
Missouri University of Science and Technology Missouri University of Science and Technology 

Scholars' Mine Scholars' Mine 

Civil, Architectural and Environmental 
Engineering Faculty Research & Creative Works 

Civil, Architectural and Environmental 
Engineering 

01 Jan 1990 

AISI LRFD Method For Cold-formed Steel Structural Members AISI LRFD Method For Cold-formed Steel Structural Members 

Ling En Hsiao 

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

Theodore V. Galambos 

Follow this and additional works at: https://scholarsmine.mst.edu/civarc_enveng_facwork 

 Part of the Architectural Engineering Commons, and the Civil and Environmental Engineering 

Commons 

Recommended Citation Recommended Citation 
L. E. Hsiao et al., "AISI LRFD Method For Cold-formed Steel Structural Members," Journal of Structural 
Engineering (United States), vol. 116, no. 2, pp. 500 - 517, American Society of Civil Engineers, Jan 1990. 
The definitive version is available at https://doi.org/10.1061/(ASCE)0733-9445(1990)116:2(500) 

This Article - Journal is brought to you for free and open access by Scholars' Mine. It has been accepted for 
inclusion in Civil, Architectural and Environmental Engineering Faculty Research & Creative Works by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 

http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/civarc_enveng_facwork
https://scholarsmine.mst.edu/civarc_enveng_facwork
https://scholarsmine.mst.edu/civarc_enveng
https://scholarsmine.mst.edu/civarc_enveng
https://scholarsmine.mst.edu/civarc_enveng_facwork?utm_source=scholarsmine.mst.edu%2Fcivarc_enveng_facwork%2F2587&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/774?utm_source=scholarsmine.mst.edu%2Fcivarc_enveng_facwork%2F2587&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/251?utm_source=scholarsmine.mst.edu%2Fcivarc_enveng_facwork%2F2587&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/251?utm_source=scholarsmine.mst.edu%2Fcivarc_enveng_facwork%2F2587&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1061/(ASCE)0733-9445(1990)116:2(500)
mailto:scholarsmine@mst.edu


AISI LRFD METHOD FOR COLD-FORMED STEEL 
STRUCTURAL MEMBERS 

By Ling-En Hsiao,1 Wei-Wen Yu,2 Fellow, ASCE, 
and Theodore V. Galambos,3 Fellow, ASCE 

ABSTRACT: In the design of steel buildings, the allowable stress design (ASD) 
method has long been used for cold-formed steel structural members in the United 
States. Recently, the load and resistance factor design (LRFD) criteria have been 
developed for steel buildings using hot-rolled shapes and built-up members fab­
ricated from steel plates. In order to develop load and resistance factor design 
(LRFD) criteria for cold-formed steel structural members, a joint research project 
is conducted at the University of Missouri-Rolla, Washington University, and the 
University of Minnesota under the sponsorship of the American Iron and Steel 
Institute. Based on the 1986 edition of the American Iron and Steel Institute (AISI) 
ASD specification, the LRFD specification for cold-formed steel structural mem­
bers with commentary is prepared for consideration of the American Iron and Steel 
Institute. The background information for developing the proposed design criteria 
for structural members is discussed in this paper. 

INTRODUCTION 

In the design of steel buildings, the allowable stress design (ASD) method 
has long been used for cold-formed steel structural members in the United 
States and other countries. In this approach, the forces (bending moments, 
axial forces, shear forces) in structural members are computed by accepted 
methods of structural analysis for the specified working loads. These mem­
ber forces or moments should not exceed the allowable values permitted by 
the applicable design specification (AISI: Specification 1986b). 

Recently, the load and resistance factor design (LRFD) criteria have been 
developed for steel buildings using hot-rolled shapes and built-up members 
fabricated from steel plates in the United States (AISC: Load and Resistance 
1986). The limit-states design method has been used in Canada and Europe 
for the design of steel structural members (CSA: "Cold Formed Steel" 1984; 
ECCS: "European Recommendations" 1983). In this method, separate load 
and resistance factors are applied to specified loads and nominal resistances 
to ensure that the probability of reaching a limit state is acceptably small. 
These factors reflect the uncertainties of analysis, design, loading, material 
properties, and fabrication. 

In order to develop load and resistance factor design (LRFD) criteria for 
cold-formed steel structural members, a joint research project was conducted 
at the University of Missouri-Rolla, Washington University, and the Uni­
versity of Minnesota under the sponsorship of the American Iron and Steel 
Institute. Initial results were presented in several publications (Galambos and 
Yu 1984; Rang et al. 1979a, 1979b, 1979c, 1979d; Snyder et al. 1984; 
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Supornsilaphachai et al. 1979). Based on the 1986 edition of the American 
Iron and Steel Institute (AISI) ASD Specification, the revised LRFD spec­
ification for cold-formed steel structural members with commentary has been 
prepared for consideration of the AISI (Hsiao et al. 1988b). This proposed 
document contains six sections for designing cold-formed steel structural 
members and connections. The background information for developing the 
proposed design criteria for structural members is discussed in this paper. 
For connections, additional information can be found in the proposed doc­
ument (Hsiao et al. 1988b). 

