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A parametric optimization problem of cross-sectional sizes for cold-formed steel lipped
channel structural members subjected to central compression has been considered by the paper. An
optimization problem is formulated as follow: to define optimum cross-sectional sizes of cold-
formed structural member taking into account post-buckling behavior and structural requirements
when stripe width and profile thickness as well as type of the cold-formed profile are constant and
defined by the designer.

Maximization of load-carrying capacity of the cold-formed structural member has been
assumed as purpose function. The latter has been presented in the form of linear convolution of the
buckling resistance to the central compression taking into account flexural, torsional and torsional-
flexural buckling of the thin-walled structural member determined according to the requirements
EN 1993-1-3:2012 and EN 1993-1-5:2012. Searching for the optimum cross-sectional sizes of the
cold-formed structural member has been performed taking into account the possibility of it post-
critical buckling behavior based on the local buckling of the web and flanges and/or distortional
buckling of the edge fold stiffeners.

As optimization results cold-formed steel lipped channel have been obtained. With the same
stripe width optimum profiles have higher load-carrying capacity level taking into account
buckling resistance under the central compression comparing with the cold-formed steel lipped
channel proposed by Ukrainian manufacturers. Besides, torsional-flexural buckling resistance of
the cold-formed steel lipped channel is determinative for all optimum cross-sectional decisions.

Key words: cold-formed steel, load-carrying capacity, buckling resistance, local buckling,
distortional buckling, parametric optimization, gradient-based methods.

Introduction. Previously, the use of cold-formed thin-walled profiles was
limited to cases where reducing the weight of the structure was a priority, such
as in the aviation or automotive industries. However, due to the development
of production technology, corrosion protection, product availability as well as
implementation of the design code the use of thin-walled structural elements,
including cold-formed profiles is gradually expanding.

Today, various structural systems made from cold-formed steel (CFS)
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structural members, which are widely used in the construction industry, are
actively imported to the Ukrainian market of steel structures. Implementation
of steel structures made from thin-walled cold-formed profiles in building
practice is relevant and economically reasonable. There are specific fields of
application where their efficiency is the highest [9]. However, the widespread
application of the structures made from thin-walled cold-formed profiles of the
domestic production is delayed due to the lack of domestic experience in
economic and reliable design of such structures.

A high degree of flexibility in the manufacturing of various cross-sectional
shapes provides a unique opportunity to further improve the load-carrying
capacity of these structural elements through an optimisation process, leading
to more efficient and economical structural systems [1].

The paper [2] reviews the existing studies on the structural optimization of
CES sections and the structural and thermal performance of such CFS
structures. The methodologies used in the existing literature for optimizing
CFS members have been summarized and presented systematically.

In the paper [1] a practical methodology for the optimum design of cold-
formed steel beam-column members with different lengths and thicknesses,
subject to various combinations of axial compression and bending moment and
with constant material use has been proposed by the paper. The optimisation
process is carried out using a genetic algorithm and aims to maximise the
resistances of CFS members, determined according to the Eurocode 3 design
guidelines.

Optimisation technique was employed to enhance the structural
performance and to effectively use the given amount of material of CFS
members in the paper [3]. Lipped channel, folded-flange, and super-sigma
have been optimised using the particle swarm optimisation method. Results
showed that the flexural capacity of the optimised sections was improved
significantly compared to conventional CFS sections.

The paper [4] presents a procedure to obtain optimized steel channel cross-
sections for use in compression or bending. The cross-sections are optimized
with respect to their structural capacity, determined according to the EN1993-
1-3 using genetic algorithms. The optimization for compression is carried out
for different column lengths and includes the effects of the shift of the
effective centroid induced by local buckling.

A methodology that would enable the development of optimised CFS beam
sections with maximum flexural strength for practical applications has been
provided by the paper [5]. The optimised sections are designed to comply with
the Eurocode 3 geometrical requirements as well as with a number of
manufacturing and practical constraints. The flexural strengths of the sections are
determined based on the effective width method adopted in EC3, while the
optimisation process is performed using the particle swarm optimisation method.

Papers [6, 7] aim at finding the optimal folding of open cold formed steel
cross sections under compression. The design space is searched primarily via a
stochastic search algorithm, genetic algorithm. The near-optimal folding of the
cross section is then fine-tuned through a few steps of the gradient descent
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optimization [7]. To arrive at practical designs the optimization problem is
augmented with constraints on the geometrical properties of the cross section.
The optimal cross sections are found to have compressive capacities that are
higher than the original designs [6].

Applied optimum design problems for structures in some cases are formulated
as parametric optimization problems, namely as searching problems for
unknown structural parameters, which provide an extreme value of the specified
purpose function in the feasible region defined by the specified constraints [8].
The mathematical model of the parametric optimization problems includes a set
of design variables, an objective function, as well as constraints, which reflect
generally non-linear dependences between them. If the purpose function and
constraints of the mathematical model are continuously differentiable functions,
as well as the search space is smooth, then the parametric optimization problems
are successfully solved using gradient projection non-linear methods [9]. The
gradient projection methods operate with the first derivatives or gradients only
both of the objective function and constraints. The methods are based on the
iterative construction of such a sequence of the approximations of design
variables that provides convergence to the optimum solution (optimum values of
the structural parameters) [10]. Additionally, a sensitivity analysis is a useful
optional feature that could be used in scope of the numerical algorithms
developed based on the gradients methods [11].

