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ABSTRACT

ASCE’s standard Specification for the Design of Cold-Formed
Stainless Steel Structural Members (ASCE 8-02) provides design
criteria for the determination of the strength of stainless steel struc-
tural members and connections for use in buildings and other stati-
cally loaded structures. The members may be cold-formed to shape
from annealed and cold-rolled sheet, strip, plate, or flat bar stainless
steel material. Design criteria are provided for axially loaded tension
or compression members, flexural members subjected to bending
and shear, and members subjected to combined axial load and bend-
ing. The specification provides the design strength criteria using the
load and resistance factor design (LRFD) and the allowable stress
design (ASD) methods. The reasoning behind, and the justification
for, various provisions of the specification are also presented. The
design strength requirements of this standard are intended for use by
structural engineers and those engaged in preparing and adminis-
trating local building codes.
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STANDARDS

In April 1980, the Board of Direction approved
ASCE Rules for Standards Committees to govern the
writing and maintenance of standards developed by the
Society. All such standards are developed by a consen-
sus standards process managed by the Management
Group F (MGF), Codes and Standards. The consensus
process includes balloting by the balanced standards
committee made up of Society members and nonmem-
bers, balloting by the membership of ASCE as a
whole, and balloting by the public. All standards are
updated or reaffirmed by the same process at intervals
not exceeding 5 years.

The following Standards have been issued.

ANSI/ASCE 1-82 N-725 Guideline for Design and
Analysis of Nuclear Safety Related Earth Structures

ANSI/ASCE 2-91 Measurement of Oxygen Transfer in
Clean Water

ANSI/ASCE 3-91 Standard for the Structural Design
of Composite Slabs and ANSI/ASCE 9-91 Standard
Practice for the Construction and Inspection of
Composite Slabs

ASCE 4-98 Seismic Analysis of Safety-Related Nu-
clear Structures

Building Code Requirements for Masonry Structures
(ACI 530-99/ASCE 5-99/TMS 402-99) and Specifi-
cations for Masonry Structures (ACI 530.1-
99/ASCE 6-99/TMS 602-99)
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ASCE 8-90 Standard Specification for the Design of
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ANSI/ASCE 9-91 listed with ASCE 3-91
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FOREWORD

Prior to 1990, the design of cold-formed stainless
steel structural members was based on the allowable
stress design specification issued by the American Iron
and Steel Institute. Based on the initiative of Chromium
Steels Research Group at Rand Afrikaans University in
1989, a new ASCE Standard Specification for the De-
sign of Cold-Formed Stainless Steel Structural Mem-
bers was developed at the University of Missouri-Rolla
under the Sponsorship of the American Society of Civil
Engineers. It was subsequently reviewed and approved
by the ASCE Stainless Steel Cold-Formed Sections
Standards Committee in 1990. This ASCE project was
financially supported by the Chromium Centre in South
Africa, the Nickel Development Institute in Canada,
and the Specialty Steel Industry of the United States.
The development of this new ASCE Standard Specifi-
cation was primarily based on the 1974 Edition of the
AISI specification for stainless steel design and the re-
cent extensive research conducted by Chromium Steels
Research Group at Rand Afrikaans University under
the sponsorship of Columbus Stainless Steel (the Mid-
dleburg Steel and Alloys) in South Africa.
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This new ASCE Standard Specification includes
both the load and resistance factor design (LRFD)
method and the allowable stress design (ASD) method.
In the LRFD method, separate load and resistance fac-
tors are applied to specified loads and nominal resis-
tance to ensure that the probability of reaching a limit
state is acceptably small. These factors reflect the un-
certainties of analysis, design, loading, material prop-
erties, and fabrication.

The material presented in this publication has been
prepared in accordance with recognized engineering
principles. This Standard and Commentary should not
be used without first securing competent advice with
respect to suitability for any given application. The
publication of the material contained herein is not in-
tended as a representation or warranty on the part of
the American Society of Civil Engineers, or of any
other person named herein, that this information is
suitable for any general or particular use or promises
freedom from infringement of any patent or patents.
Anyone making use of this information assumes all lia-
bility from such use.
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NOTATION

Symbol Definition Section
A Full, unreduced cross-sectional area of the member 33.1.2,34
Ay bt + A, for transverse stiffeners at interior support
and under concentrated load, and byt + A,,
for transverse stiffeners at end support App.C.1
Ap Gross cross-sectional area of bolt 534
A, 182 + A,, for transverse stiffeners at interior support
and under concentrated load, and 10t* + A,
for transverse stiffeners at end support App.C.1
A, Effective area at the stress F, 3.4,3.6.2
A, Net area of cross section 3.2,5.3.2
A, Reduced area of cross section 362
A Cross-sectional area of transverse stiffeners 24241242,
App. C.1
A Effective area of stiffener 24,241,242
Ay Gross area of shear stiffener App.C.2
a For a reinforced web element,
the distance between transverse stiffeners App.C.2
a Length of bracing interval 4322
b Effective design width of compression element 221222231232,
24.1,24225
by Effective width for deflection calculation 2.2.1,2.22
b, Effective design width of sub-element or element 22225
b, See Figure 4 2424125
bi,b;y Effective widths, see Figure 2 222
C Ratio of effective proportional limit-to-yield strength, F,,/F, 3.6.1
Gy Bending coefficient dependent on moment gradient 33.1.2
Cn End moment coefficient in interaction formula 3.5
Cox End moment coefficient in interaction formula 3.5
Cony End moment coefficient in interaction formula 3.5
C; Coefficient for lateral torsional buckling 33.1.2
Cy Shear stiffener coefficient App.C.2
Cy Torsional warping constant of cross section 3.3.1.2
C, Compression strain factor 3.3.1.1
on Coefficient as defined in Figures 4 and 5 24242
C, Coefficient as defined in Figures 4 and 5 24242
cf Amount of curling 2.1.1
D Qutside diameter of cylindrical tube 3.6.1,3.6.2
D Dead load, includes weight of test specimen 6.2
D Overall depth of lip 2.1.1,242424.1.1
D Shear stiffener coefficient App. C.2
D, Nominal dead load 1.5.2
d Depth of section 2.4,2.1.1,33.1,
41.14322
d Diameter of bolt 5.3,5.3.1,5.3.2,53.3
dy Diameter of standard hole 5.3.1
d; Reduced effective width of stiffener 24242
d Actual effective width of stiffener 24242
E, Nominal earthquake load 152
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NOTATION

Symbol Definition Section
E, Initial modulus of elasticity 2.2.1,2.3.1,24,2.5,
3.3.1.1,3.3.1.2,3.3.2,
3.3.5,3.6.1,3.6.2,
433,App. B
E, Reduced modulus of elasticity 221
E; Secant modulus 3.3.1.1,3.4,App. B
Es Secant modulus in compression flange 2.2.1
Ey Secant modulus in tension flange 2.2.1
E,/E, Plasticity reduction factor for unstiffened compression elements 3.3.1.1,3.4,App. B
E, Tangent modulus in compression 3.3.1.1,3.4,App. B,
341,362
E/JE, Plasticity reduction factor for lateral buckling 3.3.1.2,3.6.2,App. B
V' E,/E, Plasticity reduction factor for stiffened compression elements 3.3.1.1,3.4,App. B
e Distance measured in line of force from centerline
of standard hole to nearest edge of adjacent hole or to
end of connected part toward which force is directed 5.3.1
ey Yield strain = F,/E, 3.3.1.1
F., Critical buckling stress 33.1.134
Fp Dead load factor 6.2
Fr Live load factor 6.2
F, Nominal buckling stress 34,362
F,, Nominal tensile strength of bolts 534
Foo Nominal shear strength of bolts 534
F' o Nominal tensile strength for bolts subject to 534
combination of shear and tension
F, Nominal bearing stress 533
Fpr Effective proportional limit 3.6.1
F, Nominal tension stress limit on net section 53.2
F, Tensile strength in longitudinal direction 5.3.1,5.3.2,5.3.3,5.3.4
Fo.. Tensile strength of annealed base metal 521,522
Fr Strength level designation in AWS electrode classification 522
F, Yield strength used for design, not to exceed specified 1.54.2,2.2.1,25,3.2,
yield strength or established in accordance with Section 6.4, 3.3.1,3.3.2,3.3.4,3.3.5,
or as increased for cold work of forming in Section 1.5.4.2 3.6.1,3.6.2,5.2.1,
App. C.1,App. B
Fye Yield strength in compression 3.3.1.1
Fy, Yield strength in tension 3.3.1.1
Fys Yield strength of stiffener steel App. C.1
Fy, Shear yield strength 332
Fyy Lower value of yield strength in
beam web F, or stiffener section F,, App. C.1
f Stress in compression element computed on the basis 221,222,
of the effective design width 23224241
fav Average computed stress in full, unreduced flange width 2.1.1
£ Perceptible stress for local distortion 3.3.1.1,34
fa Computed compressive stress in element being considered. 221,222,
Calculations are based on effective section at load 2.3.1,24.1,2.4.2
for which deflections are determined.
far.fa2 Computed stresses f; and f, as shown in Figure 2. 222

Xviii
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NOTATION

Symbol Definition Section
fa3 Computed stress f3 in edge stiffener, as shown in 232
Figure 5. Calculations are based on the effective
section at the load for which deflections are determined.
fa Computed shear stress on bolt 5.34
fufa Web stresses defined by Figure 2 222
f3 Edge stiffener stress defined by Figure 5 232
G, Initial shear modulus 332
G, Secant shear modulus 332
G,/G, Plasticity reduction factor for shear stress 332
g Vertical distance between two rows of connections 4.1.1
nearest to top and bottom flanges
h Depth of flat portion of web measured along plane of web 2.1.2,3.32,
3.3.4,App. C.2
I, Adequate moment of inertia of stiffener so that each 241,242
component element will behave as stiffened element
I Moment of inertia of full, unreduced section about axis of bending 3.5
I Actual moment of inertia of full stiffener about its own 2.1.1,242.4.1,
centroidal axis parallel to the element to be stiffened 242,25
I Moment of inertia of full area of multiple stiffened element, 2.5
including intermediate stiffeners, about its own
centroidal axis parallel to element to be stiffened
L. I, Moments of inertia of full section about principal axes 4.1.1,43.2.2
Ly Product of inertia of full section about major and minor centroidal axes 4322
I Moment of inertia of compression portion of section
about gravity axis of the entire section about the y-axis 3.3.1.2
J St. Venant torsion constant 3.3.1.2
j Section property for torsional-flexural buckling 3312
K Effective length factor 343.4.1
K’ A constant 4322
K, Effective length factor in plane of bending 3.5
K, Reduction factor due to local buckling 3.6.1,3.6.2
K, Effective length factor for torsion 3312
K, Effective length factor for bending about x-axis 3312
K, Effective length factor for bending about y-axis 33.1.2
k Plate buckling coefficient 221222231,
232241242
k, Shear buckling coefficient App. C.2
L Full span for simple beams, distance between inflection
points for continuous beams, twice length of cantilever beams 4,1.1,2.1.1
L Length of fillet weld 522
L Unbraced length of member 33.1.2,34.1
Ly, Actual unbraced length in plane of bending 3.5
L, Nominal live load 1.5.2
L, Nominal roof live load 152
Ly Length of transverse stiffener App. C.1
L Unbraced length of compression member for torsion 33.1.2
L, Unbraced length of compression member for bending about x-axis 33.1.2
L, Unbraced length of compression member for bending about y-axis 33.1.2
M, Critical moment 3.3.1.2
My Permissible moment for local distortions 3.3.1.1
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NOTATION

Symbol Definition Section
M, Nominal moment strength 33.1.1,33.1.2,
3.3.3,3.353.6.1
M, M,, Nominal flexural strength about centroidal axes 3.5
determined in accordance with Section 3.3
M, Required flexural strength 333,335
M, Required flexural strength bent about x-axis 35
M, Required flexural strength bent about y-axis 35
M, Moment causing maximum strain e, 22.1,33.1.2
M, Smaller end moment 3.3.1.2,35
M, Larger end moment 33.1.2,35
m Distance from shear center of one channel to mid-plane of its web 4.1.1,4322
N Actual length of bearing 334
n Coefficient App. B
P Concentrated load or reaction 4.1.1
Pr w2 E I /(KpLyp)? 3.5
Py Force to be resisted by intermediate beam brace 4322
Py Permissible load for load distortions 34
P, Nominal axial strength of member 3.3.4,3.3.5,3.4,3.6.2
P, Nominal strength of connection 5.2.1,5.2.2,5.2.3,
53.1,5.3.2,53.3,534
P,, Nominal axial load determined in accordance 35
with Section 3.4 for F,, = F,.
P, Required axial strength 335,35
q Uniformly distributed factored load in plane of web 411
R, Average tested value 6.2
R Inside bend radius 334
R, Allowable design strength App.D
R, Nominal roof rain load 1.5.2
R, Nominal strength 1.5.1.1,153
r Radius of gyration of full, unreduced cross section 33.1.1,34.1
r Force transmitted by the bolt or bolts at the
section considered, divided by the tension
force in the member at that section 532
Tey Radius of gyration of one channel about its centroidal
axis parallel to web 4.1.1
ry Radius of gyration of I-section about the axis
perpendicular to the direction in which buckling would occur
for given conditions of end support and intermediate bracing 4.1.1
r, Polar radius of gyration of cross section about shear center 33.1.2,343
Yty Radius of gyration of cross section about centroidal principal axes 33.1.2
N 1.28VE,/f 24241
S, Elastic section modulus of effective section calculated
at stress M./Sy in extreme compression fiber 33.1.1,33.1.2
S. Elastic section modulus of effective section calculated
with extreme compression or tension fiber at F, 33.1.1
Sk Elastic section modulus of full, unreduced section for 3.3.1.1,3.3.1.2,3.6.1
the extreme compression fiber
Sn Nominal snow load 1.5.2
s Fastener spacing 412
XX
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NOTATION

SRR

Definition Section
Spacing in line of stress of welds, rivets, or bolts connecting 532

a compression cover plate or sheet to a nonintegral or other element
Weld spacing 4.1.1
Maximum permissible longitudinal spacing of welds or other

connectors joining two channels to form I-section 4.1.1
Nominal tensile strength 3.2
Strength of connection in tension 4.1.1

Base steel thickness of any element or section

Thickness of thinnest connected part

Equivalent thickness of multiple-stiffened element
Effective throat of weld

Actual shear strength

Nominal shear strength

Required shear strength

Flat width of element exclusive of radii

Flat width of bearing plate
Width of flange projection beyond web or half
distance between webs for box- or U-type sections
Projection of flanges from inside face or web
Nominal wind load
Distance from concentrated load to brace
Distance from shear center to centroid along the principal x-axis
Yield strength of web steel divided by yield strength of stiffener steel
Reduction factor for computing effective area of stiffener section
Coefficient, for sections with stiffening lips,
a = 1.0; for sections without stiffening lips, « = 0
Magnification factor
Magnification factor
Coefficient
Plasticity reduction factor
Angle between web and bearing surface = 45° but no more than 90°
Poisson’s ratio in elastic range = 0.3
Buckling stress about x-axis
Buckling stress about y-axis
Torsional buckling stress
Normal stress
Normal strain
Reduction factor
Slenderness factor

1.1.2,1.3.4,1.5.2.1,
2.1.1,2.1.2,22.1,24,
24.1,24.22526.1,
33.1.1,3.3.1.3,3.3.2,
33.4,3.353436.1,
362412522532,
App. C

531

2.5,App. C1

522

333

332

333
1.1.2,2.1.2,2.2.1,2.4,
24.1,24.2,2533.1.1,
3.3.1.3,3.32,3.34,
3.3.534.3.6.1,
3.6.24.1.2

335

2.1.1c
2.1.1b

1.52

4.3.2
3.3.1.2,34.3
App.C2
2.5

4.1.1

3.5
3.5

3.4.3
3.3.1.1,3.4,App. B
3.34

3.3.1.1,3.4
342,343

3.3.1.2
3.3.1.2,34.3

App. B

App. B

22.1

221
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NOTATION

Symbol Definition Section
Ae 3.048C 3.6.1
] f21f3 222
) Resistance factor 1.1.1,1.5.1.1,5.2,5.2.1,
5225.2353.1,5.3.2,
5.3.3,5.34,6.2, App. D
by Resistance factor for bending strength 3.3.1,33.1.1,3.3.1.2,
3.3.3,3.35.3.5,
3.6.1,3.7
b, Resistance factor for concentrically loaded compression member 3.4,35,3.6.2,App. C
by Resistance factor for local distortion 33.1.1,34
b, Resistance factor for tension member 32
b, Resistance factor for shear strength 3.3.2,3.33,App. C
dw Resistance factor for web crippling strength 334335
Q Safety factor App.D
CONVERSION TABLE
This table contains some conversion factors between US Customary and SI
Metric Units. The formulas included in this Specification are generally nondi-
mensional, except that some adjustments are required for SI Unit in Section
3.34.
Metric Conversion Table
To convert to Multiply by
Length in. mm 25.4
mm in. 0.03937
ft m 0.30480
m ft 3.28084
Area in.2 mm? 645.160
mm? in2 0.00155
ft* m? 0.09290
m? f? 10.76391
Forces kip force kN 4.448
Ib N 4.448
kN kip 0.2248
Stresses ksi MPa 6.895
MPa ksi 0.145
Moments ft-kip kN-m 1.356
kN-m ft-kip 0.7376
Uniform loading kip/ft kN/m 14.59
KN/m kip/ft 0.06852
kip/ft? kN/m? 47.88
kN/m? kip/ft® 0.02089
psf N/m? 47.88
Angle degree radian 0.01745
radian degree 57.29579
xxii
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Specification for the Design of Cold-Formed Stainless

Steel Structural Members
1. GENERAL PROVISIONS

1.1 Limits of Applicability and Terms
1.1.1 Scope and Limits of Applicability

This ASCE Standard Specification shall apply to
the design of structural members cold-formed to shape
from annealed and cold-rolled sheet, strip, plate, or flat
bar stainless steels when used for load-carrying pur-
poses in buildings and other statically loaded struc-
tures. It may also be used for structures other than
buildings provided appropriate allowances are made
for thermal and/or dynamic effects. Appendices to this
Specification shall be considered as integral parts of
the Specification.

This ASCE Standard supersedes the 1974 edition
of the Specification for the Design of Cold-Formed
Stainless Steel Structural Members issued by the
American Iron and Steel Institute.

1.1.2 Terms
Where the following terms appear in this Specifi-
cation they shall have the meaning herein indicated:

1. Stiffened or Partially Stiffened Compression
Elements. A stiffened or partially stiffened com-
pression element is a flat compression element
(i.e., a plane compression flange of a flexural
member or a plane web or flange of a compres-
sion member) of which both edges parallel to
the direction of stress are stiffened by a web,
flange, stiffening lip, intermediate stiffener, or
the like.

2. Unstiffened Compression Elements. An unstiff-
ened compression element is a flat compression el-
ement which is stiffened at only one edge parallel
to the direction of stress.

3. 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 por-
tion between adjacent stiffeners or between web
and intermediate stiffener or between edge and in-
termediate stiffener.

4. Flat-Width-to-Thickness Ratio. The flat width of
an element measured along its plane, divided by
its thickness.

5. Effective Design Width. Where the flat width of an
element is reduced for design purposes, the re-
duced design width is termed the effective width
or effective design width.
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6. Stress. Stress as used in this Specification means
force per unit area.

7. Performance Test. A performance test is a test
made on structural members, connections, and as-
semblies whose performance cannot be deter-
mined by the provisions of Sections 1 through 5 of
this Specification or its specific references.

8. Specified Minimum Yield Strength. The specified
minimum yield strength is the lower limit of
yield strength which varies with the rolling direc-
tion (transverse or longitudinal) and the type of
stress (tension or compression) must be equalled
or exceeded in a specification test to qualify a
lot of steel for use in a cold-formed stainless
steel structural member designed at that yield
strength.

9. Cold-Formed Stainless Steel Structural Members.
Cold-formed stainless steel structural members
are shapes which are manufactured by press-brak-
ing blanks sheared from sheets, cut lengths of
coils or plates, or by roll forming slit widths
from cold- or hot-rolled coils or sheets; both
forming operations being performed at ambient
room temperature, that is, without manifest addi-
tion of heat such as would be required for hot
forming.

10. Load and Resistance Factor Design (LRFD). A
method of proportioning structural components
(members, connectors, connecting elements and
assemblages) such that no applicable limit state is
exceeded when the structure is subjected to all ap-
propriate load combinations.

11. Design Strength. Factored resistance or strength
(force, moment, as appropriate), &bR,, provided by
the structural component.

12. 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 combi-
nations).

13. Nominal Loads. The magnitudes of the loads spec-
ified by the applicable code.

14. Allowable Stress Design (ASD). A method of pro-
portioning structural components on the basis of
working loads and allowable capacities.

1.1.3 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.
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

1.2 Nonconforming Shapes and Constructions

The provisions of the Specification are not in-
tended to prevent the use of alternate shapes or con-
structions not specifically included herein. Such alter-
nates shall meet the provisions of Section 6 of the
Specification and be approved by the appropriate
building code authority.

1.3 Material
1.3.1 Applicable Stainless Steels

This Specification requires the use of stainless
steel of structural quality as defined in general by the
provisions of the following specifications of the Amer-
ican Society for Testing and Materials:

ASTM A176-85a, Stainless and Heat-Resisting
Chromium Steel Plate, Sheet, and Strip.

ASTM A240-86, Heat-Resisting Chromium and
Chromium-Nickel Stainless Steel Plate, Sheet, and
Strip for Pressure Vessels.

ASTM A276-85a, Stainless and Heat-Resisting Steel
Bars and Shapes.

ASTM A666-84, Austenitic Stainless Steel, Sheet,
Strip, Plate, and Flat Bar for Structural Applications.

NOTE: The maximum thickness for Type 409 ferritic stainless steel
used in this Specification is limited to 0.15 in. (3.8 mm). The maxi-
mum thickness for Types 430 and 439 ferritic stainless steels is lim-
ited to 0.125 in. (3.2 mm).

1.3.2 Other Stainless Steels

The listing in Section 1.3.1 does not exclude the
use of stainless steel ordered or produced to other than
the listed specifications provided such stainless steel
conforms to the chemical and mechanical requirements
of one of the listed specifications or other published
specification which establishes its properties and suit-
ability, and provided it is subjected by either the pro-
ducer or the purchaser to analyses, tests and other con-
trols to the extent and in the manner prescribed by one
of the listed specifications and Section 1.3.3.

1.3.3 Ductility

Stainless steels not listed in Section 1.3.1 and used
for structural members and connections shall comply
with the following ductility requirements:

The ratio of tensile strength to yield strength in
both longitudinal and transverse directions shall not be
less than 1.08, and the total elongation shall not be less
than 10% for a two-in. gage length standard specimen
tested in accordance with ASTM A370-77. The provi-
sions of Sections 2 through 5 of this Specification are
limited to stainless steels conforming to these require-
ments.

2

1.3.4 Delivered Minimum Thickness

The minimum thickness of the cold-formed stain-
less steel product as delivered to the job site shall not
at any location be less than 95% of the thickness, ¢,
used in its design; however, thicknesses are permitted
to be less at bends, such as corners, due to cold-form-
ing effects.

1.4 Loads
1.4.1 Dead Load

The dead load to be assumed in design shall con-
sist of the weight of steelwork and all material perma-
nently fastened thereto or supported thereby.

1.4.2 Live and Snow Load

The live and snow load shall be that stipulated by
the applicable code or specification under which the
structure is being designed or that dictated by the con-
ditions involved.

1.4.3 Impact Load

For structures carrying live loads which induce
impact, the assumed live load shall be increased suffi-
ciently to provide for impact.

1.4.4 Wind and Earthquake Load

Wind and earthquake load shall be that stipulated
by the applicable code or specification under which the
structure is being designed or that dictated by the con-
ditions involved.

1.4.5 Ponding

Unless a roof surface is provided with sufficient
slope toward points of free drainage or adequate indi-
vidual drains to prevent the accumulation of rainwater,
the roof system shall be investigated by rational analy-
sis to assure structural adequacy under ponding condi-
tions.

1.5 Structural Analysis and Design
1.5.1 Design Basis

This Specification is based on the Load and Resis-
tance Factor Design concept, which is a method of pro-
portioning structural components (i.e., members, con-
nectors and connections) such that any applicable limit
state is not exceeded when the structure is subjected to
any appropriate factored load combinations.

Two types of limit states are to be considered: (1)
Limit state of the strength required to resist the ex-
treme loads during the intended life of the structure;
and (2) limit state of the ability of the structure to per-
form its intended function under normal service condi-
tions during its life. These limit states are defined as
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the Limit State of Strength and the Limit State of Ser-
viceability, respectively, in the LRFD criteria.

The Allowable Stress Design concept described in
Appendix D may be used as an alternate to the Load
and Resistance Factor Design method.

1.5.1.1 Design for strength. The required strengths of
structural members and connections shall be deter-
mined by structural analysis for the appropriate fac-
tored load combinations given in Section 1.5.2. The
design is satisfactory when the required strengths, as
determined from the assigned nominal loads which are
multiplied by appropriate load factors, are smaller than
or equal to the design strength of each structural com-
ponent or assemblage.

The design strength is equal to dR,,, where ¢ is a
resistance factor and R, is the nominal strength deter-
mined according to the formulas given in Section 3 for
members, in Section 4 for structural assemblies, and in
Section 5 for connections. Values of resistance factors
& are given in the appropriate sections for the limit
states governing member and connection strength.

1.5.1.2 Design for serviceability. The overall structure
and the individual members, connections, and connec-
tors should be checked for serviceability.

1.5.2 Loads, Load Factors, and Load Combinations

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 in-
volved. In the absence of a code, the loads shall be
those stipulated in the American Society of Civil Engi-
neers Standard, Minimum Design Loads for Buildings
and Other Structures, ANSI/ASCE 7-88. For design
purposes, the loads stipulated by the applicable code
shall be taken as nominal loads.

The required strength of the structure and its com-
ponents must be determined from the appropriate most
critical combination of factored loads. The following
load combinations of the factored nominal loads shall
be used in the computation of the required strengths:

1. 14D, + L,
2.12D,+16L,
+ 0.5(L,, or S, or R,,;)
3. 12D,
+ (1.4L,, or 1.6S,, or 1.6R,,,)
+(05L,0r 0.8 W)
4, 12D,+13W,+05L,
+ 0.5, ,orS,orR,,;)
12D, +15E,+(©05L,0r028,)
6. 09D, - (13W,or1.5E,)

W

SEI/ASCE 8-02

where:

D,, = nominal dead load,;

E, = nominal earthquake load;
L,, = nominal live load;

L,, = nominal roof live load;
R,,, = nominal roof rain load;
S,, = nominal snow load; and

W, = nominal wind load (Exception: For wind load on
individual purlins, girts, wall panels and roof
decks, multiply the load factor for W, by 0.9).

Exception: The load factor for L, in combinations (3),
(4), and (5) shall equal to 1.0 for garages, areas occu-
pied as places of public assembly, and all areas where
the live load is greater than 100 psf (4.79 kN/m?).
When the structural effects of F, H, P or T are sig-

nificant, they shall be considered in design as the fol-
lowing factored loads: 1.3F, 1.6H, 1.2P, and 1.27,
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; and

T = self-straining forces and effects arising from con-
traction or expansion resulting from temperature
changes, shrinkage, moisture changes, creep in
component materials, movement due to differen-
tial settlement, or combinations thereof.

1.5.3 Resistance Factors .

The resistance factors to be used for determining
the design strengths, R, of structural members and
connections are given in Sections 3, 5, and 6, and Ap-
pendix D. '

1.5.4 Yield Strength and Strength Increase from Cold
Work of Forming

1.5.4.1 Yield strength. The yield strength used in
design F, shall not exceed the specified minimum
yield strength, or as established in accordance with
Section 6, or as increased for cold work of forming in
Section 1.5.4.2.

1.5.4.2 Strength increase from cold work of forming.
Except as permitted by this Section, nominal stresses
shall be based on the specified properties of the flat un-
formed material. Utilization, for design purpose, of any
increase in material strength that results from a cold-
forming operation is permissible provided that the in-
crease in strength obtained is for the kind of stress
(tension or compression, transverse or longitudinal)
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

that is to be imposed on the final product in service;
and under the limitations prescribed in Sections
15421 and 1.54.2.2.

1.5.4.2.1 Type of sections. The provisions of Section
1.5.4.2 for strength increase from cold work shall ap-
ply only to the following, regardless of whether the
stress to be imposed on the member in service is in ten-
sion or compression: (1) Axially loaded members and
flanges of flexural members, whose proportions are
such that the quantity p is unity as determined accord-
ing to Section 2.2 for each of the component elements
of the section. This includes tubular members com-
posed of flat elements; and (2) cylindrical tubular
members in which the ratio D/t of outside diameter to
wall thickness does not exceed 0.112E,/F,.

1.5.4.2.2 Limitations. Application of the provisions of
Section 1.5.4.2 for strength increase from cold work
shall be on the following basis:

1. Mechanical properties shall be determined on the
basis of full section tests, in accordance with the
provisions of Section 6.4.

2. Provisions shall apply only to the following Sec-
tions of the Specification:

32 Tension Members.

3.3.1.1 Nominal Section Strength of Bending.

3.3.1.2 Lateral Buckling Strength.

34 Concentrically L.oaded Compression Mem-
bers.

35 Combined Axial Load and Bending.

3.6 Cylindrical Tubular Members.

Application of all other provisions of the Specifica-

tion shall be based on the properties of the un-

formed material.

3. The effect on mechanical properties of any welding
or other applied process with potentially deleterious
effect on the member shall be determined on the ba-
sis of tests of full section specimens containing,
within the gage length, such welding or other in-
tended process. Any necessary allowance for such
effect shall be made in the structural design of the
member.

1.5.5 Design Tables and Figures

The design tables (Tables A1l through A17) and
figures (Figures A1l through A12) used in this Specifi-
cation are given in Appendix A. For the design of cold-
formed stainless steel members, the secant modulus,
the tangent modulus, and the plasticity reduction factor
can be determined by using either the tabulated values

provided in Appendix A or the modified Ramberg-
Osgood equation given in Appendix B.

1.6 Reference Documents

This Specification recognizes other published and
latest approved specifications and manuals, when ap-
plicable, for use in designs contemplated herein, as fol-
lows:

1. American Society of Civil Engineers, ASCE 7-88,
“Minimum Design Loads in Buildings and Other
Structures,” American Society of Civil Engineers
(ASCE).

2. Applicable standards of the American Society for
Testing and Materials, (ASTM), 1916 Race Street,
Philadelphia, Pa. 19013.

3. Applicable Standards of the American Welding So-
ciety, (AWS), 550 N. W. LeJeune Road, Miami,
Fla. 33126.

2. ELEMENTS

2.1 Dimensional Limits and Considerations

2.1.1 Flange Flat-Width-to-Thickness Considerations
1. Maximum Flat-Width-to-Thickness Ratios.

Maximum allowable overall flat-width-to-thickness ra-

tios, w/t, disregarding intermediate stiffeners and tak-

ing as ¢ the actual thickness of the element, shall be as

follows:

i. Stiffened compression element having one longi-
tudinal edge connected to a web or flange ele-

ment, the other stiffened by: Simple lip. 50
Any other kind of stiffener having I; > I, and D/w
< 0.8 according to Section 2.4.2. 90

it. Stiffened compression element with both
longitudinal edges connected to other stiffened
elements. 400

iii. Unstiffened compression element and elements
with edge stiffener having I, < I, and D/w = 0.8
according to Section 2.4.2. 50

NoTe: Unstiffened compression elements with wit ratios larger than
approximately 30 and stiffened compression elements that have w/t
ratios exceeding approximately 75 are likely to develop noticeable
out-of-plane distortions at the design load. These distortions do not
impair the load-carrying capacity of the element; however, when it is
necessary to minimize or prevent visible distortions for elements
with larger w/t ratios, Sections 3.3.1.1 and 3.4 stipulate the design re-
quirements of local distortion for flexural and compression members,
respectively.