DESIGN PROCEDURE 

Load and Resistance Factor Design 
As discussed in the Introduction, the current method of designing cold-

formed steel structural members, as presented in the 1986 AISI specification 
(AISI: Specification 1986b), is based on the allowable stress design method. 
The allowable load or moment is determined by dividing the nominal load 
or moment at a limit state by a factor of safety. Usual factors of safety 
inherent in the AISI "Specification for the Design of Cold-Formed Steel 
Structural Members" (AISI: Specification 1986b) are 5/3 for tension mem­
bers and beams and 23/12 for columns. 

A limit state is the condition at which the structural usefulness of a load-
carrying element or member is impaired to such an extent that it becomes 
unsafe for the occupants of the structure, or the element no longer performs 
its intended function. Typical limit states for cold-formed steel members are 
excessive deflection, yielding, buckling, and attainment of maximum strength 
after local buckling (i.e., postbuckling strength). These limit states have been 
estabished through experience in practice or in the laboratory, and they have 
been thoroughly investigated through analytical and experimental research. 
The background for the establishment of the limit states is extensively doc­
umented in the commentary on the AISI specification and other publications 
(AISI: "Commentary" 1986a; Winter 1970; Pekoz 1986; Yu 1985), and a 
continuing research effort provides further improvement in understanding them. 

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

The allowable stress-design method employs only one factor of safety for 
a limit state. The use of multiple load factors provides a refinement in the 
design that can account for the different degrees of the uncertainties and 
variabilities of the design parameters. Such a design method is called load 
and resistance factor design, and its format is expressed by the following 
criterion: 

<i>fl„ > X-yfi, (1) 

where Rn = the nominal resistance; cj) = resistance factor; 7, = load factor; 
and Qi = load effect. 

The nominal resistance is the strength of the element or member for a 
given limit state, computed for nominal section properties and for minimum 
specified material properties according to the appropriate analytical model 
that defines the strength. The resistance factor § accounts for the uncertain-
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ties and variabilities inherent in Rn, and it is usually less than unity. The 
load effects Q, are the forces on the cross section (bending moment, axial 
force, shear force) determined from the specified minimum loads by struc­
tural analysis, and 7, are the corresponding load factors that account for the 
uncertainties and variabilities of the loads. The load factors are greater than 
unity. 

The advantages of LRFD are: (1) The uncertainties and the variabilities 
of different types of loads and resistances are different (e.g., dead load is 
less variable than wind load), and so these differences can be accounted for 
by use of multiple factors; and (2) by using probability theory, all designs 
can ideally achieve 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 that are inherent in the design process. Structural design consists 
of comparing nominal load effects Q to nominal resistances R, but both Q 
and R are random parameters. A limit state is violated if R < Q. While the 
possibility of this event ever occurring is never zero, a successful design 
should, nevertheless, have only an acceptably small probability of exceeding 
the limit state. If the exact probability distributions of Q and R were known, 
then the probability of (R - Q) < 0 could be exactly determined for any 
design. In general, the distributions of Q and R are not known, and only 
the means, Qm and Rm, and the standard deviations, CTG and aR, are available. 
Nevertheless it is possible to determine relative reliabilities of several de­
signs by using the concept of the "reliability index" (3, which is extensively 
discussed in several publications (Ellingwood et al. 1980, 1982; Galambos 
et al. 1982; Ravindra and Galambos 1978). This reliability index can be 
expressed by the equation 

'"(I) 
P = . (2) 

Vvl + vl 
where VR = aR/Rm and VQ = vQ/Qm, the coefficients of variation of R and 
Q, respectively. The index fJ is called the "reliability index," and it is a 
relative measure of the safety of the design. When two designs are com­
pared, the one with the larger £5 is more reliable. 

The concept of the reliability index can be used in determining the relative 
reliability inherent in current design, and it can be used in testing out the 
reliability of new design formats, as illustrated by the following example of 
simply supported braced beams subjected to dead and live loading. 

The design requirement of the 1986 AISI specification (AISI: Specification 
1986b) for such a beam 

SeFy L2s 

• ^ - T ^ " ^ (3) 

where Se = elastic section modulus based on the effective section; FS — 5 / 
3 = the factor of safety for bending; Fy = specified yield point; L = span 
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length, and 5 = beam spacing. D„ andL„ are, respectively, the code specified 
dead and live load intensities. 

