; nor

(c¢) three times the flat width, w, of the narrowest unstiffened
compression element tributary to the connections, but need not be
less than 1.11t\/(—E/Ty) if w/t < o.soj('rr‘y), or 1.33t/(E/—Fy) if w/t 2
0.50JTE7?;3, unless closer spacing is required by (a) or (b) above.

In the case of intermittent fillet welds parallel to the direction
of stress, the spacing shall be taken as the clear distance between welds,
plus one-half inch. In all other cases, the spacing shall be taken as the
center-to-center distance between connections.

Exception: The requirements of this Section do not apply to cover
sheets which act only as sheathing material and are not considered as load-
carrying elements.
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D2 Mixed Systems
The design of members in mixed systems using cold-formed steel components
in conjunction with other materials shall conform to this Specification and

the applicable Specification of the other material.

D3 Lateral Bracing
Braces shall be designed to restrain lateral bending or twisting of a
loaded beam or column, and to avoid local crippling at the points of at-

tachment.

D3.1 Symmetrical Beams and Columns
Braces and bracing systems, including connections, shall be designed

considering strength and stiffness requirements.

D3.2 Channel-Section and Z-Section Beams
The following brovisions for bracing to restrain twisting of channals
and Z-sections used as beams loaded in the plane of the web, aﬁply only when
(a) the top flange is connected to deck or sheathing material in shch a
manner as to effectively restrain lateral deflection of the connected
flange*, or (b) neither flange is so connected. When both flanges are so

connected, no further bracing is required.

* Where the Specification does not provide an explicit method for design,
further information should be obtained from the Commentary.
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D3.2.1 Anchorage of Bracing for Roof Systems Under Gravity Load With

Top Flange Connected to Sheathing

For channels and Z-sections designed according to Section C3.1.1,
and having deck or sheathing fastened directly to the top flanges in such a
manner shown to effectively inhibit relative movement between the deck or
sheathing and the purlin flange, provisions shall be made to restrain the
flanges so that the maximum top flange lateral displacements with respect
to the purlin reaction points do not exceed the span length divided by 360.
If the top flanges of all purlins face in the same direction, anchorage of
the restraint system must be capable of satisfying the requirements of
Sections D3.2.1(a) and D3.2.1(b). If the top flanges of adjacent lines of
purlins face in opposite directions, the provisions of Sections D3.2.1(a)
and D3.2.1(b) do not apply.

Anchored braces need to be connected to only one line of purlins
in each purlin bay of each roof slope if provision is made to transmit forces
from other purlin lines through the roof deck and its fastening system. An-
chored braces shall be as close as possible to the flange which is connected
to the deck or sheathing. Anchored braces shall be provided for each purlin
bay.

For bracing arrangements other than those covered in Sections
D3.2.1(a) and D3.2.1(b), tests in accordance with Chapter F shall be per-
formed so that the type and/or spacing of braces selected are such that the
test strength of the braced Z-section assembly is equal to or greater than
its nominal flexural strength, instead of that required by Chapter F.

(a) Channel Sections
For roof systems using channel sections for purlins with all compression
flanges facing in the same direction, a restraint system capable of
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(b)

resisting 0.05W, in addition to other loading, shall be provided where
W is the factored load supported by all purlin lines keing restrained.
Where more than one brace is used at a purlin line, the restraint force
0.05W shall be divided equally between all braces.

Z-Sections

For roof systems having a diaphragm stiffness of at least 2,000 1lb/in.,
having four to twenty Z-purlin lines with all top flanges facing in the
direction of the upward roof slope, and with restraint braces at the
purlin supports, midspan or one-third points, each brace shall be de-
signed to resist a force determined as follows:

(1) Single-Span System with Restraint at the Supports:

PL = 0.5[0.220b"”/(np°-”d°-”t°'“)-siﬁ6]w (Eq. D3.2.1-1)
(2) Single-Span System with Third-Point Restraints:

PL = 0.5[0.474b‘Jz/(np°-”d°-“t°-“)-sin8]w (Eq. D3.2.1-2)
(3) Single-Span System with Midspan Restraint:

P = [0.224b'-’2/(np°-°5d°-"t°-5°)-sin8]w (Eg. D3.2.1-3)
(4) Multiple-Span System with Restraints at the Supports:

P = Ctrt0.053b""L"'“/(np°-”d‘-°7t°-9‘)-sine]w (Eq. D3.2.1-4)
with

Ctr = 0.63 for braces at end supports of multiple-span systems

Ctr = 0.87 for braces at the first interior supports

Ctr = 0.81 for all other braces

(5) Multiple-Span System with Third-Point Restraints:

P = CthL'O.181b‘"5L°-25/(np°'5‘d‘-“t°-29)-sin6]W (Eq. D3.2.1-5)
with

Cth = 0.57 for outer braces in exterior spans

Cth = 0.48 for all other braces
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(6) Multiple-Span System with Midspan Restraints:

P = Cms[O.116b'-”L°”'/(np°-”d‘-“t°-“)—sin8]w (Eq. D3.2.1-6)
with

Cms = 1.05 for braces in exterior spans

Cms = 0.90 for all other braces
where

b = Flange width, in.

d = Depth of section, in.

t = Thickness, in.

L = Span length, in.

6 = Angle between the vertical and the plane of the web of the

Z-section, degrees
np = Number of parallel purline lines
W = Total factored load supported by the purlin lines between

ad jacent supports, pounds

The force, PL, is positive when restraint is required to prevent
movement of the purlin flanges in the upward roof slope direction.

For systems having less than four purlin lines, the brace force
can be determined by taking 1.1 times the force found from Equations D3.2.1-1
through D3.2.1-6, with np = 4. For systems having more than twenty purlin
lines, the brace force can be determined from Equations D3.2.1-1 through

D3.2.1-6, with n = 20.

D3.2.2 Neither Flange Connected to Sheathing
Each intermediate brace, at the top and bottom flange, shall be
designed to resist a required lateral force, PL’ determined as follows:

(a) For uniform loads, PL = 1.5K' times the factored load within a
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distance 0.5a each side of the brace.

(b) For concentrated‘loads, PL = 1.0K' times each factored concentrated
load within a distance 0.3a each side of the brace, plus 1.4K'(1-x/a)
times each factored concentrated load located farther than 0.3a but
not farther than 1.0a from the brace.

In the above formulas:

For channels and Z-sections:

X Distance from the concentrated load to the brace

a Distance between center line of braces
For channels:
K' = m/d (Eq. D3.2.2-1)

where

= Distance from the shear center to the mid-plane of the web, as

3
t

specified in Section D1.1

d Depth of channel
For Z-sections:
K' = Ixy/Ix (Eq. D3.2.2-2)
where
Ixyz Product of inertia of the full section about centroidal axes
parallel and perpendicular to the web
Ix = Moment of inertia of the full section about the centroidal
axis perpendicular to the web
Braces shall be designed to avoid local crippling at the points
of attachment to the member.
Braces shall be attached both to the top and bottom flanges of
the sections, at the ends and at intervals not greater than one-quarter of

the span length, in such a manner as to prevent tipping at the ends and
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lateral deflection of either flange in either direction at intermediate
braces. If one-third or more of the total factored load on the beam is con-
centrated over a length of one-twelfth or less of the span of the beam, an
additional brace shall be placed at or near the center of this loaded length.

Exception: When all lcads and reactions on a beam are transmitted
through members which frame into the section in such a manner as to effec-
tively restrain the section against rotation and lateral displacement, no

other braces will be required.

D3.3 Laterally Unbraced Box Beams
For closed box-type sections used as beams subject to bending about
the major axis, the ratio of the laterally unsupported length to the distance

between the webs of the section shall not exceed 0.086E/Fy.

D4 Wall Studs and Wall Stud Assemblies

The design strength of a stud may be computed on the basis that sheathing
(attached toc one or both sides of the stud) furnishes adequaté lateral and
rotational support to the stud in the plane of the wall, provided that the
stud, sheathing, and attachments comply with the following requirements:

Both ends of the stud shall be braced to restrain rotation about the stud
axis and horizontal displacement perpendicular to the stud axis; however,
the ends may or may not be free to rotate about both axes perpendicular to
the stud axis. The sheathing shall be connected to the top and bottom members
of the wall assembly to enhance the restraint provided to the stud and sta-

bilize the overall assembly.
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D4.1 Wall Studs in Compression

For studs having identical sheathing attached to koth flanges, and

neglecting any rotational restraint provided by the sheathing", the design

axial strength, ¢an, shall be calculated as follows:

¢, = 0.85

Pn = Aan (Eq. D4.1-1)
where

¢C = Resistance factor for axial compression

Ae = Effective area determined at Fn

Fn = The lowest value determined by the following three conditions:

(a) To prevent column buckling between fasteners in the plane of the
wall, Fn shall be calculated according to Section C4 with KL equal
to two times the distance between fasteners.

{b) To prevent flexural and/or torsional overall column buckling, Fn
shall be calculated in accordance with Section C4 with Fe taken as
the smaller of the two 9cR values specified for the following
section types, where 9cR is the theoretical elastic buckiing stress

under concentric loading.

#Studs with sheathing on one flange only, or with unidentical sheathing
on both flanges, or having rotational restraint that is not neglected,
or having any combination of the above, shall be designed in accordance
with the same basic analysis principles used in deriving the provisions

of this Section.
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(1)

CR
CR
(2)
CR

CR

(3)

Ocr

9cr

Singly-symmetric channels and C-Sections

= cey+6a (Eq. D4.1-2)

= 1/(28) (o o, )= [0, o, ) -(4Bo 0, )] (Eq. D4.1-3)

Z-Sections

= 0,+Q, (Eq. D4.1-4)

= 1/2{(cex+oey+ﬁa)-[(cex+cey+58)z-4(oexoey+oexﬁa—cexyz)]1/2}
(Eq. D4.1-5)

I-Sections (doubly-symmetric)
= o _+Q (Eq. D4.1-6)

=0 (Eq. D4.1-7)

In the above formulas

Oex = n’E/(KxLx/rx)z (Eq. D4.1-8)

cexy= UﬁEIxy)/(ALﬂ (Eq. D4.1-9)

Gey = n*E/(KyLy/ry)’ (Eq. D4.1-10)

o = 1/(Ar02)[GJ+n2ECw/(KtLt)2] (Eq. D4.1-11)

S ot+c‘1t (Eq. D&.1-12)

Q = B = Design shear rigidity for sheathing on both sides of the
wall assembly (Eq. D&4.1-12)

§ = Design shear rigidity for sheathing per inch of stud spacing
(see Table D&)

B = Stud spacing

6; = Q/A (Eq. D&4.1-13)

A = Area of full unreduced cross section

L = Length of stud

Q. = (Qd)/(4aryh) (Eq. D&.1-14)

d = Depth of section
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(c)

where

I = Product o
Xy

f inertia

To prevent shear failure of the sheathing, a value of Fn shall be

used in the following equations so that the shear strain of the

sheathing, y, does not exceed the permissible shear strain, V.

The shear strain, y, shall be determined as follows:

v = (n/L)(C,+(E,d/2)]

1

each section type:

(1) Singly-Symmetric Channels

C

L = (Fe)/(o

- 2p o - -
FnE(oex Fn)(ro Eo xoDo) Fnxo(Do ono):l

ey-Fn+Qa)

C., and E1 are the absolute values of C

1 _ R _ } X
(Gex Fn)ro(otQ Fn) (ano)
(2) Z-Sections
c. = Fn[co(cex-Fn)-Docexy]
1

(cey-Fn+Q

El = (FnEo)/(O

(3) I-Sections

Cl = (FnCo)/(o
El =0
where

X, = distance from shear center to centroid along principal

a)(cex-Fn)-ce

tQ-Fn)

ey-Fn+Qa)

in. (absolute value)

[0}

assumed to be at least

C
o

D
o]

Xy

2

L/350 in a direction parallel to the wall

L/700 in a direction perpendicular to the wall
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Eo = L/(dx10,000), rad., a measure of the initial twist of the stud
from the initial, ideal, unbuckled shape. - (Eq. D4.1-23)

If Fn > O.SFy, then in the definitions for Oy Toxr O and

y ex exy

S the parameters E and G shall be replaced by E' and G',
respectively, as dcfined below

El

/ - 2 -
4EFn(Fy Fn)/Fy (Eq . D4.1-24)

G' = G(E'/E) (Eq. D&4.1-25)

Sheathing parameters ﬁo and Y may be determined from representative
full-scale tests, conducted and evaluated as described by published
documented methods (see Commentary), or from the small-scale-test val-

ues given in Table D4.

TABLE D4

Sheathing Parameters(l)

- (3) -

. (2) 3o, Y
Sheathing k?ln. in./in.
3/8 to 5/8 in. thick gypsum 2.0 0.008
Lignocellulosic board 1.0 0.009
Fiberboard (regular or impregnated) 0.6 0.007
Fiberboard (heavy impregnated) 1.2 0.010

(1) The values given are subject to the following limitations:
All values are for sheathing on both sides of the wall assembly.
All fasteners are No. 6, type S-12, self-drilling drywall screws
with pan or bugle head, or equivalent, at 6-to 12-inch spacing.

(2) All sheathing is 1/2-inch thick except as noted.