Stiffened elements having w/ ratios larger than 400 may be
used with safety to support loads, but substantial deformation of such
elements under load may occur and may render inapplicable the de-
sign formulas of this Specification.
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2. 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:

0.061¢dE, 100¢
wf:\/ T x\‘/ df 2.1.1-1)

wy = width of flange projecting beyond web; or half
of the distance between webs for box- or U-type
beams;
¢t = flange thickness;
¢y = amount of curling;*
d = depth of beam;
E, = initial modulus of elasticity, as given in Tables
A4 and AS; and
fav = average stress in full, unreduced flange width.
(Where members are designed by effective
design width procedure, the average stress
equals the maximum stress multiplied by the
ratio of the effective design width to the actual
width.)

where:

3. Shear Lag Effects—Unusually Short Spans
Supporting Concentrated Loads. Where the span of the
beam is less than 30wy (wy as presently defined), and it
carries one concentrated load, or several loads spaced
farther apart than 2wy, the effective design width of
any flange, whether in tension or compression, shall be
limited to the following:

TABLE 1. Short, Wide Flanges: Maximum
Allowable Ratio of Effective Design Width to

Actual Width
Liwy Ratio Liws Ratio
30 1.00 14 0.82
25 0.96 12 0.78
20 . 091 ) 10 0.73
18 0.89 8 0.67
16 0.86 6 0.55

* 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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where: L = full span for simple beams; or distance be-
tween inflection points for continuous beams; or twice
the length of cantilever beams; and wy = width of
flange projection beyond web for I-beam and similar
sections or half distance between webs of box- or U-
type sections.

For flanges of I-beams and similar sections stiff-
ened by lips at the outer edges, wy shall be taken as the
sum of the flange projection beyond the web plus the
depth of the lip.

2.1.2 Maximum Web Depth-to-Thickness Ratio
The ratio, A/t, of the webs of flexural memberts
shall not exceed the following limitations:

1. For unreinforced webs: (h/f)pmax = 200
2. For webs which are provided with transverse stiff-
eners satisfying the requirements of Appendix C.1:

i. When using bearing stiffeners only, (h/f)max =
260 .

ii. When using bearing stiffeners and intermediate .
stiffeners, (h/t)max = 300

In the foregoing:

h = depth of flat portion of web measured along plane
of web.
t = web thickness.

‘Where a web consists of two or more sheets, the

A/t ratio shall be computed for the individual sheets.

2.2 Effective Widths of Stiffened Elements
2.2.1 Uniformly Compressed Stiffened Elements

1. Load Capacity Determination. The effective
widths, b, of uniformly compressed elements shall be
determined from the following formulas:

b=w when A=0.673 (2.2.1-1)

b=pw  when A>0673 (22.1-2)

where:
w = flat width as shown in Figure 1

_ 1-0.22/n
p ==

N (2.2.1-3)

\ 1s a slenderness factor determined as follows:

OB oo

t = thickness of the uniformly compressed stiff-
ened elements.
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

where:
f for load capacity determination is as follows:
For flexural members:

i. If Procedure I of Section 3.3.1.1 is used, f = F,,
if the initial yielding is in compression in the ele-
ment considered. If the initial yielding is not in
compression in the element considered, then the
stress f shall be determined for the element con-
sidered on the basis of the effective section at M,
(moment causing initial yield).

ii. If procedure II of Section 3.3.1.1 is used, then f is
the stress in the element considered at M, deter-
mined on the basis of the effective section.

iii. If Section 3.3.1.2 is used, then the f = M./S; as
described in that Section in determining S..

. For compression members f is taken equal to F,
as determined in Section 3.4.

E, = initial modulus of elasticity as given in Tables
A4 and AS
k = plate buckling coefficient
= 4.0 for stiffened elements supported by a web on
each longitudinal edge. Values for stiffened ele-
ments with an edge stiffener or one intermediate
stiffener are given in Section 2.4.

2. Deflection Determination. The effective
widths, by, used in computing deflection shall be deter-
mined from the following formulas:

by=w when A=0.673 (2.2.1-5)
by = pw when A>0.673 (2.2.1-6)
where:
w = flat width

p = reduction factor determined from Eqs. 2.2.1-3 and
2.2.1-4, except that f, is substituted for f, where
fa = computed compression stress in element be-
ing considered, and that reduced modulus of elas-
ticity, E,, shall be substituted for E, in Eq. 2.2.1-4.

| |
S

Actual Element

where:

(2.2.1-7)

E,, = Secant modulus corresponding to stress in ten-
sion flange; and

E;. = Secant modulus corresponding to stress in com-
pression flange.

Values of the secant moduli may be obtained from
Tables A2 and A3, Figures Al and A2 of Appendix A,
or determined by using Eq. B-1 in Appendix B.

2.2.2 Effective Widths of Webs and Stiffened
Elements with Stress Gradient

1. Load Capacity Determination. The effective
widths, b, and b,, as shown in Figure 2 shall be deter-
mined from the following formulas:

b,
=3y (2.2.2-1)

For ¢y = —0.236

b,
by = 5 22.2-2)
by + b, shall not exceed compression portion of

web calculated on the basis of effective section.
For ¢ > —0.236

b, = b, — b, (2.2.2-3)

where:

b, = effective width b determined in accordance
with Section 2.2.1 with f, substituted for f
and with k determined as follows:

k=4+201 - > +20 — §) (2.2.2-4)
b = foffi
________ Lt
| br2 bz |

Effective Element, b, and Stress, f,
on Effective Elements

FIGURE 1. Stiffened Elements with Uniform Compression

6
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Actual Element

f {(compression)
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t ,(tension)

Effective Elements

o

/

!2 (compression)
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/ t, (compression)

~_ --

Effective Elements and Stresses on

FIGURE 2. Stiffened Elements with Stress Gradient and Webs

f1, f2 = stresses shown in Figure 2 calculated on the
basis of effective section. f; is compression
(+) and f5 can be either tension (—) or com-
pression. In case f; and f, are both compres-
sion, 1 = f».

2. Deflection Determination. The effective widths
in computing deflections at a given load shall be deter-
mined in accordance with Section 2.2.2(1) except that
fa1 and f 4 are substituted for f; and f», where f41, fo
= computed stresses f; and f, as shown in Figure 2.
Calculations are based on the effective section at the
load for which deflections are determined.

2.3 Effective Widths of Unstiffened Elements
2.3.1 Uniformly Compressed Unstiffened Elements
1. Load Capacity Determination. Effective
widths, b, of unstiffened compression elements with
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uniform compression shall be determined in accor-
dance with Section 2.2.1(1) with the exception that k
shall be taken as 0.5 and w as defined in Figure 3.

2. Deflection Determination. The effective widths
used in computing deflection shall be determined in
accordance with Section 2.2.1(2), except that f, is sub-
stituted for f and k = 0.5.

2.3.2 Unstiffened Elements and Edge Stiffeners with
Stress Gradient

1. Load Capacity Determination. Effective
widths, b, of unstiffened compression elements and
edge stiffeners with stress gradient shall be determined
in accordance with Section 2.2.1(1) with f = f3 as
shown in Figure 5 in the element and £ = 0.5.

2. Deflection Determination. Effective widths, b,
of unstiffened compression elements and edge stiffen-
ers with stress gradient shall be determined in accor-
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-

Actual Element

----- b
Stress f - X
|

' b

Etfective Element and Stress
on Effective Element

FIGURE 3. Unstiffened Elements with Uniform Compression

dance with Section 2.2.1(2) except that f 4 is substi-
tuted for f and £ = 0.5.

2.4 Effective Widths of Elements with Edge
Stiffener or One Intermediate Stiffener
The following notation is used in this section:

S =128 VE/Tf; 2.4-1)
k = buckling coefficient;
b, = dimension defined in Figure 4;
d, w, D = dimensions defined in Figure 5;

d; = reduced effective width of stiffener as speci-
fied in this section, with d, calculated ac-
cording to Section 2.4.2, to be used in com-
puting overall effective section properties
(see Figure 5);

d; = effective width of stiffener calculated ac-
cording to Section 2.3.1 (see Figure 5);

C,, C, = coefficients defined in Figures 4 and 5; and

A, = reduced area of stiffener as specified in this
section. A, is to be used in computing over-
all effective section properties. Centroid of
stiffener is to be considered located at cen-
troid of full area of the stiffener, and mo-
ment of inertia of stiffener about its own

by

Py |
- l
T

1

V-

Actual Elements

centroidal axis shall be that of full section of
stiffener;

I, = adequate moment of inertia of stiffener, so
that each component element will behave as
stiffened element; and

I, A, = moment of inertia of full stiffener about its
own centroidal axis parallel to element to be
stiffened and effective area of stiffener, re-
spectively. For edge stiffeners, round corner
between stiffener and element to be stiffened
shall not be considered as part of stiffener.

For the stiffener shown in Figure 5.

I, = (d*t sin®0)/12; (2.4-2)
Ay =dit (2.4-3)

2.4.1 Uniformly Compressed Elements with
Intermediate Stiffener
1. Load Capacity Determination.

Case I: tﬂ =S (2.4.1-1)

Effective Elements and Stress
on Effective Element

Stiffener Section

FIGURE 4. Elements with Intermediate Stiffener
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Lo w
1 - D
d
Actual Stiffener Effective Stiffener
used for Calculating
! Overall Section
! Properties
Stress f for Flange
L - Il
) H H Stress t, for lip
o 12
2 2 4 ‘\
Y
AT
~
Effective Element and Stress on Effective Element
FIGURE 5. Elements with Edge Stiffener
I, = 0 (no intermediate (2.4.1-2) b and A are calculated according to Sec-
stiffener needed) o tion 2.2.1(1), where
b= 2.4.1-3 L\173
v ( ) k= 3(—1—) +1=<4 (2.4.1-10)
A = Ag 2.4.1-4) “ ;
b As = ;(1—5) = A (24.1-11)
Case II: S < T" <38 (2.4.1-5) a
2. Deflection Determination. Effective widths
1o _ 50(b./1) 50 2.4.1-6) shall be determined as in Section 2.4.1(1) except that
t S o fais substituted for f.
b and A, are calculated according to Sec- 2.4.2 Uniformly Compressed Elements with Edge
tion 221(1) Stlffener
where: 1. Load Capacity Determination.
I \12 . w_3S
k= (1—) +1=4 (2.4.1-7) Case r =3 (24.2-1)
I, = 0 (no edge stiffener
I a 24.2-2
A, = Al (I—S) <A/ (2.4.1-8) needed) ( )
b=w 2.4.2-3)
Case III: L3 =35 d; = dj for simple lip (2.4.2-4)
t stiffener
I, 128(b,/t _ A )
L _ (bo/t) 285 (2.4.1-9) As. Al for other (2.4.2-5)
t § stiffener shapes
9
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

Case II: SR <wit<Ss
Lo _ g0 (wit _ [ku)’
T 399 ( S 7 )
1 (2.4.2-6)
n=x
I
C,= 7= 1 (2.4.2-7)
C,=2-G (2.4.2-8)
b shall be calculated according to Section
2.2.1 where
k= Cik, — k) + ki
(2.4.2-9)
k, =043
For simple lip stiffener with 140° = 8
= 40° and D/w = 0.8 where 0 is as
shown in Fig. 5
k, =5.25—-5Dw)y=4.0 (24.2-10)
ds = Cud; (24.2-11)
For stiffener shape other than simple
lip:
k,=4.0
(24.2-12)
AS = CzA;
Case III: wit=S§
I, 115w/t
o= *g—) +5 (2.4.2-13)

Ci1, Ca, b, k, d,, A; are calculated per Case II with n =
1/3.

2. Deflection Determination. Effective widths
shall be determined as in Section 2.4.2(1) except that
fa is substituted for f.

2.5 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 I, as follows:

2
Imin=(3.66 (ﬁ> ~—O'”9E">t4 (2.5-1)
t F,

but not less than 18.4¢*

10

where:

w/t = width-thickness ratio of larger stiffened sub-
element
I, = moment of inertia of full stiffener about its own
centroidal axis parallel to element to be stiff-
ened.

1. If the spacing of intermediate stiffeners between
two webs is such that for the sub-element between
stiffeners b << w as determined in Section 2.2.1,
only two intermediate stiffeners (those nearest each
web) shall be considered effective.

2. 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 2.2.1, only one intermediate stiffener, that
nearest the web, shall be considered effective.

3. If intermediate stiffeners are spaced so closely that
for the elements between stiffeners b = w as de-
termined in Section 2.2.1, 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 re-
placed by an “equivalent element” without inter-
mediate stiffeners whose width, b,, is the full
width between webs or from web to edge stiffener,
and whose equivalent thickness, 7., is determined
as follows:

121,
to= " b—f (2.52)

where:

I,y = moment of inertia of the full area of the multiple-
stiffened element, including the intermediate
stiffeners, about its own centroidal axis. The mo-
ment of inertia of the entire section shall be cal-
culated assuming the “equivalent element” to be
located at the centroidal axis of the multiple stiff-
ened element, including the intermediate stiff-
ener. The actual extreme fiber distance shall be
used in computing the section modulus.

4. If wit > 60, the effective width, b,, of the sub-
element or element shall be determined from the
following formula:

be _ b _ w_
=2 0.10(t 60) (2.5-3)

where:

w/t = flat-width ratio of sub-element or element;
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b = effective design width determined in accordance
with provisions of Section 2.2.1; and

. = 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 ele-
ment subjected to the reduction noted in effective
width, the area of stiffeners (edge stiffener or interme-
diate stiffeners) shall be considered reduced to an ef-
fective area as follows:

For 60 < —‘t”— < 90:

A= aAy (2.5-4)
where:
- 2)- - oss
For _th = 90:
A = ﬁAs, (2.5-6)
w

In these expressions, A.; and A, 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 lo-
cated 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.

2.6 Stiffeners
Provisions for the design of transverse stiffeners
and shear stiffeners are given in Appendix C.

3. MEMBERS

3.1 Properties of Sections

Properties of sections (cross-sectional area, mo-
ment of inertia, section modulus, radius of gyration,
etc.) shall be determined in accordance with conven-
tional 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) ex-
cept where the use of a reduced cross section, or effec-
tive design width, is required.

SEIVASCE 8-02

3.2 Tension Members
For axially loaded tension members, the design
tensile strength, &, T, shall be determined as follows:

$, = 0.85
T, = A.F,

(3.2-1

where:

T,, = nominal strength of member when loaded in ten-
sion;

&, = resistance factor for tension;

A, = net area of the cross section; and

F, = specified yield strength as given in Table Al.

When mechanical fasteners are used in connec-
tions for tension members, the design tensile strength
shall also be limited by Section 5.3.2.

3.3 Flexural Members

'3.3.1 Strength for Bending Only

For flexural members subjected only to bending
moment, the design flexural strength, ¢,M,, shall be
the smaller of the values calculated according to Sec-
tions 3.3.1.1 and 3.3.1.2.

3.3.1.1 Nominal section strength. The design flexural
strength, &, M,,, shall be determined with ¢, = 0.90 for
sections with stiffened and partially stiffened compres-
sion flanges, and ¢, = 0.85 for sections with unstiff-
ened compression flanges, and the nominal section
strength, M,,, is calculated either on the basis of initia-
tion of yielding in the effective section (Procedure I) or
on the basis of the inelastic reserve capacity {Proce-
dure II) as applicable.

1. Procedure I—Based on Initiation of Yielding.
The effective yield moment, M,,, based on section
strength shall be determined as follows:

M, = S.F, (3.3.1.1-1)

where:

= specified yield strength in compression, F),, or in
tension, F),, as given in Table Al;

S, = elastic section modulus of effective section cal-
culated with the extreme compression fiber at F.
or extreme tension fiber at F,,, whichever initi-
ates yielding first.

2. Procedure I—Based on Inelastic Reserve Ca-
pacity. The inelastic reserve capacity of flexural mem-
bers may be used when the following conditions are met:

i. The member is not subject to twisting or to lateral,
torsional, or torsional-flexural buckling.

11
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

ii. The effect of cold-forming is not included in de-
termining the yield strength F,.

iii. The ratio of the depth of the compressed portion
of the web to its thickness does not exceed A;.

iv. The shear force does not exceed 0.35F, times the
web area, (h)(?).

v. The angle between any web and the vertical does
not exceed 30°.

The nominal flexural strength, M, shall not exceed
either 1.25S,F, determined according to Procedure I or
that cansing a maximum compression strain of Cye, (no
limit is placed on the maximum tensile strain).
where:

e, = yield strain = F,/E,;

E, = initial modulus of elasticity (Tables A4 and AS);
and

C, = compression strain factor determined as follows:

(a) Stiffened compression elements without interme-
diate stiffeners

¢, =3 for =\
_ W/t")\l w
C,=3 2<)\2—)\1) for )\1<t<)\2

C,=1 for %zxz

where:

J—
—
—

A = (3.3.1.1-2)
Fye
E,

A = 28 (33.1.1-3)
Fye
E,

(b) Unstiffened compression elements
Cy, =1

(c) Multiple-stiffened compression elements and
compression elements with edge stiffeners

Cy =1

When applicable, effective design widths shall be
used in calculating section properties. M,, shall be cal-
culated considering equilibrium of stresses, assuming
an ideally elastic-plastic stress-strain curve in tension
and compression, assuming small deformation, and as-
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suming that plane sections remain plane during bend-
ing. Combined bending and web crippling shall be
checked by provisions of Section 3.3.5.

3. Local Distortion Consideration. When local
distortions in flexural members under nominal service
loads must be limited, the design flexural strength,
&My, shall be determined by the following equations:

d)d: 1.0
My, = S¢fp

(3.3.1.1-4)

where:

Sy = elastic section modulus of the full, unreduced
Cross section;

f» = permissible compressive stress for local distor-
tion, determined as follows. In no case shall the
permissible stress f;, exceed the yield strength F,.

i. If small, barely perceptible amounts of local dis-
tortions are allowed:
For stiffened compression elements

fo=12F, (3.3.1.1-5)
For unstiffened compression elements
fo=Fer (3.3.1.1-6)
ii. If no local distortions are permissible:
For stiffened compression elements
fs=09F, (3.3.1.1-7)
For unstiffened compression elements
fo=075F, (3.3.1.1-8)
where:
F., = critical buckling stress
knE, (3.3.1.1-9)

T 120 = @PDwi?

v = Plasticity reduction factor corresponding to
compression stress;

| E,
E—t, for stiffened compression elements
(2

= as given in Tables A6 and A7, or Figures A3
and A4 of Appendix A, or determined by using
Eq. B-3 in Appendix B
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= EJE,, for unstiffened compression elements as
given in Tables A8 and A9, or Figures AS and
A6 of Appendix A or determined by using Eq.
B-4 in Appendix B
k = plate-buckling coefficient as defined in Section
2
. = Poisson’s ratio in the elastic range = 0.3
E, = initial modulus of elasticity (Tables A4 and AS5)

3.3.1.2 Lateral buckling strength. The design strength
of the laterally unbraced segments of doubly or singly
symmetric sections* subjected to lateral buckling,
&M, shall be determined with &, = 0.85 and M,, cal-
culated as follows:

M, = S(M./Sp) (3.3.1.2-1)

where:

S = 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 M,/S¢ in the extreme com-
pression fiber

M., is the critical moment calculated according to (1),
(2), or (3) with a maximum value of M,;:

1. For doubly symmetric I-sections bent about the cen-
troidal axis perpendicular to the web (x-axis):

E\ (dl,.
M. = wE,C, (E—’) ( L; ) (3.3.1.2-2)

Alternatively, M, can be calculated by using Eq.
33.1.24.

2. For point-symmetric Z-sections bent about the
centroidal axis perpendicular to the web (x-
axis):

E,\ (dl,.
M, = 0.57%E,C, (f’) ( L§ ) (3.3.1.2-3)

Alternatively, M, can be calculated as half the
value given in Eq. 3.3.1.2-4 with a maximum
value of M,.

* 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 mem-
bers). The provisions of this Section do not apply to laterally un-
braced compression flanges of otherwise laterally stable sections.

SEV/ASCE 8-02

3. For singly symmetric sections (x-axis is as-
sumed to be the axis of symmetry):

i. For bending about the symmetry axis (x-axis
is the axis of symmetry oriented such that
the shear center has a negative x-coordinate):

M, = Cpr,A V 0p0;

Alternatively, M. can be calculated by using
Eq. 3.3.1.2-2 for doubly symmetric I-sections
given in (1).

(3.3.1.2-4)

ii. For bending about the centroid axis perpen-
dicular to the symmetry axis:

Mc = CstAUex
(3.3.1.2-5)
; 2y 2 T

X (] +C [jo+7s po

In the foregoing:

M, = moment causing initial yield at the extreme

compression fiber of full section;
=S fF 5

unbraced length of member;

I, = moment of inertia of compression portion of
section about gravity axis of entire section
parallel to web, using full, unreduced section;

C, = + 1 for moment causing compression on
shear center side of centroid;

Cs; = — 1 for moment causing tension on shear cen-
ter side of centroid,;

™~
Il

w’E, E,
o= |2 [ 3.1.2-
o [(KXLX/V;:)Z} (Eo) (3.3.1.2-6)
2 E
oo, = [ mE, _2] (_'_> (33.1.27)
(K,L,/r,* |\Eo

1 wE,C,\ [ E,
= (-——= +— = 2-
e (A’%)(GOJ (KtLt)2 )(Eo) (331 2 8)

A = full cross-sectional area;
E, = initial modulus of elasticity (Tables A4 and
A5);
E,/E, = plasticity reduction factor corresponding to
stress, as given in Tables A10 and A1l or
Figures A7 and A8, or determined by using
Eq. B-5 in Appendix B.
Cp, = bending coefficient, which can conservatively
be taken as unity, or calculated from:

~ 12.5M
Co = 25M... + 3M, + 4M, + 3Mc
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

where:

M.« =absolute value of maximum moment in the
unbraced segment

M,  =absolute value of moment at quarter point of
unbraced segment

Mg  =absolute value of moment at centerline of un-
braced segment

My  =absolute value of moment at three-quarter

point of unbraced segment
C,, is permitted to be conservatively taken as unity
for all cases. For cantilevers or overhangs where
the free end is unbraced, C, shall be taken as unity.
For members subject to combined axial load and
bending moment (Section 3.5), C;, shall be taken
as unity.
d = depth of section;
r, =polar radius of gyration of cross section about
shear center:

=Vri+ri+x;

S+ X (3.3.1.2-9)
ry, Iy =radii of gyration of cross section about cen-
troidal principal axes;
G, =initial shear modulus (Tables A4 and AS):
K., K, =effective length factors for bending about x-
and y-axes, respectively;
K, =effective length factor for twisting;
L,, L, =unbraced lengths of compression member for
bending about x- and y-axes, respectively;
L, = unbraced length of compression member for
twisting;
x, =distance from shear center to centroid along
principal x-axis, taken as negative;
J =St. Venant torsion constant of cross section:
C,, =torsional warping constant of cross section:

j =% (Jax’dA + [axy?dA) — x,  (33.1.2-10)
¥

3.3.2 Strength for Shear Only
The design shear strength, ¢, V,, at any section
shall be calculated as follows:

b, = 0.85
3 3.3.2-1)
4.84E,°(GG,)
R
h
In no cases shall ¢,V,, exceed (0.95)(F), ht).

where:

&, = resistance factor for shear;
V. = nominal shear strength of beam;
t = web thickness;
h = depth of flat portion of web measured along
plane of web;
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G,/G, = plasticity reduction factor corresponding to
shear stress, as given in Tables A12 or Fig-
ures A9 and A10; and

F,, = specified shear yield strength as given in
Table Al.

When the web consists of two or more sheets,
each sheet shall be considered as a separate element
carrying its share of the shear force.

Exception: For beam webs with transverse stiffeners
satisfying the requirements of Appendix C, the nomi-
nal shear strength shall be calculated as V,, =

0.904k, E,1*(G/G,)lh, where k, is determined in accor-
dance with Section C2.

3.3.3 Strength for Combined Bending and Shear
For beams with unreinforced webs, the required

flexural strength, M, and the required shear strength,

V., shall satisfy the following interaction equation:

( dﬁ; )2 + ( ¢V;‘, )2 <10 (3331)

For beams with transverse web stiffeners, the re-
quired flexural strength, M,,, and the required shear
strength, V,,, shall not exceed ¢, M,, and ¢, V,,, respec-
tively. When M, /(b M,) > 0.5 and V,/(d,V,,) > 0.7,
then M, and V, shall satisfy the following interaction
equation:

M V,
06—+
(ben ¢vvn

<13 (3.3.3-2)

In these equations:

&, =  resistance factor for bending (See Section
33.1)

&, =  resistance factor for shear (See Section 3.3.2);
M, = nominal flexural strength when bending alone
exists, based on Section 3.3.1.1; and

V, = nominal shear strength when shear alone

exists.

3.3.4 Web Crippling Strength

These provisions are applicable to webs of flexu-
ral members subject to concentrated loads or reactions,
or the components thereof, acting perpendicular to the
longitudinal axis of the member and in the plane of the
web under consideration, and causing compressive
stresses in the web.

To avoid crippling of unreinforced flat webs of
flexural members having a flat width ratio, h/t, equal to
or less than 200, the required strength for concentrated
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loads and reactions shall not exceed the values of ¢,,P,,
with ¢, = 0.70 for single unreinforced webs and I-sec-
tions, and P, given in Table 2. Webs of flexural mem-
bers 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 2 apply when N/t < 210,
N/h = 3.5, and for beams with R/t < 6 and deck with
Rit=1.

P, represents the nominal strength for concen-
trated load or reaction for one solid web connecting top

“and bottom flanges. For two or more webs, P, shall be

“computed for each individual web and the results

~added to obtain the nominal load or reaction for the
multiple web.

For built-up I-sections, or similar sections, the dis-
tance between the web connector and beam flange
shall be kept as small as practical.
t2C3C4C9(331 — 061 %)

(3.34-1)
X (1 +0.01 %) X C,

SEI/ASCE 8-02

z203c4c0(217 ~ 028 %)

N (3.3.4-2)
x (1 +0.01 7) X C,
when _It! < 60, the factor (1 -+ 0.01 %)
may be increased to (0.71 + 0.015 g)
2 N
t FyC6(10 +1.25 \/;> (3.3.4-3)

i

t2C1C2C0(538 ~ 074 h)
v (3.3.4-4)
x (1 +0.007 7) % C,

when % > 60, the factor (1 +0.007 %)
. N
may be increased to (0.75 + 0.011 7)

*F,Cs5(0.88 + 0.12m) X (15 +3.25 \/g) (3.3.4-5)

TABLE 2. Nominal Web Crippling Strength, P,

Shapes Having Single

I-Sections or
Webs Similar Sections®

Stiffened or Stiffened,
partially partially stiffened,
stiffened Unstiffened and unstiffened

flanges flanges
End Eg.3.3.4-1 Eq.3.3.4-2 Eq. 3.34-3
reaction®
Opposing loads
spaced > 1.5h"
Interior Eq.3.34-4 Eq.3.3.4-4 Eq. 3.34-5
reaction®
End Eqg. 3.3.4-6 Eq.3.3.4-6 Eq.3.3.4-7
reaction®
Opposing loads
spaced = 1.5h°
Interior Eq. 3.3.4-8 Eq. 3.3.4-8 Eq. 3.3.4-9
reaction®

2 [-sections made of two channels connected back-to-back, or similar sections which provide high degree of restraint against rotation of web (such

as I-sections made by welding two angles to channel).

® At locations of one concentrated load or reaction acting either on top or bottom flange, when clear distance between bearing edges of this and ad-

jacent opposite concentrated loads or reactions is greater than 1.54.

© For end reactions of beams or concentrated loads on end of cantilevers when distance from edge of bearing to end of beam is less than 1.54.

4 For reactions and concentrated loads when distance from edge of bearing to end of beam is equal to or greater than 1.54.

¢ At locations of two opposite concentrated loads or of concentrated load and opposite reaction acting simultaneously on top and bottom flanges,
when clear distance between their adjacent bearing edges is equal to or less than 1.5A.
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

£C3C,Co X (244 ~0.57 %)
N (3.3.4-6)
X (1 +0.01 7) X C,

12F,C4(0.64 + 0.31m) X (10 +1.25 /—It!) (3.3.4-7)

£C,CyCo ¥ (771 — 226 —’tl)

N (3.3.4-8)
X (1 + 0.0013 —t—) X Cy

*F,C5(0.82 + 0.15m) X (15 + 3.25 @) (3.3.4-9)

In these formulas:

&,, = resistance factor for web crippling;
P, = nominal strength for concentrated load or reac-
tion per web (kips for US Customary Units and

N for SI units)
C; = 1.0 for US Customary Units
C, = 6.9 for SI Units
Ci = (1.22 — 0.22k)k, when F,/(91.5C) = 1.0
(3.3.4-10)
= 1.69 when F,/(91.5C) > 1.0
G = (1.06 - M) =10 (33.4-11)

C; = (1.33 - 0.33k)k when F,/66.5C,= 1.0

= 1.34 when F,/66.5C,> 1.0 (3.3.4-12)
Cs = (1.15 — 0.15R/r) = 1.0 but not less
than 0.50 (3.3.4-13)
Cs = (149 — 0.53k) = 0.6 (3.3.4-14)
_ _hit.
Cs =1+ 750,when hit < 150 (3.3.4-15)
= 1.20, when % > 150 (33.4-16)
C; = 1/k when 'h{ <66.5 (33.4-17)
- _hit\(1 h B,
= (1.10 665)<k> hen p >66.5 (3.3.4-18)
_ _ i1 )
Cs (0.98 365 || % (3.3.4-19)
03 (LY
Co =07+03 (36) (3.3.4-20)
F, = specified yield strength in longitudinal com-
pression, (ksi for US Customary Units and MPa
for SI Units) :
16
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h = depth of flat portion of web measured along
plane of web.
—_ F,V
k = 33C, (3.3.4-21)

m = t/0.075 for US Customary Units

t/1.91 for SI Units

web thickness.

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

R = inside bend radius;

6 = angle between plane of web and plane of bear-
ing surface = 45°, but not more than 90°.

(3.3.4-22)

-
i

In the above formulas the units of 4, £, N, and R are in
inches and in mm for US Customary Units and SI
Units, respectively.

3.3.5 Combined Bending and Web Crippling Strength

Unreinforced flat webs of shapes subjected to a
combination of bending and concentrated load or re-
action shall be designed to meet the following
requirements:

1. For shapes having single unreinforced webs:

1.07 P, + M,
d)an (ben

=142 (3.3.5-1

Exception: At the interior supports of continuous
spans, this formula is not applicable to deck or beams
with two or more single webs, provided the compres-
sion edges of adjacent webs are laterally supported in
the negative moment region by continuous or intermit-
tently connected flange elements, rigid cladding, or lat-
eral bracing, and the spacing between adjacent webs
does not exceed 10 in. (254 mm).

2. 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);

082P M
L =132
d)an d)an
Exception: When h/t = 2.33/V (F,/E,) and A < 0.673,
the nominal concentrated load or reaction may be de-
termined by Section 3.3.4. In these formulas:

(3.3.5-2)

&, = resistance factor for bending (see Section 3.3.1);
¢, = resistance factor for web crippling (see Section
3.3.4);
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P, = required strength for concentrated load or reac-
tion in presence of bending moment;
P, = nominal strength for concentrated load or reac-
tion in absence of bending moment determined
in accordance with Section 3.3.4;
M,, = required flexural strength at, or immediately ad-
jacent to, point of application of concentrated
load or reaction P,;
M,, = nominal flexural strength determined according
to Section 3.3.1.1, if bending alone exists;
w = flat width of beam flange which contacts bearing
plate;
¢t = thickness of web or flange; and
N\ = slenderness factor given by Section 2.2.1.

3.4 Concentrically Loaded Compression Members
This section applies to members in which the re-
sultant of all loads acting on the member is an axial
load passing through the centroid of the effective sec-
tion calculated at the stress, F,, defined in this section.

