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A parametric optimization problem of cross-sectional sizes for cold-formed steel lipped
channel structural members subjected to axial compression has been considered by the paper. An
optimization problem is formulated as to define optimum cross-sectional sizes of cold-formed
structural member taking into account post-buckling behavior (web and flange local and
distortional buckling) of the member as well as structural requirements when the profile perimeter
(strip width), profile thickness, design lengths of the structural member as well as material
properties are constant and specified in advance. Maximization of the load-carrying capacity of the
cold-formed structural member has been assumed as purpose function. The formulated parametric
optimization problem has been solved by exhaustive search method using the software written in
Python. As optimization results the cold-formed steel lipped channels with optimum cross-
sectional dimensions have been obtained depending on the profile thickness and design lengths of
the structural member. In order to obtain optimum solutions for cross-sectional dimensions of the
CFS lipped channel structural members which are independent from the design flexural lengths
and profile thickness, searching for a compromise solution has been performed by exhaustive
search method. The obtained cold-formed steel lipped channel structural members with optimum
cross-sectional sizes have higher design buckling resistance under the axial compression at the
same material consumption (stripe width) comparing with the cold-formed steel lipped channels
proposed by the manufacturer. Web local buckling phenomenon has been occurred in all obtained
CFS lipped channel cross-sections with optimum sizes.

Keywords: cold-formed steel, buckling resistance, torsional-flexural buckling, parametric
optimization, exhaustive search method, compromise solution

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 [1].

Today, various structural systems made from cold-formed steel (CFS)
structural members used widely in the construction industry are imported
intensively to the Ukrainian market of steel structures. Implementation of steel
structures made from thin-walled cold-formed profiles in building practice is
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relevant and economically reasonable. There are specific fields of application
where their efficiency is the highest. 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 [1, 2].

Literature review and problem statement. In the papers [3] the authors
said that “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 optimization process,
leading to more efficient and economical structural systems”. A brief review of
optimization problem formulation, calculation techniques and algorithms,
including gradient-based methods, stochastic search, artificial intelligent
methods, and ant colony methods, have been discussed in the paper [4]. The
optimization methodologies for CFS structural members have been also
summarized and presented systematically in the paper [5, 6].

Lots of papers presented the results of shape optimization of cold-formed
steel columns (see for example [7, 8, 9]). In the paper [10] the optimization
problem formulation included fabrication and geometric enduse constraints.
Shape optimization of manufacturable and usable cold-formed steel singly-
symmetric and open columns has been also considered by the paper [11].

An optimization methodology intended to find the optimum cross-section
sizes for CFS beam structural members with maximum flexural resistance has
been provided by the paper [12]. Geometrical requirements according to
EuroCode 3 as well as a number of manufacturing and practical constraints have
been considered in scope of the optimization procedure. The flexural resistance
of the CFS structural members has been determined based on the effective width
approach regulated by EuroCode. The proposed optimization procedure has been
performed based on the particle swarm optimization method.

In the paper [13] authors considered the optimal design problems for cold-
formed steel lipped channel beams subjected to combined action of bending,
shear, and web crippling. CFS beam structural member has been also
considered by the papers [14, 15] where Big Bang-Big Crunch optimization
and micro Genetic Algorithm have been used. In the paper [16] authors used
the particle swarm optimization method in order to obtain optimum cross-
section dimensions for lipped channels, folded-flanges, and super-sigma
profiles used in modular building applications as beam structural members.
Comparing to the conventional CFS sections the load-carrying flexural
capacity of the structural members with optimum cross-sectional sizes has
been improved significantly.

In the paper [3] a practical optimization methodology for the CFS beam-
column structural members with different design lengths and thicknesses,
subjected to various combinations of longitudinal force and bending moment
has been proposed. The optimization procedure has been performed using a
genetic algorithm, when the optimization problem has been formulated as
maximization the buckling resistances of CFS structural members with
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specified and constant material consumption.

The paper [17] presents an optimization procedure to obtain optimum
dimensions for CFS channel cross-sections in structural members subjected to
compression or bending. An optimization problem has been formulated as
maximization of the load-carrying capacity and solved using genetic
algorithms. Optimization has been performed for the different column design
lengths taking into account the shift of the centroid of its effective cross-
sections caused by the local buckling effects.

The paper [18] has been devoted to the shape optimization of cold-formed
steel beam-columns with practical and manufacturing constraints. CFS beam-
column structural member has been also considered by the papers [19, 20] in
scope of unconstrained and constrained optimization procedures.

Particular attention has been paid to the optimal folding of the CFS
structural members. In the paper [1] a parametric optimization problem for
single edge fold size in CFS structural members subjected to axial compression
has been considered. The purpose function and constraints of the mathematical
model has been formulated as continuously differentiable functions, then the
parametric optimization problems has been successfully solved using the
gradient projection non-linear methods [21, 22].

The similar optimization problem has been also considered in the paper
[23], where a genetic algorithm has been used with further improvement of the
optimal decision based on the gradient descent method. As a result CFS
structural member with optimal single edge folds have higher load-carrying
capacity comparing to the original designs.

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 axial 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.

The aim and objectives of the study. In order to increase the widespread
application of the structures made from CFS 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
axial 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.

Material and methods. Applied optimum design problems for structures in
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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 [24]. 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.

Let formulate a parametric optimization problem as follow: to find optimum
values of cross-sectional sizes for CFS lipped channel structural members
subjected to axial compression when the profile perimeter (strip width), profile
thickness, steel properties as well as design lengths of the structural member
are constant and specified in advance.

The formulated parametric optimization problem can be stated in the
following mathematical terms: to find unknown structural parameters:

i:{XI}T’lzl’NX; (l)
providing the maximum value of the determined objective function:
"= £(X7) = max £(X);
f1 =5 ()= max 5 (X) @

in feasible region (search space) 3 defined by the following system of
constraints:

o(X)={o, (X)<0In=1N;c}: (3)

where X — vector of the design variables (unknown structural parameters);
Ny — total number of the design variables; f, ¢, — continuous functions of

the vector argument; X - optimum solution (the vector of optimum values of

the structural parameters); f * _ optimum value of the objective function;
Njc — 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 4, flange width » and single edge fold length ¢ (Fig. 1) are
considered as design variables. Initial data for optimization are profile
thickness ¢, internal bend radius r=1.5¢, material properties (base yield
strength  f,, and modulus of elasticity E'), design length of the structural

member corresponded to the flexural buckling modes [/, =1, ), =1, .. The

torsional buckling length /., ;- is equals to the flexural buckling length/,; .