(3) g= ﬁo(z-s/lz) (Eq. D4.1-26)
where s = fastener spacing, in.
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For other types of sheathing, q, and y may be determined conservatively
from representative small-specimen tests as described by published

documented methods (see Commentary).

D4.2 Wall Studs in Bending
For studs having identical sheathing attached to both flanges, and
*
neglecting any rotational restraint provided by the sheathing , the design

flexural strengths are ¢anx and ¢anyo as follows:

o
where
¢b = 0.95 for sections with stiffened or partially stiffened
compression flanges
= 0.90 for sections with unstiffened compression flanges
Mnxo and Mn = Nominal fiexural strengths about the centroidal axes

determined in accordance with Section C3.1, excluding

the provisions of Section €3.1.2 (lateral buckling)

D4.3 Wall Studs with Combined Axial Load and Bending
The required axial strength and flexural strengths shall satisfy the
interaction equations of Section C5 with the following redefined terms:
P = Nominal axial strength determined according to Section D&4.1

Mo« and Mny in Equations C5-1, C5-2, and C5-3 shall be replaced by

nominal flexural strengths, Mnxo and Mnyo’ respectively.

*Studs with sheathing on one flange only, or with unidentical sheathing
on both flanges, or having rotational restraint that is not neglected,
or having any combination of the above, shall be designed in accordance
with the same basic analysis principles used in deriving the provisions

of this Section.
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E. CONNECTIONS AND JOINTS

El General Provisions
Connections shall be designed to transmit the maximum forces resulting
from the factored loads acting on the connected member. Proper regard shall

be given to eccentricity.

E2 Welded Connections

The following LRFD design criteria govern welded connections used for
cold-formed steel structural members in which the thickness of the thinnest
connected part is 0.18 in. or less. For welded connections in which the
thickness of the thinnest connected part is greater than 0.18 in., refer to
the AISC's "Load and Resistance Factor Design Specification for Structural
Steel Buildings," September 1, 1986.

Except as modified herein, arc welds on steel where at least one of the
connected parts is 0.18 inch or less in thickness shall be made in accordance
with AWS D-1.3 (Reference 4 of Section A6) and its Commentary. Welders and
welding procedures shall be qualified as specified in AWS D1.3. These pro-
visions are intended to cover the welding positions as shown in Table E2.

The required strength on each weld shall not exceed the design strength,

®P_,
where
¢ = Resistance factor for arc welded connections defined in Sections E2.1
through E2.5.
Pn = Nominal strength of welds determined according to Sections E2.1 through

E2.5.
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The design strengths, ¢Pn, for resistance welds made in conformance with
the procedures given in AWS Cl1.1-66, "Recommended Practices for Resistance
Welding" or AWS C1.3-70, "Recommended Practice for Resistance Welding Coated

Low Carbon Steels" are given in Section E2.6.

TABLE E2
Welding Position
Square Fillet Flare- Flare-V
Connection Groove Arc Spot [Arc Seam Weld, Bevel Groove
Butt Weld Weld Weld Lap or T Groove Weld
F - F F F F
Sheet to H - H H H H
Sheet \% - - \% v \Y
OH - - OH OH OH
- F F F F -
Sheet to - - - H H -
Supporting - - - \ v -
Member - - - CH OH -

(F = flat, H = horizontal, V = vertical, OH = overhead)

E2.1 Groove Welds in Butt Joints
The design strength, ¢Pn, of a groove weld in a butt joint, welded
from one or both sides, shall be determined as follows:
(a) Tension or compression normal to the effective area or parallel to
the axis of the weld
¢ = 0.90
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P, = Lt F (Eq. E2.1-1)

(b) Shear on the effective area

® = 0.80

Pn = Lte(O.éFxx); and (Eq. E2.1-2)

® = 0.90 '

P = Lte(Fy/JE) (Eq. E2.1-3)
where

¢ = Resistance factor for welded connections

Pn = Nominal strength of a groove weld

Fxx= Strength level designation in AWS electrode classification

Fy = Specified minimum yield point of the lower strength base

steel
L = Length of weld
te = Effective throat dimension for groove weld

E2.2 Arc Spot Welds

Arc spot welds permitted by this Specification are for Qelding sheet
steel to thicker supporting members in the flat position. Arc spot welds
(puddle welds) shall not be made on steel where the thinnest connected part
is over 0.15 inch thick, nor through a combination of steel sheets having a
total thickness over 0.15 inch.

Weld washers, Figures E2.2(A) and E2.2(B), shall be used when the
thickness of the sheet is less than 0.028 inch. Weld washers shall have a

thickness between 0.05 and 0.08 inch with a minimum prepunched hole of

3/8-inch diameter.
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Arc spot welds shall be specified by minimum effective diameter of

fused area, de.lMinimum allowable effective diameter is 3/8 inch.

Arc Spot Weld

Weld Washer

Figure E2.2A Typical Weld Washer

Optional Lug //\

Washer \/ / //

=

Figure E2.2B Arc Spot Weld Using Washer

The design shear strength, mPn, of each arc spot weld between sheet

or sheets and supporting member shall be determined by using the smaller of

either

(a) d = 0.60

Pn = 0.589de2Fxx; or (Eq. E2.2-1)
(b) For (da/t) < 0.815J(E/Fu):

® = 0.60

P = 2.20tdaFu (Eq. E2.2-2)

For 0.815J(E/Fu) < (da/t) < 1.397J(E/Fu):

® = 0.50
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where

Note:

weld

part

min

P

For

n

(d

¢

P

n

0.280[1+5.59JE/Fu/(da/t)]tdaFu (Eq. E2.2-3)

a/t) 2 1.397J(E/Fu):

0.50

1.40tdaFu (Eq. E2.2-4)

Resistance factor for welded connections

Nominal shear strength of an arc spot weld

Visible diameter of outer surface of arc spot weld

Average diameter of the arc spot weld at mid-thickness of t
(where da = (d-t) for a single sheet, and (d-2t) for multiple
sheets (not more than four lapped sheets over a supporting
member)]

Effective diameter of fused area

0.7d-1.5t but < 0.55d (Eq. E2.2-5)
Total combined base steel thickness (exclusive of coatings) of
sheets involved in shear transfer

Stress level designation in AWS electrode classification
Tensile stréngth as specified in Section A3.1 or A3.2 or as

reduced for low-ductility steel

See Figures E2.2(C) and E2.2(D) for diameter definitions.

The distance measured in the line of force from the centerline of a

to the nearest edge of an adjacent weld or to the end of the connected

toward which the force is directed shall not be less than the value of

as given below:

e

mi

n

= Pu/(¢?ut) (Eq. E2.2-6)
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i

d, = d—t Fe—d —

2
.

de = 0.7d - 1.5t < 0.55d F— d,

(C) Arc Spot Weld —Single Thickness of Sheet

d, =d-—2t fe—d_ —

de = 0.7d - 1.5t < 0.55d q

(D) Arc Spot Weld—Double Thickness of Sheet

Figure E2.2C,D Arc Spot Welds

where

(63] = Resistance factor for welded connections

0.70 when F_/F = 1.15
u’ " sy

0.60 when F /F < 1.15
u’ sy

Pu = Required strength transmitted by weld
t = Thickness of thinnest connected sheet
Fsy = Yield point as specified in Sections A3.1 or A3.2

Note: See Figures E2.2(E) and E2.2(F) for edge distance of arc welds.
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(E) Single Sheet

(F) Double Sheet

Figure E2.2E,F Edge Distances for Arc Spot Welds

In addition, the distance from the centerline of any weld to the end
or boundary of the connected member shall not be less than 1.5d. In no case
shall the clear distance between welds and the end of member be less than
1.0d.

If it can be shown by measurement that a given weld procedure will
consistently give a larger effective diameter, de, or average diameter, da’

as applicable, this larger diameter may be used providing the particular

welding procedure used for making those welds is followed.
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— d b+ Width

Figure E2.3B Edge Distances for Arc Seam Welds

E2.3 Arc Seam Welds
Arc seam welds [Figure E2.3(A)] covered by this Specification apply
only to the following joints:
(a) Sheet to thicker supporting member in the flat position.
(b) Sheet to sheet in the horizontal or flat position.
The design shear strength, ¢Pn, of arc seam welds shall be determined

by using the smaller of either

(a) ¢ = 0.60
Pn = (nde2/4+Lde)(0.75Fxx); or (Eq. E2.3-1)
(b) ¢ = 0.60
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= + -
Pn 2.5tFu(0.25L 0.96da) (Eq. E2.3-2)
where
¢ = Resistance factor for welded connections
Pn = Nominal shear strength of an arc seam weld

d = Width of arc seam weld
L = Length of seam weld not including the circular ends (For

computation purposes, L shall not exceed 3d)

da = Average width of seam weld
where
da = (d-t) for a single sheet, and (Eq. E2.3-3)
(d-2t) for a double sheet (Eq. E2.3-4)
de = Effective width of arc seam weld at fused surfaces
de = 0.7d-1.5¢t (Eq. E2.3-5)

and Fu and Fxx are defined in Section E2.2. The minimum edge

distance shall be as determined in Section E2.2 for the arc spot

weld. See Figure E2.3(B).

E2.4 Fillet Welds

Fillet welds covered by this Specification apply to the welding of
joints in any position, either
(a) Sheet to sheet, or
(b) Sheet to thicker steel member.

The design shear strength, ¢Pn, of a fillet weld shall be determined
as follows:
(a) For longitudinal loading:

For L/t < 25:

¢ = 0.60
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Pn = (l-O.OlL/t)tLFu (Eq. E2.4-1)

o
]

0.75tLFu (Eq. E2.4-2)
(b) For transverse loading:

¢ = 0.60

P = tLF_ (Eq. E2.4-3)

Least value of t. or ty (see Figure E2.4)

where t

1

(A} Lap Joint (B) T—Joint w,

Figure E2.4 Fillet Welds

In addition, for t > 0.150 inch the design strength determined above

shall not exceed the following value of ¢Pn:

o = 0.60

P =0.75¢ LF (Eq. E2.4-4)
where

¢ = Resistance factor for welded connections

Pn = Nominal strength of a fillet weld

L = Length of fillet weld

tw = Effective throat = 0.7O7w1 or 0.7O7w2, whichever is smaller.
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A larger effective throat may be taken if it c.n be shown by
measurement that a given welding procedure will consistently
give a larger value providing the particular welding procedure
used for making the welds that are measured is followed.

W, and w, = leg on weld (See Figure E2.4)

F and F are defined in Section E2.2.
u XX

E2.5 Flare Groove Welds
Flare groove welds covered by this Specification apply to welding of
joints in any position, either:
(a) Sheet to sheet for flare-V groove welds, or
(b) Sheet to sheet for flare-bevel groove welds, or
{c) Sheet to thicker steel member for flare-bevel groove welds.
The design shear strength, ¢Pn, of a flare groove weld shall be de-
termined as follows:
(a) For flare-bevel groove welds, transverse loading (See Figure E2.5(A)):
¢ = 0.55

Pn = 0.833tLFu (Eq. E2.5-1)

Figure E2.5A Flare-Bevel Groove Weld
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(b) For flare groove welds, longitudinal loading (See Figures E2.5(B),
E2.5(C), and E2.5(D)):

(1) For t < t, < 2t or if the lip height is less than weld length, L:

¢ = 0.55

Pn = O.7StLFu (Eq. E2.5-2)
(2) For t. 2 2t and the lip height is equal to or greater than L:

¢ = 0.55

Pn = 1.50tLFu (Eq. E2.5-3)

S DM
L2207 722 2 e A

(D) Throat

Figure E2.5B,C,D Shear in Flare Groove Welds
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In addition, if t > 0.15 inch, the design strength determined above
shall not exceed the following value of ¢Pn:
¢ = 0.60
Pn = 0.75twLFxx (Eq. E2.5-4)
E2.6 Resistance Welds
The design shear strength, ¢Pn, of spot welding shall be determined

as follows:

® = 0.65
Pn = Tabulated value given in Table E2.6
TABLE E2.6
Nominal Shear Strength of Spot Welding
Thickness of Shear Strength Thickness of Shear Strength
Thinnest Outside per spot Thinnest Outside per spot
Sheet, in. kips Sheet, in. kips
0.010 0.125 0.080 3.325
0.020 0.438 0.094 4.313
0.030 1.000 0.109 5.988
0.040 1.425 0.125 7.200
0.050 1.650 0.188 10.000
0.060 2.275 0.250 15.000

E3 Bolted Connections
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The following LRFD design criteria govern bolted connections used for
cold-formed steel structural members in which the thickness of the thinnest
connected part is less than 3/16 inch. For bolted connections in which the
thickness of the thinnest connected part is equal to or greater than 3/16
inch, refer to AISC's "Load and Resistance Factor Design Specification for
Structural Steel Buildings," September 1, 1986.

Bolts, nuts, and washers shall generally conform to one of the following
specifications:

ASTM A307-84 (Type A), Carbon Steel Externally and Internally Threaded

Standard Fasteners

ASTM A325-84, High Strength Bolts for Structural Steel Joints

ASTM A354-84 (Grade BD), Quenched and Tempered Alloy Steel Bolts, Studs,
and Other Externally Threaded Fasteners (for diameter of bolt smaller
than 1/2 inch)

ASTM A449-84a, Quenched and Tempered Steel Bolts and Studs (for diameter
of bolt smaller than 1/2 inch)

ASTM A490-84, Quenched and Tempered Alloy Steel Bolts for Structural

Steel Joints

ASTM A563-84, Carbon and Alloy Steel Nuts
ASTM F436-86, Hardened Steel Washers.