The paper [12] covers optimization problems and algorithms in the design
of CFS structural members. A brief review of problem formulation and
solution techniques in past research as well as details of optimization
algorithms, including gradient-based, stochastic search, artificial neural
network, and ant colony optimization, are discussed.

In order to increase the widespread application of the structures made from
CES profiles of the domestic production, effective national ranges of
assortments of CFS profiles have to be developed. In this paper, CFS lipped
channel structural members subjected to central compression are considered as
research object, which investigated for the searching for optimum cross-
sectional dimensions. The following research tasks are formulated: to develop
a mathematical model and a numerical technique to solve an optimization
problem for cross-sectional sizes of CFS structural members; to perform
numerical investigations in order to obtain optimal solutions for considered
research object; to develop a guide for designers relating to the optimum
material distribution in the cross-sections of the CFS structural members

1. Problem formulation. Let formulate a parametric optimization problem
as follow: to find optimum values of cross-sectional sizes for CFS lipped
channel structural members subjected to central compression taking into
account structural requirements when the profile perimeter (strip width),
profile thickness as well as the type of the CFS cross-section are constant and
specified in advance.

The formulated parametric optimization problem can be stated in the
following mathematical terms: to find unknown structural parameters:
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X={x}", 1= Ny; (1.1)
providing the least value of the determined objective function:
ST=f(XT)= min £(X); (1.2)
X e 3

in a feasible region (search space) I defined by the following system of
constraints:

O(X) ={p, () <0|n =1, Ny ; (1.3)
where X is the vector of the design variables (unknown structural
parameters); Ny is the total number of the design variables; f, ¢, are the
continuous functions of the vector argument; X" is the optimum solution or
optimum point (the vector of optimum values of the structural parameters); f ’

is the optimum value of the optimum criterion (objective function); N, is the

number of constraints-inequalities ¢, ()? ), which define a feasible region in

the design space 3.

Overall cross-section dimensions of a CFS lipped channel, namely web
height %, flange width b and single edge fold length ¢ (Fig. 1.1) are
considered as design variables. Initial data for optimization calculation are
profile thickness 7, internal bend radius r=1,5¢; base yield strength f);,

MPa; E — modulus of elasticity, MPa; design lengths of the structural member
corresponded to the flexural buckling /.. ,,, /,r . as well as to the torsional

buckling /s 7.

Fig. 1. Cross-section of the CFS lipped channel structural member

Design sizes of plane cross-sectional elements (Fig. 1) for CFS lipped
channel structural member are considered as state variables of the optimization
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problem and calculated according to [13] depending on the design variables # ,
b and c, internal bend radius » =1,5¢ and profile thickness ¢ as presented
below:

hp =h-2,5¢t;
bp =b-2,5¢t;
) =c—1,25¢.

where £, is the design web height; b, is the design flange width; ¢, is the

design length of a single edge fold.
Geometrical properties of CFS lipped channel cross section are determined
depending on the design variables and the state variables as presented below:

Ay =t(h, +2b, +2c,);
=i(tb12, + 2tcpbp);

th3 bt3 e’ T

2, p 2. _ |ty
V=0 +—6 +0,5b, thy +— —L 40,50, (h, —c,) 5 i, = —
hot tb3 2 C £ 2 1
_ P 2 _ p _ R -1
IZ —T‘Fﬂ’l z +?+2tb (O,pr Z) +_6 +2Cpt(bp Z) s, = _A .

where 4, is gross cross-sectional area; /,,, /. are second moment of inertia

relative to the main axis of inertia of the cross-section; i, , i. are radiuses of

9 y b
inertia of the cross-section; z is the distance which defines the center of mass
location.

z

Relative slenderness th of the web and relative slenderness Zpb of the

flanges for CFS lipped channel are calculated according to [13, 14] as follow:

— hp @.
Ph =56 8¢ 235
L A

A, =
P 56,81 V235
Relative slenderness ch of the single edge fold is determined according to
[13, 14] as follow:

. ‘p Ty ‘p e
708 4k, V235 g4 oe (e, /5,) V235
where k., Gc( e, [ Bpb ) is buckling factor calculated according to the

polynomlal dependency proposed by the papers [15] taking into account that
the formulated parametric optimization task is solved using a gradient-based
steepest descent method.
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Reduction factors p, and p, corresponded to the local buckling of the

profile web and flange respectively are determined according to [13, 14] as
presented below:

B
phze_ﬁzg[l_%ﬁ}g,o;

hp Aph )“ph
b
pbzbe_ﬁz_L 1-%22 121 0.
P Apb )“pb

Reduction factor p, corresponded to the local buckling of the single edge
fold is calculated according to [13, 14] as follow:

ﬂ:;(l_@_ﬁ}m.
C

c
e Ape

Cross-section flanges and web of CFS lipped channel structural member are
subjected to post-buckling behavior (when local buckling occurs) in the case

when its slenderness exceed limit value, namely th > 0,673 and/or flange
slenderness /Tp , >0,673. In this case effective widths of the web 4, and
flanges b, are defined according to [13, 14] as presented below:

h
hy = Lo [1_022) oo, 55 (1_12,49& 1_235}
Aph A ph \, yb hy \jf vb

b
by =22 [12922] s, @(l_w @J
Apb Apb fyb bp fyb

Single edge fold of CFS lipped channel cross-section is subjected to post-
buckling behavior (when local buckling occurs) in case when it slenderness

exceeds limit value (ch > 0,748 ).In this case effective single edge fold width

Co 1s determined according to [13] as follow:

= 53392t [
Copr = 28,418 K (Dpe [P0 ) [1 —’b—’g K, (B /bpb)J ;

pc
where kg, (bpc /bpb) is buckling factor calculated according to the polynomial
dependency proposed by the papers [15] taking into account that the
formulated parametric optimization task is solved using a gradient-based
steepest descent method.
Design cross-section of the stiffener (Fig. 2) consists of single edge fold
with effective width ¢,y together with effective adjacent part of the flange

with effective width 0.5, . Geometrical properties of the design cross-
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section of the stiffener are determined according to [13] as follow:
AS = t(Ceﬁ' + 0, Sbeff) N

3
;- tceﬁ' (1 N 0, Sbeﬂ J’

s 4 3 Cef + O, Sbeﬂ

where 4 and I, are area and second moment of inertia for the design cross-
section of the stiffener (Fig. 1.2).

Fig. 2. Flange plane element of the CFS lipped channel stiffened by the single edge fold

Single edge folds in CFS lipped channel structural members ensure partial
restraint for plane flanges which can be simulated using a linear spring. In case
of the central compression stiffness for such linear spring can be estimated
according to [13] as presented below:

__E £
3,64 22
0.5(0,5b,7)
Cef + 0, Sbeﬂ

0.5(0.55,5 |

1,5 +b, —
r p cef+0’5beﬁ'

It should be noted that analytical expression for stiffness of the linear spring
presented above is restricted by the case of cold-formed structural members
with flanges stiffened by single or double edge folds only and cross-section
symmetrical relatively to the main axes of inertia which is perpendicular to the
web plane.

Then relative slenderness of the stiffener 4; corresponded to the flexural

buckling of the stiffener is calculated according to [13] as follow:

oy iy

2 KE,
The reduction factor y,; for the flexural buckling of the stiffener (or
reduction factor for the distortional buckling cross-section resistance) is
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determined depending on relative slenderness /Td . Taking into account that the
formulated parametric optimization task is solved using a gradient-based
steepest descent method, reduction factor for the distortional buckling cross-
section resistance y,; can be calculated depending on /Td using polynomial
dependency proposed by the paper [15]:
Xd = E(/ld) .

We suppose that in the optimum cross-section the compressive stress at the
centreline of the stiffener estimated on the basis of the effective cross-section
equals to the base yield strength. Therefore, the reduced thickness ¢,,; of the

design cross-section of the stiffener allowing for reduced stiffener resistance due
to flexural buckling of the stiffener is determined according to [13] as follow:
_ As,red _ ZdAs
red =l— —=1— —
A, A,

is the reduced effective area of the stiffener allowing for flexural

t =ldta

where A .4
buckling.

Finally, the area of the effective cross-section of CFS lipped channel
structural member subjected to central compression is calculated as presented
below:

Ay =t (g + by )+ treq (B + 26,5 ) -

The maximization criterion of the overall design buckling resistance
represented as a linear convolution of the corresponded design buckling
resistances with the same weight factors can be considered as the purpose
function (1.2) and can be written as follow:

Noras = Niyra + Npzga + Nor,Ra + Norr,ra — MaX,

where Ny, gy Ny, pa are the design buckling resistance for flexural buckling
of the cold-formed structutal member relative to the main axis of inertia y—y
and z—z determined according to [13, 16]; Nyr py »Nprp pe are the design

buckling resistance corresponded to the torsional and flexural-torsional
buckling of the structural member calculated according to [13, 16].
Then the purpose function can be rewritten as follow:
Ao [t
Niras =%(Zy o+ xr +ZTF)_>maXa (1.4)
M1

where y, ,x..xr  xrr are buckling factors allowing for the flexural buckling

of the CFS structural member relative to the main axis of inertia y—y and

z—z, as well as for the torsional and flexural-torsional buckling. The buckling
factors are determined from the relevant buckling curve b according to:
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2 = (0.466+0.17/T+0.5)T2 +

+J(0.466—0.83/T+0.5%2)(0.466+1.17)T+O.5)7))_1 <1.0

with  substitution of the relevant non-dimensional slendernesses
Zy, )TZ, ﬂ_,r, Arp corresponded to the considered buckling modes and

calculated taking into account geometrical properties of the effective cross-
section of the structural member subjected to the central compression
according to [13, 16]:

T, = efff v 7= Aoy b :
cr ,y
eff I )
Ner Nerr
where N, ;s N i Nepj 1 Nepgp ;o are the elastic critical forces for the

relevant buckling mode calculated taking into account gross cross-section
geometrical properties of the structural member according to [16].