1. The design axial strength, ¢, P,, shall be calcu-
lated as follows:

b. = 0.85

3.4-1
P, =AF, ¢ )

where:

A, = effective area calculated at stress F,.

F,, = the least of the flexural, torsional, and torsional-
flexural buckling stress determined according to
Sections 3.4.1 through 3.4.4.

2. When local distortions in compression mem-
bers under service loads must be limited, the design
axial strength, &bgP;4, shall be determined by the fol-
lowing equations:

d)d: 1.0

3.4-2
Py =Af, ( )

in which A = the area of the full, unreduced cross sec-
tion; and f, = the permissible compressive stresses
given in Eqgs. 3.3.1.1-5 through 3.3.1.1-8.

3. Angle sections shall be designed for the re-
quired axial strength, P,, acting simultaneously with a
moment equal to P,L/1000 applied about the minor
principal axis causing compression in the tips of the
angle legs.

4. The slenderness ratio, KL/, of all compression
members preferably should not exceed 200, except that
during construction only, KL/r preferably should not
exceed 300.
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3.4.1 Sections Not Subject to Torsional or Torsional-
Flexural Buckling

For doubly symmetric sections, closed cross sec-
tions, and any other sections which can be shown not
to be subject to torsional or torsionai-flexural buckling,
the flexural buckling stress, F,,, shall be determined as
follows:

w2E,

Fn‘—_m)‘z—SFy 3.4.1-1)

where:

E, = tangent modulus in compression corresponding to
buckling stress, as given in Tables A13 and A14
or Figures Al1 and A12, or determined by using
Eq. B-2 in Appendix B;

K = effective length factor*
L = unbraced length of member; and
r = radius of gyration of full, unreduced cross section.

3.4.2 Doubly or Point-Symmetric Sections Subject to
Torsional Buckling

For doubly or point-symmetric sections which
may be subject to torsional buckling, F,, shall be taken
as the smaller of F,, calculated according to Section
3.4.1 and F,, calculated as follows:

F 1\ (g, + TELw) (E: (3.42-1)
n=0=— o —_— _ 4.2-
' (A&)( (KL ) (E)

where o, is defined in Section 3.3.1.2.

3.4.3 Singly Symmetric Sections Subject to Torsional-
Flexural Buckling

For sections subject to torsional-flexural buckling,
F, shall be taken as the smaller of F,, calculated ac-
cording to Section 3.4.1 and F,, calculated as follows:

1
2B
(o-ex + o, - \/(Uex + O't)2 - 4Bcex0t)

F,=
(343-1)

* In frames where lateral stability is provided by diagonal bracing,
shear walls, attachment to an adjacent structure having adequate lat-
eral 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, X, for compression members
which do not depend upon their own bending stiffness for lateral sta-
bility 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 ra-
tional method and shall not be less than the actual unbraced length.
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

Alternatively, a conservative estimate of F, can be P,,= nominal axial strength determined in
obtained by using the following equation: accordance with Section 3.4, with F,
= Fy’
P O (Oex (3.43-2) M., M,, = nominal flexural strengths about cen-
" gyt Oex . troidal axes determined in accordance
with Section 3.3;
where o, is defined in Eq. (3.4.2-1); and /e, 1/a,, = magnification factors;
1
[ TE, \(E. SR AY (3.5-4)
Tex ((KxLx/rxf) <E> (3433 (1 PE>
B=1- (_{{)_ )2 (3.4.3-4) &, = 0.90 for beam sections with stiffened
Ty o and partially stiffened compression
flanges, 0.85 for beam sections with
where x,, and r,, are defined in Section 3.3.1.2. unstiffened Compression ﬂanges (Sec_
For singly symmetric sections, the x-axis is as- tion 3.3.1.1), or 0.85 for laterally un-
sumed to be the axis of symmetry. braced beams (Section 3.3.1.2);
b, = 0.85;
3.4.4 Nonsymmeltric Sections w2E,l
For shapes whose cross sections do not have any Pg= b2 (3.5-5)
symmetry, either about an axis or about a point, F, (KbLs)
shall be determined by rational analysis. Alternatively, I, = moment of inertia of full, unreduced
compression members composed of such shapes may cross section about axis of bending;
be tested in accordance with Section 6. L, = actual unbraced length in plane of
bending;
3.5 Combined Axial L.oad and Bending K, = effective length factor in plane of
The required strengths P,, M,,,, and M,,, shall sat- bending;
isfy the following interaction equations: Cix,Cimy = coefficients whose value shall be taken
as follows:
P, 4 CnMis + oMy 1.0 (3.5-1) 1. For compression members in frames
bcPr  boMpan,  GpMuyayy subject to joint translation
P, M, M,, (sidesway)
¢ano * d)anx + d)any = 10 (35_2) Cm - 085’ .
2. For restrained compression mem-
When P,/b P, < 0.15, the following formula may be bers in frames braced against joint
used in lieu of these: translation and not subject to trans-
verse loading between their supports
P, M, M, in the plane of bending
oL, T oMy e, =10 B Cpn=06—04M/M,)  (3.5-6)
where: where:
P, = required axial strength; M,/M 5 = ratio of smaller to larger moment at ends of
M, and M,, = required flexural strengths with respect that portion of member under consideration
to centroidal axes of effective section which is unbraced in plane of bending.
determined for required axial strength M,/M, is positive when member is bent in
alone. For angle sections, M., shall be reverse curvature and negative when it is
taken either as required flexural bent in single curvature.
strength or required flexural strength 3. For compression members in frames
plus P,L/1000, whichever results in a braced against joint translation in plane
lower value of P,; of loading and subject to transverse load-
P,, = nominal axial strength determined in ing between their supports, value of C,,
accordance with Section 3.4; may be determined by rational analysis.
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However, in lieu of such analysis, the fol-
lowing values may be used:

(a) for members whose ends are re-
strained,
C,, = 0.85;

(b) for members whose ends are unre-
strained,
C,=10.

3.6 Cylindrical Tubular Members

The requirements of this Section apply to cylindri-
cal tubular members having a ratio of outside diameter
to wall thickness, D/t, not greater than 0.881E,/F.

3.6.1 Bending

For flexural members, the required flexural
strength uncoupled from axial load, shear, and local
concentrated forces or reactions shall not exceed ¢,M,,
where ¢, = 0.90 and M, is calculated as follows:

For_,?_ _ 0.1;y2E0
M, =F,S; (3.6.1-1)
pop F112E, _ D _ 0881E,
F, t F,
M, = K.F,S; (3.6.1-2)

where:

F, = specified yield strength as given in Table Al;
Sy = elastic section modulus of full, unreduced cross
section; and

— (1 - C) (Eole) + 5.882C
(893 - N) (D) 893 — A,

K. (3.6.1-3)

In Eq. 3.6.1-3:

C = ratio of effective proportional limit-to-yield
strength as given in Table A17; and

(ESFY)
(DI

Ae = 3.048C, limiting value of
ified ratio C.

, based on spec-

3.6.2 Compression

The requirements of this Section apply to mem-
bers in which the resultant of all factored loads and
moments acting on the member is equivalent to a sin-
gle force in the direction of the member axis passing
through the centroid of the section.

SEI/ASCE 8-02

The design axial strength, &P, shall be calcu-
lated as follows:
&, = 0.80

(3.6.2-1)
P, =FA,

In this equation:

F, = flexural buckling stress determined according
to Section 3.4.1;

Tl EN, _ A
o[- (- (EP -4 s
881E
A kA=A for 2<I88E 560
: F,

A = area of full, unreduced cross section;
E,/E, = plasticity reduction factor corresponding to
buckling stress, as given in Tables A10 and
Al1 or Figures A7 and A8, or can be deter-
mined by using Eq. B-5 in Appendix B; and

K. is defined in Section 3.6.1.

3.6.3 Combined Bending and Compression
Combined bending and compression shall satisfy
the provisions of Section 3.5.

3.7 Arc-and-Tangent Corrugated Sheets

When arc-and-tangent corrugated sheets are used
for roofing, siding, and curtain wall, the design flexural
strength, ¢b,M,, may be taken as 0.90 F,Sy or based on
Section 3.6.1, whichever is applicable.

The design strength of arc-and-tangent corru-
gated sheets may be established in accordance with
Section 6.2, “Tests for Determining Structural
Performance.”

4. STRUCTURAL ASSEMBLIES

4.1 Built-Up Sections
4.1.1 I-Sections Composed of Two Channels

The maximum permissible longitudinal spacing of
welds or other connectors, su,«, joining two channels
to form an I-section shall be

1. For compression members:

(4.1.1-1)
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS
where:

Smax = longitudinal spacing of connections;

L unbraced length of compression member;

r; = radius of gyration of [-section about axis per-
pendicular to direction in which buckling
would occur for given conditions of end sup-
port and intermediate bracing; and

re, = radius of gyration of one channel about its
centroidal axis parallel to web.

2. For flexural members:

S = % 4.1.1-2)
In no case shall spacing exceed value
2T,
Smax = ma) 4.1.1-3)

where:

L = span of beam;

T, = design strength of connection in tension (Section
5);

g = vertical distance between two rows of connec-
tions nearest to top and bottom flanges;

g = intensity of factored load on beam (for methods
of determination, see as follows);

m = distance from shear center of one channel to mid-
plane of its web;

"= (f’th) [6D(d)* + 3(b)(d)* — 8(D)’]  (4.1.1-4)
—p_ [t

b=8B (2 -4 )

d=d-rz

B = flange width;

d = depth of channel beam;

D = depth of stiffening lip;

¢t = thickness of channel section;

a = coefficient; for sections with stiffening lips, a =
1.0; for sections without stiffening lips, a = 0;
and

I, = moment of inertia of one channel about its cen-
troidal axis normal to web.

The intensity of factored load, g, is obtained by di-
viding the magnitude of factored concentrated loads or
reactions by the length of bearing. For beams designed
for a uniformly distributed load, g shall be taken equal
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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 re-
quired strength of the welds or connections closest to
the load or reaction P, is

P.m
T, = =2~
(2¢)

The required maximum spacing of connections,
Smax> depends upon the intensity of the factored load
directly at the connection. Therefore, if uniform spac-
ing of connections is used over the whole length of the
beam, 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: (1)
Connection spacing may be varied along the beam ac-
cording (o the variation of the load intensity; or (2) re-
inforcing 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 7, and g shall be
taken as the depth of the beam.

(4.1.1-5)

4.1.2 Spacing of Connections in Compression
Elements

The spacing, s, in the line of stress, of welds, riv-
ets, or bolts connecting a compression cover plate or
sheet to a nonintegral stiffener or other element shall
not exceed:

1. That which is required to transmit the shear be-
tween the connected parts on the basis of the design
strength per connection specified elsewhere herein;
nor

2. 1.11¢ (V E/f), where t = the thickness of the cover
plate or sheet; f = the stress at service load in the
cover plate or sheet; and E, = the tangent modulus
in compression; nor

3. Three times the flat width, w, of the narrowest un-
stiffened compression element tributary to the con-
nections, but need not be less than 1.03¢V (E,/F,) if
wit < 0.50V (E,/F,), or 1.24:V (E,/F,) if wit =
0.50V (E,/F}), unless closer spacing is required by
(1) or (2) preceding.

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 1/2 in. (12.7 mm).
In all other cases, the spacing shall be taken as the cen-
ter-to-center distance between connections.

Exception: The requirements of this Section do not

apply to cover sheets which act only as sheathing ma-
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terial and are not considered as load-carrying ele-
ments.

4.2 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.
When two materials are in contact the possible interac-
tion shall be considered by the design engineer.

4.3 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 attachment.

4.3.1 Symmetrical Beams and Columns

Braces and bracing systems, including connec-
tions, shall be designed considering strength and stiff-
ness requirements.

4.3.2 Channel-Section and Z-Section Beams

The following provisions for bracing to restrain
twisting of channels and Z-sections used as beams
loaded in the plane of the web, apply only when: (1)
Top flange is connected to deck or sheathing material
in such a manner as effectively to restrain lateral de-
flection of the connected flange*; or (2) neither flange
is so connected. When both flanges are so connected,
no further bracing is required.

4.3.2.1 Bracing when one flange is connected. Chan-
nels and Z-sections used to support attached covering
material and loaded in a plane parallel to the web shall
be designed taking into account the restraining effects
of the covering material and fasteners. Provisions shall
be made for forces from each beam which may accu-
mulate in the covering material. These forces shall be
transferred from the covering material to a member or
assembly of sufficient strength and stiffness to resist
these forces.

The design of braces shall be in accordance with
Section 4.3.2.2. In addition, tests in accordance with
Section 6 shall be performed to insure that the type
and/or spacing of braces selected is such that the test
strength of the braced beam assembly is equal to or
greater than its nominal flexural strength, instead of
that required by Section 6.

* Where the Specification does not provide an explicit method
for design, further information should be obtained from the
Commentary.
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4.3.2.2 Neither flange connected to sheathing. Bach in-
termediate brace at the top and bottom flange shall be
designed to resist a required lateral force, Py, deter-
mined as follows:

1. For uniform loads, P; = 1.5K’ times the factored
load within a distance 0.5a each side of the brace.

2. For concentrated loads, P, = 1.0K’ times each fac-
tored 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 these formulas:
For channels and Z-sections:

x = distance from the concentrated load to brace.
a = distance between center line of braces.

For channels:

y_m ;
K =2 4.32.2-1)

where:

m = distance from shear center to mid-plane of web,
as specified in Section 4.1.1;
d = depth of channel.

For Z-sections:

K!= Ix)’

T, (4.3.2.2-2)

where:

I, = product of inertia of full section about centroidal
axes parallel and perpendicular to web; and
I. = moment of inertia of full section about centroidal
axis perpendicular to web.

Braces shall be designed to avoid local crippling at
the points of attachment to the member.

When braces are provided, they shall be attached
in such a manner to effectively restrain the section
against lateral deflection of both flanges at the ends
and at any intermediate brace points.

When all loads and reactions on a beam are trans-
mitted through members which frame into the section
in such a manner as to effectively restrain the section
against torsional rotation and lateral displacement, no
additional braces will be required except those required
for strength according to Section 3.3.1.2.

4.3.3 Laterally Unbraced Box Beams

For closed box-type sections used as beams sub-
ject 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,/F,.
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

5. CONNECTIONS AND JOINTS

5.1 General Provisions

Connections shall be designed to transmit the max-
imum forces resulting from the factored loads acting on
the connected member. The internal forces and mo-
ments shall be distributed in a realistic manner and must
be in equilibrium with the applied forces and moments.
Each element participating in the assumed load paths
shall be capable of resisting the forces assumed in the
analysis. Proper regard shall be given to eccentricity.

5.2 Welded Connections

- The following LRFD criteria govern welded con-
nections used for cold-formed stainless steel structural
members. All arc welds shall comply with the provi-
sions of “Structural Welding Code——Sheet Steel.”
D1.3, of the American Welding Society, and revisions,
except as otherwise specified herein and excepting
such provisions of that Code as are clearly not applica-
ble to material of the type and thickness to which this
specification applies. Welded connections shall not be
used for Type 430 stainless steel.

Welders and welding procedures shall be qualified

as specified in AWS D1.3. Filler metal shall conform
with the requirements of:

“Specification for Covered Corrosion-Resisting
Chromium and Chromium-Nickel Steel Welding
Electrodes,” American Welding Society Specifica-
tion A5.4-81; or

“Specification for Corrosion-Resisting Chromium and
Chromium-Nickel Steel Bare and Composite Metal
Cored and Stranded Welding Electrodes and Weld-
ing Rods,” American Welding Society Specification
A5.9-81.

The required strength on each weld shall not ex-
ceed the design strength, GP,.
where:

& = resistance factor for arc welded connections de-
fined in Sections 5.2.1 and 5.2.2; and
P, = nominal strength of welds determined according
to Sections 5.2.1 and 5.2.2.

The design strengths, ¢P,, for resistance welds
made in conformance with the procedures given in
AWS C1.1-66, “Recommended Practices for Resis-
tance Welding,” are given in Section 5.2.3.

5.2.1 Groove Welds in Butt Joints

The design strength, P, in tension or compres-
sion of a groove weld in a butt joint, welded from one
or both sides, shall be determined by the following
equations, provided that an effective throat equal to or
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greater than the thickness of the material is consis-
tently obtained and that matching weld must be used.

¢ =0.60
P, =LtF,,

(5.2.1-1)

where:

¢ = resistance factor for welded connections;
P,, = nominal strength of groove weld;
F,, = tensile strength of annealed base metal, as given
in Table A16;
L = length of weld; and
t = thickness of thinnest welded sheet.

5.2.2 Fillet Welds

Fillet welds covered by this Specification apply to
the welding in lap or T-joints. The design shear strength,
&P, of a fillet weld shall be determined as follows:

1. For longitudinal loading:

For% < 30:
=055
P, = (0,7 _ 0_0tQ9_L) F (5.2.2-1)
For% = 30:
$ =055
(5.22-2)

P, = 043:1LF,,

In addition, the design strength thus determined
shall not exceed the following value of ¢P,:

¢ =055
(5.2.2-3)
P, =0.75¢,LF,,
2. For transverse loading:
b =055
(5.2.2-4)
P,=1tLF,,

In addition, the design strength determined by Eq.
5.2.2-4 shall not exceed the following value of dP,;:

& = 0.65
P, = t,LFy

(5.2.2-5)

where:

& = resistance factor for welded connections;
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P,, = nominal strength of fillet weld;
L = length of fillet weld;
t = thickness of thinnest connected sheet; and
t,, = effective throat = 0.707w; or 0.707w,,
whichever is smaller.
F,. = strength level designation in AWS electrode
classification (Table A15)

7 F,, is defined in Section 5.2.1, and w, and w,, are
“the legs on weld.

TABLE 3. Nominal Shear Strength of Arc Spot

SEI/ASCE 8-02

TABLE 4. Nominal Shear Strength of Pulsation

Welding
Thickness of Shear Strength per Spot
thinnest outside
sheet 1/4 Hard kips 1/2 Hard kips
inch (mm.) (kN) (kN)

0.156 (3.962) 7.60 (33.8) 10.00 (44.48)
0.187 (4.75) 9.75 (43.37) 12.30 (54.71)
0.203 (5.156) 10.60 (47.15) 13.00 (57.82)
0.250 (6.35) 13.50 (57.82) 17.00 (75.62)

Welding
Thickness of Shear Strength per Spot
thinnest outside ~ Annealed,
sheet 1/16 Hard 1/4 Hard 1/2 Hard
inch (mm) kips (kN) kips (kN) kips (kN)
0.006 (0.152) 0.06 (0.27) 0.07 (0.31) 0.09 (0.4)
0.008 (0.203) 0.10(0.44) 0.13 (0.58) 0.15 (0.67)
0.010 (0.254) 0.15(0.67) 0.17 (0.76) 0.21 (0.93)
0.012 (0.305) 0.19 (0.85) 0.21 (0.93) 0.25 (1.11)
0.014 (0.356) 0.24 (1.07) 0.25(1.11) 0.32 (1.42)
0.016 (0.406) 0.28 (1.25) 0.30 (1.33) 0.38 (1.69)
0.018 (0.457) 0.32(1.42) 0.36 (1.60) 0.47 (2.09)
0.021 (0.533) 0.37 (1.64) 0.47 (2.09) 0.50 (2.22)
0.025 (0.635) 0.50 (2.22) 0.60 (2.67) 0.68 (3.02)
0.031(0.787) 0.68 (3.02) 0.80 (3.56) 0.93 (4.13)
0.034 (0.864) 0.80 (3.56) 0.92 (4.09) 1.10 (4.89)
0.040 (1.016) 1.00 (4.45) 1.27 (5.65) 1.40 (6.23)
0.044 (1.118) 1.20(5.34) 1.45 (6.45) 1.70 (7.56)
0.050 (0.222) 1.45 (6.45) 1.70 (7.56) 2.00 (8.89)
0.056 (1.422) 1.70(7.56) 2.00 (8.9) 2.45 (10.9)
0.062 (1.575) 1.95(8.67) 2.40(10.68) 2.90(12.9)
0.070 (1.778) 2.40(10.68) 2.80(12.45) 3.55(15.79)
0.078 (1.981) 2.70(12.01) 3.40(15.12) 4.00(17.79)
0.094 (2.388) 3.55(15.79) 4.20(18.68) 5.30(23.57)
0.109 (2.769) 4.20(18.68) 5.00(22.24) 6.40(28.47)
0.125(3.175) 5.00(22.24) 6.00(26.69) 7.60 (33.80)

2 Nominal tensile strength per spot may conservatively be taken as
25% of shear strength.

5.2.3 Resistance Welds

For Types 301, 304, and 316 stainless steel sheets,
the design shear strength, &P, of spot welding shall be
determined as follows:

¢ = 0.60; and

P,, = tabulated value given in Table 3.

When Types 301, 304, or 316 stainless steel sheets
are joined by pulsation welding, the nominal shear
strength per spot shall be determined as follows:

(These values are based on “Recommended Practice
for Resistance Welding,” C1.1-66, American Welding
Society, 1966. Values for intermediate thicknesses
may be obtained by straight line interpolation. These
values may also be applied conservatively for Type
201. In all cases, welding shall be performed in accor-
dance with the American Welding Society’s “Recom-
mended Practice for Resistance Welding.”)

5.3 Bolted Connections

The following LRFD design criteria govern bolted
connections used for cold-formed stainless steel struc-
tural members.

Bolts, nuts, and washers shall be installed and
tightened to achieve satisfactory performance of the
connections involved under usual service conditions.

The holes for bolts shall not exceed the sizes spec-
ified in Table 5, except that larger holes may be used
in column base details and structural systems con-
nected to concrete walls.

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 over-
sized or short-slotted holes in an outer ply unless suit-
able performance is demonstrated by load tests in ac-
cordance with Section 6.

5.3.1 Spacing and Edge Distance

The design shear strength, P, of the connected
part along two parallel lines in the direction of applied
force shall be determined as follows:

¢ =070
(5.3.1-1)
P, = teF,
where:
¢ = resistance factor;
P, = nominal resistance per bolt;
23
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TABLE 5. Maximum Size of Bolt Holes

Nominal Standard Oversized Short-slotted Long-slotted
bolt hole hole hole hole
diameter, d diameter diameter dimensions dimensions
inch (mm) inch (mm) inch (mm) inch (mm) inch (mm)
<12 d+ 1/32 d+1/16 (d+ 1/32) by (d + 1/4) d+132)by (22 d)
(12.7) (d + .794) (d + 1.588) (d+ .794) (d + 6.35) (d + .793)
=172 d+ 1/16 d+1/8 (d+ 1/16) by (d + 1/4) d+116)by 2%2d)
12.7) (d + 1.588) (d +3.175) (d + 1.588) (d + 6.35) (d + 1.588)

e = distance measured in line of force from center of
standard hole to nearest edge of adjacent hole or
to end of connected part;

t = thickness of thinnest connected part;

d = nominal bolt diameter; and

F, = specified tensile strength of connected sheet in
longitudinal direction as given in Table A16.

In addition, the minimum distance between cen-
ters of bolt holes shall provide sufficient clearance for
bolt heads, nuts, washers, and the wrench, but shall not
be less 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 15 d.

For oversized and slotted holes, the distance be-
tween 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 — (d,/2),
in which e is the required distance computed from the
applicable equation given above, and dj, is the diame-
ter of a standard hole defined in Table 5. 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.

5.3.2 Tension in Connected Part
The design tensile strength, &P, on the net sec-
tion of the connected part shall be determined as fol-
lows:
¢ =0.70

3.2-1
P,=AF, (5.3.2-1)

where:

A,= net area of connected part;
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F, = nominal tension stress for connections with wash-
ers under both bolt head and nut, determined as
follows:

1. For single shear connection:
F,=00—-r+25rdls)F,<F,

2. For double shear connection:
F,=Q1.0—-09r+3rdls)F,sF, (5.3.2-3)

(5.3.2-2)

r= force transmitted by bolt or bolts at section con-
sidered, divided by tension force in 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
case of a single bolt, s = width of sheet.

F,, d, and r are defined in Section 5.3.1.
In addition, the design tensile strength shall not
exceed the following value of ¢P,:

¢ =085
P,=F,A,

(5.3.2-4)

in which F, is the specified yield strength in tension of
the connected part as given in Table Al.

5.3.3 Bearing
The design bearing strength, ¢ P, shall be deter-
mined as follows:

¢ = 0.65
P, = F,dt

(5.3.3-1)

where:

F, = nominal bearing stress for bolts with washers un-
der both bolt head and nut, determined as fol-

lows:
1. For single shear connection:
F,=200F, (5.3.3-2)
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2. For double shear connection:
F,=215F, (5.3.3-3)
d = nominal bolt diameter; and

t and F, are as defined in Section 5.3.1.

5.3.4 Shear and Tension in Stainless Steel Bolts

The required bolt strength in shear or tension shall
not exceed the design strength, $P,, determined as fol-
lows:

¢ = resistance factor given in Table 6

53.4-1
Pn = AbF ( )

where:

Ap = gross cross-sectional area of bolt; and
F is given by F,, or F,,, in Table 6.
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The pullover shear/tension forces in the stainless
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 fastener from various adjacent structural com-
ponents in the assembly.

The nominal tensile strength of the fastener and
the nominal imbedment strength of the adjacent struc-
tural component shall be determined by applicable
product code approvals, or product specifications
and/or product literature.

When bolts are subjected to a combination of shear
and tension, the required tension strength shall not ex-
ceed the design strength, &P, based on ¢ = 0.75 and P,,
= A, F',.,, in which F',, is determined as follows:

1. Threads in shear plane:
w=125F,—24f,=<F, (534-2)

TABLE 6. Nominal Shear and Tensile Stresses for Stainless Steel Bolts

Nominal shear stress

an
é =065
Nominal tensile
No threads Threads stress®
Type of Diameter in shear in shear F,.
stainless d plane plane® b =075
~ steels inch (mm) ksi (MPa) ksi (MPa) ksi (MPa)
© 2012 all 45.0 (310.8) 33.7 (232.4) 56.0 (386.1)
304,316° all 45.0 33.7 56.0
304,316° =1/2(12.7) 54.0 (372.3) 40.5 (279.2) 67.5 (465.4)
‘ > 1/2(12.7) 45 (310.3) 33.7 (232.4) 56.0 (386.1)
304,316¢ = 3/4(19.1) 75.0 (517.1) 56.2 (387.5) 93.7 (646.1)
4307 all 36.0 (248.2) 27.0 (186.2) 45.0 (310.3)
430° M=d=1-172 42.0 (289.6) 31.5(217.2) 52.5 (361.9)
(6.4 =d=381)
304,316° 1/4=<d=1112 42.0 (289.6) 31.5 (217.2) 52.5 (362.0)
(6.4=d=738.1)
304,316 1/4=d=5/8 57.0 (393.0) 42.8 (295.1) 71.2 (490.9)
64=d=159)
34=d=1-112 48.0 (331.0) 36.0 (248.2) 60.0 (413.7)

(191 =d=38.1

2 Condition A in ASTM A276-85a, hot- or cold-finished.

® Condition A in ASTM A276-85a, hot-finished and Class 1 (solution-treated) in ASTM A193/A193M-86.

¢ Condition A in ASTM A276-85a, cold-finished.

4 Condition B (cold-worked) in ASTM A276-85a, cold-finished and Class 2 (solution-treated and strain-hardened) in ASTM A193/A193M-86.

¢ Condition A in ASTM F593-86a, machined from annealed or solution-annealed stock, or hot-formed and solution-annealed. The minimum tensile
strength is based on tests on the machined specimen.

f Condition CW in ASTM F593-86a, headed and rolled from annealed stock thus acquiring degree of cold work. Sizes 3/4 in. (19.05 mm) diameter
and larger may be hot-worked. The minimum tensile strength is based on tests on the machined specimen.

£ No reduction of nominal stress given in Table 6 is required for d = 1/2 in. (12.7 mm). For d < 1/2 in. (12.7 mm) given value shall be reduced to
0.9F,, for nominal shear stress, and 0.9F,, for nominal tensile stress.
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2. No threads in shear plane:

F,=125F,—-19f,=F, (5343
in which F,, = the nominal tensile stress given in
Table 6, and f, = the shear stress produced by the
same factored loads. The required shear strength shall
not exceed the design shear strength, bA,F,,, in
which $ and F,,, are determined in accordance with
Table 6.

6. TESTS

Tests shall be made by an independent testing lab-
oratory or by a manufacturer’s testing laboratory wit-
nessed by a professional engineer.

6.1 Determination of Stress-Strain Relationships

For stainless steels produced to other than
ASTM Designations A666 and A240, the stress-
strain relationship and mechanical properties used for
the purpose of design shall be established on the ba-
sis of the tests required by ASTM A666, A240, and
A370, supplemented by the following test methods as
applicable:

“Tension Testing of Metallic Materials,” ASTM Des-
ignation E8-85;

“Compression Testing of Metallic Materials at Room
Temperature,” ASTM Designation E9-81;

“Young’s Modulus, Tangent Modulus, and Chord
Modulus,” ASTM Designation E111-82; and

“Verification and Classification of Extensometers,”
ASTM Designation E83-85.

Statistical studies shall be made to insure that the
mechanical properties so determined shall be those for
which there is a 90% probability that they will be
equalled or exceeded in a random selection of the ma-
terial lot under consideration. ASTM Designation
E105-58, “Probability Sampling of Materials,” and
E141-69, “Acceptance of Evidence Based on the Re-
sults of Probability Sampling,” may be used as guides
for appropriate procedure.

6.2 Tests for Determining Structural Performance
Where the composition or configuration of ele-
ments, assemblies, connections, or details of structural
members formed from sheet or strip stainless steel are
such that calculation of their load-carrying capacity or
deflection cannot be made in accordance with the pro-
visions of this Specification, their structural perfor-
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mance shall be established from tests and evaluated in
accordance with the following procedure.

1. Where practicable, evaluation of the test re-
sults shall be made on the basis of the aver-
age value of test data resulting from tests of
not fewer than four identical specimens, pro-
vided the deviation of any individual test re-
sult from the average value obtained from all
tests does not exceed = 10%. If such devia-
tion from the average value exceeds 10%, 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 predicted capac-
ity, R, for the series of the tests. The mean
value and the coefficient of variation of the
tested-to-predicted load ratios for all tests, P,
and V), shall be determined for statistical
analysis.

2. The load-carrying capacity of the tested ele-
ments, assemblies, connections, or members
shall satisfy Eq. 6.2-1.

OR, = 3v,0; (6.2-1)
where:

3v:Q; = required resistance based on most critical load
combination determined in accordance with
Section 1.5.2. y; and Q; are load factors and
load effects, respectively.
R, = average value of all test results;
¢ = resistance factor;

= 1.5(M,,F,.P,)

X exp (—B,VVy + VE+ C,V3 + V3)
(6.2-2);
M,, = mean value of material factor;
1.10 for yield strength and tensile strength of
stainless steels;
mean value of fabrication factor;
1.00 for structural members and connections;
P,, = mean value of tested-to-predicted load ratios
determined in Section 6.2(1);
B, = target reliability;
= 3.0 for structural members and 4.0 for con-
nections;
Ve = coefficient of variation of material factor;
= 0.10 for yield strength of stainless steels;
= (.05 for tensile strength of stainless steels;

I

F,
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Vr = coefficient of variation of fabrication factor;
= (.05 for structural members and bolted con-
nections;
= (.15 for welded connections;
C, = correction factor;
=(n— D/n—3) (6.2-3);
Vp = coefficient of variation of tested-to-predicted
load ratios determined in Section 6.2(1);
n = number of tests;
Vo = coefficient of variation of load effect;
= 0.21;

These values of M,,, F,,, Vy, and Vr do not
exclude the use of other documented statistical
data if they are established from sufficient re-
sults on material properties and fabrication.
For stainless steels not listed in Section 1.3.1,
the values of M,, and V,, shall be determined
by the statistical analysis for the materials
used.
When distortions interfere with the proper
functioning of the specimen in actual use, the
load effects based on the critical load combina-
tion at the occurrence of the acceptable distor-
tion shall also satisfy Eq. 6.2-1, except that the
resistance factor ¢ is taken as unity and that the
load factor for dead load may be taken as 1.0.
3. If the yield strength of the stainless 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
strength of the stainless steel which the manu-
facturer intends to use. The test results shall not
be adjusted upward if the yield strength of the
test specimen is less than the minimum speci-
fied yield strength. Similar adjustments shall be
made on the basis of tensile strength instead of
yield strength when tensile strength is the criti-
cal factor.