When other than the above are used, drawings shall indicate clearly the
type and size of fasteners to be employed and the nominal strength assumed
in design.

Bolts shall be installed and tightened to achieve satisfactory perform-

ance of the connections involved under usual service conditions.
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The holes for bolts shall not exceed the sizes specified in Table E3,

except that larger holes may be used in column base details or structural

systems connected to concrete walls.

TABLE E3
Maximun Size of Bolt Holes, Inches
Nominal Standard Oversized Short-Slotted Long-Slotted
Bolt Hole Hole Hole Hole
Diameter, d|Diameter, dh Diameter, dh Dimensions Dimensions

in. in. in. in. in.
< 1/2 d+1/32 d+1/16 (d+1/32)by(d+1/4) | (d+1/32)by(2-1/24d)
21/2 d+1/16 d+1/8 (d+1/16)by(d+1/4) | (d+1/16)by(2~1/2d)

Standard holes shall be used in bolted connections, except that oversized
and slotted holes may be used as approved by the designer. The length of
slotted holes shall be normal to the direction of the shear load. Washers
or backup plates shall be installed over oversized or short-slotted holes

in an outer ply unless suitable performance is demonstrated by load tests

in accordance with Section F.

E3.1 Spacing and Edge Distance
The design shear strength, ¢Pn, of the connected part along two
parallel lines in the direction of applied force shall be determined as

follows:

P = teF (Eq. E3.1-1)

2 1.15:

(a) When Fu/Fsy
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¢ =10.70

(b) When Fu/FSy < 1.15:

$ = 0.60
where
¢ = Resistance factor
Pn = Nominal resistance per bolt
e = The distance measured in the line of force from the center

of a standard hole to the nearest edge of an adjacent hole
or to the end of the connected part
t = Thickness of thinnest connected part
F = Tensile strength of the connected part as specified in
Sections A3.1 or A3.2
= Yield point of the connected part as specified in Sections
A3.1 or A3.2

In addition, the minimum distance bepween centers of bolt holes shall
provide sufficient clearance for bolt heads, nuts, washers and the wrench
but shall not be 1éss than 3 times the nominal bolt diameter, d. Also, the
distance from the center of any standard hole to the end or other boundary
of the connecting member shall not be less than 1-1/2 d.

For oversized and slotted holes, the distance between edges of two
adjacent holes and the distance measured from the edge of the hole to the
end or other boundary of the connecting member in the line of stress shall
not be less than the value of [e-(dh/z)], in which e is the required distance
computed from the applicable equation given above, and dh is the diameter
of a standard hole defined in Table E3. In no case shall the clear distance
between edges of two adjacent holes be less than 2d and the distance between
the edge of the hole and the end of the member be less than d.
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E3.2 Tension in Connected Part
The design tensile strength, ¢Pn, on the net section of the connected
part shall be determined as follows:

(a) Washers are provided under both the bolt head and the nut

Pn = (1.0-0.9r+3rd/s)FuAn < FuAn (Eq. E3.2-1)
¢ = 0.65 for double shear connection
¢ = 0.55 for single shear connection

(b) Either washers are not provided under the bolt head and nut, or only
one washer is provided under either the bolt head or nut
¢ = 0.65
Pn = (1.0-r+2.5rd/s)FuAn s FuAn (Eq. E3.2-2)

In addition, the design tensile strength shall not exceed the fol-

lowing values:

¢ =0.95

Prl = FyAn (Eq. E3.2-3)
where

An = Net area of the connected part

r = Force transmitted by the bolt or bolts at the section

considered, divided by the tension force in the member at
that section. If r is less than 0.2, it may be taken equal
to zero.

s = Spacing of bolts perpendicular to line of stress. In the case
of a single bolt, s = Width of sheet

F = Tensile strength of the connected part as specified in
Sections A3.1 or A3.2

Fy = Yield point of the connected part

d and t are defined in Section E3.1
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E3.3 Bearing
The design bearing strength, ¢Pn, shall be determined by the values
of ¢ and Pn given in Tables E3.3-1 and E3.3-2 for the applicable thickness
and Fu/FSy ratio of the connected part and the type of joint used in the
connection.
In Tables E3.3-1 and E3.3-2, the symbols ¢, Pn’ d, Fu and t were
previously defined. For conditions not shown, the design bearing strength

of bolted connections shall be determined by tests.

TABLE E3.3-1
Nominal Bearing Strength for Bolted Connections
with Washers Under Both Bolt Head and Nut

Thickness of Fu/FSY ratio of | Resistance| Nominal
Connected Part | Type of Joint Factor |Resistance
in. Connected Part ¢ Pn

Inside sheet of 21.15 0.55 3.33Fudt
double shear
2 0.024 connection - < 1.15 0.65 3.00Fudt
but
< 3/16 Single shear
and outside
sheets of No limit 0.60 3.00F dt
double shear u
connection
2 3/16 See AISC LRFD Specification
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TABLE E3.3-2
Nominal Bearing Strength for Bolted Connections
Without Washers Under Both Bolt Head and Nut,

' or With Only One Washer

Thickness of F /F ratio of | Resistance| Nominal
Connected Part | Type of Joint uosy Factor |Resistance)
in. Connected Part oo} Pn

Inside sheet of
double shear 21.15 0.70 3.00F dt
=2 0.036 connection u
but
< 3/16 Single shear
and outside
sheets of 21.15 0.65 2.22F dt
double shear "
connection
2 3/16 See AISC LRFD Specification

E3.4 Shear and Tension in Bolts

The required bolt strength in shear or tension shall not exceed the

design strength, ¢Pn, determined as follows:

¢ = Resistance factor given in Table E3.4-1

P =

where

o>
il

or washer should be considered where bolt tension is involved,

E5.2.

n AbFn

F_is given by an or Fnt
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Gross cross-sectional area of bolt

in Table E3.4-1.

(Eq. E3.4-1)

pullover strength of the connected sheet at the bolt head, nut

see Section



TABLE E3.'-1
Nominal Tensile and Shear Strengths for Bolts

—

Tensile Strength Shear Strength"
Description of Bolts

esistance |{Nominal Resistance | Nominal

Factor ¢ Stress Factor ¢ Stress
F
nt nv
A307 Bolts, Grade A
(1/4 in. £ d < 1/2 in.) 0.75 40.5 0.65 24.0
A307 Bolts, Grade A
(d 2 1/2 in.) 45.0 27.0

A325 bolts, when threads
are not excluded 90.0 54.0
from shear planes

A325 bolts, when threads
are excluded 90.0 72.0
from shear planes

A354 Grade B Bolts
(1/4 in. £ d < 1/2 in.), 101.0 59.0
when threads are not
excluded from shear planes

A354 Grade B Bolts (1/4 in.
< d < 1/2 in.), when threads 101.0 30.0
are excluded from shear planes

A449 Bolts (1/4 in. < d < 1/2
in.), when threads are not 81.0 47.0
excluded from shear planes

A449 Bolts (1/4 in. < d <
1/2 in.), when threads are 81.0 72.0
excluded from shear planes :

A490 Bolts, when threads
are not excluded 112.5 67.5

from shear planes

A490 Bolts, when threads
are excluded 112.5 90.0

from shear planes

t
1

*Applies to bolts in holes as limited by Table E3. Washers or back-up plates
shall be installed over long-slotted holes and the capacity of connections
using long-slotted holes shall be determined by load tests in accordance with

Section F.
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When bolts are subject to a combination of shear and tension produced
by factored loads, the required tension strength shall not exceed the design

where F'n is given in

p— —_— 1]
strength, ¢Pn, based on ¢ = 0.75 and Pn = AbF t

nt’
Table E3.4-2, in which fV is the shear stress produced by the same factored

loads. The required shear strength shall not exceed the design shear

strength, ¢Aban, determined in accordance with Table E3.4-1.

TABLE E3.4-2

Nominal Tension Stress, F' for Bolts

nt’

Subject to the Combination of Shear and Tension

Threads Not Excluded Threads Excluded from
Description of Bolts from Shear Planes Shear Planes
A325 Bolts 113-2.4fV < 90 113—1.9fv < 90
A354 Grade BD Bolts 127-2.4fv < 101 127-1.9fv < 101
A449 Bolts 101-2.4fV < 81 101—1.9fv < 81
A490 Bolts 141-2.AfV < 112.5 141-1.9fV < 112.5

A307 Bolts, Grade A
when 1/4 in. < 4 < 1/2

in. 47-2.4fv < 40.5

when d 2 1/2 in. 52~2.4fv < 45

E4 Shear Rupture
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At beam-end connections, where one or more flanges are coped and failure
might occur along a plane through the fasteners, the required shear strength

shall not exceed the design shear strength ¢Vn.

where
¢ =0.75
Vn = 0.6FuAwn (Eq. E4-1)
Awrl = (dwc'ndh)t , (Eq. E4-2)
dwc = Coped web depth
n = Number of holes in the critical plane
dh = Hole diameter
Fu = Tensile strength as specified in Sections A3.1 or A3.2
t = Thickness of coped web

ES5 Connections to Other Materials

E5.1 Bearing

Proper provisions shall be made to transfer bearing forces resulting
from axial loads and moments from steel components covered by the Specifi-
cation to adjacent structural components made of other materials. The re-
quired bearing strength in the contact area shall not exceed the design
strength, ¢CPp.

In the absence of code regulations, the design bearing strength on

concrete may be taken as ¢CPP:
On the full area of a concrete support---------- Pp = 0.85f'CA1
On less than the full area of a concrete

SUpPOrt===========c--------ce-o-e--sooo- P, = 0.85¢ A B TE

where
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$ = 0.60

f'c = Specified compression strength of concrete
A1 = Bearing area
A2 = Full cross-sectional area of concrete support

The value of A2/A1 shall not exceed 2.

E5.2 Tensijion

The pull-over shear/tension forces in the steel sheet around the head
of the fastener should be considered as well as the pull-out force resulting
from factored axial loads and bending moments transmitted onto the fasterner
from various adjacent structural components in the assembly.

The nominal tensile strength of the fasterner and the nominal
imbedment strength of the adjacent structural component shall be determined

by applicable product code approvals, or product specifications and/or

product literature.

E5.3 Shear

Proper provisions shall be made to transfer shearing forces from steel
components covered by this Specification to adjacent structural components
made of other materials. The required shear and/or bearing strength on the
steel components shall not exceed that allowed by this Specification. The
design shear strength on the fasteners and other material shall not be ex-
ceeded. Imbedment requirements are to be met. Proper provision shall also

be made for shearing forces in combination with other forces.
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F. TESTS FOR SPECIAL CASES
(a) Tests shall be made by an independent testing laboratory or by a
testing laboratory of a manufacturer.
(b) The provisions of Chapter F do not apply to cold-formed steel

diaphragms.

F1 Tests for Determining Structural Performance

Where the composition or cdnfiguration of elements, assemblies, con-
nections, or details of cold-formed steel structural members are such that
calculation of their load-carrying capacity or deflection cannot be made in
accordance with the provisions of this Specification, their structural per-
formance shall be established from tests and evaluated in accordance with
the following procedure.

(a) Where practicable, evaluation of the test results shall be made on the
basis of the average value of test data resulting from tests of not
fewer than four identical specimens, provided the deviatipn of any in-
dividual test result from the average value obtained from all tests does
not exceed +10 percent. If such deviation from the average value exceeds
10 percent, at least three more tests of the same kind shall be made.
The average value of all tests made shall then be regarded as the pre-
dicted capacity, RP’ for the series of the tests. The mean value and
the coefficient of variation of the tested-to-predicted load ratios for
all tests, Pm and VP, shall be deﬁermined for statistical analysis.

(b) The load-carrying capacity of the tested elements, assemblies,
connections, or members shall satisfy Eq. F1-1.

®Rp, = Iy, Q, / (Eq. F1-1)

where
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ZyiQ = Required resistance based on the most critical load
combination determined in accordance with Section A5.1.4.

' and Qi are load factors and load effects, respectively.

RP = Average value of all test results
¢ = Resistance factor
*
= - 2 2 2 2 -
1.5(M F P )exp(-B V) +VE*+CpVp +Vo?) (Eq. F1-2)
Mm = Mean value of the material factor listed in Table F1 for

the type of component involved
F = Mean value of the fabrication factor listed in Table F1
for the type of component involved
P = Mean value of the tested-to-predicted load ratios determined
in Section F1l(a)
B = Target reliability index
= 2.5 for structural members and 3.5 for connections
\Y = Coefficient of variation of the material factor listed
in Table F1 for the type of component involved
\ = Coefficient of variation of the fabrication faétor listed

in Table F1 for the type of component involved

CP = Correction factor
= (n-1)/(n-3) (Eq. F1-3)
VP = Coefficient of variation of the tested-to-predicted load

ratios determined in Section F1l(a)

*For beams having tension flange through-fastened to deck or sheathing
and with compression flange laterally unbraced, ¢ shall be determined

with a coefficient of 1.6 in lieu of 1.5, Bo = 1.5, and VQ = 0.43.
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Table F1

Statistical Data for the Determination of Resistance Factor

Type of Component

Transverse Stiffeners
Shear Stiffeners
Tension Members
Flexural Members
Bending Strength

Lateral Buckling Strength

One Flange Through-Fastened to Deck or Sheathingl.