System of constraints (1.3) for the formulated optimization problem consists
of a constraint on the profile perimeter or on a strip width which can be written
as presented below:

Pmax
where P, is the maximum value of the cross-section perimeter for CFS

lipped channel.

The constraints reflected design code requirements [13] for the ultimate
slenderness of the cross-section elements of the CFS channel with flanges
stiffened by single edge folds are also included in the system of constraints
(1.3) and presented below:

h

1 _1<o0,

500¢ (1.6)
b

L _1<o,

607 (1.7)
£ _1<0.

507 (1.8)

Additionally, a constraint on the minimum gap between single edge folds ends
allowing for providing an access to the internal surface of the CFS lipped channel
(for example, in order to organize a bolted connection on the profile flanges) is
included to the system of constraints (1.3) as well and written as below:

b2 <o, (1.9)
min
where d_;, is the minimum gap between single edge folds ends.
Thus, the optimization problem of cross-sectional sizes for CFS lipped
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channel structural member is formulated as follow: to find optimum values of C-
profile cross-sectional sizes (web height 4, flange width 5 and single edge fold
length ¢) providing the maximum value of the determined objective function
(1.4) in the feasible region defined by the system of constraints (1.5)—(1.9)
when the profile perimeter (strip width) B, .., profile thickness ¢ as well as the

type of the cold-formed cross-section are constant and specified in advance.

The formulated parametric optimization problem has been solved using the
software OptCAD where the modified method of the purpose function gradient
projection onto the surface of the active constraints with simultaneous liquidations
of the residuals in the violated constraints has been implemented [17].

2. Optimization results. As optimization results the cold-formed C-profiles
with optimum cross-sectional dimensions have been obtained. Characteristics
of the obtained C-profiles with optimum cross-sectional sizes have been
presented by the Table 1.

With the same stripe width C-profile structural members with optimum
cross-sectional sizes have higher design buckling resistance under central
compression comparing with the cold-formed C-profiles proposed by
Ukrainian manufacturers (group of the companies «Blachy Pruszynskiy,
companies BF Zavod and STEELCO) [18]. It should be noted that torsional-
flexural buckling resistance of C-profile cold-formed structural members was
determinative for all optimum cross-sectional decisions.

Thus, for example, the initial cold-formed C-profile with the strip width
25.8 cm manufactured by the company «Blachy Pruszynski» has the cross-
sectional dimensions 100x60x19x1.5cm and the minimum buckling resistance
Npra min = Nprr.ra =7-373KkN  corresponded to the torsional-flexural

buckling mode. For the same stripe width 25.8 cm cold-formed C-profile with
optimum cross-sectional sizes A =8914cm, b=6.171cm, ¢=2.272cm or
88x62x23x1.5cm has been obtained. The minimum buckling resistance
corresponded to the torsional-flexural buckling mode for the optimum solution
1S Nppg min = Nprr.pa =8-093 kKN which is greater than 9.67% comparing to

the one of initial profile (see Table 2).

With the same stripe width CFS lipped channel structural members with
optimum cross-sectional dimensions have higher load-carrying capacity taking
into account minimum buckling resistance under the central compression
comparing with ones proposed by Ukrainian manufacturers.

Conclusion. Searching for optimum cross-sectional sizes of CFS lipped
channel structural members taking into account post-buckling behavior and
structural requirements has been realized. Presented results of the performed
optimization calculation allow developing guides for designers relating to the
optimum material distribution in the cross-sections of CFS structural members as
well as are base to develop effective national ranges of assortments of cold-
formed profiles.
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C-profile cross-sections with optimum sizes and characteristics

Table 1

t,
cm

Optimum sizes of the
C-profile cross-
section, cm

Acrtf ?