Let us introduce in the plane of thin-walled cross-section a Cartesian
coordinate system y.Oz. with the origin in the center of mass C of the
section, the direction of the coordinate system axes y.Oz. coincides with the

direction of principle axes of inertia. Let us also describe the considered
section of thin-walled bar by a set of sectional points
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P= {pj = {yj,zj} | j =0,_n} (y; and z; are the coordinates of j ™ sectional
point in the coordinate system y.Oz. introduced above) and by a set of
sectional segments S = {sl. ={pH,pi} | i =1,_n}, which connect to adjacent

sectional points, where n is quantity of the sectional segments and n+1 is
quantity of the sectional
points. It should be noted
that the coordinates of
the sectional  points
depend on the design
variables of the
formulated optimization

problem P = P(f() .
The following integral
geometrical properties of

considered cross-section
can be calculated on the

2|2 L determined set P of

L<p ] sectional points and set

Fig. 1. Cross-section of the CFS lipped channel structural S of sectional segments
member (see Annex C [25]): 4,

is the gross cross-sectional area; [ i I, are the second moments of inertia

relative to the main axis of inertia, which coincide with the axes of global
Cartesian coordinate system yc-Ozc; i, , i, are the radiuses of inertia relative

to the main axis of inertia; 7, is the sectorial moment of inertia; /, is the

second moment of area for pure torsion. As the coordinates of the sectional
points depend on the design variables, then the integral geometrical properties
of the gross cross-section depends on the design variables as well.

Design sizes of plane cross-sectional elements (Fig. 1) for CFS lipped
channel structural member are calculated according to [25] depending on the
design variables /#, b and ¢ as well as on the constant internal bend radios r
and profile thickness ¢ as presented below:

hpzh—2R+rmw/§; 4)
b,=b-2R+r,\2; 5)
¢, =c—R+0.5n,\2; (6)

where £, — design web height; b, — design flange width; ¢, — single edge
fold design length; 7, —middle bend radius, 7, =r+0.5¢; R — external bend
radius, R=r+1¢.
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Relative slenderness th of the web, relative slenderness Zpb of the

flanges and relative slenderness ch of the single edge fold for CFS lipped

channel are calculated according to [25, 26] as follow:

7 s (7)
Ph 56 81e
_ b
§4
P 56 81e ®

— c

Ao = - ; 9
" 28, d1e kg (c, /b)) ©
, [235 - ,
where & — material factor, ¢ = —=22——; k_.(c, /b | — buckling factor
fyb[Mpa] oc( P/ P) g

calculated according to the dependency proposed by [25].
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 web slenderness /Tph >0,673

and/or flange slenderness /pr >0,673. In this case effective widths of the
web /i, and flanges b, as well as effective cross-sectional sizes 4, h,; ,
b, , b,, are defined according to [25, 26] as presented below:

—if Ay >0,673:

hy  h
o =y = " [l_%}%"”{l_w} (10)
2 2 Ay hy
—if A, <0,673:
h
helzhe2:7p§ a1
—if A, > 0,673
by b
by =2 = (1_%}28,41{1—M} (12)
2 Uy A by
b, b
bp=oTp [y 022 | Wl 1246 g
2 2%ppxa \ Appxa xa by\Xa
—if,, <0,673:
b
by = b,y =, (14)
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where y,; — reduction factor for the distortional buckling cross-section

resistance calculated as presented below.
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 (/Tpc > 0,748 ).In this case effective single edge fold width

Co 1s determined according to [25] as follow:

—if A >0,748

28, 4ts |~ Cp 5,3392t¢ |~ Cp
Copp =——— K .| — || |- K| — | | 15
o Va Gc(pr CpNXa cc[pr (1
—if A, 0,748
Ceff =Cp - (16)

Let us also describe the considered effective cross-section of thin-walled bar
by a set of sectional points P, = {pejj’,j = {yeﬁ’j,zeﬂ,j} | j =@} (Yegr.j
and z,; ; are the coordinates of j th sectional point in the coordinate system
ycOz- introduced above) and by a set of sectional segments
Sefr = {sejj’,i = {pejj’,i—lﬁpeﬁ’,i} |i =@}, which connect to adjacent sectional
points, where n,,; is quantity of the sectional segments and 7,5 +1 is quantity

of the sectional points. It should be noted that the coordinates of the sectional
points depend on the design variables of the formulated optimization problem
as well as on the effective cross-sectional sizes h,y, hyy, Doy beys Cop:

P@]f Lo (X’hel’heZ’belﬁbdsceﬁf)-
b The area Aoy of the

effective cross-section of
CFES lipped channel
structural member subjected
to axial compression can be
calculated on the determined
set P, of sectional points

and set Sef of sectional

: segments (see Annex C
[25]). As the coordinates of
the effective cross-sectional
points depend on the design
variables, then the area Aoy

Fig. 2. Flange plane element of the CFS lipped channel

stiffened by the single edge fold of the effective cross-section
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of CFS lipped channel structural member subjected to compression depends on
the design variables as well.

Single edge folds in CFS lipped channel structural members ensure partial
restraint for plane flanges. In order to estimate such restraint, the design cross-
section of the stiffener (Fig. 2) should be introduced into the further
consideration. The design cross-section of the stiffener consists of single edge
fold with effective width c,; together with effective adjacent part of the
flange with effective widthb,,. The thickness of the stiffener’s design cross-
section is equals to the profile thickness ¢ in case when the distortional
buckling does not occur ( y; =1). Otherwise, the reduced thickness ¢,,; of the

stiffener’s design cross-section allowing for reduced stiffener resistance due to
flexural buckling of the stiffener is determined according to [25] as follow:

tred = Xat - (17)

Let us also describe the design cross-section of the stiffener by a set of
sectional points P, ={ps,j ={ys’j,zs’j}|j=TnS} (ys,; and zg; are the
coordinates of j th sectional point in the coordinate system y.Oz. introduced
above) and by a set of sectional segments S, = {ss,i = {ps’i,l,ps’i} |i =E},
which connect to adjacent sectional points, where n, is quantity of the

sectional segments and ng +1 is quantity of the sectional points. It should be

noted that the coordinates of the sectional points depend on the design
variables of the formulated optimization problem as well as on the effective

cross-sectional  sizes  b,,, ¢, and reduced  thickness ¢

Ps = Ps (X’beZ’ceff’tred) .
The following geometrical properties of the design cross-section of the
stiffener can be calculated on the determined set P, of sectional points and set

red *

S, of sectional segments: A; is the area of the stiffener’s design cross-section;
I, is the second moment of inertia for the stiffener’s design cross-section; b,

is the distance from the web-to-flange junction to the gravity center of the
effective area of the edge stiffener.

