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Abstract 
The present study aim to show a numerical study that concerns with the optimal design of cold-
formed channel section subjected to bending, with and without stiffeners. The main goal is to 
offer parameters for the optimal design for that kind of cold-formed profiles, with the objective 
to reduce the cross section element. The methodology used is based on the effective section 
method (ESM), referenced by the revision of the Brazilian Standard for cold-formed Steel 
Structures ABNT NBR 14762, “Design of Cold-formed Steel Structures”. Numerical results 
achieved in this job evidence economy in section design by the application of optimization 
techniques to the problem proposed.. 

1. Introduction 

Cold-Formed steel sections has been used in large scale in building industry, mainly by the 
easy way to produce them and by the several alternatives to the section geometry dimensions and 
shape.  The search by the maximum structural efficiency, associated to the low consume of 
material, is one of the big challenges of structural engineering, making possible several 
investments form the point of view of economy, safe and aesthetic. The proposal of this study 
aims to apply optimization techniques for the design of Cold-formed channel section of steel 
subjected to pure bending, with the objective to get several parameters for the minimum section 
of the profile, i.e., reduction of material consumption. The sections evaluated are channel with or 
without stiffeners, which are large used as purlins and other similar flexure elements. The 
resistance load used in the objective function, for the optimization process, is based on the 
effective section method (ESM) according the revision of the Brazilian Standard ABNT NBR 
14762 (2009) From the formulation developed, optimal dimensions for the section were obtained 
for channel sections with and without stiffeners, subjected to increase loads. 

Several references can be found focusing on the optimization of steel sections, with major or 
little simplification degree, as several sections, loads and optimization techniques. Therefore, the 
optimization of cold-formed profiles still is in incipient. Also, the authors does not have notices 
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for the application of the present approach (effective section method) based on Brazilian 
standard for cold-formed steel members ABNT NBR 14762 revision for the optimization 
objective function, mainly the methods used are effective width method (EWM) and  direct 
strength method ( DSM). 

Seaburg e Salmon [1] develop studies on minimal weight for hat sections using direct and 
gradient optimization methods, showing only one example due to the complexity of the problem.  

Dinovitzer [2] optimize the stiffener length of a cold-formed channel sections based on the 
Canadian Standard. The process used was based not in the section resistance, but in the ability of 
increase the resistance bending moment while the cross section was minimized. 

Castelluci et al [3] shown a channel section with stiffeners in flange and two intermediates in 
web subjected to bending, Those authors confirm a squash load greater than 15% from the 
generic original section, with Just 5% of increase in section area. In her work authors does not 
mention which optimization technique was applied. 

 Adeli e Karim [4] develops a neural network for no-linear problems, and applied to simple 
beams with I and Z sections. They used the allowable Strength Design with effective widths 
acording to AISI. 

Al-Mosawi e Saka [5] include in its procedure the warping stress and obtained optimal 
channel sections symmetric and non-symmetrical and Z sections subjected to uniform transverse 
loads. However, in the optimization process was only considered normal stress and 
displacements. 

Tian [6] presented a theoretical and numerical study to get minimum weight of channel 
section subjected to compression prescribing a fixed length and the axial load. For the project 
load the British standard BS 5959 was used, and a non-linear method Square Quadratic 
Programation (SQP) of optimization. Also presented, a simplified method, in which the buckling 
stresses for different modes are matched.  This author conclude that, in channel sections, exists a 
optimal parameter among web and flanges widths. The sections studied by Tian[6] provided 
increase of  about 50%  in section capacity with non increase of section size. 

Kripka e Guerra [7] developed a formulation for determining the optimum configuration of 
the walls for steel rectangular silos, having as project variables the angle, the wave length and the 
width of the wall. The objective function was solved with the use of the Excel solver.  

Pravia e Kripka [8] studied the optimization of compressed sections channel profiles with and 
without edge stiffeners, using the American Standard AISI(2001) with lengths and loads 
predefined. The optimization was developed trough the simulated annealing method ( SA). 

In the following section describes briefly the problem under study, including the procedures 
proposed by the revision of the Brazilian Standard ABNT NBR 14762[9] and also the 
optimization formulation. The effective section method, is based originally it the work developed 
by Batista[10]. 