Shear Strength

Combined Bending and Shear

Web Crippling Strength

Combined Bending and Web Crippling
Concentrically Loaded Compression Members
Combined Axial Load and Bending
Cylindrical Tubular Members

Bending Strength

Axial Compression
Wall Studs and Wall Stud Assemblies
Wall Studs in Compression

Wall Studs in Bending

Wall Studs with Combined Axial Load and Bending 1.
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Table F1 (Continued)

Statistical Data for the Determination of Resistance Factor

Type of Component

m M m F

Welded Connections
Arc Spot Welds

Shear Strength of Welds .10 .10 .00 .10

Plate Failure .10 .08 .00 .15
Arc Seam Welds

Shear Strength of Welds .10 .10 .00 .10

Plate Tearing .10 .10 .00 .10
Fillet Welds

Shear Strength of Welds .10 .10 .00 .10

Plate Failure .10 .08 .00 .15
Flare Groove Welds

Shear Strength of Welds .10 .10 .00 .10

Plate Failure .10 .10 .00 .10
Resistance Welds .10 .10 .00 .10
Bolted Connections
Minimum Spacing and Edge Distance .10 .08 .00 .05
Tension Strength on Net Section .10 .08 .00 .05
Bearing Strength .10 .08 .00 .05

103



= Number of tests

o}
[

<
1]

Coefficient of variation of the load effect
= 0.21

The listing in Table F1 does not exclude the use of other documented
statistical data if they are established from sufficient results on
material properties and fabrication*.

For steels not listed in Section A3.1, the values of Mm and VM shall
be determined by the statistical analysis for the materials used.

When distortions interfere with the proper functioning of the speci-
men in actual use, the load effects based on the critical load combi-
nation at the occurence of the acceptable distortion shall also satisfy
Eq. F1-1, except that the resistance factor ¢ is taken as unity and
that the load factor for dead load may be taken as 1.0.

¢) 1If the yield point of the steel from which the tested sections are

formed is larger than the specified value, the test results shall be
adjusted down to the specified minimum yield point of the steel which
the manufacturer intends to use. The test results shall nét be adjusted
upward if the yield point of the test specimen is less than the minimum
specified yield point. Similar adjustments shall be made on the basis
of tensile strength instead of yield point where tensile strength is
the critical factor.

Consideration must also be given to any variation or differences which

may exist between the design thickness and the thickness of the specimens

used in the tests.

*See Reference 36 of the Commentary.
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F2 Tests for Confirming Structural Performance

For structural members, connections, and assemblies whotce capacities can
be computed according to this Specification or its specific references,
confirmatory tests may be made to demonstrate the load-carrying capacity not
less than the nominal resistance, Rn’ specified in this Specification or its

specific references for the type of behavior involved.

F3 Tests for Determining Mechanical Properties

F3.1 Full Section
Tests for determination of mechanical properties of full sections to
be used in Section A5.2.2 shall be made as specified below:

(a) Tensile testing procedures shall agree with Standard Methods and
Definitions for Mechanical Testing of Steel Products, ASTM A370-77.
Compressive yield point determinations shall be made by means of
compression tests of short specimens of the section.

(b) The compressive yield stress shall be taken as the smaller value of
either the maximum compressive strength of the sections divided by
the cross section area or the stress defined by one of the following
methods:

(1) For sharp yielding steel, the yield point shall be determined by
the autographic diagram method or by the total strain under load
method.

(2) For gradual yielding steel, the yield point shall be determined
by the strain under load method or by the 0.2 percent offset
method.

wWhen the total strain under load method is used, there shall be
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evidence that the yield point so determined agrees within 5
percent with the yield point which would be determined by the
0.2 percent offset method.

(c) Where the principal effect of the loading to which the member will be
subjected in service will be to produce bending stresses, the yield
point shall be determined for the flanges only. In determining such
yield points, each specimen shall consist of one complete flange plus
a portion of the web of such flat width ratio that the value of p for
the specimen is unity.

(d) For acceptance and control purposes, two full section tests shall be
made from each lot of not more than 50 tons nor less than 30 tons of
each section, or one test from each lot of less than 30 tons of each
section. For this purpose a lot may be defined as that tonnage of one
section that is formed in a single production run of material from
one heat.

(e) At the option of the manufacturer, either tension or compression
tests may be used for routine acceptance and control purposes,
provided the manufacturer demonstrates that such tests reliably
indicate the yield point of the section when subjected to the kind

of stress under which the member is to be used.

F3.2 Flat Elements of Formed Sections
Tests for determining mechanical properties of flat elements of
formed sections and representative mechanical properties of virgin steel to

be used in Section A5.2.2 shall be made in accordance with the following

provisions:
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The yield point of flats, F shall be established by means of a

y£’
weighted average of the yield points of standard tensile coupons taken
longitudinally from the flat portions of a representative cold-formed mem-
ber. The weighted average shall be the sum of the products of the average
yield point for each flat portion times its cross-sectional area, divided
by the total area of flats in the cross section. The exact number of such
coupons will depend on the shape of the member, i.e., on the number of flats
in the cross section. At least one tensile coupon shall be taken from the
middle of each flat. If the actual virgin yield point exceeds fhe specified
minimum yield point, the yield point of the flats, Fyf’ shall be adjusted

by multiplying the test values by the ratio of the specified minimum yield

point to the actual virgin yield point.

F3.3 Virgin Steel

The following provisions apply to steel produced to other than the
ASTM Specifications listed in Section A3.1 when used in sections for which
the increased yield point of the steel after cold forming shail be computed
from the virgin steel properties according to Section A5.2.2. For acceptance
and control purposes, at least four tensile specimens shall be taken from
each lot as defined in Section F3.1(d) for the establishment of the repre-
sentative values of the virgin tensile yield point and ultimate strength.

Specimens shall be taken longitudinally from the quarter points of the width

near the outer end of the coil.
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COMMENTARY ON THE

LOAD AND RESISTANCE FACTOR DESIGN SPECIFICATION
OR

COLD-FORMED STEEL STRUCTURAL MEMBERS

INTRODUCTION

In the design of steel buildings, the "Allowable Stress Design Criteria"
have long been used for the design of cold-formed steel structural members
in the United States and other countries. Even though the theoretical con-
cept of reliability analysis has been available for some time and the sig-
nificance of such a concept in structural safety and design is well
recognized, the probabilistic method has not yet been explicitly adopted as
a basis for the American design standard for cold-formed steel structures.

Recently, the load and resistance factor design (LRFD) criteria have
been developed for steel buildings using hot-rolled shapes and built-up
members fabricated from steel plates. It became evident that the development
of a new specification for load and resistance factor design of cold-formed
steel is highly desirable because the design criteria for heavy hot-rolled
steel construction cannot possibly cover the design features of thin-walled,
cold-formedvsteel construction completely.

Since 1976, a joint project has been conducted at University of
Missouri-Rolla and Washington University to develop the new design criteria

for cold-formed steel structural members and connections based on the prob-

abilistic approach.
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The Load and Resistance Factor Design criteria developed on the basis
of the 1986 Edition of the AISI Specification for allowable stress design
are included in Sections A through F of this Specification.

This commentary contains a brief presentation of the methodology used
for the development of the load and resistance factor design criteria. In
addition, it provides a record of the reasoning behind, and the justification
for, various provisions of the Specification. For detailed background in-

formation, reference is made to the research reports given in the bibli-

ography.
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A. GENERAL PROVISIONS

Al Limits of Applicability and Terms

Section Al of the LRFD Specification is essentially the same as Section
Al of the AISI Specification for allowable stress design. The definitions
and various terms used for the LRFD criteria are the same as that used for

the allowable stress design.

A2 Non-Conforming Shapes and Constructions

Section AZ of the LRFD Specification is essentially the same as Section

A2 of the AISI Specification for allowable stress design.

A3 Material

This Section is essentially the same as Section A3 of the AISI Spec-
ification for allowable stress design.

In lieu of the tensile-to-yield strength limit of 1.08, the Specifica-
tion permits the use of elongation requirements using the measurement tech-
nique as given in Ref. 1, and Part VII of the Manual. Because of limited
experimental verification of the structural performance of members using
materials having a tensile-to-yield strength ratio less than 1.08 (Ref. 2),
the Specification limits the use of this material to purlins and girts
meeting the elastic design requirements of Sections C3.1.1(a), C3.1.2, and
C3.1.3. Thus, the use of such steel in other applications (compression mem-
bers, tension members, other flexural members including those whose strength
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is based on inelastic reserve capacity, etc.) is prohibited. However, in
purlins and girts, concurrent axial loads of relatively small magnitude are
acceptable providing the requirements of Section C5 are met and Pu/¢an does

not exceed 0.15.

A4 Loads

This Section is the same as Section A4 of the AISI Specification for
allowable stress design.

With regard to ponding, design guidance can be found from Section K2
of the AISC Load and Resistance Factor Design Specification for Structural

Steel Buildings (Ref. 3).

AS Structural Analysis and Design

A5.1 Design Basis

The current method of designing cold-formed steel structural members,
as presented in the 1986 AISI Specification (Ref. 4), is based on the Al-
lowable Stress Design method. In this approach, the forces (bending moments,
axial forces, shear forces) in structural members are computed by accepted
methods of structural analysis for the specified working loads. These member
forces or moments should not exceed the allowable values permitted by the
AISI Specification. The AISI allowable load or moment is determined by di-
viding the nominal load or moment at a limit state by a factor of safety.
Usual factors of séfety inherent in the AISI Specification for the Design
of Cold-Formed Steel Structural Members are 5/3 for beams and 23/12 for

columns.
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A limit state is the condition at which the structural usefulness of a
load-carrying element or member is impaired to such an extent that it becomes
unsafe for the occupants of the structure, or the element no longer performs
its intended function. Typical limit states for cold-formed steel members
are excessive deflection, yielding, buckling and attainment of maximum
strength after local buckling (i.e., post-buckling strength). These limit
states have been established through experience in practice or in the labo-
ratory, and they have been thoroughly investigated through analytical and
experimental research. The background for the establishment of the limit
states is extensively documented in the Commentary on the AISI Specification
(Refs. 5 and 6)(see also Refs. 7 and 8), and a continuing research effort
provides further improvement in understanding them.

The factors of safety are provided to account for the uncertainties and
variabilities inherent in the loads, the analysis, the limit state model,
the material properties, the geometry, and the fabrication. Through experi-
ence it has been established that the present factors of safety provide
satisfactory design.

The allowable stress design method employs only one factor of safety
for a limit state. The use of multiple load factors provides a refinement
in the design which can account for the different degrees of the uncertain-
ties and variabilities of the design parameters. Such a design method is

called Load and Resistance Factor Design, and its format is expressed by the

following criterion:

CAS.1-1
¢Rn 2 ZyiQi ( )
where
R = the nominal resistance
n
¢ = resistance factor
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Y. load factors

1

Q. load effects

i

The nominal resistance is the strength of the element or member for a
given limit state, computed for nominal section properties and for minimum
specified material properties according to the appropriate analytical model
which defines the strength. The resistance factor ¢ accounts for the un-
certainties and variabilities inherent in the Rn’ and it is usually less than
unity. The load effects Qi are the forces on the cross section (bending mo-
ment, axial force, shear force) determined from the specified minimum loads
by structural analysis, and y; are the correséonding load factors which ac-
count for the uncertainties and variabilities of the loads. The load factors
are greater than unity.

The advantages of LRFD are: (1) the uncertainties and the variabilities
of different types of loads and resistances are different (e.g., dead load
is less variable than wind load), and so these differences can be accounted
for by use of multiple factors, and (2) by using probability theory designs
can ideally achieve a more consistent reliability. Thus LRFD provides the

basis for a more rational and refined design method than is possible with

the Allowable Stress Design method.

Probabilistic Concepts

Factors of safety or load factors are provided against the uncertainties
and variabilities which are inherent in the design process. Structural cesign
consists of comparing nominal load effects Q to nominal resistances R, but
both Q and R are random parameters (see Fig. CA5.1-1). A limit state is vi-
olated if R < Q. While the possibility of this event ever occurring is never
zero, a successful design should, nevertheless, have only an acceptably small
probability of exceeding the limit state. If the exact probability distrib-
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utions of Q and R were known, then the probability of (R - Q) < 0 could be
exactly determined for any design. In general the distributions of Q and R
are not known, and only the means, Qm and Rm, and the staﬁdard deviations,
OQ and op are available. Nevertheless it is possible to determine relative
reliabilities of several designs by the scheme illustrated in Fig. CA5.1-2.
The distribution curve shown is for 1n(R/Q), and a limit state is exceeded
when 1n(R/Q) < 0. The area under 1n(R/Q) < 0 is the probability of violating
the limit state. The size of this area is dependent on the distance between
the origin and the mean of 1n(R/Q). For given statistical data Rm, Qm, op
and GQ’ the area under In(R/Q) < 0 can be varied by changing the value of

B (Fig. CA5.1-2), since Bo = 1n(R/Q), from which approximately

1In(R/Q)
In(R_/Q )
B = (CAS.1-2)
v, 2+y 2
R 'Q
where VR = oR/Rm and VQ = OQ/Qm, the coefficients of variation of R and Q,

respectively. The index B is called the 'reliability index", and it is a
relative measure of the safety of the design. When two designs are compared,
the one with the larger B is more reliable.