The partial restraint for plane flanges provided by the single edge folds in
CFS lipped channel structural members can be simulated using a linear spring.
In case of the axial compression stiffness for such a linear spring can be
estimated according to [25] as presented below:

E £
: . 18
3,64 b, (b, +1.5h-31) (18)
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




80 ISSN2410-2547
Omip matepianiB i Teopis cropya/Strength of Materials and Theory of Structures. 2022. Ne 109

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 [25] as follow:
Mg = M. (19)
2JKEI,
The reduction factor y,; for the flexural buckling of the stiffener (or
reduction factor for the distortional buckling cross-section resistance) is

determined iteratively depending on relative slenderness Zd using dependency
(5.12) proposed by [25]:

Xd :E(/ld)~ (20)

The maximization criterion of the minimum design buckling resistance of

the structural member subjected to axial compression can be considered as the
purpose function (2) of the optimization problem and can be written as follow:

Nprd min = min {beRd , szRdsNbT,Rd’NbTF,Rd} — max ; (21)
where Nppg min — minimum design buckling resistance; Ny, gy > Np, ga are

the design buckling resistance for flexural buckling of the cold-formed
structural member relative to the main axis of inertia y—y and z-z
determined according to [25, 27]; Nyr pg » Nprr.pa are the design buckling
resistance corresponded to the torsional and flexural-torsional buckling of the
structural member calculated according to [25, 27].
Then the purpose function can be rewritten as follow:
Aoy fyb
M1
where y, ., x.,xr ,»xrp — buckling factors allowing for the flexural buckling

Nprd min = X min {;(y,;gz,;(T,;(TF} — max ; (22)

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 y, ,x.,xr ,x7r are determined from the relevant

buckling curve b according to [25, 27] as:

2= — v —: (23)
0.466+0.171+0.51 +\/(0.466—0.83/1+0.5/1 )(0.466+1.17A+0.5/1 )

with substitution instead of A the relevant non-dimensional slendernesses
Ays Azs Ap, Agp  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 axial compression according
to [25, 27] as presented below:
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— A f
7= [l (24)
NC}"

where N, — elastic critical force for the relevant buckling mode calculated
depending on the design lengths and taking into account gross cross-section
geometrical properties of the structural member and design lengths according to
[27].

The non-dimensional slendernesses 4,, 4., Ay, Az are determined with

substitution in (24) instead of N, the corresponded elastic critical force

Nerys Nepzs Nepp Of Nepqp, here N, and N, . are the elastic critical

cr,y cr,z
forces for the flexural buckling mode relative to the main axes of inertia y—y

and z-z respectively; N,

»7s Nepp are the elastic critical forces for the
torsional and torsional-flexural buckling mode respectively.

System of constraints (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:

P

max

; (25)

where FB,,, — maximum value of the cross-section perimeter for CFS lipped

channel.

The constraints reflected design code requirements [25] 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 (3)
and presented below:

S 1<0; (26)
21505 27)
S0 1505 (28)
o.z-%so; (29)
%—0.650. (30)

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 [28,
29]) is included to the system of constraints (3) as well and written as below:

h-2c 1<y,

R 1)

min

where d;, is the minimum gap between single edge folds ends.
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Thus, the optimization problem of cross-sectional sizes for CFS lipped
channel structural member subjected to axial compression is formulated as
follow: to find optimum cross-sectional sizes of CFS lipped channel (web
height 4, flange width 5 and single edge fold length ¢) providing the
maximum value of the determined objective function (21) in the feasible
region defined by the system of constraints (25) —(31), when the profile
perimeter (strip width), profile thickness, design lengths of the structural
member as well as material properties are constant and specified in advance.

Optimization results. The following CFS lipped channels from the whole
profile assortment range manufactured by the company «Blachy Pruszynski»
[30] have been chosen to further optimization: C100x48x18 and C100x60%19.
Other lipped channels have the same flange widths (48 mm and 60 mm) and
have deeper web height simultaneously indicating their more rational usage as
beam-column or beam structural members. The strip widths for the chosen
CFS lipped channels are 23.2 cm and 25.8 cm respectively.

The following design flexural buckling length has been considered as initial
data for optimization: 1.5 m, 2.0 m and 2.5 m. The use of single profiles for
long-length CFS structural member with the design length greater than 2.5 m
as well as short-length CFS structural members with the design length smaller
than 1.5 m is not rational.

Taking into account small dimensionality the formulated parametric
optimization problem has been solved by exhaustive search method using the
software written in Python. As optimization results the CFS lipped channels
with optimum cross-sectional dimensions have been obtained depending on the
profile thickness and design lengths of the structural member. The obtained
CFS lipped channel structural members with optimum cross-sectional sizes
have higher design buckling resistance under the axial compression comparing
with the CFS lipped channels with the same stripe width proposed by the
manufacturer [30]. The increasing of the load-carrying capacity up to and
including 12.14% (for the strip width 23.2 cm) and 19.01% (for the strip width
25.8 cm) has been achieved (Tab. 1 and Tab. 2).