mm

P NbTF,Rd s

max

2|, cm| kN

ph

by

Xa

0.1

8.960x9.040x1.480

1.061

30.0 8.652

0.481

0.477

0.379

1.061

0.12

9.548x8.452x1.774

1.575

30.0] 10.828

0.535

0.597

0.478

1.575

0.14

10.104x7.896x2.052

2.235

30.0] 12.538

0.584

0.721

0.615

2.235

0.15

10.386x7.614x2.193

2.612

30.0/ 13.119

0.606

0.786

0.685

2.612

0.17

7.848x11.069%2.507

3.182

35.0/21.483

0.845

0.639

0.587

3.182

0.18

11.263x%9.237x2.632

3.757

35.0] 24.643

0.661

0.779

0.694

3.757

0.20

11.970x8.531x2.985

4.765

35.0] 25.827

0.686

0.896

0.815

4.765

0.21

12.141x10.859%3.070

5.104

40.0/ 41.498

0.707

0.774

0.700

5.104

0.22

12.442x10.558%3.221

5.663

40.0 43.201

0.720

0.821

0.749

5.663

0.23

12.796x10.205%3.398

6.255

40.0] 44.404

0.729

0.871

0.799

6.255

0.24

13.019x12.481x%3.509

6.654

45.0 64.687

0.745

0.771

0.705

6.654

0.25

13.315%12.185x%3.658

7.287

45.0] 67.494

0.756

0.811

0.747

7.287

0.26

13.648x11.852x3.824

7.951

45.0] 69.837

0.765

0.853

0.790

7.951

0.28

14.190x13.810x4.095

9.113

50.0]99.368

0.787

0.804

0.747

9.113

0.30

14.894x13.106x4.447

10.63

50.0] 106.22

0.799

0.881

0.823

10.625

Table 2

Comparison of the optimum solutions for CFS lipped channels with ones
manufactured by the company «Blachy Pruszynski»

Cross-sectional Ay s | Prax | Noze ra
C-profile sizes, cm Pr| Po | X em? |, cm| , kN
Initial profile 10.0x6.0x1.9%x0.15 |0.626 [0.937 [0.809|2.573|125.8 | 7.373
Profile with 8.8x6.2x2.3x0.15 10.691 10.919 |0.8392.698125.8 | 8.159
optimum cross-
section sizes

Load-carrying capacity of CFS lipped channel structural members subjected
to central compression has been determined by the torsional-flexural buckling
resistance for all optimum solutions. The single edge fold length improves
significantly the torsional-flexural buckling resistance of CFS lipped channel
structural members subjected to central compression. For all optimum
solutions the optimum size of the single edge fold length has been obtained
larger than ones in the initial CFS lipped channels manufactured by the
Ukrainian manufacturers (group of the companies «Blachy Pruszynskiy,
companies BF Zavod and STEELCO). At the same time, for all optimum
solution the local buckling of the single edge folds has not been occurred.
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Ilepenvmymep A.B., FOpuenko B.B., [lenewixo 1./].
OIITUMI3AILISI PO3MIPIB IIOINEPEYHUX NEPEPI3IB CTUCHYTUX EJIEMEHTIB
KOHCTPYKIII 3 C-ITOAIBHOIO XOJOJJHOTHYTOI'O MPO®DLITIO

VY crarTi po3msiHyTa 3ajada MapaMeTPHYHOI ONTHMI3auii pO3MIpiB MOIEPEYHOro Iepepisy
CTEP)KHEBOIO €JIEMEHTY KOHCTPYKUil 3 C-1ogiOHOro XOJOAHOIHYTOro MPOdII0, IO HPALIoE I
Ji€I0 MO3I0BXKHBOI CHJIM CTHCKY. 3ajada MapaMeTpHyHOl ONTUMI3aLii (OpMyTIOETHCS SIK: HPH
3a/laHHUX IIMPHHI Ta TOBLIMHI 3arOTOBKH (LUTPUIICH) ISl BUTOTOBJICHHS XOJIOAHOTHYTOro mpodisito, a
TaKOX THIII IIONEPEYHOro Iepepisy BH3HAYMTH HOro0 ONTHMAJbHI PO3MIPH 3 BpaxyBaHHIM
3aKPHTAYHOI POOOTH Ta KOHCTPYKTHBHUX BHMOT.

Sk KpuTepiii ONTHMAIBHOCTI IPUIIMABCsl KpUTEpiH MakcHMi3auii Hecydol 3qaTHOCTI npodiiro Ha
BTpATy 3arajbHOI CTIKOCTI IPU LIEHTPATBHOMY CTHCKOBI, SIKHH HPEACTAaBISIBCA Y (GopMi JiHiHHOT
3rOpPTKM HECY4YMX 3/aTHOCTEH, 110 BPaXOBYIOTb 3IMHAJIbHE, KPYTHJIBHE Ta 3rMHAIBHO-KPYTHIIBHE
BUILYYYBaHHS CTEP)KHEBOTO ENEMEHTY, OOYMCICHHX BimmoBimHo mo Bumor EN 1993-1-3:2012 i
EN 1993-1-5:2012. Ilomyk oOnTHMaJbHHX pO3MIpIB peai3oBaHHMil 3 BpaxyBaHHSAM MOXKIMBOI
3aKPUTHYHOI POOOTH TOHKOCTIHHOTO XOJIOMHOTHYTOrO MpOQiifo, sSiKa XapaKTepU3yeThCs BTPATOH
MiCIIeBOI CTIHKOCTI Ta BTPATOO CTIHKOCTI (hopMH Tepepisy.

CopmysiboBaHa 3aj1aya MapaMeTPUYHOI ONTHMI3alli Po3B'si3aHa 3 BHKOPHCTAHHSAM IPOrpaMU
OptCAD, y sikiif peani3oBaHHil METO[ MPOEKLIl IPaficHTy (yHKLIl METH Ha MOBEPXHIO aKTHBHHX
00MeXEeHb IIPH OJHOYACHIH JIKBifaLii HEB'SI30K y MOPYIICHUX OOMEKCHHSIX.