The mean resistance is defined as (Ravindra and Galambos 1978) 

Rm = Rn(PmMmFm) (4) 

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

R„ = SeFy (5) 

that is, the nominal moment predicted on the basis of the specification. The 
mean values Pm, Mm, and Fm, and the corresponding coefficients of variation 
VP, VM, and VF, are the statistical parameters that define the variability of 
the resistance: Pm = the mean ratio of the experimentally determined moment 
to the predicted moment for the actual material and cross-sectional properties 
of the test specimens; Mm = mean ratio of the yield point to the minimum 
specified value; and Fm = mean ratio of the actual section modulus to the 
specified (nominal) value. 

The coefficient of variation of R equals 

VR = V v £ + V2
M + Vj (6) 

The values of these data were obtained from examining the available tests 
on beams having different compression flanges with partially and fully ef­
fective flanges and webs, and from analyzing data on yield-point values from 
tests and cross-sectional dimensions from many measurements. This infor­
mation was developed (Hsiao et al. 1988a) and is given as: Pm = 1.11, VP 
= 0.09; Mm = 1.10, VM = 0.10; Fm = 1.0, VF = 0.05; and, thus, Rm = 
1.22R„ and VR = 0.14. 

The mean-load effect is equal to 

L2s 
Qm = — (Dm+Lm) (7) 

o 

and 

Vo?„yD)2 + (LmvLf 
v° = FTI (8) 

LJm T L-'m 

where Dm and Lm = the mean dead and live load intensities, respectively, 
and VD and VL = the corresponding coefficients of variation. 

Load statistics have been analyzed (Ellingwood et al. 1980) and it was 
shown that Dm = 1.05D„, VD = 0.1; and Lm = Ln, VL = 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 included. 
Substitution of the load statistics into Eqs. 7 and 8 gives 

L2s /l.05D„ \ e"=ihr+T» (9) 

1.05^) V2
D + Vl 

VB = ; ; (10) 

1.05— + 1 
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Q„, and VQ thus depend on the dead-to-live load ratio. Cold-formed steel 
beams typically have small Dn/L,„ and for the purposes of checking the 
reliability of these LRFD criteria, it will be assumed that Dn/L„ = 1 / 5 , and 
so Qm = l.21L„(L2s/8) and VQ = 0 .21. 

From Eq. 3, we obtain the nominal design capacity for Dn/Ln = 1 / 5 and 
FS = 5 / 3 . Thus 

(L2s 
(1.22)(2.0)L„( — 

R 

Q,» (Lzs 
1.21L, 

= 2.02 (11) 

and, from Eq. 2: 

In (2.02) 
p = . , — = 2.79 (12) 

V0 .14 2 + 0.212 

By itself, (3 = 2.79, for beams having different compression flanges with 
partially and fully effective flanges and webs designed by the 1986 AISI 
specification (AISI: Specification 1986b), means nothing. However, when 
this is compared to (3 for other types of cold-formed members, and to p for 
designs of various types from hot-rolled steel shapes or even for other ma­
terials, then it is possible to say that this particular cold-formed steel beam 
has about an average reliability (Galambos et al. 1982). 

Basis for LRFD of Cold-Formed Steel Structures 
A great deal of work has been performed for determining the values of 

the reliability index p inherent in traditional design, as exemplified by the 
current structural design specifications such as the AISC specification for 
hot-rolled steel, the AISI specification for cold-formed steel, the ACI code 
for reinforced concrete members, etc. The studies for hot-rolled steel were 
summarized (Ravindra and Galambos 1978), also many further papers were 
referenced that contain additional data. The determination of p for cold-
formed steel elements or members is presented in several publications (Hsiao 
et al. 1988a; Supornsilaphachai et al. 1979; Rang et al. 1979a, 1979b, 1979c, 
1979d), where both the basic research data and P's inherent in the AISI 
specification are presented in great detail. 

The entire set of data for hot-rolled steel and cold-formed steel designs, 
as well as data for reinforced concrete, aluminum, laminated timber, and 
masonry walls was reanalyzed in several publications (Ellingwood et al. 1980, 
1982; Galambos et al. 1982) by using: (1) updated load statistics; and (2) a 
more advanced level of probability analysis that was able to incorporate 
probability distributions that describe the true distributions more realistically. 
The details of this extensive reanalysis are presented in several publications 
(Ellingwood et al. 1980, 1982; Galambos et al. 1982) and also only the final 
conclusions from the analysis are summarized herein. 

The values of the reliability trade index p vary considerably for the dif­
ferent kinds of loading, the different types of construction, and the different 
types of members with a given material design specification. In order to 
achieve more consistent reliability, it was suggested (Galambos et al. 1982) 
that the following values of p would provide this improved consistency, 
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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 reliabilities (30, for use in LRFD, are (3„ = 3.0 
for gravity loading; (5„ = 4.5 for connections; and po = 2.5 for wind loading. 