Consideration must also be given to any variation

SEI/ASCE 8-02

6.3 Tests for Determining Mechanical Properties of
Full Sections

Tests for determination of mechanical properties
of formed sections to be used in Section 1.5.2.2 shall
be conducted on full formed section as follows:

1. Tensile testing procedures shall agree with
Standard Methods and Definitions for Mechan-
ical Testing of Steel Products, ASTM A370-77.
Compressive yield strength determinations
shall be made by means of compression tests of
short stub column specimens of the section.

2. The compressive yield stresses shall be taken
as either the maximum compressive strength of
the section divided by the cross-section area or
the stress determined by the 0.2% offset
method, whichever is reached first in the test.

3. Where the principal effect of the loading to
which the member will be subjected in service
will be to produce bending stresses, the yield
strength shall be the lower of the yield strength
determined in tension and in compression. In
determining such yield strengths in flanged sec-
tions, tension and compression tests shall be
made on specimens cut from the section. Each
such 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.

4. For acceptance and control purposes, two full
section tests shall be made from each lot of not
more than 50 tons (45t) nor less than 30 tons
(27%) of each section, or one test from each lot
of less than 30 tons (27¢t) of each section. For
this purpose a lot may be defined as that ton-
nage of one section that is formed in a single
production run of material from one heat.

5. At the option of the manufacturer, either ten-
sion or compression tests may be used for rou-
tine acceptance and control purposes, provided
the manufacturer demonstrates that such tests

or differences which may exist between the design reliably indicate the yield point of the section
thickness and the thickness of the specimens used in when subjected to the kind of stress under
the tests. which the member is to be used.
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APPENDICES

APPENDIX A: DESIGN TABLES AND FIGURES

The mechanical properties given in the following
tables (Tables Al through A17) and figures (Figures
Al through A12) shall be used in this Specification.

APPENDIX B: MODIFIED RAMBERG-0OSGOOD
EQUATION

For the design of cold-formed stainless steel struc-
tural members, the values of secant modulus (E;), the
tangent modulus (E,), and the plasticity reduction fac-
tor (m) corresponding to different stresses are given in
the Design Tables and Figures of this Specification.
Alternatively, these properties may be determined by
using analytical expressions, which are based on the
Modified Ramberg-Osgood equation, as follows:

1. Secant Modulus, E;
The secant modulus, E,, defined as the ratio of the
stress and the strain, can be determined as follows:

E,

0_n—l
(1 + 0.002FE, (T;’,——))

(B-1)

The tangent modulus, E,, which is defined as the
slope of the stress strain curve in the inelastic range, is
derived from the first derivative of the stress-strain ra-
tio. Eq. B-2 gives the tangent modulus as a function of
stress.

do

E,F
E === Y

(B-2)

o —1
Fy + 0002 E, |

3. Plasticity Reduction Factor, m

The plasticity reduction factors used for the design
of cold-formed stainless steel structural members can
be obtained from the following equations, which are
based on the secant and tangent moduli previously de-
rived:

For stiffened compression elements:

F
[E, >
= —_— n—1 B_3
"EVE, \/ F, + 0.002nE, (—1‘3 ) -3
y

For unstiffened compression elements:

1

_E _ o B-4
“—E—1+0.002E0< ) (B-4)
2. Tangent Modulus, E, ¢ Fy
TABLE Al. Specified Yield Strengths of Stainless Steels
Fy, ksi (MPa)
Types 201, 301, 304, 316
$520400
Type of 1/16 Type Types 430,
Stress Annealed Hard 1/4Hard 1/2Hard Annealed 1/4 Hard 409 439
Longitudinal 30 45# 40* 45 75 110 48 100 30 407
tension (206.9) (310.3) (275.8) (517.1) (758.5) (330) (690) (206.9) (275.8)
Transverse 30 45# 40* 45 75 110 48 100 35% 45%
tension (241.3) (310.3)
Transverse 30 45# 40* 45 90 120 48 110 35% 45+
compression (758)
Longitudinal 28 41# 36* 41 50 65 48 65 30 407
compression  (193.1) (282.7) (248.2) (344.8) (448.2) (448)
Shear yield 17 25# 23* 25 42 56 27 57 19 24
strength, F,,  (117.2) (172.4) (158.6) (289.6) (386.1) (186) (393) 131) (165.5)
# For Type 201-2 (Class 2).
* Flat bars, for Type 201 only.
T Adjusted yield strengths; ASTM specified yield strength is 30 ksi (206.9 MPa) for Types 409, 430, 439.
29
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

TABLE A2a. Secant Moduli for Deflection Calculations (Types 201, 301, 304, 316)

Secant Modulus, E,, ksi X 10° (MPa X 10°)

Longitudinal compression

Transverse compression

Stress
ksi Annealed Annealed
(MPa) and 1/16 Hard 1/4 Hard 1/2 Hard and 1/16 Hard 1/4 Hard 1/2 Hard

0 28.0(193.1) 27.0 (186.2) 27.0 28.0 28.0 28.0

4 (27.6) 28.0 27.0 27.0 28.0 28.0 28.0

8(55.2) 28.0 27.0 27.0 28.0 28.0 28.0
12 (82.7) 28.0 27.0 27.0 28.0 28.0 28.0
16 (110.3) 248 (171) 27.0 27.0 28.0 28.0 28.0
20 (137.9) 21.3 (146.9) 27.0 27.0 28.0 28.0 28.0
24 (165.5) 18.5 (127.6) 26.2 (180.6) 26.7 (185) 27.7 (191) 28.0 28.0
28 (193.1) 24.0 (165.5) 254 (175.1) 28.0 28.0
32 (220.6) 21.3 (146.9) 24.2 (166.9) 28.0 280
36 (248.2) 18.8 (129.6) 23.0 (158.6) 27.9(1924) 280
40 (275.8) 16.9 (116.5) 21.8 (150.3) 27.8 (191.7) 28.0
44 (303.4) 15.3 (105.5) 20.6 (142) 27.4 (188.9) 28.0
48 (331) 13.9 (95.8) 19.4 (133.8) 27.0 (186.2) 28.0
52 (358.5) 12.5 (86.2) 18.2 (125.5) 26.4 (182) 27.9(192.4)
56 (386.1) 17.1 (117.2) 27.6 (190.3)
60 (413.7) 16.0 (110.3) 27.2 (187.5)
64 (441.3) 15.0 (103.4) 26.8 (184.8)
68 (468.9) 14.0 (96.5) 26.4 (182)

Longitudinal tension Transverse tension

0 28.0(193.1) 27.0 (186.2) 27.0 28.0 28.0 28.0

4 (27.6) 28.0 27.0 27.0 28.0 28.0 28.0

8 (55.2) 28.0 27.0 270 28.0 28.0 28.0
12 (82.7) 28.0 27.0 27.0 28.0 28.0 28.0
16 (110.3) 28.0 27.0 270 28.0 28.0 28.0
20 (137.9) 28.0 27.0 270 28.0 28.0 28.0
24 (165.5) 27.1(186.9) 27.0 27.0 25.6 (176.5) 28.0 28.0
28 (193.1) 27.0 270 28.0 28.0
32 (220.6) 26.8 (184.786) 270 28.0 28.0
36 (248.2) 26.1 (180) 27.0 27.9(192.4) 28.0
40 (275.8) 254 (175.1) 27.0 27.4 (189) 28.0
44 (303.4) 24.6 (169.6) 26.8 (184.8) 26.8 (184.8) 28.0
48 (331) 23.8 (164.1) 26.6 (183.4) 25.9 (178.6) 28.0
52 (358.5) 22.9 (157.9) 26.4 (182) 25.0(1724) 279(192.4)
56 (386.1) 26.1 (180) 27.6 (190.3)
60 (413.7) 25.7(177.2) 27.2 (187.5)
64 (441.3) 253 (1744) 26.7 (184.1)
68 (468.9) 249 (171.7) 26.2 (180.6)
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SEIVASCE 8-02

TABLE A2b. Secant Moduli for Deflection Calculations (UNS S20400)

Secant Modulus, E;, ksi X 10% (MPa X 10%)

Longitudinal compression

Transverse compression

Stress ksi
(MPa) Annealed 1/4 Hard Annealed 1/4 Hard
0 28.0 (193) 28.0 (193) 28.0 28.0
4(27.6) 28.0 27.7 (191) 28.0 27.9(192)
8(55.2) 28.0 27.2 (188) 28.0 27.8 (192)
12 (82.7) 27.8 (192) 26.5 (183) 28.0 27.7(191)
16 (110.3) 27.5 (190) 25.7(177) 28.0 27.5 (190)
20(137.9) 26.9 (185) 24.8 (171) 28.0 27.2 (188)
24 (165.5) 25.8 (178) 23.9 (165) 27.9 (192) 27.0 (186)
28 (193.1) 24.3 (168) 22.9 (158) 27.7(191) 26.7 (184)
32 (220.6) 22.4 (154) 22.0(152) 27.0 (186) 26.4 (182)
36 (248.2) 20.1 (139) 21.0 (145) 25.4 (175) 26.0 (179)
40 (275.8) 17.7 (122) 20.1 (139) 22.4 (154) 25.7(177)
44 (303.4) 25.3 (174)
48 (331) 24.9 (172)
52 (358.5) 24.5 (169)
56 (386.1) 24.1 (166)
60 (413.7) 23.7 (163)
64 (441.3) 23.3(161)
68 (468.9) 22.9 (158)
Longitudinal tension Transverse tension
0 28.0 (193) 28.0 (193) 28.0 28.0
4 (27.6) 28.0 27.8(192) 28.0 27.9 (192)
8(55.2) 279 (192) 27.6 (190) 28.0 27.6 (190)
12 (82.7) 27.6 (190) 27.2 (188) 28.0 27.3 (188)
16 (110.3) 27.1 (187) 26.9 (185) 27.9 (192) 27.0 (186)
20 (137.9) 26.2 (181) 26.5 (183) 27.6 (190) 26.6 (183)
24 (165.5) 24.9 (172) 26.1 (180) 27.1 (187) 26.2 (181)
28 (193.1) 23.3 (161) 25.6 (176) 26.1 (180) 25.8 (178)
32 (220.6) 21.3 (147) 252 (174) 24.5 (169) 25.4 (175)
36 (248.2) 19.2 (132) 24.8 (171) 22.1(152) 25.0 (172)
40 (275.8) 17.0 (117) 24.3 (168) 19.2 (132) 24.5 (169)
44 (303.4) 23.8 (164) 24.0 (165)
48 (331) 23.4 (161) 23.6 (163)
52 (358.5) 22.9 (158) 23.1 (159)
56 (386.1) 22.5 (155) 22.7 (156)
60 (413.7) 22.0 (152) 22.2 (153)
64 (441.3) 21.6 (149) 21.7 (150)
68 (468.9) 21.2 (146) 21.3 (147)
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

TABLE A3. Secant Moduli for Deflection Calculations (Types 409, 430, 439)

Secant Modulus, Ej, ksi X 10> (MPa X 10%)

Type 409 Types 430, 439
Stress
ksi Long. Tran. Long. Tran. Long. Tran. Long. Tran.
(MPa) comp. comp. ten. ten. comp. comp. ten. ten.
0 27.0 (186.2)  29.0 (200) 27.0 29.0 27.0 29.0 27.0 29.0
4(27.6) 27.0 29.0 27.0 29.0 27.0 29.0 27.0 29.0
8(55.2) 27.0 29.0 27.0 29.0 27.0 29.0 27.0 29.0
12 (82.7) 27.0 29.0 27.0 29.0 27.0 29.0 27.0 29.0
16 (110.3) 26.8(184.8) 29.0 26.9 (185.5) 29.0 27.0 29.0 27.0 29.0
20(137.9) 25.6(176.5) 28.9(199.3) 26.1(180) 289 26.6(183.4) 29.0 26.9 (185.5) 29.0
24 (165.5) 21.5(148.2) 27.1(1869) 224(1544) 27.1 253(1744) 29.0 26.6 (183.4)  29.0
28 (193.1) 13.6(93.8) 17.1 (117.9) 14.1(97.2) 17.1 22.2(153.1) 29.0 24.8 (171) 29.0
32 (220.6) 6.5 (44.8) 4.8(33.1) 6.2 (42.7) 4.8 17.3(119.3) 28.7(138.6) 20.1 (138.6) 28.7
36 (248.2) 12.0 26.4 (182) 13.0 (89.6) 26.3
40 (275.8) 7.7 (53.1) 164 (113.1) 6.9 (47.6) 16.3 (112.4)
44 (303.4) 5.2(35.9) 5.3 (36.5)

Note: Long. comp. = longitudinal compression.
Tran. comp. = transverse compression.
Long. ten. = longitudinal tension.

Tran. ten. = transverse tension.

TABLE A4a. Initial Moduli of Elasticity and Initial
Shear Moduli (Types 201, 301, 304, 316)

TABLE A4b. Initial Moduli of Elasticity and Initial
Shear Moduli (UNS S20400)

Type Annealed and Type
1/16 Hard Annealed
- 1/4 Hard and 1/2 Hard - 1/4 Hard
Longitudinal Longitudinal
and transverse Longitudinal — Transverse and transverse Longitudinal ~ Transverse
tension and tension and  tension and tension and tension and  tension and
Modulus compression  compression compression Modulus compression  compression compression
Initial Initial
modulus modulus
of elasticity: 28.0 27.0 28.0 of elasticity: 28.0 28.0 28.0
E, ksi X 10° (193.1) (186.2) (193.1) E,, ksi X 10 (193.1)
(MPa X 10%) (MPa x 10°)
Initial shear Initial shear
modulus: 10.8 10.5 10.8 modulus: 10.8 10.8 10.8
G,, ksi X 10° (74.5) (72.4) (74.5) G,, ksi X 103 (74.5)
(MPa x 10%) (MPa X 10%)

32

Copyright American Society of Civil Engineers
Provided by IHS under license with ASCE

No reproduction or networking permitted without license from IHS Not for Resale



TABLE AS. Initial Modulli of Elasticity and Initial
Shear Moduli (Types 409, 430, 439)

SEI/ASCE 8-02

Type Longitudinal Transverse
tension and tension and

Modulus compression compression
Initial
modulus
of elasticity: 27.0 29.0
E, ksi X 10° (186.2) (200)
(MPa X 10%)
Initial shear
modulus: 10.5 11.2
G,, ksi X 10? (72.4) (71.2)
(MPa X 10%)

TABLE Aé6a. Plasticity Reduction Factors for Stiffened Elements (Types 201, 301, 304, 316)

VE,/E,
Longitudinal compression Transverse compression
Stress
ksi Annealed Annealed
(MPa) and 1/16 Hard 1/4 Hard 1/2 Hard and 1/16 Hard 1/4 Hard 1/2 Hard
0 1.00 1.00 1.00 1.00 1.00 1.00
4 (27.6) 1.00 1.00 1.00 1.00 1.00 1.00
8(55.2) 1.00 1.00 1.00 1.00 1.00 1.00
12 (82.7) 1.00 1.00 1.00 1.00 1.00 1.00
16 (10.3) 0.77 1.00 1.00 1.00 1.00 1.00
20(137.9) 0.67 1.00 1.00 1.00 1.00 1.00
24 (165.5) 0.58 0.79 0.98 0.81 1.00 1.00
28 (193.1) 0.50 0.71 0.86 0.62 1.00 1.00
32 (220.6) 0.65 0.80 1.00 1.00
36 (248.2) 0.60 0.75 1.00 1.00
40 (275.8) 0.56 0.71 0.99 1.00
44 (303.4) 0.52 0.68 0.93 1.00
48 (331) 0.48 0.64 0.88 1.00
52 (358.5) 045 0.60 0.84 1.00
56 (386.1) 0.57 0.80 0.97
60 (413.3) 0.53 0.77 0.94
64 (441.3) 0.50 0.73 0.91
68 (468.9) 0.47 0.70 0.87
33
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

TABLE A6b. Plasticity Reduction Factors for Stiffened Elements

(UNS S20400)
VE,/E,

Longitudinal compression Transverse compression

Stress ksi

(MPa) Annealed 1/4 Hard Annealed 1/4 Hard

0 1.00 1.00 1.00 1.00
4(27.6) 1.00 0.99 1.00 1.00
8(55.2) 1.00 0.96 1.00 0.99
12 (82.7) 0.99 0.93 1.00 0.98
16 (10.3) 0.96 0.90 1.00 0.98
20(137.9) 091 0.86 1.00 0.96
24 (165.5) 0.84 0.83 0.98 0.95
28 (193.1) 0.76 0.80 0.95 0.94
32 (220.6) 0.67 0.76 0.86 0.93
36 (248.2) 0.59 0.73 0.71 0.91
40 (275.8) 0.51 0.70 0.55 0.90
44 (303.4) 0.45 0.67 0.40 0.88
48 (331) 0.39 0.65 0.29 0.87
52 (358.5) 0.34 0.62 0.21 0.85
56 (386.1) 0.60 0.83
60 (413.3) 0.58 0.82
64 (441.3) 0.56 0.80
68 (468.9) 0.54 0.79

TABLE A7. Plasticity Reduction Factors for Stiffened Elements

(Types 409, 430, 439)
VE,/E,
Type 409 Types 430, 439
Stress Longitudinal Transverse Longitudinal Transverse
ksi (MPa) compression compression compression compression
0 1.00 1.00 1.00 1.00
4 (27.6) 1.00 1.00 1.00 1.00
8(55.2) 1.00 1.00 1.00 1.00
12 (82.7) 0.99 1.00 1.00 1.00
16 (110.3) 0.96 1.00 0.99 1.00
20 (137.9) 0.81 0.96 0.96 1.00
24 (165.5) 0.54 0.69 0.84 1.00
28 (193.1) 0.30 0.28 0.66 0.99
32 (220.6) 0.17 0.10 047 0.94
36 (248.2) 0.33 0.64
40 (275.8) 0.24 0.28
44 (303.4) 0.14
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TABLE A8a. Plasticity Reduction Factors for Unstiffened Elements (Types 201, 301, 304, 316)

E,/E,
Longitudinal compression Transverse compression
Stress Annealed Annealed
ksi (MPa) and 1/16 Hard 1/4 Hard 1/2 Hard and 1/16 Hard 1/4 Hard 1/2 Hard
0 1.00 1.00 1.00 1.00 1.00 1.00
4 (27.6) 1.00 1.00 1.00 1.00 - 1.00 1.00
8(55.2) 1.00 1.00 1.00 1.00 1.00 1.00
12 (82.7) 1.00 1.00 1.00 1.00 1.00 1.00
16 (110.4) 0.89 1.00 1.00 1.00 1.00 1.00
20 (137.9) 0.76 1.00 1.00 1.00 1.00 1.00
24 (165.5) 0.66 0.97 0.99 0.99 1.00 1.00
28 (193.1) 0.57 0.89 0.94 0.86 1.00 1.00
32 (220.6) 0.46 0.79 0.90 0.70 1.00 1.00
36 (248.2) 0.35 0.70 0.85 0.49 1.00 1.00
40 (275.8) 0.23 0.63 0.81 0.28 0.99 1.00
44 (303.4) 0.12 0.57 0.76 0.08 0.98 1.00
48 (331) 0.51 0.72 0.96 1.00
52 (358.5) 0.46 0.67 0.94 0.99
56 (386.1) 0.63 0.92 0.98
60 (413.7) 0.59 0.89 0.97
64 (441.3) 0.56 0.86 0.96
68 (468.9) 0.52 0.83 0.94
72 (496.4) 0.80 0.92
76 (524) 0.76 0.91
80 (551.6) 0.72 0.89
84 (579.2) 0.68 0.87
88 (606.8) 0.64 0.86
92 (620.6) 0.59 0.84
96 (661.9) 0.82
100 (689.5) 0.80
104 (717.1) 0.78
108 (744.7) 0.76
112 (772.2) 0.74
116 (799.8) 0.71
120 (827.4) 0.68
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COLD-FORMED STAINLESS STRUCTURAL MEMBERS

TABLE A8b. Plasticity Reduction Factors for Unstiffened Elements

(UNS S20400)
EJE,
Longitudinal compression Transverse compression
Stress
ksi (MPa) Annealed 1/4 Hard Annealed 1/4 Hard
0 1.00 1.00 1.00 1.00
4 (27.6) 1.00 0.99 1.00 1.00
8(55.2) 1.00 0.97 1.00 0.99
12 (82.7) 0.99 0.95 1.00 0.99
16 (110.4) 0.98 0.92 1.00 0.98
20 (137.9) 0.96 0.89 1.00 0.97
24 (165.5) 0.92 0.85 1.00 0.96
28 (193.1) 0.87 0.82 0.99 0.95
32 (220.6) 0.80 0.78 0.96 0.94
36 (248.2) 0.72 0.75 091 0.93
40 (275.8) 0.63 0.72 0.80 0.92
44 (303.4) 0.54 0.69 0.64 0.90
48 (331) 0.46 0.65 0.46 0.89
52 (358.5) 0.39 0.62 0.30 0.88
56 (386.1) 0.60 0.86
60 (413.7) 0.57 0.85
64 (441.3) 0.54 0.83
68 (468.9) 0.52 0.82
72 (496.4) 0.50 0.80
76 (524) 0.79
80 (551.6) 0.77
84 (579.2) 0.76
88 (606.8) 0.74
92 (620.6) 0.73
96 (661.9) 0.71
100 (689.5) 0.70
104 (717.1) 0.68
108 (744.7) 0.67
112 (772.2) 0.66
116 (799.8) 0.64
120 (827.4) 0.63
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TABLE A9. Plasticity Reduction Factors for Unstiffened Elements

(Types 409, 430, 439)
E,/E,
Type 409 Types 430, 439
Stress Longitudinal Transverse Longitudinal Transverse
ksi (MPa) compression compression compression compression

0 1.00 1.00 1.00 1.00
4 (27.6) 1.00 1.00 1.00 1.00
8(55.2) 1.00 1.00 1.00 1.00
12 (82.7) 1.00 1.00 1.00 1.00
16 (110.4) 0.99 1.00 1.00 1.00
20(137.9) 0.95 1.00 0.99 1.00
24 (165.5) 0.79 0.93 0.94 1.00
28 (193.1) 0.50 0.59 0.82 1.00
32 (220.6) 0.24 0.17 0.64 0.99
36 (248.2) 0.44 0.91
40 (275.8) 0.28 0.56
44 (303.4) 0.18
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TABLE A10a. Plasticity Reduction Factors for Lateral Buckling Strengths
(Types 201, 301, 304, 316)

E/E,

Longitudinal compression Transverse compression

Stress Annealed Annealed
ksi (MPa) and 1/16 Hard 1/4Hard 1/2Hard and 1/16 Hard 1/4 Hard 1/2 Hard

0 1.00 1.00 1.00 1.00 1.00 1.00
4(27.6) 1.00 1.00 1.00 1.00 1.00 1.00

8 (55.2) 1.00 1.00 1.00 1.00 1.00 1.00
12 (82.7) 1.00 1.00 1.00 1.00 1.00 1.00
16 (110.4) 0.60 1.00 1.00 1.00 1.00 1.00
20 (137.9) 0.45 1.00 1.00 1.00 1.00 1.00
24 (165.5) 0.34 0.63 0.96 0.66 1.00 1.00
28 (193.1) 0.25 0.50 0.74 0.38 1.00 1.00
32 (220.6) 0.16 0.42 0.64 0.21 1.00 1.00
36 (248.2) 0.10 0.36 0.56 0.09 1.00 1.00
40 (275.8) 0.05 0.31 0.51 0.04 0.98 1.00
44 (303.4) 0.01 0.27 0.46 0.02 0.86 1.00
48 (331) 0.23 0.41 0.78 1.00
52 (358.5) 0.20 0.36 0.71 1.00
56 (386.1) 0.18 0.33 0.65 0.94
60 (413.7) 0.15 0.29 0.59 0.88
64 (441.3) 0.13 0.25 0.54 0.82
68 (468.9) 0.11 0.22 0.49 0.77
72 (496.4) 0.10 0.19 0.44 0.73
76 (524) 0.17 0.39 0.68
80 (551.6) 0.16 0.34 0.64
84 (579.2) 0.14 0.29 0.60
88 (606.8) 0.13 0.25 0.56
92 (620.6) 0.12 0.20 0.53
96 (661.9) 0.11 0.16 0.49
100 (689.5) 0.11 0.13 0.46
104 (717.1) 0.10 0.43
108 (744.7) 0.07 0.39
112 (772.2) 0.36
116 (799.8) 0.32
120 (824.4) 0.29
124 (855) 0.26
128 (882.6) 023
132 (910.1) 0.20
136 (937.7) 0.16
140 (965.3) 0.13
144 (992.9) 0.10
148 (1020.5) 0.07

38

Copyright American Society of Civil Engineers
Provided by IHS under license with ASCE
No reproduction or networking permitted without license from IHS Not for Resale



TABLE A10b. Plasticity Reduction Factors for Lateral Buckling Strengths

(UNS S20400)
E,/E,
Longitudinal compression Transverse compression
Stress
ksi (MPa) Annealed 1/4 Hard Annealed 1/4 Hard
0 1.00 1.00 1.00 1.00
4(27.6) 1.00 0.98 1.00 1.00
8(55.2) 0.99 093 1.00 0.98
12 (82.7) 0.97 0.87 1.00 0.97
16 (110.4) 0.92 0.81 1.00 0.95
20 (137.9) 0.83 0.75 0.99 0.93
24 (165.5) 0.71 0.69 0.97 0.91
28 (193.1) 0.58 0.63 0.90 0.88
32 (220.6) 045 0.58 0.74 0.86
36 (248.2) 0.35 0.54 0.51 0.83
40 (275.8) 0.26 0.49 0.30 0.80
44 (303.4) 0.20 0.45 0.16 0.78
48 (331) 0.15 042 0.08 0.75
52 (358.5) 0.12 0.39 0.04 0.72
56 (386.1) 0.09 0.36 0.02 0.70
60 (413.7) 0.07 0.34 0.01 0.67
64 (441.3) 0.06 0.31 0.01 0.65
68 (468.9) 0.05 0.29 0.00 0.62
72 (496.4) 0.04 0.27 0.60
76 (524) 0.26 0.58
80 (551.6) 0.24 0.56
84 (579.2) 0.23 0.54
88 (606.8) 0.21 0.52
92 (620.6) 0.20 0.50
96 (661.9) 0.19 0.48
100 (689.5) 0.18 0.46
104 (717.1) 0.17 0.44
108 (744.7) 0.16 043
112 (772.2) 0.16 041
116 (799.8) 0.15 0.40
120 (824.4) 0.14 0.39
124 (855) 0.14 0.37
128 (882.6) 0.13 0.36
132 (910.1) 0.12 0.35
136 (937.7) 0.12 0.34
140 (965.3) 0.11 0.33
144 (992.9) 0.11 0.32
148 (1020.5) 0.11 0.31
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TABLE A1l. Plasticity Reduction Factors for Lateral Buckling Strengths

(Types 409, 430, 439)
E,IE,
Type 409 Types 430, 439
Stress Longitudinal Transverse Longitudinal Transverse
ksi (MPa) compression compression compression compression
0 1.00 1.00 1.00 1.00
4(27.6) 1.00 1.00 1.00 1.00
8(55.2) 1.00 1.00 1.00 1.00
12 (82.7) 0.99 1.00 1.00 1.00
16 (110.4) 0.93 1.00 0.99 1.00
20 (137.9) 0.66 0.93 0.92 1.00
24 (165.5) 0.29 0.47 0.71 1.00
28 (193.1) 0.09 0.08 0.43 0.99
32 (220.6) 0.03 0.01 0.22 0.89
36 (248.2) 0.11 0.41
40 (275.8) 0.06 0.08
44 (303.4) 0.02

TABLE A12. Plasticity Reduction Factors for Shear Strengths

G,/G,

Types 201, 301, 304, 316

Stress Annealed Types 430,
ksi (MPa) and 1/16 Hard 1/4 Hard 1/2 Hard Type 409 439
0 1.00 1.00 1.00 1.00 1.00
4 (27.6) 1.00 1.00 1.00 1.00 1.00
8(55.2) 0.98 1.00 1.00 1.00 1.00
12 (82.7) 0.84 1.00 1.00 0.83 1.00
16 (110.4) 0.58 0.98 1.00 0.99
20 (137.9) 0.24 0.95 0.99 0.70
24 (165.5) 0.03 0.90 0.97
28 (193.1) 0.85 0.95
32 (220.6) 0.78 0.93
36 (248.2) 0.70 0.89
40 (275.8) 0.61 0.85
44 (303.4) 051 0.81
48 (331) 0.77
52 (358.5) 0.71
56 (386.1) 0.65
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TABLE Al3a. Tangent Moduli for Design of Columns (Types 201, 301, 304, 316)

SEI/ASCE 8-02

Tangent Modulus, E,, ksi X 10> (MPa X 10%)

Longitudinal compression

Transverse compression

Stress Annealed Annealed
ksi (MPa) and 1/16 Hard 1/4 Hard 1/2 Hard and 1/16 Hard 1/4 Hard 1/2 Hard
0 28.0(193.1) 27.0 (186.2) 27.0 28.0 28.0 28.0
4 (27.6) 28.0 27.0 27.0 28.0 28.0 28.0
8 (55.2) 28.0 27.0 27.0 28.0 28.0 28.0
12 (82.7) 28.0 27.0 27.0 28.0 28.0 28.0
16 (110.4) 16.7 (115.1) 27.0 27.0 28.0 28.0 28.0
20 (137.9) 12.5 (86.2) 27.0 27.0 28.0 28.0 28.0
24 (165.5) 9.5 (65.5) 17.0 (117.2) 26.0 (179.3) 18.5 (127.6) 28.0 28.0
28 (193.1) 7.0 (48.3) 13.5 (93.1) 20.0 (137.9) 10.7 (73.8) 28.0 28.0
32 (220.6) 4.6 (31.7) 11.3(77.9) 17.2(118.6) 5.9 (40.7) 28.0 28.0
36 (248.2) 2.7 (18.6) 9.7 (66.9) 15.2 (104.8) 2.5(17.2) 28.0 28.0
40 (275.8) 1.4 (9.7) 8.4 (57.9) 13.7 (94.5) 1.2(8.3) 27.3 (188.2) 28.0
44 (303.4) 0.4 (2.8) 7.2 (49.6) 12.4 (85.5) 0.6 (4.1) 24.0 (165.5) 28.0
48 (331) 6.3(43.49) 11.0(75.8) 21.7 (149.6) 28.0
52 (358.5) 5.5(37.9) 9.8 (67.6) 19.9 (137.2) 28.0
56 (386.1) 8.8 (60.7) 18.1 (124.8) 26.4 (182)
60 (413.7) 7.7 (53.1) 16.6 (114.5) 24.5(168.9)
64 (441.3) 6.8 (46.9) 15.1 (104.1) 23.0(158.6)
68 (468.9) 6.0(41.4) 13.7 (94.5) 21.5(148.2)
72 (496.4) 12.3 (84.8) 20.4 (140.7)
76 (524) 10.9 (75.2) 19.1 (131.7)
80 (551.6) 9.5 (65.5) 18.0(124.1)
84 (579.9) 8.2 (56.5) 16.9 (116.5)
88 (606.8) 6.9 (47.6) 15.8 (108.9)
92 (620.6) 5.7 (39.3) 14.8 (102)
96 (661.9) 13.8 (95.2)
100 (689.5) 12.8 (88.3)
104 (717.1) 11.9(77.2)
108 (744.7) 10.9 (75.2)
112 (772.2) 10.0 (69)
116 (799.8) 9.0(62.1)
120 (827.4) 8.1 (55.8)
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TABLE A13b. Tangent Moduli for Design of Columns (UNS S20400)