Table 1

CFS lipped channel structural members with optimum cross-sectional sizes

(strip width is P, ,, =23.2 cm)

= Optimum cross- Sw| Sw |Eew Loa(.1—
£z sectional sizes of| N, : 8.5 SE | ZE | camying
%E |t [cm] he lioped bRd.min > Byckling mode | 5% | 8= | L= | capacity
25 ht N llljpe [kN] § 2 S£2 | 22 |increasing

channel, [cm] = A %

1.5 [ 0.100 8.8x4.5x2.7 31.696 tors.-flex. Yes Yes Yes 12.14

0.125 8.8x4.5x2.7 41.871 tors.-flex. Yes Yes Yes 10.81

0.150 8.8x4.5x2.7 51.664 tors.-flex. Yes No Yes 9.65

0.175 9.8x4.2x2.5 63.914 tors.-flex. Yes No No 12.66

0.200 9.8x4.2x2.5 73.285 tors.-flex. Yes No No 10.92

0.225 9.8x4.2x2.5 82.890 tors.-flex. Yes No No 9.40

0.250 9.6x4.3x2.5 92.140 tors.-flex. Yes No No 5.55

0.275 9.6x4.3x2.5 102.099 | flex. minor axis | Yes No No 5.88
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&3

: — = = Load-
en & Optimum cross- Son | Qo | E o :
£ = sectional sizes of| NV, . . 8.8 =.g ‘% £ | carrying
2% |1, [em] the lipped bRd.min > Byckling mode | o 2 9% | L= | capacity
28 © IPpe [kN] 23 £2 | £ 2 |increasing

- channel, [¢cm] =0 =i A © %
0.300 9.2x4.4x2.6 111.737 tors.-flex. No No No 3.37
0.100 9.8x4.2x2.5 21.941 tors.-flex. Yes Yes Yes 11.04
0.125 9.8x4.2x2.5 28.539 tors.-flex. Yes Yes Yes 10.32
0.150 9.8x4.2x2.5 35.164 tors.-flex. Yes No Yes 9.50
0.175 9.8x4.2x2.5 43.189 tors.-flex. Yes No No 11.35
2.0 | 0.200 9.6x4.3x2.5 49.898 tors.-flex. Yes No No 9.38
0.225 9.2x4.4x2.6 56.837 tors.-flex. Yes No No 7.30
0.250 9.2x4.4x2.6 64.433 | flex. minor axis | Yes No No 5.03
0.275 9.0x4.5%2.6 71.707 tors.-flex. No No No 3.04
0.300 9.0x4.6x2.5 78.879 | flex. minor axis | No No No 1.26
0.100 9.8x4.2x2.5 15.699 tors.-flex. Yes Yes Yes 10.72
0.125 9.8x4.2x2.5 20.445 tors.-flex. Yes Yes Yes 10.11
0.150 9.8x4.2x2.5 25.446 tors.-flex. Yes No Yes 9.39
0.175 9.6x4.3x2.5 31.099 tors.-flex. Yes No No 9.53
2.5 10.200 9.2x4.4x2.6 36.385 tors.-flex. Yes No No 7.22
0.225 9.2x4.5x2.5 41.836 | flex. minor axis | Yes No No 4.39
0.250 9.4x4.7x2.2 47.263 tors.-flex. Yes No No 1.18
0.275 9.8x5.0x1.7 53.058 tors.-flex. Yes No No 5.36
0.300 9.2x5.0x2.0 59.257 | flex. minor axis | No No No 9.68
Table 2
CFS lipped channel structural members with optimum cross-sectional sizes
(strip width is P,,,, =25.8 cm)
5 g Optimum cross- S w| 5 w| & | Load
£ = sectional sizes of Nde min ? . E E|2E|2E carrying
—‘;’ E’J £ lem] the lipped channel, [kT\’I] Buckling mode 2 —é ?én—;;) é —é capacity
m [em] =2 =° é © lincreasing, %)
0.100 9.8x5.0x3.0 37.761 tors.-flex. Yes | Yes | Yes 18.80
0.125 9.8x5.0x3.0 50.890 tors.-flex. Yes | Yes | Yes 17.31
0.150 9.8x5.0x3.0 64.073 tors.-flex. Yes | Yes | Yes 16.32
0.175 10.8x4.7x2.8 80.942 tors.-flex. Yes | No No 19.66
1.5 0.200 10.8x4.7x2.8 92.314 tors.-flex. Yes No No 17.72
0.225 10.8x4.7x2.8 103.775 tors.-flex. Yes | No No 16.20
0.250 10.8%4.7x2.8 115.367 tors.-flex. Yes | No No 14.88
0.275 10.8x4.7x2.8 127.125 tors.-flex. Yes | No No 13.71
0.300 10.8x4.7x2.8 139.079 tors.-flex. Yes | No No 12.83
0.100 9.8x5.0x3.0 27.611 tors.-flex. Yes | Yes | Yes 18.71
0.125 10.8x4.7%2.8 36.181 tors.-flex. Yes | Yes | Yes 17.97
0.150 10.8x4.7x2.8 44.738 tors.-flex. Yes | No | Yes 17.22
0.175 11.4x4.5x2.7 55.376 | flex. minor axis | Yes No No 19.60
2.0 0.200 10.8x4.7x2.8 63.852 tors.-flex. Yes No No 18.44
0.225 10.8x4.7x2.8 72.675 tors.-flex. Yes | No No 17.50
0.250 10.6x4.8x2.8 81.223 tors.-flex. Yes | No No 15.96
0.275 10.6x4.8x2.8 90.040 | flex. minor axis | Yes No No 14.45
0.300 10.2x4.9x2.9 99.673 tors.-flex. Yes | No No 13.51
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on g Optimum cross- S| S | 2 oo Load-

é = ¢ sectional sizes of | NVygy min » Buckli d 2= TC: E|2E carrying

g @ [em] the lipped channel, [kN] uckiing mode | o —é gﬂé g —é capacity

MR [cm] 2o = é © lincreasing, %
0.100 10.8x4.7x2.8 20.192 tors.-flex. Yes | Yes | Yes 19.01
0.125 10.8x4.7x2.8 26.228 tors.-flex. Yes | Yes | Yes 18.53
0.150 10.8x4.7x2.8 32.448 tors.-flex. Yes | No | Yes 17.96
0.175 10.8x4.7x2.8 39.897 tors.-flex. Yes | No No 19.40

2.5 0.200 10.8x4.7x2.8 46.532 | flex. minor axis | Yes No No 18.38
0.225 10.6x4.8x2.8 53.195 | flex. minor axis | Yes No No 16.85

0.250 10.2x4.9x2.9 60.157 tors.-flex. Yes No No 15.22
0.275 10.0x5.0x2.9 67.017 tors.-flex. Yes | No No 12.97
0.300 10.0x5.1x2.8 74.037 | flex. minor axis | Yes No No 10.62

Table 1 and Table 2 present the optimum cross-sectional sizes for CFS
lipped channel structural members depending on the profile thickness as well
as on the different design lengths corresponded to the flexural buckling modes.
As you can see from the Table 1 and Table 2 the torsional-flexural buckling
resistance of CFS lipped channel structural members has been determinative
for the majority of the optimum decisions. Web local buckling phenomenon
has been occurred in all obtained CFS lipped channel cross-sections with
optimum sizes. Flange local buckling phenomenon as well as distortional
buckling phenomenon has been occurred in obtained optimum CFS lipped
channel cross-sections with small profile thicknesses only (up to and including
0.15 mm — for flange local buckling phenomenon and 0.175 mm — distortional
buckling phenomenon).