These target reliability indices are the ones inherent in the load factors 
recommended by the American National Standards Institute (ANSI) ("Min­
imum Design Loads" 1982). 

For cold-formed simply supported braced steel beams with stiffened flanges, 
which were designed according to the 1986 AISI allowable stress-design 
specification or to any previous version of this specification, it was previ­
ously shown that for the representative dead-to-live load ratio of 1/5, the 
reliability index (3 = 2.8. Considering the fact that for other such load ratios, 
or for other types of members, the reliability index inherent in current cold-
formed steel construction could be more or less than this value of 2.8. A 
somewhat lower target reliability index of 3„ = 2.5 is recommended as a 
lower limit for the new LRFD specification. The resistance factors <() were 
selected such that (30 = 2.5 is essentially the lower bound of the actual P's 
for members. In order to assure that failure of a structure is not initiated in 
the connections, a higher target reliability of (3„ = 3.5 is recommended for 
joints and fasteners. These two targets of 2.5 and 3.5 for members and con­
nections, respectively, are somewhat lower than those recommended by ANSI 
(ANSI: "Minimum Design Loads" 1982) (i.e., 3.0 and 4.5, respectively), 
but they are essentially the same targets as are the basis for the 1986 AISC 
LRFD specification (AISC: "Load and Resistance" 1986). 

Based on the 1982 ANSI load code (ANSI 1982), the following load fac­
tors are recommended in the new AISI LRFD specification for six load com­
binations: 

• 1.4D„ + L„ 
' l.2Dn + 1.6L„ + 0.5(Lr„ or S„ or Rm) 
' l.2D„ + (l.4Lm or 1.65„ or l.6Rrn) + (0.5L„ or 0.8W„) 
' 1.2D„ + 1.3Wn + 0.5L„ + 0.5(Lr„ or S„ or /?„,) 
• 1.2D„ + 1.5En + (0.5L„ or 0.2S„) 
• 0.9£>„ - (1.3W„or 1.5£„) 

where Dn = nominal dead load; En = nominal earthquake load; L„ = nominal 
live load; Lrn = nominal roof live load; Rm = 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). 

In view of the fact that the dead load of cold-formed steel structures is 
usually smaller than that of heavy construction, the first case of load com­
binations included in the LRFD specification is (1.4D„ + L„) instead of the 
ANSI value of 1.4D„. This AISI requirement is identical with the ANSI 
code, when L„ = 0. 

Because of special circumstances inherent in cold-formed steel structures, 
the following additional LRFD criteria apply for roof, floor, and wall con­
struction using cold-formed steel. 

For roof and floor composite construction 

1.2D„ + 1.6CW„ + 1.4C„ (13) 

where Cw„ = nominal weight of wet concrete during construction; and C„ = 
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nominal construction load, including equipment, workmen, and formwork, 
but excluding the weight of the wet concrete. 

This suggestion is included in the Commentary to provide.safe construc­
tion practices for cold-formed steel decks and panels that otherwise may be 
damaged during construction. The load factor used for the weight of wet 
concrete is 1.6, because it is frequently dumped into a pile or impacted onto 
the deck. An individual sheet can be subjected to this load. The use of a 
load factor of 1.4 for the construction load reflects a general practice of a 
33% strength increase for concentrated loads. 

It should be noted that for the third case of load combinations previously 
listed, the load factor used for the nominal roof live load, Lrn, in the AISI 
LRFD specification is 1.4, instead of the ANSI value of 1.6. The use of a 
relatively smaller load factor is because the roof live load is due to the pres­
ence of workmen and materials during repair operations and, therefore, can 
be considered as a type of construction load. 

For roof and wall construction, the load factor for the nominal wind load 
Wn, to be used for the design of individual purlins, girts, wall panels, and 
roof decks, should be multiplied by a reduction factor of 0.9 because these 
elements are secondary members subjected to a short duration of wind load 
and thus, can be designed for a smaller reliability than primary members 
such as beams and columns. For example, the reliability index of a wall 
panel under wind load alone is approximately 1.5 with this reduction factor. 

Deflection calculations for serviceability criteria should be made with the 
appropriate unfactored loads. 

The load factors and load combinations just given are recommended for 
use with the LRFD criteria for cold-formed steel. The following portions of 
this paper present the background for the resistance factors cj> listed in Table 
1, which are recommended for use in the AISI LRFD specification. These 
((> factors are determined in conformance with the load factors just given, to 
approximately provide a target (30 of 2.5 for members and 3.5 for connec­
tions, respectively, for the load combination 1.2D„ + 1.6L„. For practical 
reasons, it is desirable to have relatively few different resistance factors, and 
so the actual values of p may differ from the derived targets. This means 
that 

4>fl„ = c(1.2D, + 1.6L„) = f 1.2— + 1.6jcL„ (14) 

where c = the deterministic influence coefficient translating load intensities 
to load effects. 