In the third part of this work are presented the results of numerical simulations carried out to 
determine the minimum gross section area of section profiles with and without edge stiffeners 
(lips) subjected to simple bending. These results were obtained with the use of Microsoft Excel 
Solver. The work ends with some final considerations.  

2 Problem description 

2.1 Design of channel with and without stiffeners subjected to bending 

The design load capacity of the profiles was based on the proposed revision of the Brazilian 
standard NBR: 14762 [9], described briefly below. 



 

In Section 9.8 of the supra cited standard, the bending moment resistance design (Mrd) must 
be taken as the lowest calculated value that does not take place in the beginning of the effective 
yield section, the lateral Torsional buckling and distortional buckling, where applicable. 

 
The initial yield of effective section, according to the proposed revision should be calculated 

according to the equations 1 to 4. 
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The coefficient of local buckling for the section, kl, can be calculated by the expressions listed 
in Table 1 or obtained directly from Table 2. For beams with doubly symmetric or simple 
symmetric section, subject to bending around the axis of symmetry (x axis), can be obtained 
from the equations 5 to 8. 
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Table 1 – Local buckling factor kl for the complete section in bending in relation to the major 
inertia axis. 

Case a  U and Z section without lips 

 
843,1−= ηlk  

( )0,11,0 ≤≤ η  
Case b U and Z section with lips 

 
The expressions are valids for 0,2 ≤ η ≤ 1,0 and for the values of µ indicated  

kℓ = a – b(µ−0,2) 
a = 81 - 730η + 4 261η2

 – 12 304η3
 + 17 919η4

 – 12 796η5
 + 3 574η6

 

b = 0          para 0,1 ≤ µ ≤ 0,2  e  0,2 ≤ η ≤ 1,0 

b = 0          para 0,2 < µ ≤ 0,3  e  0,6 < η ≤ 1,0 

b = 320 – 2 788η+ 13 458η2
 – 27 667η3 

+ 19 167η4          
para 0,2 < µ ≤ 0,3 e 0,2 ≤ η ≤ 

0,6 

NOTE 1     bf, bw and D are the nominal dimensions of the elements, according to the indicated in each associated figure. 

NOTE 2     η = bf / bw.  

NOTE 3     µ = D/bw. 
Source: Project Revision of Brazilian ABNT:NBR 14762 
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Table 2 – Local buckling factor kl for the section subjected to bending in relation to major inertia 
axis. 

ηηηη = bf / bw 
Case a Case b Case c 

 U and Z without lips U and Z with lips 
Hollow rectangular 
section (welded ) 

  µµµµ ≤ 0,2 µµµµ = 0,25 µµµµ = 0,3  

0,2 18,4 32,0 25,8 21,2 31,0 

0,3 9,6 29,3 23,8 19,7 28,9 

0,4 5,6 24,8 20,7 18,2 25,6 

0,5 3,6 18,7 17,6 16,0 19,5 

0,6 2,6 13,6 13,3 13,0 14,2 

0,7 1,9 10,2 10,1 10,1 10,6 

0,8 1,5 7,9 7,9 7,9 8,2 

0,9 1,2 6,2 6,3 6,3 6,6 

1,0 1,0 5,1 5,1 5,1 5,3 

NOTE 1     bf, bw and D are the nominal width of the flange, web and the stiffener, respectively. 

NOTE 2     µ = D/bw. 

NOTE 3     For intermediate values use linear interpolation. 

Source: Project Revision of Brazilian ABNT:NBR 14762 (2009) 
 

For bars with double symmetric section or mono-symmetric, subjected to bending over the 
axis of symmetry, (axis x): 
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For the bars subject to distortional buckling, the bending moment resistance design should be 

determined by the expressions of equations 16 to 18.  
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Table 3 – Mininal values for the relation D/bw of U with lips section and Z section . 

bf/bw 
bw/t 

250 200 125 100 50 

0,4 0,05 0,06 0,10 0,12 0,25 

0,6 0,05 0,06 0,10 0,12 0,25 

0,8 0,05 0,06 0,09 0,12 0,22 

1,0 0,05 0,06 0,09 0,11 0,22 

1,2 0,05 0,06 0,09 0,11 0,20 

1,4 0,05 0,06 0,09 0,10 0,20 

1,6 0,05 0,06 0,09 0,10 0,20 

1,8 0,05 0,06 0,09 0,10 0,19 

2,0 0,05 0,06 0,09 0,10 0,19 

NOTE 1     bf, bw, and D are elements nominal dimensions, according with the indicated of 

Figures of Table 9. 