In order to obtain optimum solutions for cross-sectional dimensions of the
CFS lipped channel structural members which are independent from the design
flexural lengths and profile thickness, searching for a compromise solution has
been performed by exhaustive search metod with the following criterion:

IDAE ﬁde,min (t1yr)

L\t Nde,min

— min ; (32)

where Npp; min — minimum design buckling resistance of the lipped channel
structural members with optimum cross-sectional sizes according to the Tables
1 and 2; ﬁde’min (t,lef) — minimum design buckling resistance of the lipped

channel structural members with “compromise” cross-sectional dimensions
calculated depending on the profile thickness and flexural design length.

As optimization results there are two “compromise” solutions have been
obtained: C88x45x27 (for the strip width 23.2 cm corresponded to the initial
profile C100x48x18) and C98x50x30 (for the strip width 25.8 cm
corresponded to the initial profile C100x60x19). The obtained CFS lipped
channel structural members with ,,compromise” cross-sectional sizes have
higher design buckling resistance under the axial compression comparing with
the CFS lipped channels with the same stripe width proposed by the
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manufacturer [30]. The increasing of the load-carrying capacity has been
achieved in range 9.0...18.9% (for the strip width 25.8 cm) and up to and
including 12.14% (for the strip width 23.2 cm) (Tab. 3 and Tab. 4).

Table 3

CFS lipped channel structural members with optimum cross-sectional sizes

(strip width is P

max

= 23.2 cm corresponded to the initial profile C100x48x18)

; Optimum Load—car.rying Load—car.rying
2 cross-sectional . ﬁ capaCI.ty . capaCI.ty
9 t, sizes of the Nde,min Compromlse Rd.min degreasmg increasing
E’J [cm] lipped channel,|  [kN] solution, [cm] [KN] relatlr}g to the .rc:.lz.itlng to .the
= optimum initial solution,
3 [em] solution, % %
A
0.100 | 8.8x4.5x2.7 | 31.696 31.696 - 12.14
0.125 | 8.8x4.5x2.7 | 41.871 41.871 - 10.81
0.150 | 8.8x4.5x2.7 | 51.664 51.664 - 9.65
0.175| 9.8x4.2x2.5 | 63.914 63.053 1.35 11.47
1.5 10.200 | 9.8x4.2x2.5 | 73.285 | 8.8x4.5x2.7 | 72.135 1.57 9.50
0.225| 9.8x4.2x2.5 | 82.890 81.384 1.82 7.72
0.250 | 9.6x4.3x2.5 | 92.140 90.836 141 4.20
0.275| 9.6x4.3x2.5 | 102.099 100.524 1.54 4.41
0.300 | 9.2x4.4x2.6 | 111.737 110.471 1.13 2.26
0.100 | 9.8x4.2x2.5 | 21.941 21.856 0.39 10.70
0.125 | 9.8x4.2x2.5 | 28.539 28.326 0.74 9.65
0.150 | 9.8x4.2x2.5 | 35.164 34.834 0.94 8.65
0.175| 9.8x4.2x2.5 | 43.189 42.180 2.34 9.23
2.0 | 0.200 | 9.6x4.3x2.5 | 49.898 | 8.8x4.5x2.7 | 48.941 1.92 7.61
0.225| 9.2x4.4x2.6 | 56.837 56.060 1.37 6.02
0.250 | 9.2x4.4x2.6 | 64.433 63.575 1.33 3.75
0.275] 9.0x4.5x2.6 | 71.707 71.513 0.27 2.78
0.300 | 9.0x4.6x2.5 | 78.879 77.413 1.86 —0.62
0.100 | 9.8x4.2x2.5 | 15.699 15.522 1.13 9.71
0.125 | 9.8x4.2x2.5 | 20.445 20.111 1.63 8.62
0.150 | 9.8x4.2x2.5 | 25.446 24917 2.08 7.47
0.175| 9.6x4.3x2.5 | 31.099 30.361 2.37 7.34
2.5 10200 | 92x44x2.6 | 36385 | 8.8x4.5x2.7 | 35771 1.69 5.62
0.225 | 9.2x4.5x2.5 | 41.836 41.616 0.52 3.88
0.250 | 9.4x4.7x2.2 | 47.263 46.259 2.12 -0.96
0.275 | 9.8x5.0x1.7 | 53.058 49.805 6.13 —0.82
0.300 | 9.2x5.0x2.0 | 59.257 53.163 10.28 -0.67
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Table 4
CFS lipped channel structural members with optimum cross-sectional sizes
(strip width is P, = 25.8 cm corresponded to the initial profile C100x60x19)