SIk pe3ynbTaT ONTHMI3aUifHOrO po3paxyHKy otpuMmani C-momiOHiI XonogHOrHyTi mpodim, ski
XapaKTepH3yIOThCs OLIBIIOK HECYYOI0 3IaTHICTIO HA BTPATY CTIMHKOCTI IPH LEHTPAILHOMY CTHCKOBI
HOPIBHSHO 3 XOJOAHOTHYTUMH NPOGIIIMI BITUN3HAHUX BUPOOHHKIB PH OJHIH 1 Tiit camiil mmpuHi
3arotoBKu. I1py 1[bOMY, JUIsl BCIX ONTHMAJIbHUX PIllICHb MOMEPEUHHX [IepPEpi3iB BU3HAYAIBHOW OyIia
Hecyda 31aTHICT C-1IOAIGHOrO XOJOOHOTHYTOrO MPO(INI0 Ha BTPATy CTIMHKOCTI 3a 3THHAIBHO-
KPYTHJIBHOIO (POPMOIO BUITYYyBaHHSL.

Kurrouogi ci1oBa: xo10aHOrHyTHiT TPo(isb, Hecyda 3aTHICTh, MiCLieBa BTpaTa CTIHKOCTI, BTpaTta
cTifikocTi hopmHu mepepisy, mapamMeTpHyHa ONTUMI3ALLs, TPpaJieHTHUHH METO.I.

UDC 624.04,519.853

Perelmuter A. V., Yurchenko V. V., Peleshko I. D.

OPTIMIZATION OF CROSS-SECTIONAL DIMENSIONS FOR COLD-FORMED STEEL
LIPPED CHANNEL COLUMNS

Parametric optimization problem of cross-sectional sizes for cold-formed C-profiles subjected to
central compression has been considered by the paper. Parametric optimization problem for cross-
sectional sizes of cold-formed C-profiles has been formulated as follow: to define optimum cross-
sectional sizes taking into account post-buckling behavior and structural requirements when stripe width
and thickness as well as type of the cold-formed profile are constant and defined by the designer.

Criterion of the profile load-bearing capacity maximization has been assumed as purpose function.
The latter has been presented in the form of linear convolution of the resistance to central
compression taking into account flexural, torsional and torsional-flexural buckling of thin-walled
structural member determined according to the requirements EN 1993-1-3:2012 and EN 1993-1-
5:2012. Searching for the optimum cross-sectional sizes has been performed taking into account a
possibility of post-critical buckling behavior of the structural member based on the local buckling of
the web and flanges and/or distortional buckling of the edge fold stiffeners.

Formulated parametric optimization problem has been solved using software OptCAD. Update
gradient method of the purpose function projection on the active constraints hyperplanes with
simultaneous liquidations of the residuals in the constraints has been implemented by the software.

As optimization results cold-formed C-profiles have been obtained. With the same stripe width
optimum profiles have higher load-bearing capacity level taking into account buckling resistance
under central compression comparing with the cold-formed C-profiles proposed by Ukrainian
manufacturers. Besides, torsional-flexural buckling resistance of the cold-formed C-profile is
determinative for all optimum cross-sectional decisions.

Keywords: cold-formed steel, load-carrying capacity, buckling resistance, local buckling,
distortional buckling, parametric optimization, gradient-based methods.

VK 624.04,519.853
Ilepenvmymep A. B., FOpuenxo B. B., [lenewixo U. J].
ONTUMMU3BAILIAS PASMEPOB MOINEPEYHBIX CEYEHU CXKATBIX SJJIEMEHTOB
KOHCTPYKIIUI U3 C-MOJOBHOIO XOJIOJHOTHYTOI' O ITPO®UJIA
B crathe paccMoTpeHa 3a1a4a MapaMeTpUYeCcKOi ONTUMH3ALNN Pa3MEPOB ITOIEPEYHOTO CEUCHUSI
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CTEP)KHEBOIO 3JIEMEHTa KOHCTPYKIMH K3 C-00pa3sHOro XOJIOAHOTHYTOro mpoguis, padoTaromero
noj  JedcTBMEM IPOAOJBHOM CWIIBI  CKaTHA. 3ajada  [apaMeTPUuecKod  ONTUMHU3ALUU
(dopMmynrpoBanach Kak: ITpPH 3aJ@HHBIX IIMPUHE W TOJIIMHE 3aroTOBKHM (LUTPHIICHI) ISt
HU3rOTOBJICHHUSA XOJIOAHOTHYTOI'O l'lpO(bl/lJ'lﬂ, a TAaKXE TUIIC MOINECPEYHOro CECUYCHHUSA ONPEACIUTH €ro
OINTUMAJIbHBIE PA3MEPBI C YUETOM 3aKPUTUUYECKOH PabOThI M KOHCTPYKTUBHBIX TPEOOBaAHUM.