By assuming DJLn = 1/5, Eqs. 14 and 9 can be rewritten as follows: 

Rn = 1.84^^J (15) 

Qm = (1.05 j - + ljcL„ = 1.21cLn (16) 

Therefore 

Rm 1-521 (Rt 

Qm <i> \RJ ( 1 7 ) 
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TABLE 1. Resistance Factors 

Type of strength 

(1) 

Stiffeners 
Transverse stiffeners 
Shear stiffeners" 

Tension members 
Flexural members 

Bending strength 
For sections with stiffened or partially 

stiffened compression flanges 
For sections with unstiffened 

compression flanges 
Laterally unbraced beams 
Web design 

Shear strength" 
Web crippling 

For single unreinforced webs 
For I-sections 

Concentrically loaded compression members 
Combined axial load and bending 

<(),. for compression 
$b for bending 

Using nominal section strength 
Using lateral buckling strength 

Cylindrical tubular members 
Bending strength 
Axial compression 

Wall studs and wall stud assemblies 
Wall studs in compression 
Wall studs in bending 

For sections with stiffened or partially 
stiffened compression flanges 

For sections with unstiffened 
compression flanges 

Resistance factor, <j> 
(2) 

0.85 
0.90 
0.95 

0.95 

0.90 
0.90 

0.90 

0.75 
0.80 
0.85 

0.85 

0.90-0.95 
0.90 

0.95 
0.85 

0.85 

0.95 

0.90 

"When h/t ^ VEkJFy, <p = 1.0. 

The <(> factors can be computed from Eq. 17 and the following equation by 
using VQ = 0.21: 

Target (30 

in *= 

vn + n 
(18) 

DESIGN OF MEMBERS 

Yield Point 
The following statistical data (mean values and coefficients of variation) 

on material and cross-sectional properties were developed in two publica-
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tions (Rang et al. 1979a, 1979b) for use in the derivation of the resistance 
factors 4>: 

(Fy)m=l.WFy; Mm=1.10; VFy = VM = 0.10 '. (19) 

(Fya)m = \AQFya; M,„=1.10; V>„ = VM = 0.11 (20) 

(Fu)m = 1.1QF„; Mm=1.10; VF„ = VM = 0.08 (21) 

Fm = 1.00; FF = 0.05 (22) 

The subscript m refers to mean values, Fy, Fya, and F„ = respectively, the 
specified minimum yield point, the average yield point including the effect 
of cold forming, and the specified minimum tensile strength. 

These data are based on the analysis of many samples, and they are rep­
resentative properties of materials and cross sections used in the industrial 
application of cold-formed steel structures. 

Tension Members 
The resistance factor of <j>, = 0.95 used for tension member design was 

derived from the aforementioned procedure and a selected p„ value of 2.5. 
In the determination of the resistance factor, the following formulas were 
used for Rm and R„: 

Rm = A„(Fy)m (23) 

Rn = AnFy (24) 

i.e. 

(25) 
**-m \" y)m 

Rn Fy 

in which A„ = the net area of the cross section, (Fy)m = l.lOFy, as discussed 
in the previous section. By using VM = 0.10, VF = 0.05, and VP = 0, the 
coefficient of variation VR is: 

VR = V V M + V\ + V2
P = 0.11 (26) 

Based on VQ = 0.21 and the resistance factor of 0.95, the value of (3 = 2.4, 
which is close to the stated target value of po = 2.5. 

Flexural Members 

Strength for Bending Only 
Bending strengths of flexural members are differentiated according to whether 

or not the member is laterally braced. If such members are laterally sup­
ported, then they are proportioned according to the nominal section strength. 
If they are laterally unbraced, then lateral-torsional buckling is one of the 
limit states. 

Nominal Section Strength. The bending strength of beams with a 
compression flange having stiffened, partially stiffened, or unstiffened ele­
ments is based on the post-buckling strength of the member, and use is made 
in LRFD of the effective width concept in the same way as in the 1986 AISI 
specification. Several publications (AISI: "Commentary" 1986a; Pekoz 1986; 
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Winter 1970; Yu 1985) provide an extensive treatment of the background 
research. 

The experimental bases for the postbuckling strengths of cold-formed beams 
were examined in two publications (Hsiao et al. 1988a; Pekoz 1986), where 
different cases were studied according to the types of compression flanges 
and the effectiveness of webs. 

On the basis of the initiation of yielding, the nominal strength R„ is based 
on the nominal effective cross section and on the specified minimum yield 
point, i.e., Rn = SeFy. 