max

= . Load-
= Load-carrying .
= . . carrying
0 Optimum cross- capacity .
5 t sectional sizes of | V, i C i ﬁ d i capacity
2 , | bRdmin | Compromise Rd.min ecreasing increasing
‘%’3 [em] the lipped [kN] solution [KN] relatlr}g to the relating to
= channel, [cm] optimum he initial
S solution, % the initia
M > solution, %
0.100 | 9.8x5.0x3.0 37.761 37.761 - 18.80
0.125 | 9.8x5.0x3.0 50.890 50.890 - 17.31
0.150 | 9.8x5.0x3.0 64.073 64.073 - 16.32
0.175| 10.8x4.7x2.8 80.942 80.182 0.94 18.90
1.5{0.200 | 10.8x4.7x2.8 92.314 9.8x5.0x3.0 | 91.342 1.05 16.85
0.225| 10.8x4.7x2.8 103.775 102.548 1.18 15.20
0.250 | 10.8x4.7x2.8 115.367 113.834 1.33 13.74
0.275| 10.8x4.7x2.8 127.125 125.231 1.49 12.40
0.300 | 10.8x4.7x2.8 139.079 136.768 1.66 11.36
0.100 | 9.8x5.0x3.0 27.611 27.611 - 18.71
0.125 | 10.8x4.7x2.8 36.181 36.085 0.26 17.76
0.150 | 10.8x4.7x2.8 44.738 44.646 0.20 17.05
0.175 | 11.4x4.5x2.7 55.376 54.463 1.65 18.25
2.0/0.200 | 10.8x4.7x2.8 63.852 9.8x5.0x3.0 | 62.643 1.89 16.86
0.225| 10.8x4.7x2.8 72.675 71.084 2.19 15.65
0.250 | 10.6x4.8x2.8 81.223 79.830 1.72 14.49
0.275| 10.6x4.8x2.8 90.040 88.914 1.25 13.36
0.300 | 10.2x4.9x2.9 99.673 98.367 1.31 12.36
0.100 | 10.8x4.7x2.8 20.192 20.065 0.63 18.50
0.125 | 10.8x4.7x2.8 26.228 25.962 1.01 17.70
0.150 | 10.8x4.7x2.8 32.448 32.066 1.18 16.99
0.175 | 10.8x4.7x2.8 39.897 38.968 2.33 17.48
2.5/0.200 | 10.8x4.7x2.8 46.532 9.8x5.0x3.0 | 45.341 2.56 16.21
0.225| 10.6x4.8x2.8 53.195 52.088 2.08 15.08
0.250 | 10.2x4.9x2.9 60.157 59.246 1.51 13.92
0.275| 10.0x5.0x2.9 67.017 66.846 0.26 12.75
0.300 | 10.0x5.1x2.8 74.037 72.718 1.78 9.00

Discussion of results. The optimum length of the single edge fold in all
optimum CFS lipped channel cross-sections was greater comparing with the
single edge fold length of CFS lipped channels proposed by the manufacturer.
The average optimum ratio of the single edge fold length to the flange width
¢/b has been obtained as 0.58. The average optimum ratio of the flange width

to the web height 5/h has been received equal to 0.46. It should be noted, that

the optimum ratio between the second moments of inertia relatively to the
minor and major axis of inertia respectively has been received for all optimum
solutions in range 0.2...0.29 due to the type of the cross-section and post-
buckling behavior of the lipped channel web. The radiuses of inertia with
respect to the main axes of inertia have been obtained for all CFS lipped
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channel with optimum  cross-sectional domensions as follow:
i, =(0.38..0.39) /1, i, =(0.37...0.41)b .

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. The obtained CFS lipped channel
structural members with optimum cross-sectional sizes have higher design
buckling resistance under the axial compression comparing with the CFS
lipped channels with the same stripe width proposed by the manufacturer.

The torsional-flexural buckling resistance of CFS lipped channel structural
members has been determinative for the majority of the optimum decisions.
Web local buckling phenomenon has been occurred in all obtained CFS lipped
channel cross-sections with optimum sizes. The optimum length of the single
edge fold in all optimum CFS lipped channel cross-sections was greater
comparing with the single edge fold length of CFS lipped channels proposed
by the manufacturer.

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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FOpuenko B.B., [lenewxo 1./].
MOIIYK KOMIIPOMICHOT'O PO3B’SI3KY B 3AJJAYAX ONITAUMI3ALIIIPO3MIPIB
MOMNEPEYHHUX MEPEPI3IB EJJEMEHTIB KOHCTPYKIIIN 13 XOJIOAHOTHYTHUX
MNPO®LIIB

VY cTarTi po3risiAacThCs 3aa4a NapaMeTPUYHOl ONTHMI3alii PO3MIpiB MOMEPEUHHX Iepepi3iB
UL CTEP)KHEBHMX €JEMEHTIB KOHCTPYKUii 13 C-MoiOHMX XOJOJHOTHYTHX NpOdiTiB, sKi
HiUIATal0Th il MO3M0BXKHBOTO CTUCKY. 3ajaya onTuMizanii copMmyiboBaHa K 3ajadya MOIIYKY
ONTHUMAJIBHUX PO3MIpIB IEpepi3iB CTEPIKHEBHX €JIEMEHTIB KOHCTPYKLiil 3 BpaxyBaHHIM iX
3aKpUTHYHOI pOOOTH (BTPATH MiCLEBOI CTIHKOCTI CTIHKM Ta MOJHIL Ta/ab0 BTpaTH CTIMKOCTI
tdopmu mepepisy), a TaKOK KOHCTPYKTHBHHX BHMOT 32 YMOB, IO HEepUMETp mpodimo (IIupHHa
IITPUIICH), TOBIIHHA MPO(III0, PO3PaXyHKOBI JOBKHHH CTEP)KHEBOIO €JIEMEHTa KOHCTPYKLIl Ta
MEXaHI4Hi XapaKTepUCTHKU CTaJi MPUAMAINCh MOCTIHHUMYU Ta Hamepen 3aJaHuMH. SIK KpHTepiit
ONTHUMAJIBHOCTI PO3MIISIAAIacs MAKCHMI3allisi Hecydol 3MaTHOCTI eleMeHTa KOHCTPYKLIi Ha BTPATy
3arasibHOI crifikocti. CopmynboBaHa 3amada ONTHMI3alii po3B’si3aHa 3a JOMOMOIOK METOLY
BHYEPIIHOrO IIOLIYKY 3 BHUKOPHCTAHHSIM I[IPOIPaMHOrO 3a0e3MEYCeHHs, PO3POOIEHOr0 MOBOIO
Python. Sk pesynprar Oynu orpumani xosogHorHyTi C-mofiGHi mpodini 3 ONTUMaIbHUMH
pO3MipaMH TONEPEYHOro rnepepidy 3ajJeKHO BiJ TOBIIMHU NPOQII0 Ta pO3PaXyHKOBHX OBXKHH
CTEP)KHEBOTO €JIEMEHTa KOHCTPYKIIi. 3 METOI OTpHMaHHs ONTHMAJIbHUX PO3MIpIB MOMEPEeYHNX
nepepiziB C-momiOHUX XOJOZHOTHYTUX NPOdITiB, MO HE 3aJSKATUMYTh BiJl PO3PaxyHKOBHX
JMOBKHH 1 TOBIMHH HOPOQIsi, 3AIHCHEHO MOMYK KOMIPOMICHOrO po3B’s3Ky. OTpumai
xononHoruyti C-momiGHi mpodini 3 ONTUMAJBHHUMH PO3MipaMH IONEPEYHHX IepepisiB
XapaKTepU3yIOTHCSl BUILOK HECYYOI0 3[aTHICTIO Ha BTpAaTy 3arajbHOI CTIMKOCTI MPH OChOBOMY
CTHCKaHHI Npu Ti camiii BuTpaTi craji (WMPUHU IUTPUICH) HOpiBHAHO 3 C-momiOHMMHM
XOJIOMHOTHY THMH IPO(IIAMH, 110 IPOMOHYIOTHCS BUPOOHUKOM HpodimiB. [t ycix onTuMaabHUX
PO3B’SI3KIB XapaKTEPHUM € SIBHIIE BTPATH MiCLIEBOI CTIKOCTI CTIHKU IPOGiIsL.