NOTE 2     For intermediary values use linear interpolation. 

Source: Revision Project of Brazilian ABNT:NBR 14762 (2009) 
 

For stiffened channel and stiffened section Z beams, if the ratio D/bw is equal or greater than 
the values shown in Table 3, the verification of the distortional buckling may be waived. 
 

2.2 Optimization process formulation 

An optimization problem aims to gets the extremes of a particular function, i.e., determine the 
set of variables, of which this function is dependent, in order to find its maximum or minimum. 
The optimization problem can be stated according to the equations 19 to 23.  
 

Minimize (or maximize): 

                                          F (X)    (Objective Function)  (19)  Subject 

to: 

                      g j(X) ≤0           j = 1, m      (inequalities restrictions)  (20) 

                      hk(X) = 0           k = 1, l       (equalities restrictions)  (21) 

                      Xi
l ≤ X ≤ Xi

u  
i = 1, n       (lateral restrictions)  (22) 

where 
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      (Project variables)     (23) 

  



 

In equation 22, the letters 1 and u denotes lower and upper limits, respectively, and which 
values that can be assumed by the project variables. 

For the present study, once known the solicitation Msd bending, the idea is to research the 
dimensions of the cross section area of the profile that resists the applied load with the lowest 
consumption of material (minimum section gross Ag). Thus, referring to the dimensions of A, B, 
C and t (as shown in Fig.1), the objective function to be minimized can be written according to 
equations 24 to 30. 

( )),., tCBAfAg =  (24) 

 
 

Figure 1 – U section 
 
 

The Gross section area Ag can be rearranged has an explicit function of the Project variables: 
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To simplify the process, the bending radius r is considered equal to the thickness t. Initially, 

all dimensions were considered as continuous variables. In a second analysis, the thicknesses 
were limited to those found commercially (1.0 mm, 1.2 mm, 1.5 mm, 2.0 mm and 2.25 mm). 

The lower and upper limits for each dimension were defined in terms of manufacturing 
limitations and recommendations of the Brazilian Standard NBR 6355:2003, "Cold-Formed steel 
structural – Standards sections", and are given by intervals expressed in Equations 31 to 34. 

 
50 mm < A < 300 mm   (31) 



 

 
30 mm < B < A/2 mm   (32) 
 
50 mm < A < 300 mm   (33) 
 
1 mm < t < 25 mm   (34) 
 

In addition to the dimensional restrictions, also the problem has a restriction on bending 
design capacity of the section, MRd, it has to be equal or greater than the bending applied Msd. 
(Equation 35). 

 

RdSd MM ≤  (35) 

 
Thus, a profile with the dimensions of the section satisfying the limits proposed, as well as 

bending capacity than the applied may be considered as a feasible solution to the optimization 
problem. The goal, therefore, is to find, among all feasible solutions, which corresponds to the 
lower consumption of steel material. 

Once formulated the problem, several processes are available to achieve the solution, and the 
choice depends basically on the environment in which the search takes, the goal to be achieved, 
the characteristics of variables and conditions that must be accepted by the solution. For the 
proposed formulation, an implementation was made in Microsoft Excel Solver, which is a tool 
provided with the spreadsheet in Microsoft Excel. Solver code incorporates the non-linear 
optimization method based on the Generalized Reduced Gradient (GRG2). The option for the use 
of this tool was based mainly on its wide availability and ease of use. Solver has been used 
successfully in other problems of structural optimization, as in the study by Kripka and Guerra 
[7] for structural optimization of trapezoidal and zigzag walls of silos. 

 Figure 2 shows the spreadsheet developed for the optimization of profiles with lips. 
In this worksheet, from the input data (geometry and material), are calculated the properties of 

the corresponding profile, and its bending capacity. These data, together with the restrictions of 
the problem, feed the Solver, which are defined as parameters for optimizing the objective, the 
variables and constraints, as illustrated in Figure 3.  