Tangent Modulus, E,, ksi X 10° (MPa X 10%)

Longitudinal compression

Transverse compression

Stress
ksi (MPa) Annealed 1/4 Hard Annealed 1/4 Hard
0 28.0 (193) 28.0 28.0 28.0
4 (27.6) 28.0 27.3 (188) 28.0 27.9 (192)
8 (55.2) 27.8 (192) 26.0 (179) 28.0 27.6 (190)
12 (82.7) 27.2 (188) 24.4 (168) 28.0 27.1 (187)
16 (110.4) 25.8 (178) 22.7 (156) 28.0 26.6 (183)
20 (137.9) 23.3 (161) 20.9 (144) 27.8(192) 26.0 (179)
24 (165.5) 19.9 (137) 19.3 (133) 27.2 (188) 254 (175)
28 (193.1) 16.2 (112) 17.7 (122) 25.1(173) 24.7 (170)
32 (220.6) 12.7 (87.6) 16.3 (112) 20.7 (143) 24.0 (165)
36 (248.2) 9.7 (66.9) 15.0 (103) 14.3 (98.6) 23.2 (160)
40 (275.8) 7.4 (51.0) 13.8 (95.1) 8.3(57.2) 22.5 (155)
44 (303.4) 5.6 (38.6) 12.7 (87.6) 4.5(31.0) 21.7 (150)
48 (331) 4.2(29.0) 11.8 (81.4) 2.3 (15.9) 21.0 (145)
52 (358.5) 3.3 (22.8) 10.9 (75.2) 12(8.3) 20.2 (139)
56 (386.1) 10.1 (69.6) 19.5 (134)
60 (413.7) 9.4 (64.8) 18.8 (130)
64 (441.3) 8.8 (60.7) 18.1 (125)
68 (468.9) 8.2 (56.5) 17.4 (120)
72 (496.4) 7.7 (53.1) 16.8 (116)
76 (524) 162 (112)
80 (551.6) 15.6 (108)
84 (579.9) 15.0 (103)
88 (606.8) 14.4 (99.3)
92 (620.6) 13.9 (95.8)
96 (661.9) 13.4(92.4)
100 (689.5) 12.9 (88.9)
104 (717.1) 12.4 (85.5)
108 (744.7) 12.0 (82.7)
112 (772.2) 11.6 (80.0)
116 (799.8) 11.2(77.2)
120 (827.4) 10.8 (74.5)
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TABLE A14. Tangent Moduli for Design of Columns (Types 409, 430, 439)

Tangent Modulus: E,, ksi X 10°> (MPa X 10%)

Type 409 Types 430, 439
Stress Longitudinal Transverse Longitudinal Transverse
ksi (MPa) compression compression compression compression
0 27.0 (186.2) 29.0 (200) 270 29.0
4 (27.6) 27.0 29.0 270 29.0
8(55.2) 27.0 29.0 27.0 29.0
12 (82.7) 26.8 (46.9) 29.0 27.0 29.0
16 (110.4) 25.1(173.1) 28.9 (199.3) 26.7 (184.1) 29.0
20 (137.9) 17.8 (122.7) 26.9 (185.5) 24.7 (170.3) 29.0
24 (165.5) 7.7(53.1) 13.6 (93.8) 19.1 (131.7) 29.0
28 (193.1) 2.6 (17.9) 2.4 (16.5) 11.5(79.3) 28.8 (200.2)
32 (220.6) 0.9(6.2) 0.4 (2.8) 6.0 (41.4) 25.8(177.9)
36 (248.2) 3.1(21.4) 12.0 (82.7)
40 (275.8) 1.6 (11) 2.4 (16.5)
44 (303.4) 04(2.8)
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TABLE A1S. Tensile Strength of Weld Metal

TABLE A16. Tensile Strengths of Annealed, 1/16

Tensile Strength, min. Hard, 1/4 Hard, and 1/2 Hard Base Metals
AWS Classification ksi (MPa)
Types of

E209 100 (689.5) Stainless Minimum Tensile
E219 90 (620.6) Steels Strength, ksi (MPa)
E240 100
E307 85 (586.1) Annealed
E308 80 (551.6
E308H 80( ) 201-1 90 (Class 1) (620.6)
E308L 75 (571'1) 201-2 95 (Class 2) (655)
E308Mo 80 $20400 95 (655)
E308MoL. 75 301 90
E309 80 304,316 75 (571.1)
E309L 75 409 55 (379.2)
E309Ch 80 430,439 65 (448.2)
E309Mo 80 1/16 Hard
E310 80
E310H 90 201 PSS® 90
E310Cb 80 FB® 75
E310Mo 80 301 90
E312 95 304PSS 80 (551.6)
E316 75 FB 90
E316H 75 316PSS 85 (586.1)
E316L 70 FB 90
E317 80
E317L 75 1/4 Hard
gg;g gg 201 125 (861.9)
E320LR 75 S20400 125

301 125
E330 75

304 125
E330H % 316 125
E347 75
E349 100 1/2 Hard
E410 65 (448.2)
E410NiMo 110 (758.5) 201 150 (1,034.3)
E430 65 301 150
E502 60 (413.7) 304 150
E505 60 316 150
E630 135 (930.8) -
E16-8-2 80 :PSS = plate, sheet, and strip.
E7Cl' 60 FB = flat bar.
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TABLE A17. Ratio of Effective Proportional Limit-to-Yield Strength

Effective Proportional Limit/Yield Strength

(Fp}‘/F y)
Types 201, 301, 304, 316 UNS 520400
Type of Annealed Types 430,
Stress and 1/16 Hard 1/4 Hard 1/2 Hard Annealed 1/4 Hard Type 409 439
Longitudinal 0.67 0.50 0.45 0.49 0.29 0.76 0.70
tension
Transverse 0.57 0.55 0.60 0.61 0.30 0.83 0.81
tension
Transverse 0.66 0.50 0.50 0.73 0.33 0.83 0.82
compression
Longitudinal 0.46 0.50 0.49 0.53 0.32 0.73 0.62
compression
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TABLE B. Coefficient n Used for Modified Ramberg-Osgood Equation

Types 201, 301, 304, 316 UNS S20400
Types of Annealed and Type Types 430
Stress 1/16 Hard 1/4 Hard 1/2 Hard Annealed 1/4 Hard 409 and 439
Longitudinal tension 8.31 4.58 421 4.24 242 10.77 8.43
Transverse tension 7.78 5.38 6.71 6.14 2.49 15.75 14.13
Transverse compression 8.63 476 4.54 9.49 2.70 15.76 14.30
Longitudinal compression 4.10 4.58 4.22 4.79 2.61 9.70 6.25

For buckling stress of columns and lateral buck-
ling strength of beams

Ey

n = EJE,= (B-5)

o n—1
Fy + 00021 E, | 2~
y

In these equations:

o = normal stress;

& = normal strain;
E, = initial modulus of elasticity;
F, = 0.2% offset yield strength; and
n = coefficient, as given in Table B.

APPENDIX C: STIFFENERS

C.1 Transverse Stiffeners

Transverse stiffeners attached to beam webs at
points of concentrated loads or reactions shall be de-
signed as compression members. Concentrated loads or
reactions shall be applied directly into the stiffeners, or
each stiffener shall be fitted accurately to the flat por-
tion of the flange to provide direct load bearing into
the end of the stiffener. Means for shear transfer be-
tween the stiffener and the web shall be provided ac-
cording to Section 5. Required strengths for the con-
centrated loads or reactions shall not exceed the design
strength, ¢.P,, where ¢, = 0.85 and P, is the smaller
value given by (1) and (2) as follows:

1. P,=F,A, (C-1
2. P, = nominal axial strength evaluated accord-
ing to Section 3.4 with A, replaced by 4,

where:

A, = 18t + A, for transverse stiffeners at interior

support and under concentrated load (C-2)
A, = 10> + A, for transverse stiffeners at end
support (C-3)

F,,, = lower value of yield strength in beam web F, or
stiffener section F

64

A, = bt + Ag, for transverse stiffeners at interior sup-

port and under concentrated load (C-4)
A, = bot + A, for transverse stiffeners at end

support (C-5)
A, = cross-sectional area of transverse stiffeners
by = 25t (0.0024 (L, /t) + 0.72) =< 25¢ (C-6)
by = 121 (0.0044 (L, /1) + 0.83) =< 12 (C-7)

L,; = length of transverse stiffener
t = base thickness of beam web

The w/t, ratio for the stiffened and unstiffened ele-
ments of cold-formed steel transverse stiffeners shall
not exceed 1.28V (E,/F,;) and 0.37V (E,/F ), re-
spectively, where F; = the yield strength of stiffener
steel and ¢, the thickness of the stiffener steel.

C.2 Shear Stiffeners

Where shear stiffeners are required, the spacing
shall be such that the required shear strength shall not
exceed the design shear strength, ¢,V,, permitted by
Section 3.3.2, and the ratio a/h shall not exceed
(260/(h/t))? nor 3.0.

The actual moment of inertia, I, of a pair of at-
tached 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

Limin = Sht*(hla — 0.7 (alh)) = (W/50)* (C-8)

The gross area of shear stiffeners shall be not less than

AL = ((1 - Cv))

2
(alh)?
-]
o (@h)+ V1+ @h?
X YDht
where:
45,000k,

(C-10)

C,= h\2  when C,=0.8
F, n
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—_ kv
C,= (h) — when C,>0.8 (C-11)
DA
5.34
k, =400+ (g2 when 2=10 (C-12)
h
4.00
k, =534 + (2)2 when 3> 1.0 (C-13)
h

a = distance between transverse stiffeners;

Y = ratio of yield strength in web to yield strength in
stiffener;

D = 1.0 for stiffeners furnished in pairs;

D = 1.8 for single-angle stiffeners;

D = 2.4 for single-plate stiffeners;

h = depth of flat portion of web measured along
plane of web; and

t = web thickness.

C.3 Nonconforming Stiffeners

The design strength of members with transverse
stiffeners that do not meet the requirements of Appen-
dices C.1 and C.2, such as stamped or rolled-in trans-
verse stiffeners shall be determined by tests in accor-
dance with Section 6 of this Specification.

SEI/ASCE 8-02

APPENDIX D: ALLOWABLE STRESS DESIGN
(ASD)

Allowable stress design shall be based on the al-
lowable design strength determined in accordance with
Equation D-1:

Ra=—4q (D-D

where:

R, = allowable design strength;

R, = nominal strength specified in Sections 2 through
5; and

Q) = safety factors specified in Table D.

Al resistance factors, ¢, specified in Sections 2
through 5 shall be taken as unity. For combined bend-
ing and shear (Section 3.3.3), combined bending and
web crippling (Section 3.3.5), and combined axial load
and bending (Section 3.5), the nominal strength used in
the interaction formulas shall be replaced by the allow-
able design strength.

The required strength for allowable stress design
shall be determined for the load combinations as speci-
fied in Section 2.3 of the American Society of Civil
Engineers Standard ANSI/ASCE 7-88 Minimum De-
sign Loads for Buildings and Other Structures but us-
ing the corresponding nominal load symbols D,, L,,
Lyn, Sys Ry Wy, E,, T, of this standard.

TABLE D. Safety Factors by Subjects and Sections of the Specification for the Design of
Cold-Formed Stainless Steel Structural Members

Subject Section Safety Factor,
Tension member 32 1.85 against yielding
Flexural members
Bending only 33.1 1.85 against yielding and buckling
Shear only 332 1.64 against shear yielding
1.85 against shear buckling
Web crippling 334 2.0 for single unreinforced webs
2.20 for I-beams
Concentrically loaded compression members 34 2.15 against column buckling
Arc-and-tangent corrugated sheets 37 1.85 against yielding
Fusion welds 52 1.85 against yielding of base metal
2.50 against ultimate test value of welds
Resistance welds 523 2.50 against ultimate test value of welds
Bolted connections 53
Spacing and edge distance 531 2.40 against sheet shearing
Tension on net section 53.2 2.40 when washers are provided under bolt head and nut
Bearing 533 2.40 for single and double shear connections
Bolt shear 534 3.0 against shear failure of bolt
Bolt tension 534 3.0 against tensile strength of bolt
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COMMENTARY

INTRODUCTION

The “Allowable Stress Design” method has long
been used for the design of steel structures in the
United States.!>> Recently, the probability-based
Load and Resistance Factor Design (LRFD) criteria
have been successfully applied to the structural de-
sign of hot-rolled steel shapes and built-up
members.* The AISI LRFD Specification is being
developed as well for the design of structural mem-
bers cold-formed from carbon and low alloy steels.’
The LRFD criteria offer an improved approach for
the design of steel structures because they involve
probabilistic considerations for uncertain variables in
the design formulas.

Due to the significant difference in material
properties between stainless and carbon steels and
the recent development of the design methodology, a
new specification for load and resistance factor de-
sign of cold-formed stainless steel structural mem-
bers is needed. Since July 1986, a research project
entitled “Load and Resistance Factor Design of Cold-
Formed Stainless Steel” has been conducted at the
University of Missouri-Rolla to develop the new de-
sign criteria for cold-formed stainless steel structural
members and connections based on the probabilistic
approach.’®

The Load and Resistance Factor Design criteria
included in this ASCE Standard were developed on
the basis of the first-order probabilistic theory by us-
ing only the mean value and coefficient of variation
of load effects, material factors, fabrication factors,
and professional factors. They can provide a more
uniform overall safety and structural reliability. The
design provisions for cold-formed stainless steel
structural members, assemblies, and connections are
included in Sections 3 through 5 of this Specification,
respectively.

This Commentary contains a brief explanation 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 Specifica-
tion. For detailed background information, reference
is made to the research reports given in the bibliogra-
phy.

In order to permit the use of the allowable stress
design method for the design of cold-formed stainless
steel structural members, appropriate safety factors
are provided in Appendix D of this Standard Specifi-
cation.

1. GENERAL PROVISIONS

1.1 Limits of Applicability and Terms
1.1.1 Scope and Limits of Applicability

This Specification is limited to the use of four
types of austenitic stainless steels (Types 201, 301,
304, and 316, annealed and cold-rolled in 1/16, 1/4,
and 1/2 Hard) and three types of ferritic stainless steels
(Types 409, 430, and 439, annealed) for structural
members cold-formed to shapes from sheet, strip,
plate, or flat bar. The forming process is carried out at,
or near, room temperature by the use of bending
brakes, press brakes, or roll-forming machines.

The design provisions are developed primarily
for cold-formed stainless steel structural members
used for buildings. They may also be used for struc-
tures other than buildings, provided that appropriate
allowances are made for thermal and/or dynamic ef-
fects. The general information on impact-loading of
thin-walled beams and columns can be found in Ref-
erence 3.

Some of the significant differences in material
properties of cold-formed stainless steels as compared
with carbon steels are: (1) Pronounced anisotropic
characteristics; (2) difference in stress-strain relation-
ships for different grades of stainless steels; (3) low
proportional limits; and (4) pronounced response to
cold work. Due to these significant differences, the
LRFD Specifications for hot-rolled steel sections* and
cold-formed steel members® do not apply to the de-
sign of cold-formed stainless steel structural mem-
bers.

1.1.2 Terms

Many of the definitions used in Section 1.1.2 are
self-explanatory. The following discussion intends to
clarify the meaning of some terms used in the Specifi-
cation.

a. Stiffened or Partially Stiffened Compression El-
ements. “Stiffened compression element” is a flat com-
pression element supported along both edges parallel
to the direction of stress. Figure C1 shows various
shapes used as flexural members and compression
members which contain stiffened compression ele-
ments. Shapes 1 and 2 each have a web and a lip to
stiffen the compression flange. For design purpose, the
ineffective portion is shown shaded. For the explana-
tion of these ineffective portions, see Item d below on
Effective Design Width and Section 2. Shapes 3, 4,
and 5 show compression flanges stiffened by two
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rection of stress. Figure C2 shows various shapes used
as flexural members and compression members which
contain unstiffened compression elements. Shapes 1, 2,
and 3 have only a web to support the compression
flange element. The legs of Shape 4 provide mutual
stiffening action to each other along their common edge.
Shapes 5, 6, and 7 used as columns have vertical stiff-
ened elements (webs) which provide support for one
edge of the unstiffened flange elements. The legs of
Shape 8 provide mutual stiffening action to each other.

webs. Shapes 6 and 8 show edge-stiffened flange ele-
ments that have a vertical element (web) and an edge
stiffener (lip) to stiffen the elements while the web it-
self is stiffened by the flanges. Shape 7 has four com-
pression elements stiffening each other, and Shape 9
has two stiffened leg elements stiffened by a lip and
the other stiffened element.

b. Unstiffened Compression Elements. “Unstift-
ened compression element” is a flat compression ele-
ment supported along only one edge parallel to the di-
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FIGURE C2. Members with Unstiffened Compression Elements
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FIGURE C3. Members with Multiple-Stiffened Compression Elements

¢. Multiple-Stiffened Elements. Multiple-stiffened
elements of two shapes are shown in Figure C3. Each
of the two outer sub-elements of Shape 1 are stiffened
by a web and an intermediate stiffener while the middle
sub-element is stiffened by two intermediate stiffeners.
The two sub-elements of Shape 2 are stiffened by a web
and the attached intermediate middle stiffener.

d. Effective Design Width. The effective design
width is a concept taking account of local buckling and
post-buckling strength for compression elements. In
Figures C1, C2 and C3, “w,” “w;,” “w,” and “ws” rep-
resent the flat widths and “b,” “b1,” “b,,” “b3,” and
“b"” represent the effective design widths. The effect
of shear lag on short, wide flanges is also handled by
using an effective design width. These matters are
treated in Section 2.1.1 of the Specification, and the
corresponding effective widths are discussed in the
Commentary on that Section.

1.1.3 Units of Symbols and Terms
The non-dimensional character of the majority of
the design provisions in this Specification is intended
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to facilitate the design in any compatible system of
units (U.S. customary, SI, or metric).

1.2 Nonconforming Shapes and Constructions

The official having jurisdiction (authority) may
approve any alternate shape of constructions provided
the proposed alternate is satisfactory and complies with
the provisions of Section 6 of the Specification and the
particular building code.

If there is insufficient evidence of compliance
with the requirements of the particular building code,
the authority administering the code may require tests,
at the applicant’s expense, as proof of compliance.
Test procedures shall be as stipulated by Section 6 of
the Specification. If there is no recognized or accepted
test method, the authority may prescribe appropriate
test procedures.

1.3 Material
1.3.1 Applicable Stainless Steels

The American Society for Testing and Materials
(ASTM) is the basic source of stainless steel designa-

Not for Resale



tions for this Specification. Section 1.3.1 contains a list
of ASTM Standards for stainless steels that are de-
signed by using this Specification. The types of stain-
less steels covered in various ASTM specifications
with the corresponding UNS designations are listed in
the following table:

ASTM Types Covered in UNS
Specification ASTM Specification Designation®

Al76 409 540900
430 S43000

A240 201 $20100
520400

304 530400

316 $31600

409 S40900

430 S$43000

439 543035

A276 201 520100
304 530400

316 $31600

430 543000

A666 201 520100
S20400

301 S30100

304 530400

316 S$31600

2 New designation established in accordance with ASTM Practice
E527.

This Specification is applicable for S20400 (an-
nealed and 1/4 hard) and for Types 201, 301, 304, and
316 (annealed, 1/16, 1/4, and 1/2 Hard) austenitic
stainless steels and Types 409, 430, and 439 (annealed)
ferritic stainless steels. The maximum thicknesses for
Types 409, 430, and 439 stipulated in this Specifica-
tion are based on their Ductile-to-Brittle Transition
Temperature (DBTT) at room temperature or lower.

The important mechanical properties of cold-
formed stainless steels for structural design are: yield
strength, tensile strength, proportional limit, initial
modulus of elasticity, tangent modulus, secant modu-
lus, and ductility. Standard methods for testing of steels
and steel products are given in ASTM A370. Determi-
nation of yield strengths or proportional limits for grad-
ual yielding type of stainless steels can be done simply
by using the offset method as shown in Figure C4. The
distance om equals 0.002 in./in. (0.002 mm/mm) and
0.0001 in./in. (0.0001 mm/mm) for determining yield
strength and proportional limit, respectively.

SEI/ASCE 8-02

The ASTM Specification A176-85a® contains
Types 409 and 430 stainless and heat-resisting
chromium steel plate, sheet, and strip. The mechanical
properties of Types 409 and 430 stainless steels speci-
fied in ASTM A176-85a are given in Table Ci of the
Commentary. The mechanical properties of Type 439
stainless steel obtained from the ASTM Specification
A240-86° are also included in Table C1. Type 439 is a
stabilized version of Type 430 for weldability.

The ASTM Specification A276-85a'® covers
stainless and heat-resisting steel hot-finished or cold-
finished bars and hot-rolled or extruded shapes. This
ASTM Specification includes AISI Types 201, 304,
316, and 430 stainless steels used in this Specification.

The ASTM Specification A666-84'! covers four
types of austenitic stainless steels (Types 201, 301,
304, and 316) in the annealed, 1/16, 1/4, and 1/2 Hard-
temper conditions. These stainless steels include sheet,
strip, plate, and flat bar which are used primarily for
architectural and structural applications. The mechani-
cal properties of these stainless steels specified in
ASTM A666-84 are given in Table C2.

The austenitic stainless steels used in architectural
applications usually require a flattening operation as a
last step in processing. This operation is almost always
accomplished by a light cold-rolling pass. Sometimes

Stress
~
~

‘/ Strain
° b-o-l m
om = Specified Offset

FIGURE C4. Stress-Strain Diagram Showing Yield
Strength Determination

71

Copyright American Society of Civil Engineers
Provided by IHS under license with ASCE

No reproduction or networking permitted without license from IHS Not for Resale



COLD-FORMED STAINLESS STRUCTURAL MEMBERS

TABLE C1. ASTM Requirements for Mechanical Properties of Types 409, 430, and 439%?

Tensile Yield*
strength strength Elongation
UNS AISI min, min. in 2 in. (50.8 mm)
designation type ksi (MPa) ksi (MPa) min. (%)
S40900 409 55 (379.2) 30 (206.9) 22.0
S43000 430 65 (448.2) 30 22.0
$43035 439 65 30 22.0

2 Yield strength is determined by 0.2% offset method described in Methods and Definitions, ASTM A370.

TABLE C2. ASTM Requirements for Mechanical Properties of Types 201, S20400, 301, 304, and 316"

Tensile Yield
strength strength Elongation
UNS AISI min, min. in 2 in. (50.8 mm)
Designation type ksi (MPa) ksi (MPa) min. (%)
Annealed
S20100 201-1 90 (620.6) 30 (206.9) 40.0
Class 1
$20100 201-2 95 (655) 45 (310.3) 40.0
$20400 95 48 (330) 35.0
S$30100 301 90 30 40.0
$30400 304 75 (517.1) 30 40.0
$31600 316 75 30 40.0
1/16 Hard
S$20100 PSS* 201 95 45 40.0
FB? 75 40 (275.8) 40.0
S$30100 301 90 45 40.0
S30400 PSS . 304 80 (551.6) 45 35.0
FB 90 45 40.0
S31600 PSS 316 85 (586.1) 45 35.0
FB 90 45 40.0
1/4 Hard
520100 201 125 (861.9) 75 25.0
$20400 140 (965) 100 (690) 20.0
S30100 301 125 75 25.0
530400 304 125 75 10.0
S$31600 316 125 75 10.0
1/2 Hard
$20100 201 150 (1,034.3) 110 (758.5) 15.0
S30100 301 150 110 15.0
S30400 304 150 110 6.0
$31600 316 150 110 6.0

2 PSS = plate, strip, sheet.
®FB = flat bar.
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TABLE C3. Tested Mechanical Properties of Annealed and Strain-Flattened Types 201-2 and 304 Austenitic
Stainless Steels, Adapted from Reference 13

Yield Strength Tensile Strength
F, F,
Type of
Stainless Mean St. dev. Mean St. dev. No. of
Steels ksi (MPa) ksi (MPa) ksi (MPa) ksi (MPa) Tests
Type 201-2
LT 52.16 (359.64) 1.05 (7.24) 108.05 (745) 3.63 (25.03) 6
CTT 55.56 (383.08) 2.68 (18.48) 105.83 (729.7) 3.10 (21.37) 6
“TC 55.14 (380.19) 241 (16.62) 5
“LC 42.90 (295.79) 0.62 (4.27) 6
- Type 304
/LT 42.10 (290.27) 1.28 (8.82) 98.08 (676.26) 2.08 (14.34) 32
TT 42.05 (289.93) 1.76 (12.14) 94.35 (650.54) 2.22 (15.31) 35
TC 44.68 (308.06) 1.17 (8.07) 24
LC 42.88 (295.66) 1.27 (8.76) 27

Note: St. dev. = Standard Deviation.
LT = Longitudinal Tension; TT = Transverse Tension.

LC = Longitudinal Compression; TC = Transverse Compression.

this operation is done by roller leveling or, in the case
of cut length sheets, by stretching. This flattening oper-
ation results in a small reduction in thickness. When
No. 2B finish is required, the stainless steel sheet
should receive a light pass on bright, polished rolls.

Because austenitic stainless steels are very sensi-
tive to cold-working, this will result in a slight direc-
tionality increasing the yield and tensile strengths and
producing changes in the shape of stress-strain curves.
To take this improvement of mechanical properties

into account, experimental studies have been made on
sheets in the strain-flattened condition.'? Table C3 lists
the tested yield and tensile strengths of annealed and
strain-flattened Types 201-2 and 304 austenitic stain-
less steels based on Reference 13.

For 1/4 and 1/2 Hard-temper austenitic stainless
steels, experimental studies have also been made to es-
tablish the mechanical properties for various types of
stress in various directions.'® Tables C4 and CS5 list the
tested yield and tensile strengths for 1/4 Hard and 1/2

TABLE C4. Tested Mechanical Properties of 1/4 Hard and 1/2 Hard Type 301 Austenitic Stainless Steels,
Adapted from Reference 14

Yield Strength Tensile Strength
F, F,
Type of
stainless Mean St. dev. Mean St. dev. No. of
steels ksi (MPa) ksi (MPa) ksi (MPa) ksi (MPa) tests
Type 301, 1/4-Hard
LT 85.9 (592.28) 5.92 (40.81) 137.9 (950.82) — 17
TT 88.3 (608.83) 6.39 (44.06) 137.0 (944.61) — 81
TC 100.0 (689.5) 5.31 (36.61) 17
LC 59.7 (411.63) 4.26 (29.37) 17
Type 301, 1/2-Hard
LT 121.1 (834.98) 8.66 (59.71) 167.0 (1,151.47) — 29
TT 113.9 (785.34) 8.58 (59.16) 168.1 (1,158.36) — 93
TC 136.7 (942.54) 9.35 (64.47) 29
LC 82.1 (566.1) 9.13 (62.95) 29
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TABLE C5. Tested Mechanical Properties of 1/4 Hard and 1/2 Hard Types 201 and 301 Austenitic Stainless
Steels, Adapted from Reference 15

Yield Strength Tensile Strength
Fy Fll
Type of
stainless Mean St. dev. Mean St. dev. No. of
steels ksi (MPa) ksi (MPa) ksi (MPa) ksi (MPa) tests
Type 201, 1/4-Hard
LT 78.08 (538.36) 7.12 (49.48) 138.33 (953.79) 6.91 (47.64) 12
TT 85.50 (589.52) 4.24 (28.96) 130.00 (896.35) 1.41 (9.72) 2
Type 201, 1/2-Hard
LT 139.58 (962.4) 8.89 (61.3) 172.71 (1,190.84) 7.00 (48.27) 118
TT 103.01 (710.25) 3.43 (23.65) 143.09 (986.61) 4.08 (28.13) 96
Type 301, 1/4-Hard
LT 91.34 (629.79) 7.66 (52.82) 138.20 (952.89) 7.10 (49) 112
TT 87.06 (600.28) 7.24 (49.92) 130.44 (899.38) 3.36 (23.17) 9
Type 301, 1/2-Hard
: LT 142.95 (985.64) 12.81 (88.32) 166.73 (1,149.6) 9.17 (63.23) 244
TT 121.20 (835.67) 6.41 (44.2) 158.70 (1,094.24) 3.81 (26.25) 20
LT 116.92 (806.16) 10.12 (69.73) 169.63 (1,169.6) 6.09 (41.99) 487

Hard austenitic stainless steels obtained from Refer-
ences 14 and 15, respectively.

From Tables C3, C4, and C5, it can be seen that
for the same stainless steel the yield strength varies
with the direction and the type of stress. However, in
the ASTM A666 Specification referred to in Section
1.3.1 of the Specification, only the minimum values for
transverse tension are provided. A comparison of the
tested yield strengths in Table C4 indicates that the
tested yield strengths in transverse compression (TC)
are the highest, while the values in the longitudinal

compression (LC) are the lowest. Similar results can
also be found in Table C3.

The tested yield and tensile strengths of Types
409, 430, and 439 annealed and strain-flattened ferritic
stainless steels given in Table C6 were established on
the basis of Reference 21. From this table it is noted
that for these ferritic stainless steels, especially for
Types 430 and 439, the tested-yield strengths are ex-
cessively larger than the ASTM specified values as
given in Table C1. In order to obtain a reasonable ma-
terial factor on yield strength to be used in the LRFD

TABLE C6. Tested Mechanical Properties of Types 409, 430, and 439 Ferritic Stainless Steels®!

Yield Strength Tensile Strength
Fy Fu
Type of
stainless Mean St. dev. Mean St. dev. No. of
steels ksi (MPa) ksi (MPa) ksi (MPa) ksi (MPa) tests
Type 409
LT 34.2 (235.81) 2.50 (17.24) 58.6 (404.04) 1.93 (13.31) 15
TT 39.7 (273.73) 3.33(22.96) 64.3 (443.35) 2.70 (18.62) 4977
TC 36.8 (253.74) 3.05(21.03) 12
LC 34.9 (240.64) 2.06 (14.2) 14
Types 430 and 439
LT 45.8 (315.79) 1.74 (12) 74.7 (515.06) 0.82 (5.65) 26
TT 52.2(359.92) 3.92(27.03) 78.4 (540.57) 423 (29.17) 4209
TC 52.3 (360.6) 1.99 (13.72) 27
LC 45.6 (314.41) 2.92 (20.13) 29
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criteria for cold-formed stainless steels, the adjusted
values of yield strength for Types 409, 430, and 439
ferritic stainless steels are needed to reflect the tested
results. Accordingly, the adjusted yield strengths were
used in this Specification on the basis of the test val-
ues. The ratios of the tested-to-specified yield strength
for Types 409, 430, and 439 ferritic stainless steels are
given in Table C7. Based on these modifications of the
specified yield strength for Types 409, 430, and 439
ferritic stainless steels, the mean values and coeffi-
cients of variation of the ratios of tested to specified
yield strengths are given in this table.

1.3.2 Other Stainless Steels

Although the use of ASTM-designated stainless
steels listed in Specification Section 1.3.1 is encour-
aged, other stainless steels may also be used in cold-
formed stainless steel structures, provided they satisfy
the requirements stipulated in this provision.

1.3.3 Ductility

Ductility is the ability of a steel to undergo sizable
plastic or permanent strains before fracturing and is
important both for structural safety and for cold-form-

TABLE C7. Statistics on Yield Strengths of Types
409, 430, and 439 Ferritic Stainless Steels?!

Specified Number
yield (Tested F,)/ of
Type of strength (Specified F,) tests used
stainless ksi - in
steels (MPa) Mean C.O.V. analysis
Type 409
LT 30 1.1406 0.0727 15
(206.9)
TT 35 + 1.1340 0.0844 4977
(241.3)
TC 35+ 1.0510 0.0829 12
LC 30 1.1615 0.0589 14
Total 1.1339  0.0844 5018
Types 430 & 439
LT 40 + 1.1459 0.0382 26
(275.8)
TT 45 + 1.1613 0.0752 4209
(310.3)
TC 45 + 1.1631 0.0375 27
LC 40 + 1.1414 0.0642 29
All 1.1611 0.0748 - 4291

Note: For Types 409, 430, and 439 stainless steels, ASTM specified
yield strength is 30 ksi, as given in Table C1.

