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Abstract.

Cold-Formed Steel (CFS) are usually thin-walled structural members, susceptible to several individual buckling
phenomena, namely local (L), distortional (D), global (G) (flexural or flexural-torsional) or interaction buckling
behavior, denominated local-distortional (LD), local-global (LG), distortional-global (DG) and local-distortional-
global (LDG) interactive buckling modes. The currently codified design approaches are able to handle single local
(L), distortional (D) and global (G) modes, as well as local-global (LG) interaction buckling failure. The buckling
mode interaction may conduct to erosion of the column strength, if compared to isolated single modes, and must
be taken into account in the structural design practice. The present work is aimed to propose a design approach for
CFS columns undergoing LD interaction, condition not considered by the Brazilian code ABNT NBR14762:2010.
The authors’ developed equations for LD design approach for CFS lipped channel columns were tested for other
CFS shapes, in order to expand its validity to usual CFS geometries, as zed, hat and rack. The obtained results and
the validation of the proposed solution proved to be easy to apply and reliable in predicting the column strength
of the most usual CFS.

Keywords: Cold-formed Steel Columns; Local-Distortional Buckling Interaction; Finite Element Method;

Structural Design Approach.

1. Introduction

Cold-Formed Steel (CFS) is widely used in Light Steel Framing System because its favorable strength-to-
weight ratio for structural applications. These members are currently applied in buildings, storage racks, bridges,
sheds, roofs and many other applications. Despite the varied applications these members are susceptible to several
individual buckling phenomena, namely local (L), distortional (D), global (G) (flexural or flexural-torsional) or
interaction buckling behavior, denominated local-distortional (LD), local-global (LG), distortional-global (DG)
and local-distortional-global (LDG) interactive buckling modes. Moreover, the currently codified design
approaches are able to handle single local (L), distortional (D) and global (G) modes, as well as local-global (LG)
interaction buckling failure. Hence, a large amount of research work was recently developed devoted to investigate
mainly local-distortional (LD), distortional-global (DG), local-distortional-global (LDG) interaction failures
modes. The buckling mode interaction may conduct to erosion of the column strength, if compared to isolated
single modes, and must be taken into account in the structural design practice.

The strength erosion caused by the LD interaction was studied by Kwon e Hancock [1], Dinis et al. [2],
Silvestre et al. [3], Loughlan et al. [4], Young et al. [5], Martins et al. [6], Martins et al. [7], Dinis and Camotim
[8], Martins et al. [9], Matsubara et al. [10], Batista et al. [11], Chen et al. [12] e Campos et al. [13]. The mentioned
works developed numerical and experimental researches to better understand the phenomenon.

In addition, important results related to DG and LDG interaction were carried out by Dinis et al. [14], Dinis
et al. [15], Santos [16], Cava et al. [17], Young et al. [18], Dinis et al. [19], Martins et al. [20], Martins et al. [21]
and Lazzari [22].
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In this context, the present work is aimed to propose a design approach for CFS columns undergoing LD
interaction, condition not considered by the Brazilian code ABNT NBR14762:2010 [23]. Moreover, the authors’
developed equations are a good design approach for CFS lipped channel, zed, hat and rack columns under LD
interaction.

2. LD design approach for columns under LD interaction

The cold-formed steel columns are susceptible to buckling phenomena and can develop buckling modes
namely Local (L), Distortional (D) and Global (G), as illustrated in Figure 1.
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Figurel. Lipped channel column subjected to: (a) Local mode; (b) Distortional mode and (c) Global mode.

Moreover, L, D and G modes can interact with each other, resulting the Local-Distortional (LD), Local-
Global (LG), Distortional-Global (DG) and Local-Distortional-Global (LDG) buckling interactions. In figure 2, it
is possible to observe the LD interaction in CFS lipped channel column.

(a) (b) (©)
Figure 2. CFS Lipped channel column subjected to: (a) L mode; (b) D mode and (c) LD mode interaction [24].

The design approach for CFS columns undergoing LD interaction, DG and LDG condition are not considered
Brazilian code ABNT NBR14762:2010 [25] and North American Specification [26]. However, interaction may
conduct to erosion of the column strength, if compared to isolated single modes, and must be taken into account
in the structural design practice. For LD interaction there are recent proposals to deal with LD interaction and can
be accessed in Schafer [26], Martins et al. [9], Matsubara et al. [10] and Batista et al. [11].

Batista et al. [11] proposed a design approach, f..o— eq. (1), which was developed and calibrated for lipped
channel columns under Local, Distortional and LD interaction. The methodology was similar to that described by
Matsubara et al. [10] adding improvements for better practical application. The solution obtained is based on the
ratio between distortional slenderness and local buckling slenderness factors, Rip.=Ao/AL, with Ap=(f,/ fcrp)*° and
A=/ fer )03, 1y is the steel yielding stress, foro is the critical distortional buckling stress and fer. is the critical local
buckling stress. Moreover, the solution maintains the well-known Winter strength equation concept.