The concept of the reliability index can be used in determining the
relative reliability inherent in current design, and it can be used in
testiﬂg out the reliability of new design formats, as illustrated by the

following example of simply supported, braced beams subjected to dead and

live loading.
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Probability Density

A '

Load Effect Q [ . 1 Resistance R

-

Fig. CAS5.1-1 Definition of the Randomness of Q and R

& ' . La(R/Q)

L o

0
C:r:babiu:y of exceeding a limic scace

Fig. CA5.1-2 Definition of the Reliability Index B
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The design requirement of the 1986 AISI Specification for such a beam

is

5.Fy/FS = (L%s/8)(D_+L ) . (CAs.1-3)
where

Se = elastic section modulus based on the effective section

FS = 5/3 = the factor of safety for bending

Fy = specified yield point

L = span length, and s = beam spacing

Dn and Ln are, respectively, the code specified dead and live

load intensities.
The mean resistance is defined as (Ref. 9)
R, =R (PMF) (CA5.1-4)
In this equation Rn is the nominal resistance, which in this case is
R =S F (CA5.1-5)
n ey
that is, the nominal moment predicted on the basis of the post-buckling
strength of the compression flange. The mean values Pm, Mm, and Fm, and the

corresponding coefficients of variation VP’ VM and VF’ are the statistical

parameters which define the variability of the resistance:

Pm = the mean ratio of the experimentally determined moment
to the predicted moment for the actual material and
cross-sectional properties of the test specimens

Mm = mean ratio of the yield point to the minimum specified
value

Fm = mean ratio of the actual section modulus to the

specified (nominal) value

The coefficient of variation of R equals
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= ’ 2,4 2,4 2 )
VR = VP +VM +VF (CA5.1-6)

The values of these data were obtained from examining the available
tests on beams having different compression flanges with partially and fully
effective flanges and webs, and from analyzing data on yield point
values from tests and cross-sectional dimensions from many measurements.

This information was developed in Ref. 10 and is given below:

P =1.11, vV, =0.09; M =1.10, V, =0.10; F = 1.0, V_, = 0.05 and thus
m P m M m F
R = 1.22R_and V, = 0.14.
m n R
The mean load effect is equal to
= (12 -
Qm = (L s/8)(Dm+Lm) (CAS5.1-7)
and
Joo v v)®
V. = (CA5.1-8)
Q D +L
m m

where D and L are the mean dead and live load intensities, respectively,
m m

and VD and VL are the corresponding coefficients of variation.

Load statistics have been analyzed in Ref. 11, where it was shown that

=0.1; L =1L, V, =0.25.

Dm = l'OSDn’ \ m n

D

The mean live load intensity equals the code live load intensity if the
tributary area is small enough so that no live load reduction is included.

Substitution of the load statistics into Eqs. CA5.1-7 and CA5.1-8 gives

125 [ 1.05D_
Q = —| — P+ 1)L (CA5.1-9)
m n

8 L
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20 2.4 2
. J(l.OSDn/Ln) Vp L

(1.05Dn/Ln+l)

Qm and VQ thus depend on the dead-to-live load ratio. Cold-formed beams
typically have small Dn/Ln’ and for the purposes of checking the reliability
of these LRFD criteria it will be assumed that Dn/Ln = 1/5, and so Qm =

1.21Ln(Lzs/8) and V. = 0.21.

Q
From Eq. CA5.1-3 we obtain the nominal design capacity for Dn/Ln =1/5

and FS = 5/3. Thus
R 1.22x2.0an(L25/8)

2= > = 2.02
Q, 1.21L (L7s/8)

and, from Eq. CA5.1-2

1n(2.02)

B: = 2.79
Jo.14%+0.212

Of itself B = 2.79 for beams having different compression flanges with

partially and fully effective flanges and webs designed by the 1986 AISI
Specification means nothing. However, when this is compared to B for other
types of cold-formed members, and to B for designs of various types from
hot-rolled steel shapes or even for other materials, then it is possible to

say that this particular cold-formed steel beam has about an average reli-

ability (Ref. 12).
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Basis for LRFD of Cold-Formed Steel Structures

A great deal of work has been performed for determining the values of
the reliability index B inherent in traditional design as exemplified by the
current structural design specifications such as the AISC Specification for
hot-rolled steel, the AISI Specification for cold-formed steel, the ACI Code
for reinforced concrete members, etc. The studies for hot-rolled steel are
summarized in Ref 9, where also many further papers are referenced which
contain additional data. The determination of B for cold-formed steel ele-
ments or members is presented in Refs. 10 and 13 through 17., where both the
basic research data as well as the B's inherent in the AISI Specification
are presented in great detail. The B's computed in the above referenced
publications were developed with slightly different load statistics than
those of this Commentary, but the essential conclusions remain the same.

The entire set of data for hot-rolled steel and cold-formed steel de-
signs, as well as data for reinforced concrete, aluminum, laminated timber,
and masonry walls was re-analyzed in Refs. 11, 12 and 18 by using a) updated
load statistics and b) a more advanced level of probability analysis which
was able to incorporate probability distributions which describe the true
distributions more realistically. The details of this extensive reanalysis
are presented in Refs. 11, 12 and 18 and also only the final conclusions from
the analysis are summarized here:

1) The values of the reliability index B vary considerably for the
different kinds of loading, the different types of construction, and the

different types of members within a given material design specification.

In order to achieve .more consistent reliability, it was suggested in Ref.
18 that the following values of B would provide this improved consistency

while at the same time give, on the average, essentially the same design by
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the new LRFD method as is obtained by current design for all materials of

construction. These target reliabilities Bo for use in LRFD are:

Basic case: Gravity loading, Bo = 3.0
For connections: Bo = 4.5
For wind loading: Bo = 2.5

These target reliability indices are the ones inherent in the 1load
factors recommended in the ANSI A58.1-82 Load Code (Ref. 19).

For cold-formed simply supported, braced steel beams with stiffened
flanges, which were designed according to the 1986 AISI allowable stress
design specification or to any previous version of this specification, it
was shown above that for the representative dead-to-live load ratio of 1/5
the reliability index B = 2.8. Considering the fact that for other such load
ratios, or for other types of members, the reliability index inherent in
current cold-formed steel construction could be more or less than this value
of 2.8, a somewhat lower target reliability index of BO = 2.5 is recommended
as a lower limit for the new LRFD Specification. The resistance factors ¢
were selected such that Bo = 2.5 is essentially the lower bound of the actual
B's for members. In order to assure that failure of a structure is not ini-

tiated in the connections, a higher target reliability of BO = 3.5 is re-

commended for joints and fasteners. These two targets of 2.5 and 3.5 for

members and connections, respectively, are somewhat lower than those recom-

mended by ANSI A58.1-82 (i.e., 3.0 and 4.5, respectively), but they are es-

sentially the same targets as are the basis for the 1986 AISC LRFD

Specification (Ref. 3).
2) The following load factors and load combinations were developed in
Refs. 11 and 18 to give essentially the same B's as the target Bo's, and are
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recommended for use with the 1982 ANSI Load Code (Ref. 19) for all materials,

including cold-f
1.

2.

where

In view of

ormed steel:
1.4D
n
1.2D +1.6L +0.5(L or S or R_ )
n n rn n rn
1.2D +1.6(L or S or R_)+(0.5L_ or 0.8W )
n rn n rn n n
1.2D +1.3W _+0.5L +0.5(L or S or R )
n n n rn n rn
1.2D +1.5E +(0.5L_ or 0.2S5 )
n n n n

0.9D -(1.3W_ or 1.5E )
n n n

= nominal dead load

= nominal earthquake load

= nominal live load due to occupancy;

weight of wet concrete for composite construction

= nominal roof live load

= nominal roof rain load

= nominal snow load

= nominal wind load

the fact that the dead load of cold-formed steel structures

is usually smaller than that of heavy construction, the first case of load

combinations included in Section A5.1.4 of the Specification is (1.4Dn+Ln)

instead of the A

the ANSI Code wh

Because of

NSI value of 1.4Dn. This AISI requirement is identical with
en L =0.
n

special circumstances inherent in cold-formed steel struc-

tures, the following additional LRFD criteria apply for roof, floor and wall

construction using cold-formed steel:

a) For roof and floor composite construction
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1.2D +1.6C _+1.4C
n wn n

where

(@}
It

wn nominal weight of wet concrete during construction

Q
]

nominal construction load, including equipment, workmen
and formwork, but excluding the weight of the wet
concrete.

This suggestion provides safe construction practices for cold-formed steel
decks and panels which otherwise may be damaged during construction. The load
factor used for the weight of wet concrete is 1.6 because it is frequently
dumped into a pile or impacted onto the deck. An individual sheet can be
subjected to this load. The use of a load factor of 1.4 for the construction
load reflects a general practice of 337 strength increase for concentrated
loads.

It should be noted that for the third case of load combinations, the
load factor used for the nominal roof live load, Lrn’ in Section A5.1.4 of
the AISI Specification is 1.4 instead of the ANSI value of 1.6. The use of
a relatively small load factor is because the roof live load is due to the
presence of workmen and materials during repair operations and, therefore,
can be considered as a type of construction load.

b) For roof and wall construction, the load factor for the nominal
wind load Wn to be used for the design of individual purlins, girts, wall
panels and roof decks should be multiplied by a reduction factor of 0.9 be-
cause these elements are secondary members subjected to a short duration of
wind load and thus can be designed for a smaller reliability than primary
members such as beams and columns. For example, the reliability index of a

wall panel under wind load alone is approximately 1.5 with this reduction
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factor. With this reduction factor designs comparable to current practice
are obtained.

Deflection calculations for serviceability criteria should be made with
the appropriate unfactored loads.

The load factors and locad combinations given above are recommended for
use with the LRFD criteria for cold-formed steel. The following portions of
this Commentary present the background for the resistance factors ¢ which
are recommended in Section AS5.1.5 for the various members and connections
in Sections B, C, D and E. These ¢ factors are determined in conformance
with the load factors given above to approximately provide a target Bo of
2.5 for members and 3.5 for connections, respectively, for the load combi-
nation 1.2Dn+1.6Ln. For practical reasons it is desirable to have relatively
few different resistance factors, and so the actual values of B will differ
from the derived targets. This means that

¢Rn = c(l.ZDn+1.6Ln) = (1.2Dn/Ln+1.6)an (CA5.1-11)
where ¢ is the deterministic influence coefficient translating load inten-

sities to load effects.

By assuming Dn/Ln = 1/5, Egqs. CA5.1-11 and CA5.1-9 can be rewritten as

follows:
Rn = 1.84(an/¢) (CA5.1-12)
Qm = (1.0.‘>Dn/Ln+1)<:Ln = 1.21cLrl (CA5.1-13)
Therefore,
Rm/Qm = (1.521/¢)(Rm/Rn) (CA5.1-14)

The ¢ factors can be computed from Eq. CA5.1-14 and the following equation

by using VQ = 0.21:

1n(Rm/Qm)
Target Bo = i (CA5.1-15)

VR +VQ
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A5.2 Yield Point and Strength Increase from Cold Work of Forming
This section is the same as Section A5.2 of the 1986 AISI Specification.
The following statistical data (mean values and coefficients of vari-
ation) on material and cross-sectional properties were develpoed in Refs.

13 and 14 for use in the derivation of the resistance factors ¢:

(Fy)m = 1.10Fy; M= 1.10; va = Vy = 0.10
(Fya)m = 1.10Fya; M= 1.10; vaa = Vy = 0.11
(F), = 1.10F ; M = 1.10; vFu = V) = 0.08

Fm = 1.090; VF = 0.05

The subscript m refers to mean values. The symbol V stands for coefficient
of variation. The symbols M and F are, respectively, the ratio of the mean-
to-the nominal material property or cross-sectional property; and Fy, Fya’
and Fu are, respectively, the specified minimum yield point, the average
yield point including the effect of cold forming, and the specified minimum
tensile strength.

These data are based on the analysis of many samples, and they are

representative properties of materials and cross sections used in the in-

dustrial application of cold-formed steel structures.

A6 Reference Documents

This section is primarily the same as Section A6 of the 1986 AISI
Specification for allowable stress design. It should be noted that AISC

Specification for load and resistance factor design is included in this

section.

125



B. ELEMENTS

Bl Dimensional Limits and Considerations

This section is the same as Section Bl of the AISI Specification for

allowable stress design.

B2 Effective Widths of Stiffened Elements

This section is the samé as Section B2 of the AISI Specification for

allowable stress design.

B3 Effective Widths of Unstiffened Elements

This section is the same as Section B3 of the AISI Specification for

allowable stress design.

B4 Effective Widths of Elements with an Edge Stiffener or One

Intermediate Stiffener

This section is the same as Section B4 of the AISI Specification for

allowable stress design.

BS Effective Widths of Edge Stiffened Elements with Intermediate Stiffeners

or Stiffened Elements with More Than One Intermediate Stiffener
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This section is the same as Section B5 of the AISI Specification for

allowable stress design.