The computed values of (3 for the selected values of <$>b = 0.95, for sec­
tions with stiffened or partially stiffened compression flanges and 0.90 for 
sections with unstiffened compression flanges, and for a dead-to-live load 
ratio of 1/5 are listed in Hsiao et al. (1988b), which shows that the p values 
vary from 2.53 to 4.05. 

Lateral Buckling Strength. There are not many test data on laterally 
unsupported cold-formed beams. The available test results were summarized 
(Hsiao et al. 1988a), and they were compared with predictions from AISI 
design formulas, theoretical formulas, and SSRC formulas. It showed that 
AISI design formulas for lateral buckling strength are conservative. 

The statistical data used (Hsiao et al. 1988a) are listed in Hsiao et al. 
(1988b). Using the recommended resistance factor <$>b = 0.90, the values of 
P vary from 2.35 to 3.8. It shoud be noted that the recommended design 
criteria use some simplified and conservative formulas, which are the same 
as the allowable stress-design rules included in the 1986 AISI specification. 

Strength for Shear Only 
The shear strength of beam webs is governed by either yielding or buck­

ling, depending on the h/t ratio and the mechanical properties of steel. For 
beam webs having small h/t ratios, the shear strength is governed by shear 
yielding, i.e. 

V„ = AWT, = - V = Q.511Fyht (27) 
VI 

in which Aw = the area of the beam web computed by (A X (), where h is 
the flat portion of the web, t is the web thickness, and ry is the yield point 
of steel in shear, which can be computed by Fy/\/3. 

For beam webs having large h/t ratios, the shear strength is governed by 
elastic shear buckling, i.e. 

12(1 — M̂2)( 

(28) 

in which Tcr = the critical shear buckling stress in the elastic range; kv = 
the shear buckling coefficient; E = the modulus of elasticity; and |x = Pois-
son's ratio. By using \x = 0.3, the shear strength, V„, can be determined as 
follows: 

0.905Ekvt
2 

Vn = —a- (29) 
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For beam webs having moderate h/t ratios, the shear strength is based on 
the inelastic buckling, i.e. 

V„ = 0.64t2VkvFyE : (30) 

In view of the fact that the appropriate test data on shear are not available 
(Supornsilaphachai et al. 1979), the 4>„ factors were derived from the con­
dition that the nominal resistance for the LRFD method is the same as the 
nominal resistance for the allowable stress-design method. Thus 

(^JLRFD = (RJASD • • • • (31) 

Since 

c(1.2D„ + 1.6L„) 
(#„)LRFD & ~ (32) 

(#JASD 2= c(FS)(Dn +L„) (33) 

the resistance factors can be computed from the following formula: 

1 . 2 ^ + 1 . 6 ) 
1.2Dm+1.6Lm=\_J1 )_ 

(FS)(Dn+Ln) (Dn ' 

By using a dead-to-live load ratio of Dn/L„ = 1/5, the $v factors com­
puted from Eq. 34 are listed in Hsiao et al. (1988b) for three different ranges 
of h/t ratios. It shows that the 4>„ factors vary from 0.90 to 1.0. The factors 
of safety are adopted from the AISI specification for allowable stress design. 
It should be noted that the use of a small safety factor of 1.44 for yielding 
in shear is justified by long standing use and by the minor consequences of 
incipient yielding in shear compared with those associated with yielding in 
tension and compression. 

Web Crippling Strength 
The nominal concentrated load or reaction, P,„ is determined by the al­

lowable load given in the AISI ASD specification (1986b) multiplied by the 
appropriate factor of safety. In this regard, a factor of safety of 1.85 is used 
for shapes having single unreinforced webs, and a factor of safety of 2.0 is 
used for I beams or similar sections in the LRFD specification. 

On the basis of the statistical analysis of the available test data on web 
crippling, the values of Pm, Mm, F„, VP, VM, and VF were computed and 
selected. These values are presented in Hsiao et al. (1988b). By using po = 
2.5, the resistance factors $w = 0.75 and 0.80 were selected for single un­
reinforced webs and I sections, respectively. The values of p corresponding 
to these values of tyw vary from 2.36 to 3.80. 

Combined Bending and Web Crippling Strength 
A total of 551 tests were calibrated for combined bending and web crip­

pling strength. Based on $w = 0.75 for single unreinforced webs and <j>w = 
0.80 for I sections, the value of safety indices vary from 2.45 to 3.27 as 
given by Hsiao et al. (1988b). 

510 

 J. Struct. Eng., 1990, 116(2): 500-517 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

M
is

so
ur

i U
ni

ve
rs

ity
 o

f 
Sc

ie
nc

e 
an

d 
T

ec
hn

ol
og

y 
on

 0
8/

02
/2

3.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



Concentrically Loaded Compression Members 
The available experimental data on cold-formed steel concentrically loaded 

compression members were evaluated (Hsiao et al. 1988a). The test results 
were compared to the predictions based on the same mathematical models 
on which the AISI ASD specification was based. The design provisions in 
these LRFD criteria are also based on the same mathematical models. 