B kauectBe KpHUTEpUs ONTHMAIbHOCTH IPUHUMAIICS KPUTEPUH MaKCUMH3AlMM Hecylel
CIOCOOHOCTH HPOQMIIS HA MOTEPIO OOLICH YCTOMYMBOCTH IMPH LEHTPAIBHOM CXKATHH, KOTOPbIi
HpeCTaBisuics B (HOpMe JIMHEHHON CBEPTKH HECYIIMX CIOCOOHOCTEH, YYMTHIBAIOLIMX H3rHOHOE,
KpYTHJIBHOE H l/ISFI/IGHO—prTl/leHOC BBITYYUBAHUE CTCPKHEBOI'O0 JJIEMCHTA, BBIYMCIICHHBIC B
coorBercTBuM ¢ TpeboBanusiMu EN 1993-1-3:2012 u EN 1993-1-5:2012. Tlornck ONTHMAJIBHBIX
pa3MepoB  peanH30BaH C Y4eTOM BO3MOXKHOM 3aKPHTHYECKOH pabOTBI  TOHKOCTCHHOI'O
XOJIOMHOTHYTOrO MpPO(MHIIsL, XapaKTePU3YIOIICHCS MECTHOW MOTepel yCTOWYHMBOCTH M IOTEpei
YCTOHYIMBOCTH (OPMBI CEUCHHS.

CoopmynupoBaHHasl 3a7ada HapaMETPUUECKOH ONTUMH3ALHU pPEIIeHAa C HCHOIb30BaHHEM
nporpammbl OptCAD, B KOTOpOil peasM30BaH MeETOJ IPOCKIMH TpajueHTa (YHKIMH LEIH Ha
ITOBEPXHOCTh aKTHUBHBIX orpaHuquMﬁ npu OﬂHOBpeMeHHOﬁ JIMKBUJALIUK HEBS30K B HAPYUICHHBIX
OIrpaHUYCHUAX.

B pe3yibrate ONTHMHU3ALMOHHOIO pacyera mnoiydeHbl C-00pa3Hble XOJOAHOTHYThIE MPOQHIIH,
KOTOpBIE TPU OJHOM M TOH JKe IIMPHHE 3arOTOBKM XapaKTEPHU3YyIOTCsl Ooiblueil Hecyiuei
CIIOCOOHOCTBIO HA IOTEPI0 YCTOMYMBOCTU IIPH ILIEHTPAIBHOM CKAaTHH IO CPAaBHCHHIO C
XOJIOAHOTHYTBIMU l'lpO(bl/lJ'lﬂMl/l OTCYCCTBCHHBIX l'lpOl/l3BO}:[l/lTeJ'lel7l, l'lpu 9TOM, JJIA BCEX ONTHMAJIbHBIX
pCLICHUI MOMEepPeYHbIX CedeHHil ompenersomeil Obuta Hecymias crocobHocTs C-00pa3Horo
XOJIOAHOTHYTOr0 NpoGMIi Ha IOTEPI0 YCTOMYHMBOCTH IO H3THOHO-KPYTHIBHOH  (opme
BBIITYYUBaHHUS.

KiaroueBble ¢j10Ba: XOJOJHOTHYTHIM MpOQHIb, HECyllas CIOCOOHOCTb, MECTHas IOTepst
YCTOWYHMBOCTH, TIOTEPsS YCTOMYMBOCTH (DOPMBbI  CEUCHHS, [apaMEeTpUyYecKas OINTHMH3ALIMS,
IpaJleHTHBIA METO/I.

YK 624.04,519.853

Ilepenvmymep A. B., FOpuenxo B. B., Ilenewxo 1. /]. OnTumizauist po3mipis nonepeyHux nepepisis
CTHCHYTHX eJleMeHTiB KoHCTpykuiii 3 C-moaionoro xosoanorsyroro mpodiao // Omip
MaTepiaiB i Teopis ciopya: Hayk.-Tex. 30ipH. — K.: KHVBA, 2022. — Bum. 108. — C. 156-170.

Y cmammi poszensnyma 3adaua napamempuunoi onmumizayii posmipie nonepeunHozo nepepisy
cmepocHeo2o enemenmy KOHCmpykyii 3 C-nodibno2o Xon00H02Hymoz20 npoQino, wo npayioe nio
0I€I0 NO3008AHCHLOI CUMU CMUCKY. 3a0aua napamempuyHoi onmumizayii Gopmyaoemvcs SK: npu
3a0aHUX WUPUHT MA MOGWUNT 320MOGKU (WMPUNcu) 05l 6U2OMOGIEHHS XOIOOHOZHYMO20 npodinio,
a makodc Muni NOnepeuHo20 nepepisy GUSHAYUMU U020 ONMUMANbHI DOSMIpU 3 6PAXYEAHHAM
3akpumuunoi pobomu ma KOHCMPYKMUGHUX eumoe. AK Kpumepiii onmumanbHOCMi NpuiMascs
Kpumepiti  maxcumizayii Hecywoi 30amHocmi npo@ino Ha empamy 3a2aibHoi cmilikocmi npu
yenmpanvhomy cmuckosi. Chopmynvosana 3adaua napamempuunoi onmumizayii pos3e'’sizana 3
BUKOPUCMAHHIM MemOOy NPOEKYIi 2padienmy yHKyii Memu Ha NOBEPXHIO AKMUBHUX OOMENCEHb NPU
oonoyacHill nikeidayii Hee's130k y nopyuienux obmedicennsx. Sk pesyivmam onmumizayitino2o
po3spaxyuky ompumari C-nodibmi Xon00HOZHYMI NPOGINI, KL Xapakmepuszyomocsi OLIbULOI0 HECYHOI0
30amuicmio Ha émpamy CMIUKOCMI NpU YeHMPATbHOMY CMUCKOGI NOPIBHAHO 3 XOJI0OHOSHYMUMU
nPOGIIAMU GIMUUSHAHUX SUPOOHUKIE NPU OOHIL | MIll CaMill WUPUHI 3020MOBKUL.