B6 Stiffeners

B6.1 Transverse Stiffeners

The available experimental data on cold-formed steel transverse
stiffeners were evaluated in Ref 10. The test results were compared to the
predictions based on the same mathematical models on which the AISI Spec-
ification was based . The design provisions in these LRFD criteria are also
based on the same mathematical models.

Load capacity in these LRFD criteria is based on the same prediction
models as were employed in the formulation of the AISI Specification. A total
of 61 tests were examined. The resistance factor ¢C = 0.85 was selected on
the basis of the statistical data given in Ref. 10. The corresponding safety

indices vary from 3.32 to 3.41. A summary of the information is given in

Table CB6.1.

B6.2 Shear Stiffeners

The available experimental data on shear strength of the beam webs with
shear stiffeners were calibrated in Ref. 10. The ¢V factors were taken as
the same as those for shear strength of beams (Section C3.2). The statistical

data used for determining the ¢v factor are given in Ref. 10 as follows:

pm = 1.60; VP = 0.09
Mm = 1,90; VM = 0.06
F = 1.00; Vp = 0.05
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Table CB6.1

Computed Safety Index B for Transverse Stiffeners

(¢c = 0.85 )

Case No. of Tests Mm VM Fm VF Pm VP B
1 33 1.10 0.10 1.0 0.05 1.1762 0.08658 3.32
2 28 1.10 0.10 1.0 0.05 1.2099 0.09073 3.41
3 61 1.10 0.10 1.0 0.05 1.1916 0.08897 3.36

Transverse stiffeners at interior support and under
concentrated load

Transverse stiffeners at end support

Sum of Cases 1 and 2

Note: Case 1

Case 2
Case 3

Based on all these data, the value of B was found to be 4.10 for ¢v =

B6.3 Non-Conforming Stiffeners

This Section is the same as Section B6.3 of the AISI Specification for

allowable stress design.

C. MEMBERS

Cl1 Properties of Sections
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This section is the same as Section Cl1 of the AISI Specification for

allowable stress design.

C2 Tension Members

Section C2 of the LRFD criteria was developed on the basis of Section
C2 of the AISI Specification for allowable stress design, in which the design
of tension members is based only on the yield point of steel.

The resistance factor of ¢, = 0.95 used for tension member design was
derived from the procedure described in Section A5.1 of this Commentary and

a selected BO value of 2.5. In the determination of the resistance factor,

the following formulas were used for Rm and Rn:

Rm = An(Fy)m (Cc2-1)
R = AF (CC2-2)
n ny
i = C2-3
i.e. Rm/Rn (Fy)m/Fy (Ccc2-3)

in which A is the net area of the cross section, (Fy)m is equal to 1.10Fy
n .
as discussed in Section A5.2 of the Commentary. By using VM = 0.10, VF = 0.05

and VP = 0, the coefficient of variation VR is:

vy = VM2+VF2+VP2 = 0.11 (CC2-4)

Based on VQ = 0.21 and the resistance factor of 0.95, the value of B is 2.4,

which is close to the stated target value of Bo = 2.5,

C3 Flexural Members

C3.1 Strength for Bending Only
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Bending strengths of flexural members are differentiated according to
whether or not the member is laterally braced. If such members are laterally
supported, then they are proportioned according to the nominal section
strength (Sec. C3.1.1). If they are laterally unbraced, then the limit state
is lateral-torsional buckling (Sec. C3.1.2). For C- or Z-section with the
tension flange attached to deck or sheathing and with compression flange
laterally unbraced, the bending capacity is less than that of a fully braced

member but greater than that of an unbraced member (Sec. C3.1.3).

C3.1.1 Nominal Section Strength

The bending strength of beams with a compression flange having stiff-
ened, partially stiffened, or unstiffened elements is based on the post-
buckling strength of the member, and use is made in LRFD of the effective
width concept in the same way as in the 1986 AISI Specification. References
5, 6, 7, and 8 provide an extensive treatment of the background research.

The experimental bases for the post-buckling strengths of cold-formed
beams were examined in Refs. 8 and 10, where different cases.were studied
according to the types of compression flanges and the effectiveness of webs.

On the basis of the initiation of yielding, the nominal strength Rn is

based on the nominal effective cross section and on the specified minimum

yield point, i.e., Rn = Ser.
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Table CC3.1.1

Computed Safety Index B for Section Bending Strength of Beams

Based on Initiation of Yielding

c No.
ase o. of Tests Mm VM Fm VF Pm VP 8
Stiffened or Partially Stiffened Compression Flanges (¢b = 0.95)
FF. FW. 8 1.10 0.10 1.0 0.05 1.10543 .03928 .76
PF. FW. 30 1.10 0.10 1.0 0.05 1.11400 .08889 .65
PF. PW. 5 1.10 0.10 1.0 0.05 1.08162 .09157 .53
Unstiffened Compression Flanges (¢b = 0.90)
FF. FW. 3 1.10 0.10 1.0 0.05 1.43330 .04337 .05
PF. FW. 40 1.10 0.10 1.0 0.05 1.12384 .13923 .67
PF. PW. 10 1.10 0.10 1.0 0.05 1.03162 .05538 .66
Note: FF. = Fully effective flanges
PF. = Partially effective flanges
FW. = Fully effective webs
PW. = Partially effective webs
For details, see Ref. 10.
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The computed values of B for the selected values of ¢b = 0.95 for
sections'with stiffened or partially stiffened compression flanges and 0.90
for sections with unstiffened compression flanges, and for a dead-to-live
load ratio of 1/5 for different cases are listed in Table CC3.1.1. It can
be seen that the B values vary from 2.53 to 4.05. In Table CC3.1.1, the
values of Mm, VM’ Fm and VF are the values presented in Sec. A5.2 of this

Commentary for the material strength.

C3.1.2 Lateral Buckling Strength

There are not many test data on laterally unsupported cold-formed beans.
The available test results are summarized in Ref. 10, and they are compared
with predictions from AISI design formulas, theoretical formulas and SSRC
formulas.

The statistical data used in Ref. 10 are listed in Table CC3.1.2. The
symbol P is the ratio of the tested capacity to the predicted value, M is
the ratio of the actual to the specified value of the modulus of elasticity,
and F is the ratio of the actual to the nominal sectional properties.

Using the recommended resistance factor ¢, = 0.90, the values of B vary
from 2.35 to 3.8. See Table CC3.1.2. It should be noted that the recommended
design criteria use some simplified and conservative formulas, which are the

same as the allowable stress design rules included in the 1986 AISI Spec-

ification.

C3.1.3 Beams Having One Flange Through-Fastened to Deck or Sheathing
For beams having the tension flange attached to deck or sheathing and
the compression flange unbraced, e.g., a roof purlin or wall girt subjected

to wind suction, the bending capacity is “ess than that of a fully braced
b
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member, but greater than that of an unbraced member. This partial restraint
is a function of the rotational stiffness provided by the panel-to-purlin
connection. The Specification contains factors that represent the reduction
in capacity from a fully braced condition. These factors are based on ex-
perimental results obtained for both simple and continuous span purlins
(Refs. 20 to 24).

As indicated in Ref. 25, the rotational stiffness of the panel-to-purlin
connection is primarily a function of the member thickness, sheet thickness,
fastener type and fastener location. For fiber glass blanket insulation
thicknesses of zero to six inches, the rotational stiffness was not
measurably affected (Ref. 25). To ensure adéquate rotational stiffness for
the roof and wall systems designed using the Specification provision, Section
C3.1.3 explicitly states the acceptable panel and fastener types.

Continuous beam tests were made on three equal spans and the R values

were calculated from the failure loads, using a maximum positive moment, M

= 0.08wL2.

The provisions of Section €3.1.3 apply to beams on which the tension
flange is attached to deck or sheathing and the compression flange is com-
pletely unbraced. Beams with discrete point braces on the compression flange

may have a bending capacity greater than those completely unbraced. Available

data from simple span tests (Refs. 20, 23, 37, and 38) indicate that for

members having a lip edge stiffener at an angle of 75 degrees or greater with

the plane of ‘the compression flange and braces to the compression flange

located at third points or more frequently member capacities are increased

from 25% to 40% over those without such discrete braces. For members with

lip angles less than 75 degrees oOr braces spaced further than third pcint

133



the data availability is insufficient to allow the benefit of bracing to be
assessed.

In this section, the ¢b factor is determined for the load combination
of 1.17Wn-0.9Dn to approximately provide a target Bo of 1.5 for counteracting
loads with a reduction factor of 0.9 applied to the load factor for the
nominal wind load. The reasons for using'a low target BO are discussed in
Section A5.1 of this Commentary. Based on this type of load combination, the

following equations can be established:

¢Rn = c(1.17wn-0.9Dn) = (1.17-0.9Dn/wn)cwn (CC3.1.3-1)
Q, = c(wm-Dm) (CC3.1.3-2)
Jaw )2 v)?
VQ = (CC3.1.3-3)
W -D
m m

where wm is the mean wind load intensity and Vw is the corresponding coef-

ficient of variation.

Load statistics have been analyzed in Ref. 11, where it was shown that

Dm = 1.05Dn, vV, = 0.1; Wm = 0.78Wn, V,, = 0.37

D W

The substitution of the load statistics into Eqs. CC3.1.3-2 and CC3.1.3-3

gives
Qm = c(0.78wn-1.05Dn) = (0.78—1.05Dn/wn)cwn (CC3.1.3-4)
2 2
Jk0.78x0.37) +(1.0SDn/anO.1)
\Y = (CC3.1.3-5)
Q
0.78 - 1.05D /W
n’ 'n

By assuming Dn/wn = 0.1, Egs. CC3.1.3-1, CC3.1.3-4, and CC3.1.3-5 can be

rewritten as follows:

®R
Q

1.08cW
n n

n 0.6750Wn = 0.675(¢Rn/1.08) = 0.6?5¢Rn (CC3.1.3-6)
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V., =0.43
Q

The application of Eqs. CA5.1-2, CA5.1-4, CC3.1.3-6, and CA5.1-6 gives

1n(1.6MmFum/¢)

T2z .7 2
JVH HE R,

(CC3.1.3-7)

B

or

2

Q ) (CC3.1.3-8)

- _ 2 2 2
o = 1.6(MmFum)exp( BJVM +VF +VP +V
The computed values of B for the selected value of ¢b = 0.90 for dif-
ferent cases are listed in Table CC3.1.3. It can be seen that the B values
vary from 1.50 to 1.60 which are satisfactory for the target value of 1.5.

In Table CC3.1.3, the values of Mm, \ Fm, and VF are the values presented

M)

in Section A5.2 of this Commentary for the material strength and fabrication.

C3.2 Strength for Shear Only
The shear strength of beam webs is governed by either yielding or
buckling, depending on the h/t ratio and the mechanical properties of steel.
For beam webs having small h/t ratios, the shear strength is governed by
shear yielding, i.e.:

V = AT
n wy

= AF 3 =0.577F_ht CC3.2-1

FyNT , ( )
in which Aw is the area of the beam web computed by (hxt), and Ty is the yield
point of steel in shear, which can be computed by Fy/JE.

For beam webs having large h/t ratios, the shear strength is governed

by elastic shear buckling, i.e.:
k_m2EA
v W

V =AT _ = 7 3 (CC3.2-2)
12(1-p7)(h/t)
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in which Ter is the critical shear buckling stress in the elastic range, kv
is the shear buckling coefficient, E is the modulus of elasticity, p is the
Poisson's ratio, h is the web depth, and t is the web thickness. By using pu

= 0.3, the shear strength, Vn’ can be determined as follows:
V_ = 0.905Ek t/h (CC3.2-3)

For beam webs having moderate h/t ratios, the shear strength is based

on the inelastic buckling, i.e.:
= 2 -
Vn 0.64t /kayE (CC3.2-4)

In view of the fact that the appropriate test data on shear are not
available, the ¢v factors used in Section C3.2 were derived from the con-
dition that the nominal resistance for the LRFD method is the same as the

nominal resistance for the allowable stress design method. Thus,

(R Dirrp = R asp (CC3.2-5)
Since (Rn)LRFD b-3 c(1.2Dn+1.6Ln)/¢v (CC3.2-6)
(Rn)ASD 2 c(F.S.)(Dn+Ln) (CC3.2-7)
the resistance factors can be computed from the following formula:
1.2Dn+1.6Ln
¢v =
(F.S.)(Dn+Ln)
1.2(D_/L_)+1.6
= Lz (CC3.2-8)
(F.S.)(Dn/Ln+1)
By using a dead-to-live load ratio of Dn/Ln = 1/5, the ¢v factors

compute” from the above equation are listed in Table CC3.2 for three dif-
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ferent ranges of h/t ratios. The factors of safety are adopted from the AISI
Specification for allowable stress design. It should be noted that the use
of a small safety factor of 1.44 for yielding in shear is justified by long
standing use and by the minor consequences of incipient yielding inrshear

compared with those associated with yielding in tension and compression.

C3.3 Strength for Combined Bending and Shear
This section is based on the interaction formulas. included in Section

C3.3 of the AISI Specification for allowable stress design.