C.0.V. = coefficient of variation.

+ Adjusted values.
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ing. It is measured by the elongation in a 2-in. (50 mm)
gage length. The ratio of the tensile strength-to-yield
strength is also an important material property; this is
an indication of the ability of the material to redis-
tribute stress.

The requirements specified in Section 1.3.3 are
adopted from Reference 16 for cold-formed carbon
steels due to the lack of available research information
for cold-formed stainless steels. Because the yield
strength of stainless steels varies with the direction and
the type of stress, the ratio of tensile strength-to-yield
strength and the total elongation should meet the re-
quirements of Section 1.3.3 in both longitudinal and
transverse directions.

1.3.4 Delivered Minimum Thickness

Sheet and strip stainless steels may be ordered to
nominal or minimum thickness. If the stainless steel is
ordered to minimum thickness, all thickness tolerances
are over (+) and nothing under (—). If the stainless
steel is ordered to nominal thickness, the thickness tol-
erances are divided equally between over and under.
Therefore, in order to provide equity between the two
methods of ordering sheet and strip stainless steels, the
delivered thickness of a cold-formed product must be
at least 95% of the design thickness. Thus, a portion of
the factor of safety may be considered to cover minor
negative thickness tolerances.

Generally, thickness measurements should be
made in the center of elements. For decking and siding,
measurements should be made as close as practical to
the center of the first full flat of the section. Thickness
measurements should not be made closer to edges than
the minimum distances specified in ASTM A568.

The responsibility of meeting this requirement for
a cold-formed product is clearly that of the manufac-
turer of the product, not the steel producer.

1.4 Loads .

The general requirements for loads included in
Specification Section 1.4 are the same as those used
for the design of cold-formed carbon steels. This provi-
sion is adopted from Reference 2. The Specification
does not establish the dead-, live-, or snow-loading re-
quirements for which a structure should be designed.
In most cases, these loads are adequately specified by
the applicable building code or design standard. See
Specification Section 1.6.

When a structure is subject to live loads which in-
duce impact, recognized engineering procedures
should be employed to reflect the effect of impact
loads.
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When the deflection of structural members is a
critical factor in design, the designed stress should not
exceed the proportional limit of stainless steels in-
cluded in Table A17 of the Specification. Otherwise,
permanent deflection may result from the inelastic be-
havior of members. When gravity and lateral loads
produce forces of opposite sign in members, considera-
tion should be given to the minimum gravity loads in
combination with wind or earthquake loads.

When calculating the load on a relatively flat roof
resulting from ponding of rainwater or snowmelt, the
final deflected shape of the member should be consid-
ered. With regard to ponding, design guidance can be
found from Section K2 of the AISC LRFD Specifica-
tion for Structural Steel Buildings (Ref. 4) and Section
1110.4 of the BOCA National Building Code (Ref.
61).

1.5 Structural Analysis and Design
1.5.1 Design Basis

The current method of designing cold-formed
stainless steel structural members, as presented in Ref-
erence 6, is based on the allowable stress design
method. In this approach, the forces (bending mo-
ments, axial forces, shear forces) in structural members
are computed by accepted methods of structural analy-
sis for the specified working loads. These member
forces or moments should not exceed the allowable
values permitted by the Specification. The allowable
load or moment is determined by dividing the nominal
load or moment at a limit state by a factor of safety.
The factors of safety used in the ASD Specification for
the design of cold-formed stainless steel structural
members are 1.85 for beams, 2.15 for columns, 2.4 for
bolted connections, and 2.5 for welded connections.

A limit state is the condition at which the struc-
tural 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). Reference 5 indicated that for cold-formed
carbon steel members, these limit states have been es-
tablished through experience in practice or in the labo-
ratory, and they have been thoroughly investigated
through analytical and experimental research.

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 proper-
ties, the geometry, and the fabrication. The allowable
stress design method employs only one factor of safety
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for a limit state. The use of multiple load factors pro-
vides a refinement in the design which can account for
the different degrees of the uncertainties and variabili-
ties of the design parameters. Such a design method is
called Load and Resistance Factor Design (LRFD),
and its format is expressed by the following criterion:

SR, = Zv:0; (C-1

where:

R, = nominal resistance;
& = resistance factor corresponding to R,,;
~v; = load factor corresponding to Q;;
Q; = nominal load effect;
OR,, = design strength; and
3v:0; = required resistance.

The left side of Eq. C-1, which is the design
strength R, represents a limiting structural capacity
provided by the selected members. The nominal resis-
tance R,, = the strength of the element or member for a
given limit state computed for nominal section proper-
ties and for minimum specified material properties ac-
cording to the appropriate analytical model which de-
fines the strength. The resistance factor ¢ accounts for
the uncertainties and variabilities inherent in the R,,,
and it is usually less than unity. The right side of Eq.
C-1 represents the required resistance, in which the
nominal load effect Q; = the forces on the cross sec-
tion (bending moment, axial force, shear force) deter-
mined from the specified nominal loads by structural
analysis, and y; = the corresponding load factors
which account for the uncertainties and variabilities of
loads. The load factors are greater than unity.

The advantages of LRFD are: (1) Uncertainties
and variabilities of different types of loads and resis-
tances 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 proba-
bility theory, all designs can achieve ideally a uniform
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 de-
sign consists of comparing nominal load effects Q to
nominal resistances R, but both Q and R are assumed
to be statistically independent random variables. Figure
C5 represents frequency distributions for Q and R as
separate curves for a hypothetical case. As long as the
resistance R is greater than the effects of the loads Q, a
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FIGURE C5. Frequency Distributions of Resistance and Load Effect®

margin of safety for the particular limit state exists.
However, because Q and R are random variables, a
limit state may be violated if R < @ as indicated by the
overlapping area of the distribution curves. 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 distributions of @ 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, Q,, and R,,, and the standard deviations, oo and
Og, can be estimated. Nevertheless, it is possible to de-
termine relative reliabilities of several designs by an
equivalent situation as illustrated in Figure C6. The dis-
tribution curve shown is for 1n(R/Q), and the probabil-
ity of exceeding a limit state is equal to the probability
that 1n(R/Q) = 0 and is represented by the shaded area
in the figure. The size of this area is dependent on the
distance between the origin and the mean of In(R/Q).
For the given statistical data R,,, Q,,, 0g and o, the
area under 1n(R/Q) = 0 can be varied by changing the
value of B (Figure C6). Since Boi g = In(R/IQ)m,
then the safety index can be expressed as follows:’

Ly (B
(Q)
b=+ v 2

where: Vg = og/R,, and V = 0/Q,,, which are the
coefficients of variation of R and Q, respectively. The
factor B is called the “reliability index” or “safety in-
dex,” 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 detailed discussion
on the determination of the safety index can be found
in Reference 21.

The concept of the reliability index can be used
in determining the relative reliability inherent in cur-
rent design, and it can be used in testing out the relia-
bility of new design formats, as illustrated by the fol-
lowing example of simply supported, braced,
cold-formed stainless steel beams subjected to dead
and live loads.

The design requirement of Reference 6 for such a
beam is:

SeF LZS
e GRS (©3)

where:

S, = elastic section modulus based on the ef-
fective section;
FS = 1.85 = factor of safety for bending;
F, = specified yield strength;
L = span length; and s = beam spacing; and
D, and L, = respectively, code-specified dead and live
load intensities.
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FIGURE C6. Probability Distribution of 12(R/Q)°

The mean resistance is defined as follows (Refer-
ence 16):

Rm = Rn(PmMmFm) (C'4)

In this equation R, = the nominal resistance, which in
this case is

R, =S.F, (C-5)

that is, the nominal moment predicted on the basis of
the post-buckling strength of the compression flange.
The mean values P,,, M,,, and F,,, and the correspond-
ing coefficients of variation Vp, V), and Vp, are the sta-
tistical parameters which define the variability of the
resistance:

P,, = mean ratio of experimentally determined ulti-
mate moment to predicted ultimate moment for
actual material and cross-sectional properties of
test specimens;

M,, = mean ratio of yield strength to minimum speci-
fied value;

F,, = mean ratio of section modulus to published
(nominal) value;

The coefficient of variation of R equals

Ve=VV:+Viy+V: (C-6)
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These parameters were obtained from examining
the available tests on cold-formed stainless steel beams
having different compression flanges with effective
flanges and webs, and from analyzing test data on
yield strengths and cross-sectional dimensions from
many measurements. The statistical data used for this
example are given below (Reference 21):

P,=1.19,V,=006; M, = 1.10, V)y = 0.10; F,
= 1.0, Vr = 0.05. Thus, based on Egs. C-4 and C-6,
R, = 1.31R, and Vi = 0.13.

The mean load effect is equal to

0n=L2 0, + Ly (C-7)

and

VD, Vp)? + (L,V0)?
o= DI,),,)+ L,(,, - (C-8)

where: D,, and L,, = the mean dead and live load in-
tensities, respectively; and Vp, and V;, = the corre-
sponding coefficients of variation.

Load statistics have been analyzed in Reference
18, where it was shown that D,, = 1.05D,,, V, = 0.1,
L, = L,, and V, = 0.25. 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 in-
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cluded. Substitution of the load statistics into Egs. C-7
and C-8 gives

_ L (1.05D,,

m =g L. + 1>Ln (C-9)

V(1.05D,/L,)*V3 + V2
= Dn -
Vo (1.05L— + 1) (C-10)

n

O and V, thus depend on the dead-to-live-load ratio.
Cold-formed beams typically have small D,/L,,, and
for the purposes of checking the reliability of these
LRFD criteria it will be assumed that D,/L, = 1/5, and
$0 O, = 1.21L, (L*s/8) and V,, = 0.21.

From Egs. C-3 and C-5 we obtain the nominal de-
sign capacity, R,, for D,/L, = 1/5 and FS = 1.85. Thus

2
131 X 1.85 X 1.2 X L(%)

m_

n - 2
Om 1.21L,,(£5)

=24
8

and, from Eq. C-2

. n2.40)
V0.132 + 0.212

Of itself, B = 3.58 for cold-formed stainless steel
beams having different compression flanges with ef-
fective flanges and webs designed by the proposed
ASCE ASD Specification means nothing. However,
when this is compared to  for other types of cold-
formed carbon steel members, and to B for designs of
various types of hot-rolled steel shapes or even for
other materials, then it is possible to say that this par-
ticular cold-formed stainless steel beam has a relatively
high reliability (References 19, 20).

Basis for LRFD of Cold-Formed Stainless Steel Struc-
tures. A great deal of work has been performed for de-
termining the values of the reliability index $ inherent
in traditional design, as exemplified by the current
structural design specifications, such as the AISC
Specification for hot-rolled steel, the AISI Specifica-
tion for cold-formed steel, the ACI Code for reinforced
concrete members, etc. The studies for hot-rolled and
cold-formed carbon steels are summarized in Refer-
ences 16 and 17, respectively, where many further pa-
pers are also referenced which contain additional data.
The determination of 8 for cold-formed stainless
steel elements or members is studied in Reference 21,
where both the basic research data as well as the B’s
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determined from the calibrations of the LRFD provi-
sions are presented in great detail. The 8’s computed
in the referenced publications noted 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 carbon steel designs, as well as data for rein-
forced concrete, aluminum, laminated timber, and ma-
sonry walls was reanalyzed in References 18, 19, and
20 by using: (1) updated load statistics; and (2) 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 the aforemen-
tioned references and also only the final conclusions
from the analysis are summarized here:

1. The values of the reliability index (3 vary con-
siderably for the different kinds of loading, the differ-
ent 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 Reference 20 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 the new LRFD method as is obtained
by current design for all materials of construction.
These target reliability indices 8, for use in LRFD are:

Basic case: Gravity loading,
Bo,=3.0

For connections: Bo=4.5

For wind loading: Bo=25

These target reliability indices are the ones inherent in
the load factors recommended in the ANSI/ASCE 7-88
Load Code (Ref. 22).

For simply supported, braced cold-formed stain-
less steel beams with stiffened flanges, which were de-
signed according to this Specification, it was shown
that for the representative dead-to-live load ratio of 1/5
the computed reliability index f = 3.04 (Ref. 21).
Considering the fact that for other such load ratios, or
for other types of members, the reliability index inher-
ent in the current cold-formed stainless steel construc-
tion could be more or less than this value of 3.04, the
basic target reliability index of B, = 3.0 is recom-
mended as a lower limit for the new LRFD criteria.
The resistance factors ¢ were selected such that g, =
3.0 is essentially the lower bound of the actual B’s for
members. In order to assure that failure of a structure is
not initiated in the connections, a higher target reliabil-
ity index of B, = 4.0 is recommended for joints and
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fasteners. These two targets of 3.0 and 4.0 used for
cold-formed stainless steel members and connections,
respectively, are relatively higher than those recom-
mended for the design of cold-formed carbon steel
structural members and connections.

2. The following load factors and load combina-
tions were developed in References 18 and 20 to give
essentially the same (3’s as the target 3,’s, and are rec-
ommended for use with the 1988 ANSI/ASCE Load
Code (Ref. 22) for all materials:

1. 14D,

2. 12D, +16L, +0.5(L,,orS,orR,,)

3. 1.2D, + 1.6(L,, or S, or R,,) + (0.5L, or
0.8W,)

4. 12D, + 1.3W, + 0.5L, + 0.5(L,, or S, or R,,,)

5. 12D, + 1.5E, + (0.5L, or 0.2S,)

6. 09D, — (1.3W, or 1.5E,)

where:

D,, = nominal dead load;

E, = nominal earthquake load;

L,, = nominal live load due to occupancy;
L,, = nominal roof life load,

R,,, = nominal roof rain load;

S,, = nominal snow load; and

W,, = nominal wind load.

In view of the fact that the dead load of cold-
formed stainless steel structures is usually smaller than
that of heavy construction, the first case of load combi-
nations included in Section 1.5.2 of the Specification is
(1.4D,, + L,) instead of the ANSI value of 1.4D,,. This
requirement is identical with the ANSI/ASCE Code
when L, = 0.

It should be noted that for the third case of load
combinations, the load factor used for the nominal roof
live load, L,,, in Section 1.5.2 of this Specification is
1.4 instead of the ANSI/ASCE value of 1.6. A rela-
tively small load factor is used because the roof live
load is due to the presence of workmen and materials
during repair operations and therefore can be consid-
ered a type of construction load.

For roof and wall construction, it is recom-
mended that the load factor for the nominal wind load
W,, to be used for the design of individual purlins,
girts, wall panels, and roof decks be multiplied by a
reduction factor of 0.9 because these elements are
secondary members subjected to a short duration of
wind load and thus can be designed for a smaller reli-
ability 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 factor. Deflection calculations for
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serviceability criteria should be made with the appro-
priate unfactored loads.

The load factors and load combinations given are
recommended for use with the LRFD criteria for
cold-formed stainless steel structural members. The
following portions of this Commentary present the
background for determining the following resistance
factors ¢ which are recommended for the design
strength of members and connections in Sections 3
and 5:

Type of Strength Resistance Factor, &

1. Stiffeners '
Transverse stiffeners 0.85
Shear stiffeners 0.85
2. Tension members 0.85

3. Flexural members

Bending strength:
For sections with stiffened or
partially stiffened compre-

ssion flanges 0.90
For sections with unstiffened
compression flanges 0.85
Laterally unbraced beams 0.85
Web design:
Shear yielding strength 0.95
Shear buckling strength 0.85
Web crippling
For single unreinforced webs 0.70
For I-sections 0.70
4. Concentrically loaded compression
members 0.85
5. Combined axial load and bending:
¢, for compression 0.85
¢ for bending
Using Section 1.3.1.1 0.85 or 0.90
Using Section 1.3.1.2 0.85
6. Cylindrical tubular members
Bending strength 0.90
Axial compression 0.80

7. Welded connections
Groove welds

Tension or compression 0.60
Longitudinal fillet welds

Connected part 0.55

Welds 0.55
Transverse fillet welds

Connected part 0.55

Welds 0.65
Resistance welds 0.60

8. Bolted connections
Minimum spacing and edge :
distance 0.70
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Tension strength on net section 0.70
Bearing strength 0.65
Shear strength of bolts 0.65
Tensile strength of bolts 0.75

These ¢ factors are determined in conformance with
the load factors given above to approximately provide
a target 3, of 3.0 for members and 4.0 for connections,
respectively, for the load combination of 1.2D,, +
1.6L,. For practical reasons it is desirable to have rela-
tively few different resistance factors, and so the actual
values of B will differ from the derived targets. This
means that

&R, = c(1.2D,, + 1.6L,)

_[12D,
- ( T

(C-11)

+ 1.6>CL,,

where ¢ is the deterministic influence coefficient trans-
lating load intensities to load effects.

By assuming D, /L, = 1/5, Eqs. C-11 and C-9 can
be rewritten as follows:

cL,
R, = 1.84( & ) (C-12)

1.05D,
Qm:( : +1>an=1.21an (C-13)

The mean resistance, R,,, can be obtained by substitut-
ing Eq. C-12 into Eq. C-4 as

cL,
R,=184 3 M, F,P, (C-14)
Therefore:
Ry, 1.521
—=—M,F,,P, C-15
0. & (1)

Alternatively, based on Eq. C-2, the ratio of
R,./Q,, can be expressed as

—I:fn- =exp BV Vi + V) (C-16)

Thus, the resistance factors ¢ can be computed by
equating Eqs. C-15 and C-16 as follows:

1.521M,,F,,P,,
4= exp BVVE + VD) (C17)

SEIVASCE 8-02

1.5.4 Yield Strength and Strength Increase from Cold
Work of Forming

For yield strengths and tensile strengths of various
types of stainless steels, see Section 1.3 of the Com-
mentary on Material.

The mechanical properties, such as yield strength,
tensile strength, and elongation, of the cold-formed
stainless steel section may differ from the properties
exhibited by the flat material prior to forming. This
difference can be attributed to cold working of the steel
sheet during the forming process. A combination of
strain hardening, resulting from stretching of the sheet
during the forming process, and strain aging causes an
increase in the yield strength and tensile strength and a
decrease in ductility.

Previous study indicated that the strengthening ef-
fect produced by cold-forming in corners is the largest
in the annealed state and decreases with increasing
hardness of the material, becoming almost negligible
for the Full-Hard grades.'® Tables 4 and 7 of Reference
23 revealed that for annealed and strain-flattened stain-
less steels, the potential increase in member strength
caused by cold-forming ranges from 5 to 11% for flex-
ural strength, and 14 to 24% for column strength for
the particular sections investigated.

Section 1.5.4 of the Specification permits utiliza-
tion of the cold work of forming under certain condi-
tions of Sections 1.5.4.2.1 and 1.5.4.2.2. Because Kar-
ren’s formula (Reference 24) was originally developed
on the basis of the test data for carbon steels, the equa-
tion may not be applicable for determining the yield
strength of corners for stainless steels. Appropriate
modifications to this formula are given in Reference 64
for stainless steel Types 304, 409, and 430. Any use of
the strength increase from cold work must be based on
full section tests. Results of such tests are reported for
annealed AISI Types 304 and 316 stainless steels in
Reference 65.

The following statistical data (mean values and
coefficients of variation) on material and cross-sec-
tional properties were obtained from Reference 21 for
use in the derivation of the resistance factors ¢:

(Fm=110F,; M, =1.10; Vg, = Vy=0.10
(Fom=1.10F; M,=110; Vg, =V, =005
Fn=100; Vr=005

The subscript m refers to mean values. The symbol V
stands for coefficient of variation. The symbols M
and F are, respectively, the ratios of the mean-to-
nominal material property and cross-sectional prop-
erty; and F, and F, are, respectively, the specified
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minimum yield strength and the specified minimum
tensile strength.

These data are based on the analysis of many sam-
ples, and they are representative properties of materials
and cross sections used in the industrial applications of
cold-formed stainless steel structures.

1.5.5 Design Tables and Figures

The design tables and figures given in Specifica-
tion Appendix A provide the information needed for
the design of seven types of stainless steels used in this
Specification. These technical data deal with yield
strength, secant modulus, initial modulus of elasticity,
tangent modulus, and plasticity reduction factors. In
addition, design tables for tensile strengths of weld
metals and base metals for welded connections are also
included. For more detailed discussion, see Appendix
A of the Commentary.

The secant modulus, tangent modulus, and plastic-
ity reduction factor can be determined by using the an-
alytical expressions as given in Appendix B. The mod-
ified Ramberg-Osgood equation is used in this
Specification. For more discussions on this subject, see
Appendix B of the Commentary.

1.6 Reference Documents

The references listed in Section 1.6 of the Specifi-
cation pertain to various aspects of cold-formed stain-
less steel design and provide useful information to aid
the design engineer. If conflict occurs between the
ASCE Standard and reference documents, the design of
cold-formed stainless steel structural members and con-
nections should be governed by the ASCE Standard.

2. ELEMENTS

In this LRFD Specification, the effective design
width approach is applied to stiffened and unstiffened
compression elements.

2.1 Dimensional Limits and Considerations

Because of the relatively large flat-width-to-thick-
ness ratios (w/t) that are possibly used in cold-formed
stainless steel construction, dimensional limits are es-
tablished in the Specification. Other phenomena, e.g.,
flange curling and shear lag effects, are also considered
in the Specification.

2.1.1 Flange Flat-Width-to-Thickness Considerations

a. Maximum Flat-Width-to-Thickness Ratios. The
limits imposed in Specification Section 2.1.1a are the
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same as those used in Reference 6. These limitations
on maximum allowable overall w/t ratios are selected
on the basis of experience and general practice and are
proved to be reasonable for the cold-formed stainless
steel construction. The additional requirements for
stiffeners based on the values of I, and I, and the ratio
of D/w according to Section 2.4.2 are the same as those
specified in Reference 2 for cold-formed carbon steel
members.

The limitation on a maximum w/t ratio of 50 for
compression elements stiffened by a simple lip is
based on the fact that the stiffening lip itself is an un-
stiffened element. The limitation to w/t = 90 for
flanges with stiffeners other than simple lips is to pre-
vent possible damage of such flexible flanges in trans-
portation, handling, and erection.

The maximum allowable overall w/t ratio for stiff-
ened compression elements with both longitudinal
edges connected to a web or a stiffened flange element
is limited to 400. It has been shown that this limit is
reasonable and achievable for cold-formed stainless
steel members. In such cases where the limits are ex-
ceeded, tests in accordance with Specification Section
6 are required.

The note regarding noticeable deformation for
large flat-width-to-thickness ratios is a caution and is
not intended to prevent the use of such compression el-
ements. However, when it is necessary to use these ele-
ments with large w/t ratios, the design requirements of
local distortions should be used for flexural and com-
pression members as specified in Specification Sec-
tions 3.3.1.1 and 3.4, respectively.

In addition, Reference 25 indicates that buckling
of unbacked sheet may be developed due to thermal ef-
fect if the w/t ratio of stiffened elements exceeds 150
to 200, depending on the surface finish of the sheet.

b. Flange Curling. In order to limit the maximum
amount of curling or movement of unusually wide, thin
flanges toward the neutral axis of beams, a formula
(Eq. 2.1.1-1) is included in Specification Section 2.1.1
to determine the maximum permissible flange width,
wy, for a given amount of tolerable curling, c;. This
formula is the same as that included in Reference 6.
The modulus of elasticity used for stainless steel mem-
bers should be based on the value given in Tables A4
and A5 of the Specification.

It should be noted that this provision does not stip-
ulate the amount of curling which can be regarded as
tolerable. For carbon and low alloy steels, Reference 6
suggests that curling on the order of 5% of the depth is
usually not considered excessive. The designer must
establish the amount of curling on the basis of the kind
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of section used and good engineering practice. In gen-
eral, it is essential to control closely out-of-plane dis-
tortions of unusually wide flanges for the sake of ap-
pearance.

c. Shear Lag Effects. The Specification contains
the design provision for beams having relatively small
span-to-width ratio, L/wy, and subject to concentrated
loads. The specified reduction of flange width is due to
the effect of shear lag.

The phenomenon of shear lag is described by
Winter® as follows: “In metal beams of the usual
shapes, the normal stresses are induced in the flanges
through shear stresses transferred from the web to the
flange. These shear stresses produce shear strains in
the flange which, for ordinary dimensions, have negli-
gible effects. However, if flanges are unusually wide
(relative to their length) these shear strains have the ef-
fect that the normal bending stresses in the flanges de-
crease with increasing distance from the web. This
phenomenon is known as shear lag. It results in a
nonuniform stress distribution across the width of the
flange, similar to that in stiffened compression ele-
ments, though for entirely different reasons. As in the
latter case, the simplest way of accounting for this
stress variation in design is to replace the nonuni-
formly stressed flange of actual width wy by one of re-
duced, effective width subject to uniform stress.”

Previous study has indicated that the effect of
shear lag depends upon the ratio of E,/G,, where E, is
the modulus of elasticity and G, is shear modulus. In
view of the fact that the E,/G, ratio is about the same

for all grades of stainless steels, the design provision of

the proposed ASCE ASD Specification® is retained in
this LRFD Specification. It should be noted that the
flange width, wy, in this case is the projection beyond
the web, not the flat portion of the flange, as is the case
in subsequent sections of Section 2.

For a uniform load the width reduction due to
shear lag is practically negligible except that the span
length is extremely short. No provision is included in
Section 2.1.1 for reduction of flange width for such a
case.

2.1.2 Maximum Web Depth-to-Thickness Ratio

The limits prescribed in Specification Section
2.1.2 are the same as those used in the proposed ASCE
ASD Specification.® The maximum ratio of A/t for
flexural members having unreinforced webs is limited
to a value of 200. This is based on the vertical buckling
of webs subjected to transverse flange forces devel-
oped from the curvature of the beam. With webs pro-
vided with transverse stiffeners which satisfy the re-
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quirements of Specification Appendix C.1, the limits
of the allowable depth-to-thickness ratio are stipulated
as 260 for webs using bearing stiffeners only and as
300 for webs using bearing stiffeners and intermediate
stiffeners. These limits are the same as those used in
the current AISI Specification? for the design of cold-
formed carbon steel sections.

1t should be noted that the definition for 4 is the
depth of the flat portion of the web measured along the
plane of the web.

2.2 Effective Widths of Stiffened Elements

It is well known that plate and sheet elements pos-
sess a large strength reserve after buckling, unless
buckling occurs at stresses approaching the yield
strength for sharp yielding materials or at large inelas-
tic strains for materials such as stainless steels which
do not have a definite yield strength. For example, Fig-
ure C7 shows the buckled form of a stiffened compres-
sion element (a sheet which is supported along both
unloaded edges by thin webs and can be regarded as
simply supported), uniaxially loaded by a compression
force. Although the element has buckled, and out-of-
plane waves have developed, it is still capable of sus-
taining additional load, and the member of which the
element is a part does not collapse. This behavior is a
result of the membrane stresses (post-buckling
strength) which are developed in the element trans-
verse to the direction of loading. Unstiffened compres-
sion elements (sheets which are supported along one

w

FIGURE C7. Local Buckling and Post-Buckling
Strength of Stiffened Compression Element
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unloaded edge only, the other unloaded edge being un-
supported) behave in a similar manner, except that the
strength reserve after buckling is relatively small be-
cause less membrane action is possible. The strength of
partially stiffened stainless steel compression elements
is studied in Reference 77 by experimental and theoret-
ical means.

The general equation for the critical buckling
stress of isotropic sheet element is

winkE,

1201 — p2( %) i
WA

Oor =

where:

k = buckling coefficient;
E, = initial modulus of elasticity;
p. = Poisson’s ratio in the elastic range;
m = plasticity reduction factor;
w = flat width; and
t = thickness.

To keep the width-to-thickness ratio reasonably
small, thus maintaining larger critical stresses, com-
pression elements are frequently provided with inter-
mediate longitudinal stiffeners between a web and an
edge stiffener (Figure C3).

In practical design the effective width concept is
widely used for taking the post-buckling strength of
compression elements into account. Figure C7(b)
shows the post-buckling stress distribution in a stiff-
ened compression element. The solid line is the actual
stress distribution over the actual element width, w.
The dashed line is the equivalent uniform stress distri-
bution, equal in intensity to the edge stress of the ac-
tual distribution, but only applied over an effective
width b. The total load carried by the element is the
same for both distributions.

The effective width concept is now used explicitly
in computing the properties of sections which contain
stiffened and unstiffened compression elements. Be-
cause the effective width is a function of the element
edge stress, it follows that the properties of the section
are also functions of the stress level. For this reason,
when computing the effective area, moment of inertia,
and section modulus, proper recognition must be given
to the effective width of stiffened and unstiffened com-
pression elements as a function of the edge stress and
the flat-width-to-thickness ratio.

In this LRFD Specification, the effective design
width approach is adopted for: (1) Uniformly com-
pressed stiffened elements; and (2) webs and stiffened
elements with stress gradients.
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2.2.1 Uniformly Compressed Stiffened Elements

a. Load Capacity Determination. The effective
design width expression as given in Eq. C-19 was orig-
inally derived by Winter for the design of cold-formed
carbon steel members. It has been verified by Johnson
and Wang for using stainless steel members.'>'*

b1, | E, {1 0475 \/E(,/fmax] 19
t Fmax wit

where:

b = effective design width;
E, = initial modulus of elasticity;
fmax = maximum stress at edge;
w = flat width; and
t = thickness.

Based on a long-time accumulated experience in
the design of cold-formed carbon steel structural mem-
bers, a more realistic equation as follows was used in
the AISI Specification for the design of cold-formed
carbon steel structural members since 1968:

b E, |1 —0415VE,/fnax
7= 1.9 7

Wit » } (C-20)

Consequently, an additional study has been made
by Wang on the suitability of Eq. C-20 for stainless
steel structural members.'* Because Eq. C-20 com-
pares favorably with the experimental data obtained
from numerous beam and column tests as shown in
Figure C8, this equation was used in the 1974 Edition
of the AISI Specification for the design of stainless
steel structural members.?

In Reference 6, Eq. C-20 is retained for determin-
ing the effective design width for uniformly compres-
sion stiffened elements. However, this equation is ex-
pressed in terms of the ratio of b/w as follows:

b _1(, 022
i )\(1 e ) (C-21)
where \ is a slenderness factor determined as

A= /% (C-22)

fer is the critical buckling stress of an isotropic sheet
element calculated from Eq. C-18.

In this LRFD Specification, the effective design-
width formulas are the same as those used in the pro-
posed ASCE ASD Specification.® In Section 2.2, Eq.
2.2.1-4 for calculating the slenderness factor, A, is ob-
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FIGURE C8. Correlation Between Effective Width Formula and Test Data®

tained from Eq. C-22 by substituting the value of f,,
from Eq. C-18 with = 1.0. The use of 1 = 1.0 for
the effective design width has been verified for cold-
formed stainless steel members having stiffened com-
pression elements.? For the design of local distortions,
the plasticity reduction factor, m, may be taken as
V E,/E, for uniformly compressed stiffened elements
of stainless steel.'>?”?® The buckling coefficient, k, de-
pends upon the boundary conditions and the aspect ra-
tio of the plate element. It is taken as 4.0 for long stiff-
ened elements supported by a web on each longitudinal
edge.

b. Deflection Determination. The effective design
width used for deflection calculation can be determined
by the same equation from Specification Section 2.2.1a
except that the stress is evaluated on the basis of the ac-
tual stress level and the reduced modulus of elasticity,
E,, instead of E,. For beam sections generally used in
cold-formed stainless steel construction, the average of
the secant moduli corresponding to the stresses in both

tension and compression flanges is recommended for
the reduced modulus. Experimental verification of this
provision is given in Reference 23. The Ramberg-Os-
good equation used to determine the secant modulus is
discussed in Appendix B of the Commentary.

2.2.2 Effective Widths of Webs and Stiffened
Elements with Stress Gradient

Due to the lack of sufficient test results of stiff-
ened elements with stress gradient on cold-formed
stainless steel members, this Section is adopted from
the AISI 1986 Specification for the design of cold-
formed carbon steel sections.?