In. 2. Ta6a. 2. bi6mior. 18 Ha3s.

VK 624.04,519.853

Perelmuter A. V., Yurchenko V. V., Peleshko I. D. Optimization cross-sectional dimensions for
cold-formed steel lipped channel columns // Strength of Materials and Theory of Structures:
Scientific-and-technical collected articles — Kyiv: KNUBA, 2022. — Issue 108.—P. 156-170.

A parametric optimization problem of cross-sectional sizes for cold-formed steel lipped channel
structural members subjected to central compression has been considered by the paper. An
optimization problem is formulated to define optimum cross-sectional sizes of cold-formed structural
member taking into account post-buckling behavior and structural requirements when stripe width,
profile thickness and profile type are constant and defined by the designer. Maximization of load-
carrying capacity of the cold-formed structural member has been assumed as purpose function.
Formulated parametric optimization problem has been solved using a modified gradient method of
the purpose function projection on the active constraints hyperplanes with simultaneous liquidations
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of the residuals in the violated constraints. As optimization results cold-formed steel lipped channels
with optimum dimensions have been obtained. With the same stripe width optimum profiles have
higher load-carrying capacities comparing with the ones proposed by Ukrainian manufacturers.

Figs. 2. Tabs. 2. Refs. 18.
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Ilepenvmymep A.B., FOpuenxo B.B., [lerewxo M.J[. Onrumusanmsi pa3MepoB IONepPeYHbIX
CeYeHHil CKATBIX IJI€MEHTOB KOHCTPYKIHMi M3 C-MOA0OHOr0 XOJOJXHOTHYTOro mnpodwis //
CorpoTHBIICHHE MaTEPUAIOB M TEOPHs COOpYXEHHH: Hayd.- Tex. coopH. — K.: KHYCA, 2022. —
Beim. 108. - C. 156-170.

B cmamve paccmompena 3a0ava napamempuieckol OnmumMu3ayu pasmepos NONepesHo20 cedeHus
cmeporcnego2o dnemenma konempykyuu uz C-o6pasnoco xon00HoeHymozo npo@us, pabomaiowezo
noo  deticmeuem NPOOOALHOU  CUMbl  colcamusi. 3aoaua  napamempuyeckol — OnmuMU3ayuU
@opmynuposanace Kaxk: npu  3A0AHHBIX WUPUHE U MOWUHE 3A20MOSKU  (WMPUncel) O
U320MOGNEHUsL XOTOOHOSHYMO20 NPOQPUIS, A MAKIce Mune NONEPeyHo20 Ceuetus Onpeoeums e2o
ONMUMATLHBIC PAZMEPLL C YUENOM 3aKPUMUYECKOU pabomuvl U KOHCIMPYKMUGHIX mpebosanuil. B
Kauecmee — Kpumepusi ONMUMATGHOCIU — NPUHUMAACA — KPUMepUil  Makcumusayuu — Hecyujer
cnocobnocmu  npoguias Ha nomeplo  0dwell  YCMOoUuuuGOCHU  NPU  YEHMPATbHOM — COHCAMUL.
Cpopmynuposannas 3adaua napamempuieckol OnmuMu3ayuy peuwena ¢ UCnoIb306aHuemM mMemood
npoexyuu 2paduenma GYyHKYuY yea Ha noGepXHOCb AKMUBHBIX 02PAHUYEHUN NPU OOHOBDEMEHHOT
JUKGUOAYUU HEGI30K 68 HAPYWEHHbIX ocpanudenusx. B pesynomame onmumusayuonnozo pacuema
nonyuenvt C-00pasuvie X0A00HOSHYMble NPOGUAU, KOMopvle npu OOHOU U MOl e wupuHe
3020MOBKU XAPAKMepu3yIomcs 6obuiell necyueti CnocoOHOCIbIO HA NOMEPIO YCMOUYUBOCHU Npu
YEHMPATLHOM — COICamuu N0 CPAGHEHUIO ¢ XOJOOHOZHYMbIMU ~ NPOPUIAMU  OMEYeCmEEHHbIX
npoussooumenneil.

Wn. 2. Taba. 2. bubnuor. 18 Ha3s.
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