  

Figure 2 – Worksheet developed in Microsoft Excel (U sections with lips) 



 

 

 

 
Figure 3 – Parameters of the Microsoft Excel Solver for section optimization 
 
3     Numerical results 
The following are some of the results from the implementation of the formulation of the 

problem for minimizing the area of the profile section. As parameters of material in all cases 
studied, were used structural steel with E = 200 GPa, Poisson's ratio ν = 0.3 and yield stress fy = 
250 MPa. Initially, we attempted to scale a profile of a simple channel simple supported  beam 
subjected to a load uniformly distributed along the span. The value of the linear load calculation 
applied was 1.2 kN / m For this loading spans were considered from 4000 to 1000 mm, with 
multiples of 100 mm. For all the spans, a lateral bracing restriction was considered every 
2000mm. 

Starting from different initial solutions was searched optimal profiles with and without 
stiffeners. Table 4 presents the results of the minimum gross area Ag obtained for both profiles 
optimized without stiffeners (U) and for profiles with optimized stiffeners (Ue) for different 
spans and their maximum applied bending Msd. These data are presented graphically in Figure 4. 

In lieu of results of Table 4 and Figure 4, a large reduction in the cross section with the use of 
lips (edge stiffeners) was observed. In the last line of Table 4 presents the data of percentage 
reduction in consumption of material between the profiles without lips (U) and with lips (Ue). 
The reduction varied between 13.2 and 19.8%, i.e., profiles with optimized stiffeners allowed to 
get an average savings of material more than 17% in section. Thus confirms the observation that 
edge stiffeners are fundamental in improving the performance of the profile also in bending. 
Similar results had been obtained for sections subjected to compression in previous studies from 
Chamberlain and Kripka [8]. 

 
Table 4 – Values of minimun Gross area Ag for the sections and bending moments. 
Span (m) 4,00 5,00 6,00 7,00 8,00 9,00 10,00 
Msd (kN.cm) 240 375 540 735 960 1215 1500 
U  (cm²) 3,76 4,93 5,95 7,38 8,47 9,59 10,47 
Ue (cm²) 3,09 3,99 4,95 5,92 7,02 8,00 9,09 
%Reduction    

Ue/U 17,8 19,1 16,8 19,8 17,1 16,6 13,2 
 
 



 

 
Figure 4 – Comparison of gross area section of channel optimized with lips 

 ( Ue) and without lips (U) 
 

The results obtained from simulations carried out with consideration of continuous variables 
were further compared with the optimal values of limiting the thickness to those found 
commercially, namely, 1.0 mm, 1.2 mm, 1.5 mm, 2,0mm and 2.25 mm. It was observed that the 
results showed no significant change. 

 In order to provide subsidies for pre-sizing profiles subjected to bending, Figure 5 shows the 
relationship between the span length and the corresponding optimum height. For the channel 
profiles optimized without lips a relation of L / bw resulted in an average of 24. For the same 
profiles, but with lips, this relationship was an average of 36. As a reference, Bellei [11] gives 
this relationship as being equal to 40 for rolled channel profiles used as purlins. Additionally, the 
results indicate that the existences of stiffeners, and the reduction in the section of the profile, yet 
allow a significant reduction in the height of the section.  

 
Figura 5 – Ratio of height of section to span length for the channel optimized profiles with lips 

and without Lips. 
 
Figures 6 and 7 show the ratios obtained for the spans studied, the width of the flange bf 

divided by the height of the web bw for optimized profiles, respectively with and without 
stiffeners. It is observed that, for sections without stiffeners, the optimal relation relationship 
bf/bw ranged between 0.16 and 0.26, with a mean value of 0.22. And for the channels with lips 
this relation less variation, with values between 0.36 and 0.40 (average 0.36). 
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Figure 6 – Relation of flange width to the web width (sections without lips)
 

Figure 7 – Relation of flange width to the web width 

In all the cases studied, the relationships D/bw and bf/bw, was in the limits of the Brazilian 
Standard revision project ABNT NBR 14762, not needing to do a  check for the occurrence of 
distortional buckling. 

4     Final considerations  

This study presented results of 
bending, as analyzed using the design method of effective sections 
of Brazilian standard NBR 14762. 
the design variables height, width, thickness and length of the stiffener (when considered). 
Initially all variables were considered as continuous, and as a result, extended the study to th
use of commercial thickness. 

 The results shows great advantages in the optimization 
with edge stiffeners had about an economy, on average,
without stiffeners. Moreover, studyin
section (bw) , it is feasible to recommend for 
given by L/bw = 24, and L/bw
efficient and quite explicit in t
allowing the optimization process i
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