The use of effective design widths for web ele-
ments subjected to a stress gradient is a deviation from
the past practice of using a full area of web in conjunc-
tion with a reduced stress to account for local buckling.
The effective widths are based on Winter’s effective
width equation distributed as shown in Figure 2 of the
Specification.

85

Copyright American Society of Civil Engineers
Provided by IHS under license with ASCE
No reproduction or networking permitted without license from IHS

Not for Resale



COLD-FORMED STAINLESS STRUCTURAL MEMBERS

2.3 Effective Widths of Unstiffened Elements

The effective design width approach is also ap-
plied to members consisting of unstiffened compres-
sion elements in the current Specification because the
research results reported in Reference 29 for cold-
formed carbon steel structural members indicate that
Winter’s effective design width equation is an ade-
quate predictor of section capacity if the appropriate
buckling coefficient, k, is employed.

The provisions included in Specification Section
2.3 are the same as those used in Reference 2 except
that the buckling coefficient, %, is taken as 0.5 for cold-
formed stainless steel members.

2.3.1 Uniformly Compressed Unstiffened Elements
The theoretical buckling coefficient for an ideally
flat, long unstiffened element having hinged and
fixed edge conditions is 0.425 and 1.277, respec-
tively.?® Previous test results of cold-formed stainless
steel members indicated that the buckling coefficient
can be taken as 0.85 for I-sections made by two chan-
nels connected back to back.?” In Reference 6, the
buckling coefficient was conservatively taken as
0.5 for unstiffened compression elements. This value
has been retained in this LRFD Specification. The
plasticity reduction factor, 7, used for the design
of local distortions may be taken as E/E, for mem-
bers having uniformly compressed unstiffened
elements.12‘14,30,31

2.3.2 Unstiffened Elements and Edge Stiffeners with
Stress Gradient

Reference 29 shows that by using Winter’s effec-
tive design width equation in conjunction witha k =
0.43, good correlation can be achieved between test
and calculated capacity for unstiffened elements and
edge stiffeners with stress gradient using cold-formed
carbon steel. This same trend is also true for deflection
determination. Because no test results are available for
cold-formed stainless steel members regarding this
topic, the provisions included in Specification Section
2.3.2 are similar to those used in Reference 2 except
that the buckling coefficient, k, is equal to 0.5 for stain-
less steel members.

2.4 Effective Widths of Elements with Edge
Stiffener or One Intermediate Stiffener

Because the effective design width of stainless
steel elements with an edge stiffener or one intermedi-
ate stiffener has not been investigated in the past, Sec-
tion 2.4 of this Specification is adopted from the 1986
Edition of the AISI Specification.?
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2.4.1 Uniformly Compressed Elements with
Intermediate Stiffener

This LRFD Specification contained provisions for
the minimum required moment of inertia, which was
based on the assumption that an intermediate stiffener
needed to be twice as rigid as an edge stiffener. This
provision is adopted from Reference 2 which includes
expressions for evaluating the required stiffener rigid-
ity based on the geometry of the contiguous flat ele-
ments. By using the ratio of actual stiffener moment of
inertia, I, to adequate stiffener moment of inertia, 1,
(i.e., I,/1,) to evaluate the buckling coefficient and the
stiffener area, a partially stiffened compression flange
can be evaluated.

In this provision, three cases are identified, i.e.: (1)
Element is fully effective as a stiffened element and
does not need an intermediate stiffener; (2) element
can be fully effective as a stiffened element when it
has an adequate stiffener; and (3) element is not fully
effective even with an adequate stiffener.

2.4.2 Uniformly Compressed Elements with Edge
Stiffener

This LRFD Specification provided an equation for
the minimum moment of inertia for an edge stiffener
and an expression for the minimum overall depth of a
simple stiffening lip. Section 2.4.2 of the Specification
contains three different cases for the determination of
the effectiveness of compression elements and stiffen-
ers. These design provisions are the same as those used
in the proposed ASCE ASD Specification.®

The interaction of the plate elements, as well as
the degree of edge support, full or partial, is compen-
sated for in the expressions for the buckling coeffi-
cient, k, and the depth and area of the stiffener. For
more information, see Reference 29.

2.5 Effective Widths of Edge-Stiffened Elements
with Intermediate Stiffeners or Stiffened Elements
with More Than One Intermediate Stiffener

This Specification retains Eq. 2.5-1 from Refer-
ence 6 for evaluating the minimum required rigidity,
Liin, of an intermediate stiffener for a multiple-stiff-
ened element. It is based on the assumption that an in-
termediate stiffener must stiffen two compression ele-
ments, while an edge stiffener is required to stiffen
only one such element. For this reason, the minimum
required rigidity of an intermediate stiffener is speci-
fied to be twice that of an edge stiffener.

In addition, Specification Section 2.5(a) stipulates
that only intermediate stiffeners adjacent to web ele-
ments (see Figure C3) shall be counted as effective.
Additional stiffeners would have two or more sub-ele-
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ments between themselves and the nearest shear-trans-
mitting element (i.e., web) and hence, could be ineffec-
tive. Specification Section 2.5(b) applies the same rea-
soning to intermediate stiffeners between a web and an
edge stiffener.

If intermediate stiffeners are spaced so closely that
the sub-elements are fully effective, i.e., b = w, no
plate-buckling of the sub-element will occur. There-
fore, the entire assembly of sub-element and intermedi-
ate stiffeners between webs behaves like a single com-
pression element whose rigidity is given by the
moment of inertia, I, of the full, multiple-stiffened ele-
ment, including stiffeners. Although the effective
width calculations are based on an equivalent element
having width, w,, and thickness, #;, the actual thickness
must be used when calculating section properties.

2.6 Stiffeners
For detailed discussions, see Appendix C.

3. MEMBERS

In this Specification, the design provisions for
cold-formed stainless steel structural members are
given by the design strength, i.e., $R,,. To clarify the
phenomenon being evaluated, the nominal capacity,
R,, and the resistance factor, ¢, are explicitly stated in
this Section.

3.1 Properties of Sections

The geometric properties of a member shall be
evaluated using conventional methods of structural de-
sign. These properties are based on either full cross-
section dimensions, effective widths, or net section, as
applicable.

For flexural members and axially loaded mem-
bers, both the full and effective dimensions are used.
The full dimensions are used when calculating the crit-
ical load or moment, while the effective dimensions,
evaluated at the stress corresponding to the critical
load or moment, are used to calculate the nominal ca-
pacity.

3.2 Tension Members

The design of tension members is based on the
limit state that yielding failure occurs on the net area of
the member. When mechanical facteners are used, the
design should also be limited by Section 5.3.2 of the
Specification.

The resistance factor ¢ used for the design of
cold-formed stainless steel tension members is taken as
0.85, which is smaller than that used for cold-formed
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carbon steel members.® This ¢ factor was derived from
the procedure described in Section 1.5.1 of this Com-
mentary using a selected 3, value of approximately
3.0. In the determination of the resistance factor, the
following formulas were used for R,, and R,

Rm = An(Fy)m (C'23)

R, = AF, (C-24)
 Rn (Fm

ie., R, F, (C-25)

in which: A,, = the net area of the cross section; and
(Fy)m = 1.10F,, as discussed in Section 1.5.2 of the
Commentary. The statistical analysis of material prop-
erties for stainless steels is reported in Reference 21.
By using V), = 0.10, Vg = 0.05, and Vp = 0, the coef-
ficient of variation Vj is:

Ve=VV4+VE+ V=011 (C-26)

Based on V = 0.21 and the resistance factor of 0.85,
the value of 3 is 2.9, which is close to the stated target
value of B = 3.0.

3.3 Flexural Members

Section 3.3 of the Specification provides various
design aspects related to flexural strength, lateral buck-
ling strength, shear strength, combined bending and
shear strength, web crippling strength, and combined
bending and web crippling strength. For brace design,
see Specification Section 4.3.

3.3.1 Strength for Bending Only

Bending strengths of flexural members are differ-
entiated according to whether or not the member is lat-
erally braced. If such members are laterally supported,
then they are proportioned according to the nominal
section strength (Sec. 3.3.1.1). If they are laterally un-
braced, then lateral-torsional buckling (Sec. 3.3.1.2) is
the additional limit state.

3.3.1.1 Nominal section strength. The bending strength
of beams with a stiffened or unstiffened compression
flange is based on either the initiation of yielding (Pro-
cedure I) or the inelastic reserve capacity (Procedure
1) of the member. The use of the post-buckling
strength for compression elements in LRFD is the
same as that included in Reference 6. Section 2.2 of
this Commentary provides an extensive discussion on
this subject.

The experimental bases for the cold-formed stain-
less steel beams were examined in Reference 21,
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where a total of 17 tests were studied according to the
effectiveness of compression flanges and webs. On the
basis of the initiation of yielding, the nominal strength
R, is determined by the product of the effective section
modulus and the specified minimum yield strength,
i.e., R, = S.F,. The nominal moment strength for cer-
tain sections can be calculated on the basis of the in-
elastic reserve capacity if the member satisfies the con-
ditions given in Specification Section 3.3.1.1(b). The
nominal section strength determined by this approach
shall not exceed 1.25S,F), or that cause a maximum
compression strain of Cye,.

The computed safety index [ is equal to 3.26 with
the corresponding resistance factor ¢ = 0.90 for beams
with stiffened compression flanges. This ¢ factor was
determined on the basis of a load combination of 1.2D,,
+ 1.6L,, and a ratio of D,/L, = 0.2. For determining
the resistance factors ¢, the following values of P,,,,

Vp, My, Vi, Fp and Vi are presented in Reference 21
for professional, material, and fabrication factors:

P,=109 V=006
M, =110; Vy=0.10
F,=100; Vr=005

Due to the lack of test data, the calibration of flex-
ural members with partially stiffened compression
flanges and unstiffened compression flanges was not

-conducted. In order to maintain the consistency of

‘structural safety for using stainless steels, the resis-

“tance factor used for beams with partially stiffened

~compression flanges and unstiffened compression

flanges is taken as 0.90 and 0.85, respectively, which is
relatively smaller than that used for cold-formed car-
bon steels. .

As discussed in Section 2.2 of the Commentary,
stiffened and unstiffened compression elements can
withstand stresses considerably in excess of their criti-
cal buckling stress without.impairment of their ability
to carry load. However, stresses above the buckling
stress may cause minor local distortions under service
load. When such local distortions at service load must
be limited, the perceptible stresses, f5, specified in
Egs. 3.3.1.1-5 to 3.3.1.1-8 of the Specification and the
elastic section modulus of the full, unreduced section
should be used to determine the nominal moment. The
resistance factor ¢ used for determining the design
flexural strength due to local distortion is taken as 1.0.

These permissible compressive stresses obtained
from Reference 6 are based on the considerations that
if some barely perceptible distortions at the design load
are allowed, the maximum compressive stresses for
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stiffened and unstiffened compression elements are
limited to 1.2F,, and F,,, respectively. If no local dis-
tortions at the design load are permitted, the maximum
compressive stresses for stiffened and unstiffened
compression elements should not exceed 0.9 F,, and
0.75 F.,, respectively.'>!* In this expression, F.,, is the
critical buckling stress.

This provision is considered to be necessary for a
stainless steel structural member because of its low
proportional limits and due to the fact that more atten-
tion is often given to the appearance of exposed sur-
faces of stainless steel used for architectural purposes.

For the design of continuous beams, Reference 62
presents numerical models for flexural behavior and
deflection predictions. Simplified models for deflec-
tion calculations for the design purposes are also pre-
sented in this publication. A research project on the be-
havior of compact square and circular tubular beams
made of austenitic stainless steel of Type 304L, re-
ported in Reference 66, gives design criteria based on
experimental and analytical studies for such members.

3.3.1.2 Lateral buckling strength. Due to the lack of
test data, the calibration of beams subjected to lateral
buckling was not conducted. The design expressions
for laterally unbraced segments of flexural members in-
cluded in this section were adopted from Reference 5
for cold-formed carbon steel members. This provision
enables direct consideration of the interaction between
local and overall lateral buckling by a reduction of the
critical moment. This reduction is equal to the ratio of
the effective section modulus to the full section modu-
lus, S./S¢. In order to maintain the consistency of struc-
tural safety used for cold-formed stainless steels, the re-
sistance factor used for the design of beams subjected
to lateral buckling is taken as 0.85, which is relatively
smaller than that used for cold-formed carbon steels.

For doubly symmetric I-sections and point-sym-
metric Z-sections, the critical moment can be calcu-
lated by using either the simplified formulas (Eqgs.
3.3.1.2-2 and 3.3.1.2-3) or the theoretical value (Eq.
3.3.1.2-4). Because the Z-section has less resistance to
lateral buckling, the critical moment is taken as one-
half of that for I-sections.

For singly symmetric sections (x-axis is assumed
to be the axis of symmetry) subjected to lateral buck-
ling, two theoretical formulas are given in this provi-
sion. Eq. 3.3.1.2-4 of the Specification is an explicit
expression for determining the critical moment for
doubly symmetric I-sections and channels bending
about the x-axis.>® Eq. 3.3.1.2-5 is used to determine
the theoretical torsional-flexural buckling moment for
a singly symmetric section bending about the y-axis.>*
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It should be noted that the critical moments calcu-
lated from Specification Section 3.3.1.2 shall not ex-~
ceed M,, which is the maximum moment causing ini-
tial yielding at the extreme compression fiber of the
full section. In order to account for the inelastic re-
sponse of stainless steels, the plasticity reduction fac-
tor, EJ/E,, is introduced in various equations for lateral
buckling in the inelastic range.

The predictions of this section are checked by tests
performed at the Rand Afrikaans University on stain-
less steel Type 304 and 430 doubly symmetric beams
made from cold-formed channels (Reference 67) and
lipped channels. A study of the strength of lipped
channel beams is presented in Reference 68.

3.3.2 Strength for Shear Only

This provision is essentially the same as that used
in Reference 6. In view of the fact that the appropriate
test data on shear are not available, the ¢, factors used
in Section 3.3.2 were derived from the condition that
the nominal resistance for the LRFD method is the
same as the nominal resistance for the allowable stress
design method.? Thus, the resistance factors can be
computed from the following formula:

12D, +1.6L,  12(D,/L,) + 1.6
¢= (FS)D, + L) (FS)D,/L,+1) (€-27)

By using a dead-to-live-load ratio of D,/L,, = 1/5
and appropriate safety factors, the ¢, factors can be
computed from the equation. As a result, the resistance
factor ¢, used for elastic and inelastic shear buckling is
taken as 0.85, and &, is taken as 0.95 for shear yield-
ing. It should be noted that the definition of # is the flat
portion of the web instead of the clear distance be-
tween flanges.

The general equation for the shear buckling stress
of flat sheet or plate elements is given in Eq. C-18 of
this Commentary, simply replace &, by 7. The shear
buckling coefficient &, is 5.35 for simply supported
conditions. Various plasticity reduction factors used for
inelastic shear buckling are given by different authors.
One of the simplest is that suggested by Gerard*® who
takes m = G,/G,; that is, the ratio of the secant shear
modulus to the initial shear modulus. Other values for
the plasticity reduction factor are either too involved
for design use or are excessively conservative.

In Eq. 3.3.2-1 of the Specification, the design
shear strength shall not exceed the product of the shear
yield strength F,, and the web area ht. Experimental
studies of the shear buckling of Types 304, 316, and
430 stainless steel web panels are reported in Refer-
ences 69 and 70.
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3.3.3 Strength for Combined Bending and Shear

This section is based on the interaction formulas
included in the Reference 5 for the design of cold-
formed carbon steel members. For cantilever beams
and continuous beams, high bending stresses often
combine with high shear stresses at interior supports.
In the design of such members, it has been the practice
to use Specification Equation 3.3.3-1 to safeguard
against buckling of flat webs due to the combination of
bending and shear stresses (Reference 26). The interac-
tion formula expressed in the ratios of moments and
forces is suitable for the design of beams with unrein-
forced webs.

In addition, an interaction equation (Eq. 3.3.3-2) is
included in this Specification for beam webs with ade-
quate transverse stiffeners. The resistance factor ¢, for
bending is given in Section 3.3.1 and the ¢, value for
shear is given in Section 3.3.2.

3.3.4 Web Crippling Strength

Since no research work has been done in the Cor-
nell project to study the problem of web crippling of
beams made of cold-formed stainless steels, the design
provisions for single unreinforced webs and I-sections
are adopted from Reference 2 for the design of cold-
formed carbon steel. Due to the lack of test data, the
resistance factors used in these design provisions are
derived on the same basis as that used for Section
3.3.2. The yield strength for longitudinal compression
should be used for the design of web crippling of
beams and is given in Table A1 of this Specification.

Section 3.3.4 of the Specification provides design
equations to prevent web crippling of flexural mem-
bers having flat single webs (channels, Z-sections, hat
sections, tubular members, roof deck, floor deck, etc.)
and I-beams (made of two channels connected back-to-
back, by welding two angles to a channel, or by con-
necting three channels). Different design equations are
used for various loading conditions. As shown in Fig-
ure C9, Eqs. 3.3.4-1, 3.3.4-2, and 3.3.4-3 are used for
end one-flange loading; Eqs. 3.3.4-4 and 3.3.4-5 are
used for interior one-flange loading; Egs. 3.3.4-6 and
3.3.4-7 are used for end two-flange loading; and Eqgs.
3.3.4-8 and 3.3.4-9 are used for interior two-flange
loading. These design equations are determined on the
basis of the experimental evidence for cold-formed
carbon steel sections (Reference 37). The assumed dis-
tributions of loads or reactions in beam webs are
shown in Figure C10. Experimental studies of the web
crippling of Types 304 and 430 stainless steel beams
are reported in References 71 and 72. An explicit ap-
proach to the design of columns of any type of stain-
less steel is provided in Reference 78.
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FIGURE C9. Application of Design Equations Listed in Table 2
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3.3.5 Combined Bending and Web Crippling Strength

This Section contains two interaction equations for
the combination of bending and web crippling. These
two formulas are based on Reference 5 in conjunction
with proper resistance factors used for the design of
cold-formed stainless steel members.

The exception clause for Eq. 3.3.5-1 applies to the
interior supports of continuous spans using decks and
beams, as shown in Figure C11. Test results on cold-
formed carbon steel continuous beams and decks> in-
dicate that, for these types of members, the post-buck-
ling behavior of webs at interior supports differs from
the type of failure mode occurring under concentrated
loads on single span beams. This post-buckling
strength enables the member to redistribute the mo-
ments in continuous spans. For this reason, Eq. 3.3.5-1
is not applicable to the interaction between bending and
the reaction at interior supports of continuous spans.

With regard to Eq. 3.3.5-2, it was shown in Refer-
ence 37 that when the A/t ratio of an I-beam web does

not exceed 2.33/V F,/E, and when A < 0.673 (i.e., web
is fully effective), the bending moment has little or no
effect on the web crippling load. For this reason, the al-
lowable reaction or concentrated load can be deter-
mined by the formulas given in Specification Section
3.3.4 without reduction for the presence of bending.

3.4 Concentrically Loaded Compression Members
The available experimental data on cold-formed
stainless steel concentrically loaded compression mem-

SN/ \a J U

bers were evaluated in Reference 21, in which column
tests failed by yielding, flexural buckling, and tor-
sional-flexural buckling. These test results were com-
pared to the predictions based on the same mathemati-
cal models on which Reference 6 was based. For other
types of column failure, the design provisions in these
LRFD criteria are the same as those used in Reference
6.

A simple approach to account for the interaction
of local and overall buckling is included in Specifica-
tion Section 3.4. The axial strength of compression
members is determined by the product of the critical
stress and the effective area (Eq. 3.4-2). The critical
stress, evaluated for the full section, is the stress level
for which the effective area is calculated.

For channels, Z-shapes, and single angle sections
with unstiffened flanges, the axial strength shall also
be limited by Eq. 3.4-3 to prevent local buckling fail-
ure. When local distortions in stiffened elements of
compression members under service loads must be
limited, the perceptible stresses, f5, specified in Eqgs.
3.4-6 and 3.4-7 and the full area of the unreduced cross
section should be used to determine the design axial
strength. Commentary Section 3.3.1.1 provides discus-
sions for this subject.

Specification Section 3.4(d) is a new provision for
the possibility of a reduction in capacity due to initial
sweep of the member. This additional requirement is
also based on the AISI Specification for carbon steel
members.>

L T

(a) Decks
Deck or Cladding
. / \
M - — — '—‘ AY
- =+
¢ 1 H N\
<10°
(b) Beams o Deck, cladding
or braces
(< 254 mm)

FIGURE C11. Sections Used for One Exception Clause of Section 3.3.5
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3.4.1 Sections Not Subject to Torsional or Torsional-
Flexural Buckling

This section deals with the flexural buckling
strength of axially loaded compression members.

For doubly symmetric shapes, closed cross-section
shapes, or cylindrical sections axially loaded by a
concentric force, these members may fail by flexural
buckling and are governed by the design provisions
of this section. For some open shapes, such as C-
channels, hat sections, point-symmetric sections, and
angles, flexural, torsional, or torsional-flexural buck-
ling may govern, depending on the bracing condi-
tions, cross-sectional dimensions, and the unbraced
length.

In these LRFD criteria, the flexural column buck-
ling capacity is based on the same prediction model as
that employed in the formulation of Reference 6. A to-
tal of 29 flexural column buckling tests were exam-
ined. The resistance factor ¢, = 0.85 was selected on
the basis of a load combination of 1.2D,, + 1.6L, and
for the ratio of D, /L, = 0.2. The corresponding safety
index is equal to 3.26. The statistical data used in this
study are summarized as follows:

P, =1.19; Ve =0.11
M, = 1.10; Vu =0.10
F,, = 1.00; Ve =0.05

Eq. 3.4.1-1 of the Specification is simply the tan-
gent modulus formula. This formula is generally rec-
ognized as the experimentally verified method for pre-
dicting the column buckling strength. The test results
of I- and box section columns of annealed and cold-
rolled stainless steels are given in References 12 and
14. The value of effective length factor, K, may be ob-
tained from Reference 1. Modifications to the tangent
modulus method were recommended in Reference 73
for square and circular tubular columns of austenitic
stainless steel of Type 304L, based on experimental
and analytical studies.

3.4.2 Doubly or Point-Symmetric Sections Subject to
Torsional Buckling

Doubly or point-symmetric shapes may buckle
torsionally depending on their cross-sectional dimen-
sions and the unbraced length. This Section contains a
design formula for the determination of the torsional
buckling stress. The member should be checked for
flexural and torsional buckling as specified in Sections
3.4.1 and 3.4.2 of the Specification.
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3.4.3 Singly Symmetric Sections Subject to Torsional-
Flexural Buckling

As indicated in Commentary Section 3.4.1, con-
centrically loaded columns can buckle by: (1) Bending
about one of the principal planes; (2) twisting about the
shear center; or (3) bending and twisting simultane-
ously. Case 3 is the type of torsional-flexural buckling
which can occur at a load lower than the flexural buck-
ling load.

The torsionai-flexural column buckling capacity
used in these criteria is based on the same prediction
model as that employed in the formulation of Refer-
ence 6. A total of 45 column tests were examined for
this type of failure mode. The resistance factor ¢, =
0.85 was also selected on the basis of a load combina-
tion of 1.2D,, + 1.6L,, and for the ratio of D,,/L, = 0.2.
The corresponding safety index is equal to 3.17. The
statistical data used in this study are summarized as
follows:

P, =1.11; Ve =0.07
M, =1.10; Vu = 0.10
F,, =1.00; Ve =0.05

The design formulas (Egs. 3.4.3-1 and 3.4.3-2) in-
cluded in this Section of the Specification are to be
used for determining the critical stress for torsional-
flexural buckling. They are adopted from the AISI
Specification? for carbon steel members with some
necessary modifications. Further experimental corrob-
oration of the method of column design is provided in
References 74 and 75 for Types 304, 409, and 430
stainless lipped-channel and hat-shaped columns.

3.4.4 Nonsymmetric Sections

For nonsymmetric open shapes, the analysis for
torsional-flexural buckling becomes extremely tedious,
unless its need is sufficiently frequent to warrant com-
puterization. Section 3.4.4 of the Specification speci-
fies that rational analysis shall be used, or tests shall be
made according to Section 6, when dealing with non-
symmetric open shapes.

3.5 Combined Axial Load and Bending

This provision is adopted from Reference 16 for
the design of cold-formed carbon steel members, ex-
cept that tangent modulus, E,, is used to calculate the
critical buckling Joad. A recent study reported in Ref-
erence 29 indicates that the interaction equations (Egs.
3.5-1, 3.5-2, and 3.5-3) are applicable to all cold-
formed steel shapes.
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3.6 Cylindrical Tubular Members

The design provision for cylindrical tubular mem-
bers is based on Reference 6 to include the design
guidelines for members subject to either bending or ax-
ial compression.

3.6.1 Bending

The resistance factor ¢ = 0.90 used in Section
3.6.1 for bending is the same as that used in Section
3.3.1.1 for nominal section strength of beams. It should
be noted that the definition of D, outside diameter of
the cylindrical tubular members, differs from the previ-
ous Specification. The limit of D/t is the same as that
used in Reference 6. The variable K. is determined on
the basis of the ratio of the proportional limit-to-yield
strength. Figure C12 shows the relationships between
the ratio of the nominal moment to the yield moment,
M,/M,, and the ratio of (E,/F,)(¢/D). In Figure C12,
Line 1 represents the ultimate moment governed by
yielding and Line 2 corresponds to the nominal mo-
ment in the inelastic buckling range.

Elastic buckling

3.6.2 Compression

In order to maintain the consistency of structural
safety for using cold-formed stainless steels, the resis-
tance factor ¢, used in Section 3.6.2 for compression is
taken as 0.80, which is relatively smaller than that used
for concentrically loaded compression members. This
provision uses the product of the effective area and the
flexural buckling stress to determine the axial com-
pression strength of cylindrical tubular members. The
effective area defined in Eq. 3.6.2-2 is similar to that
used in Reference 2, except that the plasticity reduction
factor, E,/E,, is used in this Specification. The ratio
A,/A used in Eq. 3.6.2-2 reflects the influence of local
buckling on the axial compression strength for concen-
trically loaded compression members.

3.7 Arc-and-Tangent Corrugated Sheets

This provision is the same as that used in Refer-
ence 6, except that the requirements are expressed
in terms of nominal moment instead of allowable
moment.

Inelastic buckling Yielding
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FIGURE C12. Ultimate Moment Capacity of Stainless Steel Cylindrical Tubes
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Arc-and-tangent type corrugated sheets and panels
are often used for roofing, siding, and curtain walls.
Previous tests* on carbon steel sections indicated that
the moment-resisting capacities of such sections were
about 20% higher than those computed by elastic anal-
ysis. This high load-carrying capacity of corrugated
sheets is mainly due to the plastic yielding of material
and the increase of yield strength resulting from cold-
forming operation. In order to recognize the substantial
reserve of strength due to plastic behavior, a high nom-
inal moment of F,S is permitted in Section 3.7 for arc-
and-tangent corrugated sheets. The resistance factor ¢,
= (.90 used in Section 3.7 for bending is the same as
that used in Section 3.3.1.1 for nominal bending
strength of beams.

Section 3.7 also permits the determination of load-
carrying capacity of arc-and-tangent corrugated sheets
by tests. For this case, the provision of Section 6.2 of
the Specification should be used. In the determination
of the design load, consideration must also be given to
the practical limitation of deflection and permanent set
of the sheets after releasing the applied load. Excessive
deflection may cause leakage at end laps or loosening
of end connections.

4. STRUCTURAL ASSEMBLIES

4.1 Built-Up Sections
4.1.1 I-Sections Composed of Two Channels

I-beams made by connecting two channels back to
back are often used as either compression or flexural
members. The provisions of Section 4.3 of this Specifi-
cation are the same as those included in the 1974 Edi-
tion of the AISI Specification.>8

For the I-sections to be used as compression mem-
bers, the longitudinal spacing of connectors must not
exceed the value of smax, computed by using Eq. 4.1.1-
1 of the Specification. This requirement is to prevent
flexural buckling of individual channels about the axis
parallel to the web at a load smaller than that at which
the entire I-section would buckle. This provision is
based on the requirement that the slenderness ratio of
an individual channel between connectors, spax/7.y, N0t
be greater than one-half of the pertinent slenderness ra-
tio, L/ry, of the entire I-section to account for one of the
connectors becoming loose or ineffective.?%4C

Even though Section 4.1 of the Specification
refers only to I-sections, Eq. 4.1.1-1 can also be used
for determining the maximum spacing of welds for
box-shaped compression members made by connecting
two channels tip to tip. In this case, ry is the smaller of
the two radii of gyration of the box-shaped section.
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For the I-sections to be used as flexural members,
the longitudinal spacing of connectors is limited by
Egs. 4.1.1-2 and 4.1.1-3 of the Specification. The first
requirement (Eq. 4.1.1-2) is an arbitrarily selected limit
to prevent any possible excessive distortion of the top
flange between connectors. The second requirement
(Eq. 4.1.1-3) is based on the strength and arrangement
of connectors and the intensity of the load acting on
the beam. Figure C13 shows that when the transverse
load is applied to the I-beam, the load Q to be carried
by each channel (i.e., half of the total beam load over
the length, 5) actually acts in the plane of the web. Be-
cause the load Q does not pass through the shear center
of the channel section, each channel tends to rotate
about its own shear center and to separate along the
top. The twisting moment Om is resisted by the torque,
T,g, provided by the connectors. The location of shear
center is given by Eq. 4.1.1-4 of the Specification for
channels having unstiffened and stiffened flanges,
which is determined on the basis of Reference 41.

4.1.2 Spacing of Connections in Compression
Elements

The requirements for the spacing of connections in
compression elements are the same as those used in the
1974 Edition of the AISI Specification,® except that
some slight changes have been made in case (¢) of
Specification Section 4.1.2.

When compression elements are joined to other
parts of built-up members by intermittent connections,
these connections must be closely spaced to develop
the required strength of the connected element. Figure
C14 shows a box-shaped beam made by connecting a
flat sheet to an inverted hat section. If the connectors
are appropriately placed, this flat sheet will act as a
stiffened compression element with a width, w, equal
to the distance between rows of connectors, and the
sectional properties can be calculated accordingly. This
is the intent of the provisions in Section 4.1.2.

Section 4.1.2(a) of the Specification requires that
the necessary shear strength be provided by the same
standard structural design procedure that is used in cal-
culating flange connections in bolted or welded plate
girders or similar structures.

Section 4.1.2(b) of the Specification ensures that
the part of the flat sheet between two adjacent connec-
tors will not buckle as a column (see Figure C14) ata
stress less than 1.85f, where f is the design stress of
the connected compression element. The formula of
Section 4.1.2(b) is directly obtained from the Euler for-
mula, o, = W2E,/(KL/r)?, by substituting o, = 1.85f,
E,=E,K=06,L=sandr=1/V12.
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FIGURE C13. I-Beam Composed of Two Channels
Section 4.1.2(c) ensures satisfactory spacing In this case, the initial modulus of elasticity, E,,
to make a row of connections act as a continuous should be selected from Tables A4 and A5 of
line of stiffening for the flat sheet under most condi- the Specification instead of using E, = 29,500
tions. This requirement is similar to that in Reference ksi (203 X 10® MPa) given in Reference 2. Refer-
2, except that a slight modification has been made ences 40 and 42 provide further information for
to account for the inelastic behavior of stainless steel. this topic.

FIGURE C14. Spacing of Connections in Compression Element
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4.2 Mixed Systems

‘When cold-formed stainless steel members are
used in conjunction with other construction materials,
the design requirements of other material specifica-
tions must also be satisfied.

4.3 Lateral Bracing

Bracing design requirements have been expanded
in the current Specification. A new provision regarding
bracing for symmetrical beams and columns is in-
cluded in Section 4.3.1.

4.3.1 Symmetrical Beams and Columns

The Specification does not provide any generally
accepted techniques for determining the required
strength and stiffness for discrete braces in cold-
formed stainless steel construction. Design engineers
are encouraged to seek out the related references*> 7
and to obtain guidance for design of a brace or brace
system for cold-formed stainless steel structures.