A f , .
foip = (1 - B) X *—  for  Amaxip = méx {AAo} € % <1 )

AmaxLD maxLD

CILAMCE 2020
Proceedings of the XLI Ibero-Latin-American Congress on Computational Methods in Engineering, ABMEC
Foz do Iguagu/PR, Brazil, November 16-19, 2020



G. Y. Matsubara, E.M. Batista

0.15 Rap, < 0.80
A= { 0.40 Ryp, — 0.17 0.80 < Ryp, < 1.05
0.25 Ryp, > 1.05
0.80 Ryp, < 0.45
B = {—2.26Rm2 +4.06 R;p, — 0.57 0.45 < Ryp, < 1.05
1.20 Ryp, > 1.05

The good accuracy of fo.p can be verified in numerical results shown in Figure 3. The ratio between numerical
ultimate strength lipped channel columns, funumericat, and fop approach presented mean and standard deviation equal
to 1.04 and 0.08, respectively. The calculated LRFD (Load and Resistance Factor Design) resistance factor is ¢=
0.89. According to North American Specification (NAS) [25] values of ¢ > 0.85 are in accordance with the safety

criteria.
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Figure 3. Numerical tests of lipped channel columns: funumerical /faLp ratio vs RioL (Ao/AL).

Furthermore, Figure 4 shows the good accuracy of f..p for experimental results of lipped channel columns.
The mean and standard deviation of fuexp /fop (ratio between experimental ultimate strength, fuex, and proposed
approach fy.p for the strength of lipped channel columns), equal to 0.94 and 0.09, respectively. The calculated
LRFD (Load and Resistance Factor Design) resistance factor is ¢ = 0.87.
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Figure 4. Experimental tests of lipped channel columns: fuexp /faip ratio vs Ripr, (Ao/AL).

In addition, the present work proposes an adjustment of the eq. (1) to apply to hat, zed and rack sections. To
achieve this goal, a section adjustment coefficient (Sn) is added to as shown in the eq. (2), fauo=. The S, coefficient
was obtained through adjustments of numerical results performed by Dinis et al. [7], Martins et al. [8] and Campos
[13]. The results of these adjustments are summarized in Table 1 and one may observe eq. (2) reproduce eq. (1)
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for lipped channel columns.

A Sp .f.
fuLp* = (1 - B) 25 for  Apaxep = max {ALAo} e Tuip < q (2)
AmaxLD AmaxLD f; y
0.15 Ryp < 0.80
A= { 0.40 Ryp, — 0.17 0.80 < R;p, < 1.05

0.25 Rypy > 1.05

0.80 Rip, < 0.45

B ={-2.26R;p,> + 4.06 Ryp, — 0.57 0.45 < Ryp, < 1.05
1.20 Ryp, > 1.05

Table 1. Section coefficient of lipped channel, hat, zed and rack columns, Sp.

Section Sn
br
bs
Lipped channel Sh=1
b“'
bs
bt
bt bs
RipL < 0.45 Sn=1
Hat bw 0.45 <RwpL<1.05
Sn=-0.98 RipL2+1.47 RipL+0.54
br | bs RipoL > 1.05 Sn=1
b
bs RioL <0.45 Sn=1
Zed b 0.45 <RiwpL<1.00

Sn=-1.34 RipL2+1.95 R)pL+0.39

L — RioL>1.00  Sn=1

bs | RwoL <045 &=l

Rack b 0.45 <RwpL<0.95
bl Sn=-1.12 RipL?+1.57 RipL+0.52

bS
J RioL >0.95 Sn=1

In figures 5, 6 and 7 it is possible to verify the good performance of f,.o~ for designing zed, hat and rack
numerical columns. These figures show the relationship between numerical ultimate strength, funumerica, and
proposed approach f,.p= with the variation of RxpL. The LRFD values of all columns are in accordance with the
safety criteria, ¢ > 0.85. Furthermore, it is possible to notice more conservative results for values of Rap > 1.20
for all analyzed columns. The reason for this unexpected behavior is under study. In this region, the egs. (1) and
(2) result in pure distortional formulation, reproducing the usual procedure found in Brazilian code ABNT
NBR14762:2010 [23] and North American Specification [25].
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Figure 5. Numerical Hat columns tests: funumerical /foLo* ratio vs RapL (Ao/AL).
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Figure 6. Numerical Zed columns tests: funumerical /faLo* ratio vs Rapr (Ap/AL).
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Figure 7. Numerical Rack columns tests: funumerical /foo* ratio vs Rapr (Ap/AL).

Finally, eq. (2) proved to be an accurate procedure for designing columns subjected to L, D and LD mode in
CFS lipped channel, hat, zed and rack columns. The f, o~ proposal is easy to apply and further studies are underway

involving global mode.
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Conclusions

This work was intended to continue the research reported by Batista et al. [11] in order to expand the eq. (1),
faLp, for zed, hat and rack columns. For this purpose, the shape coefficient (S,) was added, resulting in eq. (2), faLo*.

The solution presented by fo.p+ proved to be very effective and easy to apply for designing usual practical
sections columns. For such validation, 23 experimental columns and 470 lipped channel numerical columns were
used. In addition, 525 hat, 548 zed and 595 rack additional numerical columns were validated. All columns
presented LRFD (Load and Resistance Factor Design) resistance factor in accordance with the safety criteria
defined by North American Specification (NAS) [25]. The results are summarized in Table 2.

Table 2. Summary of results.

Column N (0]
Lipped Channel 23 experime.zntal 0.87
470 numerical 0.89
Hat 525 numerical 0.91
Zed 548 numerical 0.90
Rack 595 numerical 0.89

Finally, studies related to interaction involving the global mode are ongoing, being possible to disclose new
results in the near future.
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