C3.4 Web Crippling Strength
The nominal concentrated load or reaction, Pn’ is determined by the
allowable load given in Section C3.4 of the AISI Specification times the
appropriate factor of safety. In this regard, a factor of safety of 1.85 is
used for Eqs. C3.4-1, C3.4-2, C3.4-4, C3.4-6 and C3.4-8, and a factor of
safety of 2.0 is used for Eqs. C3.4-3, C3.4-5, C3.4-7 and C3.4-9.
On the basis of the statistical analysis of the available.test data on

web crippling, the values of Pm’ M, F, VP’ \

n and VF were computed and

m M

selected. These values are presented in Table CC3.4 (see Table 76 of Ref.
10). By using Bo = 2.5, the resistance factors @w = 0.75 and 0.80 were se-
lected for single unreinforced webs and I-sections, respectively, and is used
in Sections A5.1.5 and C3.4. The values of B corresponding to these values

of ¢w are also given in Table CC3.4.
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Table CC3.1.2

Computed Safety Index B for Lateral Buckling Strength of Bending

(¢b = 0.90)

Case No. of Tests Mm VM Fm VF Pm VP B
1 47 1.0 0.06 1.0 0.05 2.5213 0.30955 3.79
2 47 1.0 0.06 1.0 0.05 1.2359 0.19494 2.48
3 47 1.0 0.06 1.0 0.05 1.1800 0.19000 2.35
4 47 1.0 0.06 1.0 0.05 1.7951 0.21994 3.53
5 47 1.0 0.06 1.0 0.05 1.8782 0.20534 3.80

Note: Case 1 = AISI approach 4
Case 2 = Theoretical approach with J = 0.0226 in.
Case 3 = SSRC approach with J = 0.0026 in. 4
Case 4 = Theoretical approach with J = 0.0008213 in.
Case 5 = SSRC approach with J = 0.0008213 in.
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Table CC3.1.3

Computed Safety Index B for Beams Having One Flange
Through-Fastened to Deck or Sheathing

(¢b = 0.90)
Case No. of Tests Mm VM Fm VF Pm VP B
1 5 1.10 0.10 1.0 0.05 1.1995 0.2991 1.60
2 15 1.10 0.10 1.0 0.05 1.0128 0.1112 1.50
3 5 1.10 0.10 1.0 0.05 1.0466 0.1010 1.58
4 14 1.10 0.10 1.0 0.05 1.0034 0.0689 1.51

Note: Case 1 = Simple span C-sections
Case 2 = Simple span Z-sections
Case 3 = Continuous span C-sections
Case 4 = Continuous span Z-sections
Table CC3.2
F.S. for ¢ Factor Recommended
Range of h/t Ratio Allowable Load computed ¢v Factor
Design by Eq. CC3.2-8
h/tSJEkV/Fy 1.44 1.06 1.00
JEkv/Fyf;h/ts]”415JEkV/Fy 1.67 0.92 0.590
h/t>l.415/Ekv/Fy 1.71 0.90 0.90
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Table CC3.4

Computed Safety Index B for Web Crippling Strength of Bears

Case No. of Tests Mm \ F \ P VP B

Single, Unreinforced Webs (¢ = 0.75)

1(SF) 68 1.10 0.10 1.0 0.05 1.00 0.12 3.01
1(UF) 30 1.10 0.10 1.0 0.05 1.00 0.16 2.80
2(UMR) 54 1.10 0.10 1.0 0.05 0.99 0.11 3.02
2(ca) 38 1.10 0.10 1.0 0.05 0.86 0.14 2.36
2(SUM) 92 1.10 0.10 1.0 0.05 0.94 0.14 2.67
3(UMR) 26 1.10 0.10 1.0 0.05 0.99 0.09 3.11
3(CA) 63 1.10 0.10 1.0 0.05 1.72 0.26 3.80
3(SUM) 89 1.10 0.10 1.0 0.05 1.51 0.34 2.95
4(UMR) 26 1.10 0.10 1.0 0.05 0.98 0.10 3.03
4(CA) 70 1.10 0.10 1.0 0.05 1.04 0.26 2.39
4(SuM) 96 1.10 0.10 1.0 0.05 1.02 06.23 2.49
I-Sections (¢w = (0.80)

1 72 1.10 0.10 1.0 0.05 1.10 0.19 2.74
2 27 1.10 0.10 1.0 0.05 0.96 0.13 2.57
3 53 1.10 0.10 1.0 0.05 1.01 0.13 2.76
4 62 1.10 0.10 1.0 0.05 1.02 0.11 2.89
Note: Case 1 = End one-flange loading

Case 2 = Interior one-flange loading

Case 3 = End two-flange loading

Case 4 = Interior two-flange loading

SF = Stiffened flanges

UF = Unstiffened flanges

UMR = UMR and Cornell tests only

CA = Canadian tests only

SUM = Combine UMR and Canadian tests together
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C3.5 Combined Bending and Web Crippling Strength
This section is based on the interaction formulas included in Section
C3.5 of the AISI Specification for allowable stress design.
A total of 551 tests were calibrated for combined bending and web
crippling strength. Six different cases were studied. Based on ¢w = 0.75
for single unreinforced webs and ¢w = 0.80 for I-sections, the value of

safety indices vary from 2.45 to 3.27 as given in Table CC3.5.

C4 Concentrically Loaded Compression Members

The available experimental data on cold-formed steel concentrically
loaded compression members were evaluated in Ref 10. The test results were
compared to the predictions based on the same mathematical models on which
the AISI Specification was based . The design provisions in these LRFD cri-
teria are also based on the same mathematical models.

Column capacity in these LRFD criteria is based on the same prediction
models as were employed in the formulation of the AISI Specificétion. A total
of 264 tests were examined; 14 different cases were studied according to the
types of the column, the types of the compression flanges and the failure
modes. The resistance factor ¢c = 0.85 was selected on the basis of the
statistical data given in Ref. 10. The corresponding safety indices vary from
2.39 to 3.34. A summary of the information is given in Table CC4.

The safety indices were determined from Eq. CA5.1-2 for a Dn/Ln ratio

of 1/5. Different @C factors could have been used for different cases.
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Table CC3.5

Computed Safety Index B for Combined Bending and Web Crippling

Case No. of Tests Mm \Y% F V P \' B

Single, Unreinforced Webs (Interior one-flange loading)
(Based on ¢w = 0.75)

1 74 1.10 0.10 1.0 0.05 1.01 0.07 3.27
2 202 1.10 0.10 1.0 0.05 0.87 0.13 2.45
3 103 1.10 0.10 1.0 0.05 0.95 0.10 2.91
4 66 1.10 0.10 1.0 0.05 1.03 0.18 2.79
5 445 1.120 0.10 1.0 0.05 0.94 0.14 2.68

I-Sections (Interior one-flange loading)
(Based on ¢w = 0.80)

1 106 1.10 0.10 1.0 0.05 1.06 0.12 2.99

Note: Case 1 = UMR and Cornell tests only
Case 2 = Canadian brake-formed section tests only
Case 3 = Canadian roll-formed section tests only
Case 4 = Hoglund's tests only
Case 5 = Combine all tests together
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Table CC4

Computed Safety Index B for Concentrically Loaded Compression Member

( ¢c = 0.85)

Case No. of Tests Mm VM Fm VF Pm VP B
1 5 1.10 0.10 1.0 0.05 1.14610 0.10452 3.13
2 24 1.10 0.10 1.0 0.05 1.05053 0.07971 2.89
3 15 1.10 0.10 1.0 0.05 1.05523 0.07488 2.93
4 3 1.10 0.10 1.0 0.05 1.10550 0.07601 3.11
5 28 1.10 0.10 1.0 0.05 1.04750 0.11072 2.76
6 25 1.10 0.10 1.0 0.05 1.22391 0.21814 2.72
7 9 1.00 0.06 1.0 0.05 0.96330 0.04424 2.39
8 41 1.10 0.10 1.0 0.05 1.19620 0.09608 3.34
9 18 1.10 0.10 1.0 0.05 1.02900 0.08131 2.81
10 12 1.10 0.11 1.0 0.05 1.06180 0.11062 2.77
11 8 1.00 0.06 1.0 0.05 1.15290 0.10544 2.92
12 30 1.10 0.10 1.0 0.05 1.07960 0.15061 2.68
13 14 1.10 0.10 1.0 0.05 1.07930 0.08042 3.00
14 32 1.10 0.10 1.0 0.05 1.08050 0.10772 2.89
Note: Case 1 = Stub columns having unstiffened flanges with fully
effective widths
Case 2 = Stub columns having unstiffened flanges with
partially effective widths
Case 3 = Thin plates with partially effective widths
Case 4 = Stub columns having stiffened compression. flanges
with fully effective flanges and webs
Case 5 = Stub columns having stiffened compression flanges
with partially effective flanges and fully effective
webs
Case 6 = Stub columns having stiffened compression flanges
with partially effective flanges and partially
effective webs
Case 7 = Long columns having unstiffened compression flanges
subjected to elastic flexural buckling
Case 8 = Long columns having unstiffened compression flanges
subjected to inelastic flexural buckling
Case 9 = Long columns having stiffened compression flanges
subjected to inelastic flexural buckling
Case 10 = Long columns subjected to inelastic flexural
buckling (include cold-work)
Case 11 = Long columns subjected to elastic torsional-flexural
buckling
Case 12 = Long columns subjected to inelastic torsional-
flexural buckling
Case 13 = Stub columns with circular perforations
Case 14 = Long columns with circular perforations
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C5 Combined Axial Load and Bending

The LRFD Specification provide the similar interaction equations as the
1986 Edition of the AISI Specification.

A total of 144 tests were calibrated for combined axial load and bend-
ing. Nine different cases were studied according to the types of sections,
the stable conditions and the loading conditions. Based on ¢c = 0.85, ¢b =
0.95 or 0.90 for nominal section strength (see Section C3.1.1), and @b =

0.90 for lateral buckling strength, the values of safety indices vary from

2.7 to 3.34 as given in Table CCS.
C6é Cylindrical Tubular Members

Section C6 of the LRFD criteria is based on Section C6 of the AISI
Specification for allowable stress design.

The ¢b factor of 0.95 used in Section C6.1 for bending is the same as
that used in Section C3.1.1, while the ¢c factor of 0.85 used in Section

C6.2 for compression is the same as that used in Section C4 for concen-

trically loaded compression members.
D. STRUCTURAL ASSEMBLIES
D1 Built-Up Sections

This section is the same as Section D1 of the AISI Specification for

allowable stress design.
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Table CC5

Computed Safety Index B for Combined Axial Load and Bending

( based on ¢c = 0.85 )

Case No. of Tests Mm VM Fm VF Pm VP B
1 18 1.05 0.10 1.0 0.05 1.0367 0.06619 2.70
2 13 1.05 0.10 1.0 0.05 1.0509 0.07792 2.72
3 33 1.05 0.10 1.0 0.05 1.1028 0.09182 2.86
4 18 1.05 0.10 1.0 0.05 1.1489 0.10478 2.96
5 6 1.05 0.10 1.0 0.05 1.1600 0.13000 2.87
6 17 1.05 0.10 1.0 0.05 1.1200 0.09000 2.92
7 10 1.05 0.10 1.0 0.05 1.2300 0.08000 3.34
8 17 1.05 0.10 1.0 0.05 1.0910 0.07950 2.86
9 12 1.05 0.10 1.0 0.05 1.1110 0.11450 2.79
Note: Case 1 Locally stable beam-columns, hat sections of Pekoz
and Winter (1967)%
Case 2 Locally unstable beam-columns, lipped channel
sections of Thomasson (1978)%
Case 3 Locally unstable beam-columns, lipped channel
sections of Loughlan (1979)%"
Case & Locally unstable beam-columns, lipped channel
sections of Mulligan and Pekoz (1983)%
Case 5 Locally stable beam-columns, lipped channel sections
of Loh and Pekoz (1985)* with e. # 0 and e_ = 0
Case 6 Locally stable beam-columns, lipped channe! sections
of Loh and Pekoz (1985) with e = 0 and e ¥ 0
Case 7 Locally stable beam-columns, lipped channdl sections
of Loh and Pekoz (1985) with e. ¥ 0 and e, 0
Case 8 Locally unstable beam-columns, lipped channel
sections of Loh and Pekoz (1985) with e_=0 and e_#*0
Case 9 Locally unstable beam-columns, lipped cRannel

sections of Loh and Pekoz (1985) with ex#O and ey#O
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D2 Mixed Systems

This section is the same as Section D2 of the AISI Specification for

allowable stress design.

D3 Lateral Bracing

This section is the same as Section D3 of the AISI Specification for
allowable stress design.

With regard to the footnote for Section D3.2, it should be noted that
in conventional metal building roof systems, the roof panels are attached
to the top flange of each purlin throughout its length using self-drilling
or self-tapping, through-the-sheet, fasteners spaced at approximately 1 foot
on center. This panel usually provides sufficient stiffness to prevent the
relative movement of the purlins with respect to each other, however, unless
external restraint is provided, the system as a whole will tend to move
laterally. This restraint or anchorage may consist of members attached to
the purlin at discrete locations along the span and designed to carry forces
necessary to restrain the system against lateral movement. The design rules
for Z-purlin supported roof systems are based on a first order, elastic

stiffness model (Reference 31).

D4 Wall Studs and Wall Stud Assemblies

D4.1 Wall Studs in Compression
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The AISI design provisions on the compression strength of wall studs
were calibrated in Ref. 10. The statistical data used for determining the

¢C factor are given in Ref. 10 as follows:

P = 1.14; V, = 0.10
m P

Mm = 1.10; VM =0.10

Fm = 1.00; VF = 0.05

Based on all these data and ¢c = 0.85, the B value was found to be 3.14.