4.3.2 Channel-Section and Z-Section Beams

Channels and Z-sections used as beams to support
transverse loads applied in the plane of the web may
twist and deflect laterally unless adequate lateral sup-
ports are provided. Section 4.3.2 of the Specification
includes two subsections. The first subsection (Section
4.3.2.1) is a new provision that deals with the bracing
requirement when one flange of the beam is connected
to deck or sheathing material. The second subsection
(Section 4.3.2.2) covers the requirements for the spac-
ing and design of braces, when neither flange of the
beam is braced by deck or sheathing material. These
design provisions are based on the AISI Specification
for the design of cold-formed carbon steel structural
members.?

4.3.2.1 Bracing when one flange is connected. When
channel and Z-sections are used in roofs and walls to
directly support attached covering material, the latter
provides some measure of lateral support to the con-
nected flange of the beam. As a result, forces are gen-
erated in the plane of the covering material by the ten-
dency to lateral movement and/or twist of the beam.
These accumulated forces must be transferred into a
sufficiently stiff part of the framing system. Further in-
formation on this topic can be found in Reference 42.
The provision of Section 4.3.2.1 for the design of
braces calls for special tests in accordance with Section
6 of the Specification to insure the adequacy of the
type and spacing of braces to be used for such beams
when one flange is connected to covering material.
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4.3.2.2 Neither flange connected to sheathing. These
provisions are similar to those included in the 1974
Edition of the AISI Specification,’ except that some
editorial changes have been made in the current Speci-
fication. When neither flange is braced by deck or
sheathing material, discrete bracing must be provided.
Section 4.3.2.2 specifies the spacing of such braces,
applicable to both channel and Z-beams, and the forces
for which these braces must be designed. A detailed
discussion of the background for these provisions is
contained in Reference 40.

An exception added in Specification Section
4.3.2.2 permits omission of discrete braces when all
loads and reactions on a beam are transmitted through
members that frame into the section in such a manner
as to effectively restrain the member rotation and lat-
eral displacement. Frequently this occurs in the end
walls of metal buildings.

4.3.3 Laterally Unbraced Box Beams

This provision is the same as that used in the 1974
Edition of the AISI Specification,’ except that the re-
quirement is expressed in a dimensionless unit. A brief
discussion on lateral buckling of box beams can be
found in Reference 42.

5. CONNECTIONS AND JOINTS

5.1 General Provisions

This Specification contains provisions for welded
and bolted connections only. Other means of connec-
tion, e.g., rivets, screws, and special devices are propri-
etary devices for which the information on connection
strength must be obtained for manufacturers or from
tests carried out by or for the user. Guidelines provided
in Specification Section 6 are to be used in these tests.

The design provisions contained in this Section
are primarily based on the reevaluation of experimental
evidences obtained from the test program at Cornell
University for welded and bolted connections using
stainless steels.*®*® In addition to Cornell data, Refer-
ence 50 provides additional test results for the study of
welded connections.

The resistance factors used for welded and bolted
connections were derived for a target reliability index
B, = 4.0, and the statistical data are summarized in the
subsequent sections.

Ease of fabrication and erection are factors to be
considered in the design of all joints and splices. At-
tention should be given to: the clearances necessary for
safe erection, the clearances needed for tightening fas-
teners, the need for access for welding, the require-
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ments of welding procedures, and the effects of angu-
lar and length tolerances on fit-up. Attention should
also be given to the requirements for subsequent in-

spection and maintenance.

5.2 Welded Connections

The design provisions for welded connections are
developed on the basis of the research findings re-
ported in References 48, 49, 50 and the AISI Specifica-
tion for cold-formed carbon steel.? This Specification
provides design requirements for butt welds, fillet
welds, and resistance welds. Because Type 430 ferritic
stainless steel is susceptible to brittle martensite forma-
tion after welding, weld connections should not be

used for this type of material.

5.2.1 Groove Welds in Butt Joints

For groove welds in butt joints, a total of 43 test
specimens have been evaluated to determine resistance
factors. The design equation for the nominal strength
in tension and compression of a groove weld in a butt
joint is based on the tensile strength of the annealed
base metal, F,,. For cold-formed carbon steel, the

nominal strength is determined on the basis of the yield

strength of the base metal, F, (Reference 5). Due to the
difference in design provisions, the ¢ factor used for
cold-formed carbon steels is larger than that used in
this Specification for stainless steels. The design provi-
sions and the ¢ factors for shear on the effective area
are the same as that used in the AISI LRFD criteria for

cold-formed carbon steel members (Reference 5).

The resistance factor, ¢, of 0.6 used for determin-
ing the factored nominal ultimate strength in tension of
butt welds is based on the results reported in Reference
21. Based on the calibration of this design provision,

the computed safety index, B, for D,/L, = 0.2 is equal
to 4.13. The statistical data used for deriving the ¢ fac-
tor are given as follows:

P,=111;  Vp=0.08
M, = 1.10; Vi = 0.05
F,, = 1.00; Ve =0.15

For detailed information on determining the & fac-
tor, see Reference 21.

5.2.2 Fillet Welds

For fillet welded connections, Reference 49 indi-
cates that the design should be based on: (1) fracture of
the annealed base metal; and (2) fracture of the weld
metal. Because transverse fillet welds are stressed
more uniformly than longitudinal fillet welds, the ca-
pacity of fillet welds subjected to transverse loading
was found to be higher than that for longitudinal load-
ing.

In Section 5.2.2 of the Specification, separate pro-
visions are included for fillet welds subjected to longi-
tudinal direction and transverse direction loadings. For
longitudinal fillet welds, the ¢ factor of 0.55 is used
for preventing the failures of connected plate and weld
metal. For transverse fillet welds, the ¢ factors of 0.55
and 0.65 are used separately for preventing the failure
of connected plate and weld metal, respectively. These
& factors are obtained from the calibrations of design
provisions reported in Reference 21. The statistical
data used for deriving these ¢ factors are given in
Table C8.

The tensile strengths of the weld metal listed in
Table A15 of the Specifications are based on Refer-

TABLE C8. Computed Safety Indices, 3, for Cold-Formed Stainless Steels Using Fillet Welds (D, /L, = 0.2)

No. of
Case tests ¢ M, Vu F,, Ve P, Vp B
Longitudinal loading
1 10 0.55 1.10 0.05 1.0 0.15 1.083 0.131 4.09
2 10 0.55 1.10 0.05 1.0 0.15 1.058 0.126 4.04
Transverse loading
3 10 0.55 1.10 0.05 1.0 0.15 1.027 0.088 4.14
4 10 0.65 1.10 0.05 1.0 0.15 1.207 0.089 4.11

Note: Case 1. = plate failure of longitudinal fillet welds.

Case 2. = weld failure of longitudinal fillet welds.
Case 3. = plate failure of transverse fillet welds.
Case 4. = weld failure of transverse fillet welds.
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ences 51 and 52. Table C9 in the Commentary includes TABLE C9. AWS Requirements for Mechanical
supplementary information on elongation and heat Property of All-Weld Metal®'->
treatment for weld metal. The tensile strengths of an-
nealed base metals listed in Table A16 for Types 201, Elongation in
301, 304, and 316 stainless steels are based on Refer- 2in. (50.8 mm)
ence 11. For Types 409, 430, and 439, the tensile AWS gage length Heat
strengths of annealed base metals listed in Table A16 classification min., % Treatment
are adapted from References 8 and 9. E209 15 None
E219 15 None
5.2.3 Resistance Welds E240 15 None
Due to the lack of test data for resistance welds, E307 30 None
the calibration for this subject has not been conducted. E308 35 None
The design provisions of this Specification for resis- E308H 35 None
tance welds are the same as those used in Reference 6, E308L 35 None
. .o E308Mo 35 None
except that the nominal shear strengths are used in this E308MoL 35 None
Specification instead of the a}lowable shear strengths. E309 30 None
In order to maintain the consistency of structural safety E309L 30 None
for cold-formed stainless steels, a ¢ factor of 0.60 used E309Ch 30 None
for the design of resistance welds was slightly smaller E309Mo 30 None
than that used for cold-formed carbon steels.? E310 30 None
Table 3 of Section 5.2.3 includes nominal shear E310H 10 None
strengths for annealed, 1/4 and 1/2 hard temper materi- E310Cb 25 None
als. These data were obtained from the AWS “Recom- E310Mo 30 None
mended Practices of Resistance Welding.”>? The nomi- E312 22 None
nal shear strengths are determined by multiplying a E316 30 None
E316H 30 None
safety factor of 2.50 to the allowable shear strengths of E316L 30 None
arc spot welding which are listed in Reference .3. Al- E317 30 None
though the AWS results were based on the testing of E317L 30 None
specimens using Types 301, 304, and 316 stainless E318 75 None
steels, these values can be used conservatively for E320 30 None
Type 201. E320LR 30 None
In Table 4 of Specifications Section 5.2.3 on pul- E330 25 None
sation welding, the nominal shear strengths are in- E330H 10 None
cluded only for 1/4 and 1/2 hard temper stainless E347 30 None
steels. The exclusion of the design data for annealed E349 25 None
stainless steel was due to the fact that heavy sheets of E410 20 a
annealed materials thicker than about 0.125 in. (3.18 gi;gNlMo ;(5) tc)
mm) would not be available from most steel producers. ES02 20 a
These nominal shear strengths for pulsation welding E505 20 a
are also determined on the basis of a safety factor of E630 7 d
2.50 and the allowable shear strengths given in Refer- E16-8-2 35 None
ence 53. E7Cr 20 a
5.3 Bolted Connections a. Specimen shall be heated to between 1550° and 1600°F (840°

and 870°C), held for 2 hr, furnace-cooled at rate not exceeding

This provision contains some general require- 100°F (38°C) per hr. to 1100°F (595°C), and air-cooled to ambient.

ments for bolt installation and maximum sizes of holes. b. Specimen shall be heated to between 1100° and 1150°F (595°
Even though no specific requirements are given in this and 620°C), held for 1 hr., and air-cooled to ambient.
section for installation, bolts should be properly tight- ¢. Specimen shall be heated to between 1400° and 1450°F (760°
ened accordin g to goo d practice used in buildin g con- and 790°C), held for 2 hr., furnace-cooled at ra.te not exceedmg.
. 100°F (38°C) per hr. to 1100°F (595°C), and air-cooled to ambient.

struction. i i . i . . d. Specimen shall be heated to between 1870° and 1925°F (1025°

The design requirements included in this section and 1050°C), held for 1 hr., air-cooled to at least 60°F (15°C), and
deal with minimum spacing and edge distance, tension then precipitation-hardened at 1135° to 1165°F (610° to 630°C),
in connected parts, bearing in bolted connections, and held for 4 hr., and air-cooled to ambient.
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shear and tension in bolts. All ¢ factors were com-
puted from the statistical data given in Reference 21
and a target safety index of 3, = 4.0.

5.3.1 Spacing and Edge Distance

The minimum edge distance of each individual
connected part, ey, 1S determined by using the shear
strength of the connected part in the longitudinal direc-
tion. The design equation is based on the following ba-
sic formula established from the test results:*°

€reqa = PIF,t (C-28)

in which: e,.44 = the required minimum edge distance
to prevent shear failure of the connected part for the
force, P, transmitted by one bolt; and ¢ = the thickness
of the thinnest connected part. The resistance factor ¢
= (.7 used in this provision is based on the results of
calibration of design provisions included in Reference
21. The statistical data used to determine the ¢ factor
are summarized as follows:

P,, = 1.06; Vp = 0.05
M, = 1.10; Vi = 0.05
F,, = 1.00; Vi = 0.05

For the selected value of ¢ = 0.7, the computed safety
index is equal to 4.10.

The design requirements for bolted connections
with standard, over-sized and slotted holes are also in-
cluded in this provision.

5.3.2 Tension in Connected Part

In these criteria, the formulas used for computing
the tension stress on the net section of connected parts
are based on the reevaluation of test results presented
in Reference 49. It was found that by using Eq. 5.3.2-3
for double shear connections and Eq. 5.3.2-4 for single
shear connections, good correlations can be achieved
between tested and predicted values against tension
failure on the net section of connected parts.

In Eqgs. 5.3.2-2 and 5.3.2-3, F,, is taken as the ten-
sile strength in the longitudinal direction as given in
Table A16. The resistance factor used to determine the
design tensile strength on net section is 0.70 for double
shear connections and single shear connections. This &
factor was obtained from the results of calibration re-
ported in Reference 21. The statistical data used for
this case are given as follows:

P, = 1.10; Ve =0.10

100

M, = 1.10;
F,, =1.00;

Vi =0.05

For the selected value of ¢ = 0.70, the value of B =
4.04.

No design equations are given in this section for
connections without washers due to lack of test data.

5.3.3 Bearing

In this Specification, the nominal bearing stress
was determined on the basis of the tensile strength of
the connected part in the longitudinal direction. Based
on the test results presented in Reference 49, different
nominal bearing stresses are specified for single and
double shear connections. The resistance factor used in
this provision is taken as 0.65, which is based on the
study reported in Reference 21. The statistical data ob-
tained from Reference 21 are given as follows:

P,=102  V,=008
M,=110; V=005
F,=100;  Vp=005

For the resistance factor ¢ of 0.65, the corresponding
safety index is equal to 4.14.

5.3.4 Shear and Tension in Stainless Steel Bolts

In this Specification, the nominal shear stresses
for stainless steel bolts are given in Table 6 of the
Specification. This table was prepared on the basis of
References 10, 48, 54, and 63. The nominal shear

~ stress for bolts with no threads in the shear plane was

taken as 60% of the minimum tensile strength. When
threading is included in the shear plane, 75% of the
computed nominal shear stress (i.e., 45% of the mini-
mum tensile strength) is used for bolts with diameters
larger than and equal to § in. (12.7 mm). This is due
to the fact that the actual shear stress in bolts is to be
calculated on the basis of the gross cross-sectional
area of nominal area, and that the ratios of stress
area-to-nominal-area range from 0.65 to 0.76 for di-
ameters of bolts varying from 1 to 3 in. (6.35 mm to
19.05 mm). Because the ratio of stress area-to-nomii-
nal-area is small for bolts, a 10% reduction of the
nominal shear stress is used for bolts with diameters
less than § in. (12.7 mm). This practice is comparable
to that for high-strength carbon steel structural bolts.
For the bolts not listed in Table 6, the nominal shear
stresses can be determined in the same manner. This
& factor of 0.65 used for determining the design shear
strength and the ¢ factor of 0.75 used for the design
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tensile strength are adopted from the design of cold-
formed carbon steel bolted connections.’

In Table 6, the nominal tensile stresses for stain-
less steel bolts with diameters larger than and equal to
1 in. (12.7 mm) are based on 75% of the minimum ten-
sile strength. A 10% reduction of the nominal tensile
stress is used for bolts with diameters less than ; in.
(12.7 mm).

When bolts are subjected to a combination of
shear and tension, the reduced nominal tension
stresses, F',,, are given in Eqs. 5.3.4-2 and 5.3.4-3. The
design equations for determining F',, are derived from
the following equation:

e = 125 F,, — Af, (C-29)

where:

'. = reduced nominal tensile stress for bolts sub-
jected to a combination of shear and tension;
F,; = nominal tensile stress for bolts subject only to
tension;
A = 2.4 for threads not excluded from shear planes;
= 1.9 for threads excluded from shear planes; and
fv = shear stress in bolt.

The & factor of 0.75 used for bolts subjected to a
combination of shear and tension was adopted from
Reference 5 for the design of cold-formed carbon steel
bolted connections.

6. TESTS

This section covers the requirements of tests to de-
termine material properties and structural performance
for cold-formed stainless steel structural members or
assemblies. These provisions do not apply to the panels
used as shear diaphragms. A general discussion of
structural diaphragms is given in References 40 and
S5.

6.1 Determination of Stress-Strain Relationships
This provision is the same as that included in the
1974 Edition of the AISI Specification,® except that the
updated ASTM specifications are used in the current
Specification. This section is included in case the ma-
terial does not correspond to the mechanical properties

SEIVASCE 8-02

given in Section 1.3, or for obtaining detailed mechani-
cal properties for special cases when necessary. Dis-
cussions of the statistical approaches are contained in
References 12 and 14.

6.2 Tests for Determining Structural Performance

This Section contains provisions for proof of
structural adequacy by load tests. It is restricted to
cases where calculation of safe load-carrying capacity
or deflection cannot be made in accordance with the
provisions of this Specification.

Many cold-formed stainless steel structural appli-
cations have different composition or configuration
which is not covered by the provisions of this Specifi-
cation; their performance and adequacy therefore can-
not be demonstrated by the Specification. Tests ac-
cording to Section 6 are the only means of determining
the structural adequacy.

The determination of load-carrying capacities of
the tested elements, assemblies, connections, or mem-
bers is based on the same basis for the LRFD criteria.
The correction factor C,, is used in the determination of
the ¢ factor to account for the influence due to the
small number of tests (Reference 60). It should be
noted that when the number of tests is large enough,
the effect of correction factor is negligible.

Provision 3 applies when the strength of the test
specimen is greater than the specified strength. This re-
quires that the test results must be reduced in the ratio
of the actual strength to the specified minimum
strength to obtain the load-carrying capacity. The pro-
vision is self-explanatory regarding similar corrections
for tensile strength or sheet thickness.

6.3 Tests for Determining Mechanical Properties of
Full Sections

Methods for utilizing the effects of cold work are
incorporated in Section 1.5.4 of the Specification. In
that section, it is specified that as-formed mechanical
properties, in particular the yield strength, can be de-
termined by full-section tests under some limitations.
This Specification section spells out in considerable
detail the types and methods of these tests, and their
number as required for use in connection with Specifi-
cation Section 1.5.4. For details of some testing proce-
dures which have been used for such purpose, see Ref-
erences 56 and 57.
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COMMENTARY APPENDICES

APPENDIX A: DESIGN TABLES AND FIGURES

In this Specification, all the design tables and fig-
ures are included in Appendix A. These technical data
provide the basic design information on material prop-
erties for Types 201, 301, 304, and 316 (annealed,
1/16, 1/4, and 1/2 Hard) austenitic stainless steels and
Types 409, 430, and 439 (annealed) ferritic stainless
steels. In addition, design tables for tensile strengths of
weld metals and base metals for welded connections
are also included.

Table A1 of the Specification lists the yield
strengths for seven types of stainless steels according
to the direction and type of stress. The yield strengths
of Types 201, 301, 304, and 316 austenitic stainless
steels for transverse tension are based on the values
specified in ASTM A666-84.!! Other yield strengths
for longitudinal tension, transverse compression, and
longitudinal compression are derived from the tested
yield strengths given in Tables C3, C4, and C5 of the
Commentary.

For Types 409, 430, and 439 stainless steel, the
yield strengths have been adjusted for different types
of stresses. These revised values are needed in order to
reflect the tested data. The ASTM specified yield
strength for Types 409, 430, and 439 ferritic stainless
steels is 30 ksi (205 MPa). The tested yield strengths of
Types 409, 430, and 439 stainless steels are given in
Table C6 of the Commentary.

The shear yield strengths listed in Table Al are
calculated as 57.7 percent of the average value of lon-
gitudinal tension, transverse tension, transverse com-
pression and longitudinal compression. The relation-
ship between tension, compression, and shear
stress-strain curves is discussed in Reference 12.

Tables A2 through A14 and Figures Al through
A12 provides the design data on secant modulus, ini-
tial modulus of elasticity, tangent modulus, and plas-
ticity reduction factors for Types 201, 301, 304, 316,
409, 430, and 439 stainless steels used in this Specifi-
cation. The aforementioned mechanical properties for
Types 201, 301, 304, and 316 are the same as those
used in Reference 6. For Types 409, 430, and 439,
the mechanical properties are based on References 13
and 15.

For the design of welded connections, the tensile
strengths of weld metals listed in Table A15 are based
on References 51 and 52. The tensile strengths of base
metals listed in Table A16 for Types 201, 301, 304,
and 316 (annealed, 1/16, 1/4, and 1/2 Hard) are
adapted from ASTM A666-84.1! In the same table, the
tensile strengths of base metals for Types 409, 430,
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and 439 (annealed) are based on ASTM 176-85a and
ASTM A240-86.%°

Table A7 lists the ratios of the effective propor-
tional limit-to-yield strength. The values of F,,/F,, for
Types 201, 301, 304, and 316 stainless steels are the
same as those used in the proposed ASCE ASD Speci-
fication. For Types 409, 430, and 439, the ratios of
F,/F, are determined on the basis of References 13
and 15.

APPENDIX B: MODIFIED RAMBERG-0OSGOOD
EQUATION

The stress-strain relationships for annealed and
cold-rolled stainless steels are nonlinear and
anisotropic. This leads to a relatively difficult design
because the stress-strain curves can not be represented
by a linear function. Thus, it is desirable to have an an-
alytical expression for the study and design of stainless
steel structural elements and members.

For the purpose of simplicity, the Ramberg-Os-
good formula may be used to represent the stress-strain
relationship. The original expression suggested by
Ramberg and Osgood>® is given as Eq. CB-1.

e=Z+ K(%) (CB-1)

where:

&= normal strain;
o= normal stress; and
E= modulus of elasticity.

K and rn are constants which are evaluated through two
secant yield strengths at slopes of 0.7F and 0.85E, re-
spectively.

Based on the Ramberg-Osgood equation as given
in Eq. CB-1, it can be shown that

— 81 -
K= ————(01 IE)" (CB-2)
or:
— 82
K= By (CB-3)
and
_ log (e2/e1)
"~ Tog (03701 (CB-4)
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where: o1 and o, = the specified yield strengths; and
£; and &, = the specified strains. The modulus of elas-
ticity, E, is regarded constant and equal to the initial
value, E,.

The Ramberg-Osgood formula was modified by
Hill*® in 1944 by using two offset yield strengths rather
than the secant yield strengths because the former are
commonly used. Hill indicated that the yield strength
determined at the 0.2% offset strain, i.e., F, may be
used for determining the constant K. Thus, the constant
K can be expressed as

0.002
== CB-5
(F/E,)" ( )
Consequently, Eq. CB-1 can be written as
=0 o\ .
= F + 0.002 (Fy) (CB-6)
in which:
_ log (0.002/g/)
"= Tog (Fylan) (CB-7)

Although the 0.2% offset yield strength in Eq.
CB-7 seemed to be a common, reasonable choice, the
remaining set of the offset stress and strain (o, and
€1) has not been uniquely decided. For cold-formed
stainless steels, the constants of n have been deter-
mined on the basis of the 0.01% offset strength be-
cause this value is well defined as the proportional
limit of the material property. The n values given in
Table B of the Specification are calculated by Eq.
CB-7 on the basis of 0.2% and 0.01% offset stress
and strain and may be used in the modified Ramberg-
Osgood equation for annealed and cold-rolled stain-
less steels.

For the design of cold-formed stainless steel struc-
tural members, the secant moduli, tangent moduli, and
plasticity reduction factors are given in the Design Ta-
bles and Figures of the Specification. These tables and
figures were prepared on the basis of the actual siress-
strain curves obtained from the test data for stainless
steels. In this Specification, these design values can be
alternatively determined by using analytical expres-
sions for the purpose of simplicity. Based on the Modi-
fied Ramberg-Osgood equation with a proper constant
of n, it appears that Eqs. B-1 through B-5 of the Speci-
fication may be used for determining the secant modu-
lus (E;), tangent modulus (E,), and the plasticity reduc-
tion factors ().
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A comparison between the analytical and tabu-
lated values of the secant and tangent moduli in lon-
gitudinal compression for Types 304 and 301 stain-
less steels has been.performed and reported in
Reference 21. It indicated that the differences be-
tween the computed and tabulated values are small
for most cases. The largest difference occurs at the
“knee” of the stress-strain curve. Because iterative
processes are often used for the design of cold-
formed stainless steel members, it would be conve-
nient to use Eqs. B-1 through B-5 of the Specification
in the computer programs for the design of such
members.

APPENDIX C: STIFFENERS

Design requirements for attached transverse stiff-
eners and for intermediate stiffeners are given in Ap-
pendix C of this Specification. Due to the lack of test
results of cold-formed stainless steel members with
stiffeners, the provisions are adopted from Reference
5. Eq. C-1 of Appendix C serves to prevent end
crushing of the transverse stiffeners, while Eq. C-5 is
to prevent column-type buckling for the web-stiffen-
ers. The equations for computing the effective areas
(4, and A,) and the effective width (b, and b,) were
determined on the basis of Reference 32. The resis-
tance factor . = 0.85 was adopted from Reference 5
for the design of cold-formed carbon steel structural
members.

The equations for determining the minimum re-
quired moment of inertia Eq. C-8 and the minimum
required gross area Eq. C-9 of attached intermediate
stiffeners are based on the studies summarized in Ref-
erence 32. In this reference, test data show that even
though the shear stress is based on the buckling
strength of web elements, rather than on tension field
action, it is still necessary to provide the required mo-
ment of inertia and gross area of intermediate stiffen-
ers. This is because the flanges of cold-formed steel
beams often are quite flexible, as compared with the
flanges of hot-rolled shapes and plate girders. In Eq.
C-8, the minimum value of (h/50)* was selected from
the AISC Specification.! The resistance factors for the
design of shear stiffeners were the same as that used
for the design of shear strength of beams (Section
3.3.2).

For rolled-in transverse stiffeners, the required di-
mensions and the allowable loads should be deter-
mined by special tests.
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APPENDIX D: ALLOWABLE STRESS DESIGN
(ASD)

Since 1968, the design of cold-formed stainless
steel structural members has been based on the allow-
able stress design provisions specified in the AISI
Specification.®> The ASD method described in Ap-
pendix D of this Standard may be used as an alternate
to the LRFD method.

In Table D, the safety factors to be used for the de-
sign of cold-formed stainless steel structural members
and connections are based on Table C9 of Reference 6.
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- arc-and-tangent corrugated sheets 19, 94-95 elasticity 32-33
- are spot welding, nominal shear strength 23
© ASD. see allowable stress design factors of safety. See safety factors
~ axial load; and bending 18-19, 93 fillet welds 22-23, 98-99
axial strength 17, 92 flanges 4-5, 82-83; curling 5, 82-83
axially loaded members 4 flat roof 2, 76
: flat-width-to-thickness ratio 1, 4-5, 82-83
base metals, tensile strength 44 flexural buckling 17, 93
beams 68, 69; channel-section 21; symmetrical 21, 97; flexural members 11-17, 20, 68-69, 87-92, 95
Z-section 21, 97 flexural strength 11, 19
bearing strength 24-25, 100 frames, lateral stability 17
bending moment 11
bending strength 11-14, 87-89 groove welds 22, 98
bending 19, 94; and compression 19; and shear 14, 89;
web crippling strength 16-17, 92 I-beams 95, 96
bolt holes, maximum size of 24 I-sections 19-20, 95
bolted connections 23-26, 99-101 impact load 2
bolts, spacing 23-24, 100; stainless steal 25-26, inelastic reserve capacity 1112, 87-88
100-101 initial modulus of elasticity 32-33
box beams, laterally unbraced 21, 97 intermediate stiffener 8—11, 86
bracing 21, 97
built-up sections 19-20, 95-96 lap joints 22
butt joints 22, 98 lateral bracing 21, 97

lateral buckling strength 13-14, 38-40, 88-89
limit state of service 3

limit state of strength 3

limit states 2-3, 76

limit-to-yield strength ratio 45

live load 2

load and resistance factor de51gn (LRFD) 1,2, 76 79
load capacity 5-10, 84 ,
load effects, frequency distribution 76-77
load factors 3, 80-81

local buckling strength 83

local distortion 12-13, 17

longitudinal loading 22, 98

LRFD. see load and resistance factor design

channel-section beams 21, 97

closed cross-sections 17

cold-formed stainless steel 1

columns 61, 62-63, 68, 69; design of 41-43;
symmetrical 21, 97

compression elements 20, 68, 95-96

compression members 19-20, 68; axially loaded 93;
concentrically loaded 17-18, 92-93

compression 19, 94

concentric loads 17

connected part, tension in 24-25, 100

connections, spacing of 20, 95-96; welded 22-23,
98-99

continuous beams 88

corrugated sheets 19, 94-95

cylindrical tubular members 4, 19, 94 mechanical properties 4, 29, 71-74, 101; determining

27; weld metal 99

dead load 2 minimum thickness 2, 75
deflection calculations 6-7, 10, 30-32, 4549, 85 mixed systems 21, 97
design strength 1 Modified Ramberg-Osgood Equation 29, 64, 103-104

doubly symmetric sections 17, 93 multiple-stiffened elements 1, 12, 70
ductility 2, 75

nominal loads 1
earthquake load 2 nominal section strength 11-13, 87
edge distance, bolts 23-24, 100 noncomforming shapes 2, 70
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nonconforming stiffeners 65
nonsymmetric sections 18, 93

partially stiffened compression elements 1, 67-69
performance test 1
plasticity reduction factors 29, 33-40, 5060
point-symimetric sections 17, 93
ponding 2, 76
post buckling strength 83
probabilistic concepts 76-79
. pulsation welding, mominal shear strength 23, 99

_reliability index 77, 79-81
required strength 1

' resistance factors 3, 80-81
resistance, frequency distribution 76
resistance welds 23, 99
roof surface 2, 76

safety factors 65, 76, 105

safety index 88, 98

secant modulus 6, 29, 30-32, 45-49

sections, properties of 11, 87

serviceability, design for 3

shear, bolts 25-26, 100-101

shear lag effects 5, 83

shear moduli 32-33

shear stiffeners 11, 6465

shear strength 14, 40, 89

shear stresses 59

sheathing 21, 97

slenderness ratio 17

snow load 2

specified minimum yield strength 1

Stainless steel 2; austenitic 71, 73; ferritic 74, 75; yield
strength of 29, 103

stiffened compression elements 1, 12, 50-52, 67

stiffened elements 5-7, 33-34, 83-85

strength, design for 3

strength increase 3—4

strength increase 81-82

stress gradient 6-7, 85, 86
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stress 1

stress-strain relationships 26, 101
stress-strain 71

structural analysis and design 2-4, 76-82
structural members 1

structural performance 26, 101
symmetrical beams 21, 97

symmetrical columns 21, 97

T—joints 22

tangent modulus 22, 29, 41-43, 61-63, 103
tensile strength 2, 24, 44, 98-99

tension members 11, 87

torsional buckling 17-18, 93
torsional-flexural buckling 93

transverse loading 22-23

transverse stiffeners 11, 64, 104

ultimate moment capacity 94

uniform compression 6, 8

uniformly compressed elements 5-6, 9—10, 84-85, 86

unstiffened compression elements 1, 12, 53-55, 69,
83-84

unstiffened compression elements 69

unstiffened elements 7-8, 35, 86

web beams 56-58

web crippling strength 14-17, 89

web depth-to-thickness ratio 5, 83

webs 5-7, 59-60; effective widths of 85

weld metal, tensile strength 44, 98

welded connections 22-23, 98-99, 103; mechanical
properties 4, 99

width-to-thickness ratio 84

wind load 2, 80

yield moment 11

yield strength 1, 2, 3-4, 45, 75, 81-82, 103;
determination 71

yield strength 45

Z-section beams 21, 97
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ASCE'’s standard Specification for the Design of Cold-Formed Stainless Steel
Structural Members (ASCE 8-02) provides design criteria for the determination of
the strength of stainless steel structural members and connections for use in build-
ings and other statically loaded structures. The members may be cold-formed to
shape from annealed and cold-rolled sheet, strip, plate, or flat bar stainless steel
material. Design criteria are provided for axially loaded tension or compression
members, flexural members subjected to bending and shear, and members sub-
jected to combined axial load and bending. The specification provides the design
strength criteria using load and resistance factor design (LRFD) and the allowable
stress design (ASD) methods. The reasoning behind, and the justification for, vari-
ous provisions of the specification are also presented. The design strength require-
ments of this standard are intended for use by structural engineers and those
engaged in preparing and administrating local building codes.
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