Ki11040Bi cJIoBa: X0JI0HOTHYTA CTallb, HECYYa 3aTHICTh 100 BTPATH CTIHKOCTI, 3rMHAJIBHO-
KPyTHIbHE BHUIyYyBaHHs, IapaMeTpHYHA ONTUMI3allis, METOJ BHYEPIHOIO  IOIIYKY,
KOMITIPOMIiCHHUIT PO3B’SI30K.

Yurchenko V.V., Peleshko 1.D.
SEARCHING FOR A COMPROMISE SOLUTION IN CROSS-SECTION SIZE
OPTIMIZATION PROBLEMS OF COLD-FORMED STEEL STRUCTURAL MEMBERS
A parametric optimization problem of cross-sectional sizes for cold-formed steel lipped
channel structural members subjected to axial compression has been considered by the paper. An
optimization problem is formulated as to define optimum cross-sectional sizes of cold-formed
structural member taking into account post-buckling behavior (web and flange local and
distortional buckling) of the member as well as structural requirements when the profile perimeter
(strip width), profile thickness, design lengths of the structural member as well as material
properties are constant and specified in advance. Maximization of the load-carrying capacity of the
cold-formed structural member has been assumed as purpose function. The formulated parametric
optimization problem has been solved by exhaustive search method using the software written in
Python. As optimization results the cold-formed steel lipped channels with optimum cross-
sectional dimensions have been obtained depending on the profile thickness and design lengths of
the structural member. In order to obtain optimum solutions for cross-sectional dimensions of the
CFS lipped channel structural members which are independent from the design flexural lengths
and profile thickness, searching for a compromise solution has been performed by exhaustive
search method. The obtained cold-formed steel lipped channel structural members with optimum
cross-sectional sizes have higher design buckling resistance under the axial compression at the
same material consumption (stripe width) comparing with the cold-formed steel lipped channels
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proposed by the manufacturer. Web local buckling phenomenon has been occurred in all obtained
CFS lipped channel cross-sections with optimum sizes.

Keywords: cold-formed steel, buckling resistance, torsional-flexural buckling, parametric
optimization, exhaustive search method, compromise solution.

FOpuenko B.B., [lenewixo U.J].
MOUCK KOMIIPOMUCCHOI'O PEHIEHUSA B 3AJAYAX OITUMU3ALIMA
PA3ZMEPOB IOIMEPEYHBIX CEUEHUIAJIEMEHTOB KOHCTPYKIUI U3
XOJIOJAHOTHYTHIX MPO®UJIENA

B craTtbe paccmaTpuBaeTcs 3ajava NapaMeTpUuecKOd ONTHMHU3ALUKM Pa3MEpPOB IONEPEUHbIX
CEeUYEHHUIT U1 CTEP)KHEBBIX JIEMEHTOB KOHCTPYKIHUIT 13 C-00pa3HbIX XOMOAHOTHYTHIX MpoduIei,
HOUIEKAIMX JEHCTBUIO IPOJNOJIBHOIO CXaTHi. 3ajada ONTHUMHU3aLUUCHOPMYIMPOBAHA KaK
3aj1a4ya IOUCKA ONTHUMAJIbHBIX PA3MEPOB CEUECHUH CTEPIKHEBBIX 3JIEMEHTOB KOHCTPYKLHH CydeToM
UX 3aKpPUTHYECKOH paboThl (IOTEPH MECTHOH YCTOMYHMBOCTH CTEHKH M IIOJOKH/MIHIIOTEPU
YCTOHYMBOCTH (HOPMBI CEUECHHSI), a TAKKe KOHCTPYKTHBHBIX TPeOOBAaHHH HPH YCIOBHH, YTO
nepuMeTp npodruist (ILMPUHA LITPHIICH), TOJIIMHA NPO(UISL, pacueTHbIe JUIHHBI CTEP)KHEBOIO
DJIECMCHTA KOHCTPYKUHUHUH MEXaHUYCCKHUE XapaKTCPUCTUKH CTAJIU IMPUHHUMAJIMACH MMOCTOSHHBIMHUU
Harnepea 3aJaHHbIMH. B kauectBe KpUTEPHUA ONTUMaAJIbHOCTUpacCMaTpuBajlaCb MaKCHMHU3ALUA
Hecylieil  CrmocoOHOCTH — DJIeMEHTa KOHCTPYKIIMHM HAa IOTepPH0  O0WIell  yCTOMYMBOCTH.
CoopmynupoBaHHas 3ajada ONTHMH3ALMUPCLICHA I[PU IIOMOIIM METOAAKCYCPIIBIBAIOIICTO
IIOHCKA C HCIOJIB30BAHHEM MPOrPaMMHOro obecredeHus, pa3paboTaHHoro Ha sseike Python. B
Ka4yecTBE PE3yJIbTATOB OBUIM IOJIy4YeHbI X0I0gHOrHYThie C-00pa3Hbie MPOMUINC ONTHMAIbHBIMU
pasMepaMu NONEPEYHBIX CEUEHHMII B 3aBHMCHMOCTH OT TOJIIIHUHBI l'lpOCbl/lJ'Iﬂ UPAaCYCTHBIX JINH
CTEPKHEBOI'O JICMEHTA KOHCTPYKIHH. C LEJIBIO TOJIYYCHHUS ONITUMAJIbHBIX Pa3MEPOB MONECPEIYHBIX
ceyeHuit C-00pa3HbIX XOJIOAHOIHYTHIX MPOQHIICH, HEe 3aBUCAIIMX OT PACUETHBIX IJIMH M TOJIIMHBI
npoduiisi, peann3oBaH MOMCK KOMIIPOMHUCCHOro pemeHus. [lomydeHHsle xonogHornyteie C-
o0pasHble NPOGUINC ONTUMAIBHBIMU pa3MepaMH IONEPEYHBIX CEYCHHH XapaKTEepU3YIOTCS
Gonbliell Hecyliel CrocOOHOCTHIO Ha IOTEPI0 OOLIeil YCTOHYMBOCTH HPH MPOAOTIBHOM CIKATHH
OpH TOM JKe pacxoxe crand (WMpPUHE IOTPUICH) MO cpaBHeHHIO ¢ C-o0pa3HBIMU
XOJIOHOTHYTBIMH ~ MPOQHISIMH, — TIpe[JlaraéMbIMi ~ M3roTOBHTENIeM —mpoduied. Jlns  Bcex
ONTHUMAJIBHBIX PELICHUH XapaKTePHOSIBICHHUE IOTEPH MECTHOH YCTOHYMBOCTH CTEHKH MPOGHIIS.