Column capacities using these LRFD criteria are based on the same pre­
diction models as were employed in the formulation of the AISI ASD spec­
ification. A total of 264 tests were examined; 14 different cases were studied 
according to the types of columns, the types of compression flanges, and 
the type of failure modes. The resistance factor <$>c = 0.85 was selected on 
the basis of the statistical data (Hsiao et al. 1988a). The corresponding safety 
indices vary from 2.39 to 3.34. A summary of the information is given by 
Hsiao et al. (1988b). 

Combined Axial Load and Bending 
The LRFD specification provides the similar interaction equations as the 

1986 edition of the AISI ASD specification except that design strengths are 
used instead of allowable strengths. 

A total of 144 tests were calibrated for combined axial load and bending. 
Nine different cases were studied according to the types of sections, stable 
conditions, and loading conditions. Based on §c = 0.85, $b = 0.95 or 0.90 
for nominal section strength, and §b = 0.90 for lateral buckling strength. 
The values of safety indices vary from 2.7 to 3.34, as given by Hsiao et al. 
(1988b). 

COMPARISONS OF ASD AND LRFD CRITERIA 

For the purpose of comparison, the design equation used for the LRFD 
criteria is based on dead and live loads as follows: 

c(>i?„ > 1.2D„ + 1.6L„ (35) 

The unfactored load combination (Dn + L„), or allowable load, can be com­
puted from the nominal resistance R„, the resistance factor <|>, and a given 
D„/Ln ratio as follows: 

<}>/?„> (1.2— + 1.6 )L„ (36) 
I „ 

4>JR„ > ( 1 .2— + 1.6 

Therefore 

D„ 
(37) 

< R , ( ^ + i 

D„ + Ln< r (38) 

1 . 2 - + 1.6 1 
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^ 1.05 

0.90 

0.0 0.2 0.4 0.6 0-8 <-0 

Dead-To-Live Load Ratio, D/L 

FIG. 1. Allowable Load Ratio versus D/L Ratio for Tension Members and Bend­
ing Strength of Beams 

From Eq. 38, the factor of safety (FS) against the nominal resistance used 
in the LRFD criteria is as follows: 

(FS) 'LRFD 

1.2—+ 1.6 

• £ • ' 
(39) 

The allowable load for ASD is based on a factor of safety (FS) of the nom­
inal resistance, as shown in Eq. 40 

R„ 
(40) 

(FS)ASD 

Therefore, based on Eqs. 38 and 40, the allowable load ratio is as follows: 

(Pa\ 
^ + 1 
Ln 

(Pa) ASD 
= MFSitsD 

1.2—+ 1.6 
L„ 

(41) 
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6" x 5" x 0.105" I-Section 

With Stiffened Flanges 

F = 33-50 ksi H./M = 0 . 3 _ / 

/ / Notes: 1 in. = 25.4 mm 

V / 
1 ksi = 6.895 MPa 

C =1.00 
m 

* C =0.85 
m 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0./ 0.8 0.9 1.0 

Dead-To-Live Load Ratio, D/L 

FIG. 2. Allowable Load Ratio versus D/L Ratio for Doubly Symmetric Beam Col­
umns 

Eq. 41 was used in this study to compare the AISI specification for al­
lowable stress design and the proposed LRFD specification. This equation 
would only be applicable to structural members with only one type of load. 
It does not apply to the combined loading where design formulas are inter­
action equations. Fig. 1 shows the allowable load ratio versus dead-to-live 
load ratio for tension members and bending strength of beams. The solid 
curve represents 4> = 0.95, which is the § factor for tension members and 
bending strength of beams with stiffened or partially stiffened compression 
flanges while the dotted curve represents § = 0.90, which is the 4> factor 
for bending strength of beams with unstiffened compression flanges and lat­
eral buckling of beams. For other structural members, the curves are similar 
as those curves in Fig. 1, except that they are shifted up or down depending 
on the factor of safety and cj) factor. Detailed information can be found in 
the comparative study of design methods for cold-formed steel (Hsiao et al. 
1988c). As shown in Fig. 1, the LRFD criteria are slightly conservative for 
small dead-to-live load ratios. For large dead-to-live load ratios, the LRFD 
criteria would result in a more economic design than ASD. 

When a structural member has to be designed for a combination of loads 
or load effects, interaction equations are used in the proposed LRFD spec­
ification. Due to the complexity of the design equations for combined loads, 
the following specific examples were chosen for comparison. 
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& ,.05 

I 

S 

J3 

0.95 

Notes: 1 in. = 25.4 mm 

1 ksi = 6.895 MPa 

6" x 1.5" x 0.105" Channel 

With Unstiffened Flanges 

D/L = 0 . 2 

L = 60 in. 