The provisions in this Specification section are given to prevent three
possible modes of failure. Provision (a) is for column buckling between
fasteners, even if one fastener is missing or otherwise ineffective. Pro-
vision (b) contains formulas for nominal axial strengths for overall column
buckling. Essential to these provisions is the magnitude of the shear ri-
gidity of the sheathing material.

A table of shearing parameters and an equation for determining the shear
rigidity are provided in this Specification. These values are based on the
small scale tests described in References 32 and 33. For other types of ma-
terials, the sheathing parameters can be determined using the procedures
described in these references.

Provision (c¢) is to insure that the sheathing has sufficient distortion
capacity. The procedure involves assuming a value of the stress and checking
whether the shear strain at the load corresponding to the stress exceeds the
permissible design shear strain of the sheathing material. In principle, the
procedure is one of successive approximations. However, if the smaller of
Fe (provision a) or S.r (provision b) is tried and shown to be satisfactory,

then the need for iteration is eliminated.

D4.2 Wall Studs in Bending
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The ¢y factors for bending strength of wall studs were taken as the
same as those for section bending strength of beams (Section C3.1.1). The
available test data on wall stud sections with stiffened or partially
stiffened compression flanges were calibrated in Ref. 10. The statistical

data used for determining the B value are given in Ref. 10 as follows:

P =1.27; V, = 0.01
m P

Mm =1.10; VM = 0.10
Fm = 1.00; VF = 0.05

Based on all these data and ¢b = 0.95, the B value was found to be 3.37.

D4.3 Wall Studs with Combined Axial Load and Bending

The LRFD criteria provide the same interaction equations as the AISI

Specification for allowable stress design.

The available test data on wall studs with combined axial load and

bending were calibrated in Ref. 10. The statistical data used for determining

the B value are given in Ref. 10 as follows:

P =1.19; Vo, = 0.13
m P

M = 1.05; vV, = 0.10
m M

Fm = 1.00; VF = 0.05

Based on ¢C = 0.85 and ¢b = 0.95 for sections with stiffened or par-
tially stiffened compression flanges or ¢b = 0.90 for sections with un-

stiffened compression flanges, the B value was found to be 2.94.

E. CONNECTIONS AND JOINTS

Section E of the LRFD criteria is based on Section E of the AISI Spec-
ification for allowable stress design. This section contains the design
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provisions for welded connections, bolted connections, shear rupture and
qonnections to other materials.

The resistance factors used for welded and bolted connections were de-
rived for a target reliability index Bo = 3.5 and the statistical data are

summarized in the subsequent sections.

El General Provisions

This section is based on Section El1 of the AISI Specification for al-

lowable stress design.

E2 Welded Connections

Section E2 contains the design provisions for arc-welds (groove welds
in butt joints, arc spot welds, arc seam welds, fillet welds, and flare
groove welds) and resistance welds. The design equations for the nominal
strength and the ¢ factors for groove welds in butt joints aré the same as
that used in the AISC LRFD criteria. (Ref. 3)

For arc spot welds, the ¢ factor of 0.60 used for determining the design
shear strength of welds is based on the test data reported in Ref. 34. It
gives a B value of 3.55. The statistical data used for deriving the ¢ factor

are given in Ref 10 as follows:

P =1.17; Vp = 0.22
Moo= 1.10; Vy = 0.10
F_=1.00; Vp = 0.10
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Table CE2

Computed Safety Index B for Plate Failure in Weld Connections

Case Mm VM Fm VF m P (o) B
Arc Spot Welds
1 1.10 0.08 1.00 0.15 1.10 .17 .60 .52
2 1.10 0.08 1.00 0.15 0.98 .18 .50 .64
Fillet Welds
3 1.10 0.08 1.00 0.15 1.01 .08 .60 .65
4 1.10 0.08 1.00 0.15 0.89 .09 .55 .59
5 1.10 0.08 1.00 0.15 1.05 .11 .60 .72
Note: Case 1 = For da/t < 0.815J(E/Fu)
Case 2 = For da/t > 1.397J(E/Fu)
Case 3 = Longitudinal Loading, L/t < 25
Case 4 = Longitudinal Loading, L/t 2 25
Case 5 = Transverse Loading
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With regard to the types of the plate failure governed by Egqs. E2.2-2
through Eq. E2.2-4 in the design criteria, ¢ factors were derived from the
statistical data presented in Table CE2 (Ref. 35). The ¢ factors used for
minimum edge distance were taken as the same as those used for bolted con-
nections.

For arc seam welds, the design shear strength of welds is determined
from the same ¢ factor used for arc spot welds. The derivation of the ¢

factor for plate tearing is based on the following statistical data (Ref.

10):
Pm = 1.00; VP = 0.10
Mm = 1.10; VM = 0.10
F = 1.00; Vp = 0.10

For the selected value of ¢ = 0.60, the value of B = 3.81.

For fillet welds, the ¢ factors used for longitudinal loading (Egs.
E2.4-1 and E2.4-2) and transverse loading (Eq. E2.4-3) are based on the
statistical data presented in Table CE2 (Ref. 35).

Similar to the arc spot welds, a ¢ factor of 0.60 is used for the design
shear strength of welds.

For flare groove welds, the following statistical data were used to
determined the ¢ factors:

(a) Transverse Flare Bevel Welds (¢ = 0.55, B = 3.81)

P = 1.04; V, = 0.17
m P

Mm = 1.10; VM = 0.10

Fm = 1.00; VF = 0.10

(b) Longitudinal Flare Bevel Welds (¢ 0.55, B = 3.56)

P =10.97; v, = 0.17
m P

<
]
o

]

Mm 1.10; M .10



_Fm = 1.00; VF =0.10

For detailed information, see Ref. 10.

For resistance welds, the nominal shear strength is based on the fol-
lowing equation:

Rn = (2.5) x (allowable shear per spot specified in Section E2.6

of the AISI Specification for allowable stress design)

In the above equation, the safety factor is 2.5.

The ¢ factor of 0.65 used in Section E2.6 for the design of resistance

welds was determined on the basis of the following statistical data reported

in Ref. 10. It gives a B value of 3.71.

P = 1.00; V, = 0.03
m P

Mm = 1.10; VM = 0.10

Fm = 1.00; VF = 0.10

E3 Bolted Connections

Section E3 of the LRFD criteria is based on Section E3 of the AISI
Specification for allowable stress design. It deals only with the design of
bolted connections used for connected parts thinner than 3/16 inch in
thickness. For the design of bolted connections using materials equal to or
greater than 3/16 inch in thickness, the AISC Specification should be used.

All ¢ factors were computed from the statistical data given in Ref.
" 10 and Bo = 3.5. The statistical data used in the study are presented in Table

CE3.

The ¢ factors used for the high strength bolts for design shear and

tensile strengths are adopted from Ref. 3.
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E4 Shear Rupture

Section E4 of the LFFD criteria is based on Section E4 of the AISI
Specification for allowable stress design. The ¢ factor used in this section

is adopted from Ref. 3.

E5 Connections to Other Materials

Section E5 of the LRFD criteria is based on Section E5 of the AISI
Specification for allowable stress design. The ¢ factor used for bearing

is adopted from Ref. 3.

F. TESTS FOR SPECIAL CASES

F1 Tests for Determining Structural Performance

The determination of load-carrying capacity of the tested elements,
assemblies, connections, or members is based on the same basis for the LRFD
design criteria. The correction factor CP is used in the determination of
¢ factor to account for the influence due to the small number of tests (Ref.
36). It should be noted that when the number of tests is large enough, the
effect of correction factor is negligible.

For beams having tension flange through-fastened to deck or sheathing
and with compression flange laterally unbraced (subject to wind uplift), the
calibration is based on a load combination of 1.17wn-0.9Dn with Dn/wn = 0.1
(see Section C3.1.3 of this Commentary for detailed discussion).
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The statistical data needed for the determination of resistance factor

are listed in Table F1.

F2 Tests for Confirming Structural Performance

This section is basically the same as Section F2 of the AISI Specifi-

cation for allowable stress design.

F3 Tests for Determining Mechanical Properties

This section is the same as Section F3 of the AISI Specification for

allowable stress design.
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Table CE3

Computed Safety Index B feor Bolted Connections

155

Case Mm VM Fm VF n P (] B
Minimum Spacing and Edge Distance

1 1.10 0.08 1.00 0.05 .13 .12 .70 .75
2 1.10 0.08 1.00 0.05 .18 .14 .70 .84
3 1.10 0.08 1.00 0.05 .84 .05 .60 .61
4 1.10 0.08 1.00 0.05 .94 .09 .60 .90
5 1.10 0.08 1.00 0.05 .06 .11 .70 .62
6 1.10 0.08 1.00 0.05 .14 .19 .60 .87
Tension Stress on Net Section

7 1.10 0.08 1.00 0.05 .14 .20 .65 .53
8 1.10 0.08 1.00 0.05 .95 .21 .55 41
9 1.10 0.08 1.00 0.05 .04 .14 .65 .63
Bearing Stress on Bolted Connections
10 1.10 0.08 1.00 0.05 .08 .23 .55 .65
11 1.10 0.08 1.00 0.05 .97 .07 .65 .80
12 1.10 0.08 1.00 0.05 .02 .20 .60 .43
13 1.10 0.08 1.00 0.05 .05 .13 .60 .06
14 1.10 0.08 1.00 0.05 .01 .04 .70 .71



Table CE3

(Continued)

Computed Safety Index B for Bolted Connections

Case M VM Fm VF Pm VP ¢ B
15 1.10 0.08 1.00 0.05 0.93 0.05 0.65 3.70
Shear Strength on A307 Bolts
16 1.28 0.08 1.00 0.05 0.68 0.11 0.65 4.73
17 1.13 0.08 1.00 0.05 0.60 0.10 0.65 3.85
18 1.28 0.08 1.00 0.05 0.75 0.10 0.65 5.23
19 1.36 0.08 1.00 0.05 0.63 0.06 0.65 4.49
20 1.13 0.08 1.00 0.05 0.76 0.06 0.65 5.09
Note: Case 1 = Single shear, with washers, Fu/F 2 1.15
Case 2 = Double shear, with washers, Fu/Fy = 1.15
Case 3 = Single shear, with washers, Fu/Fy < 1.15
Case 4 = Double shear, with washers, Fu/F < 1.15 .
Case 5 = Single shear, without washers, Fu/F 2 1.15
Case 6 = Single shear, without washers, FU/Fy < 1.15
Case 7 = t < 3/16 in., double shear, with washers
Case 8 = t < 3/16 in., single shear, with washers
Case 9 = t < 3/16 in., single shear, without washers
Case 10 = 0.024 < t < 3/16 in., double shear, with washers,
F /F. = 1.15
Case 11 = O?OZX < t < 3/16 in., double shear, with washers,
F/F < 1.15
Case 12 = O?OZX < t < 3/16 in., single shear, with washers,
F /F 2 1.15
Case 13 = OFOZX < t < 3/16 in., single shear, with washers,
F /F_<1.15
Case 14 = 0?038 < t < 3/16 in., single shear, without washers,
2 1.15
Fu/Fy
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Table CE3

(Continued)

Computed Safety Index B for Bolted Connections

Case Mm VM Fm VF Pm P $ B
15 1.10 0.08 1.00 0.05 0.93 0.05 0.65 .70
Shear Strength on A307 Bolts
16 1.28 0.08 1.00 0.05 0.68 0.11 0.65 .73
17 1.13 0.08 1.00 0.05 0.60 0.10 0.65 .85
18 1.28 0.08 1.00 0.05 0.75 0.10 0.65 .23
19 1.36 0.08 1.00 0.05 0.63 0.06 0.65 .49
20 1.13 0.08 1.00 0.05 0.76 0.06 0.65 .09
Note: Case 1 = Single shear, with washers, Fu/F 1.15
Case 2 = Double shear, with washers, Fu/F 1.15
Case 3 = Single shear, with washers, FU/Fy < 1.15
Case 4 = Double shear, with washers, F /F < 1.15
Case 5 = Single shear, without washers, Fz/F 2 1.15
Case 6 = Single shear, without washers, F /Fy < 1.15
Case 7 = t < 3/16 in., double shear, with'waShers
Case 8 =t < 3/16 in., single shear, with washers
Case 9 = t < 3/16 in., single shear, without washers
Case 10 = 0.024 < t < 3/16 in., double shear, with washers,
F /F =2 1.15
Case 11 = 07024 < t < 3/16 in., double shear, with washers,
F /F < 1.15
Case 12 = 07024 < t < 3/16 in., single shear, with washers,
F /F 2 1.15
Case 13 = 05028 < t < 3/16 in., single shear, with washers,
F /F < 1.15
Case 14 = 09038 < t < 3/16 in., single shear, without washers,
Fu/Fy =2 1.15
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Case 15 = 0.036 < t < 3/16 in., double shear, without washers,
F /F_ 2 1.15

Case 16 = Double shear, with washers, 3/8 in. diemeter

Case 17 = Double shear, with washers, 3/4 in. diameter

Case 18 = Single shear, with washers, 3/8 in. diameter

Case 19 = Single shear, with washers, 1/2 in. diameter

Case 20 = Single shear, with washers, 3/4 in. diameter
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