-3.0-2.5-2.0-1.5-1.0-0.5 0.0 0.5 1.0 I .5 2.0 2.S 3.0 

Eccentricity, e, in. 

FIG. 3. Allowable Load Ratio versus D/L Ratio for Singly Symmetric Beam Col­
umns 

For doubly symmetric beam columns, an I section with equal end mo­
ments bending about the x-axis is used for comparison. Since the end mo­
ments are independent of the axial load, the ratio of the unfactored applied 
moment to the nominal moment capacity based on section strength, MT/Mn0, 
was considered to be a parameter in the equations for determining the al­
lowable loads. 

Fig. 2 shows the allowable load ratio versus dead-to-live load ratio for 
various end moment ratios. This figure is based on the flexural failure at 
the midlength of the beam column, which governs the design for this case. 
The curves without star symbols are for Cm = 1.0. The curves with star 
symbols in Fig. 2 are for the same I section, except that the coefficient, Cm, 
is 0.85. The value of 0.85 is used for unbraced beam columns and beam 
columns with restrained ends subject to transverse loading between its sup­
ports. For small end moment ratios, the Cm value has a negligible effect on 
the allowable load ratio. The effect of Cm on the allowable load ratio in­
creases as the end moment ratio increases, as shown in Fig. 2. 

For singly symmetric beam columns, the direction of the moment and 
location of the axial load can be important. Therefore, the eccentricity of 
applied load is used as a parameter instead of end moment ratio. 

Fig. 3 shows the allowable load ratio versus eccentricity for the 5 ft (1.524 
m) long channel with D/L = 0.2 and Fy = 33 ksi (228 MPa). The curves 
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shown in the figure are obtained for Cm values of 1.0 and 0.85. The bottom 
solid line represents the curve for Cm = 1.0. It can be seen that the smaller 
the eccentricity, the larger the allowable load ratio. This relationship holds 
for both positive and negative eccentricities. The top line in Fig. 3 represents 
the curve for C,„ = 0.85. It can be seen that the Cm value has negligible 
effect on the allowable load ratio. 

Additional information can be found in the comparative study of design 
methods for cold-formed steel (Hsiao et al. 1988c). 

SUMMARY AND CONCLUSIONS 

The AISI specification for load and resistance factor design of cold-formed 
steel structural members has been developed. This paper presents a brief 
discussion of the reasoning behind, and the justification for, various pro­
visions being proposed for designing tension members, beams, columns, and 
beam columns. Additional publications are cited in the paper for future ref­
erence. 
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APPENDIX II. NOTATION 

The following symbols are used in this paper: 

An 
Aw 

cn 
c 

c 

Dm 

Dn 
E 

En 

— 
= 
= 
= 
= 

= 
= 
= 
= 

net area; 
area of beam web; 
nominal construction load; 
nominal weight of wet concrete during construction; 
deterministic influence coefficient translating load intensities to 
load effect; 
mean dead load; 
nominal dead load; 
modulus of elasticity; 
nominal earthquake load; 
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= mean ratio of actual section modulus to nominal value; 
= specific yield point; 
= average yield point; 
= specified minimum tensile strength; 
= shear modulus; 
= depth of the flat portion of web measured along plane of web; 
= moment of inertia about v-axis; 
= torsional constant; 
= shear buckling coefficient; 
= unbraced length; 
= mean live load; 
= nominal live load; 
= nominal roof live load; 
= allowable moment; 
= mean ratio of yield point to minimum specified value; 
= nominal moment capacity based on section strength; 
= applied unfactored bending moment at each end of member; 
= allowable load; 
= mean ratio of the experimentally determined ultimate load to the 

predicted ultimate load of test specimens; 
PT = total unfactored load; 
Q = load effect; 

Qm = mean load effect; 
R = resistance; 

Rm = mean value of resistance; 
Rn = nominal resistance; 

Rm — nominal roof rain load; 
Se = elastic section modulus based on effective section; 
S„ = nominal snow load; 
s = beam spacing; 
t = thickness; 

V = coefficient of variation; 
V„ = nominal shear strength; 

Wn = nominal wind load; 
P = reliability index; 

P„ = target reliability index; 
7 = load factor; 
u. = Poisson's ratio; 
o- = standard deviation; 

Tcr = critical shear buckling stress; 
Ty = yield point in shear; 
<}> = resistance factor; 

<K = resistance factor for bending strength; 
4>c = resistance factor for concentrically loaded compression member; 
(j>, = resistance factor for tension member; 
(f>„ = resistance factor for shear strength; and 
((>„, = resistance factor for web crippling strength. 
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