KirodeBble c/10Ba: XOJIOJHOTHYTas CTajb, HECYINas CIIOCOOHOCTBOTHOCHTEIBHO IOTEPU
yCTOﬁ‘-lPlBOCTPl, MSFMGHO—prTl/IHbHOC BBIITYYHBAHUEC, NapaMETPUUYCCKasd ONTHMHU3ALUA, METON
MCYEPIIBIBAIOLIETO 10U CKA, KOMIIPOMHCCHOE PEIIEHNE

YK 624.04.012.4.044, 519.853

FOpuenxo B.B.,  Ilenewo 1.J].  Tlomyk  KOMIIPOMICHOTO  poO3B’sI3KY B 3ajayax
onTumizaniipo3mipiB monepeyHux mnepepisiB ejJeMeHTIB KOHCTPYKUiil 3 XOJIOAHOTHYTHX
npodinis / Omnip mMatepiais i Teopist copyx: Hayk.-TeX. 30ipH. — K.: KHYBA, 2022. — Bum. 109.
- C.72-92.

Y cmammi posensioacmocsi 3a0aua nowlyKy OnRMuManbHux posmipie nepepizie CcmepicHesux
enemenmie KOHCMpYKYitl 3 6paxy8anHsam ix 3akpumuynoi pobomu (smpamu micyeeoi cmiukocmi
cminku ma noauys ma/abo empamu cmitikocmi popmu nepepizy), a maxodlc KOHCMPYKMUGHUX
6UMO2 3a YMOG, WO nepumemp npogina (Wupuna wmpuncu), moswuna npogQiis, po3paxyHKosi
Q06ICUHU  CMEPICHEB020  eleMEeHMA KOHCMPYKYIi ma Mexauiuui Xapakmepucmuku Ccmanii
NPUUMATUCS NOCMIUHUMU ma Hanepeo 3adanumu. Sk Kpumepiti onmumanbHoCcmi po3ensoanacs
Maxkcumizayisi Hecyuoi 30amHOCmi eleMeHma KOHCmpPYKYii na empamy 3a2anbhoi cmitikocmi. Sk
pesyabmam 6yau ompumati xon00noeHymi C-nodibni npogini 3 OnmumaibHUMU posmipamu
nonepeuno2o0 nepepizy  3aNedCHO G0  MOGWUHU NPOPINL  MA  PO3PAXYHKOSUX — OO0BICUH
CMepIHCHEeB020 eleMeHma KOHCMPYKYii. 3 Memoio ompumMants onmuMaibHux po3mipie nonepeuHux
nepepizie C-nodiOHUX XONOOHOCHYMUX NPOQINI8, WO He 3aNeHcamumyms 6i0 PO3PAXYHKOBUX
Qo6dcun I moswunu  nPo@ins, 30MUCHEHO NOWYK KOMAPOMICHO20 po38’ssky. Ompumani
xonoonoenymi - C-nodibni  npoghini 3 ONMUMANBHUMU — PO3MIPAMU  NONEPEYHUX nepepizie
XapakmepusyomsCs 6UU0I0 HeCy4010 30aMHICIIO HA 6MPAMy 3a2aibHOI CMIIKOCMI NPU 0CbO8OMY
cmuckanni npu  mitl camiu eumpami cmani nopienano 3 C-no0iGHUMU  XOIOOHOSHYMUMU
npoinAMU, WO NPONOHYIOMBCS BUPOOHUKOM NPOQINE.

In. 2. Tabu. 4. bi6mior. 30Ha3B.



ISSN2410-2547 91
Omip matepianiB i Teopis cropya/Strength of Materials and Theory of Structures. 2022. Ne 109

VK 624.04.012.4.044, 519.853

Yurchenko V.V., Peleshko I.D. Searching for a compromise solution in cross-section size
optimization problems of cold-formed steel structural members // Strength of Materials and
Theory of Structures: Scientific-and-technical collected articles — Kyiv: KNUBA, 2022. — Issue
109.—P. 72-92.

The paper considers asearching problem for optimum cross-sectional sizes of cold-formed
structural member taking into account post-buckling behavior (web and flange local and
distortional buckling) of the member as well as structural requirements when the profile perimeter
(strip width), profile thickness, design lengths of the structural member as well as material
properties are constant and specified in advance. Maximization of the load-carrying capacity of
the cold-formed structural member has been assumed as purpose function. As optimization results
the cold-formed steel lipped channels with optimum cross-sectional dimensions have been
obtained depending on the profile thickness and design lengths of the structural member. In order
to obtain optimum solutions for cross-sectional dimensions of the cold-formedlipped channel
structural members which are independent from the design flexural lengths and profile thickness,
searching for a compromise solution has been performed by exhaustive search method. The
obtained cold-formed steel lipped channel structural members with optimum cross-sectional sizes
have higher design buckling resistance under the axial compression at the same material
consumption (stripe width) comparing with the cold-formed steel lipped channels proposed by the
manufacturer.

Figs. 2. Tabs. 4. Refs. 30.
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FOpuenko B. B.,Ilenewixo U. /]. Tlonck KOMIIPOMHCCHOTO pelleHUs] B 3aJaYyax ONTHMH3AIMU
Pa3MepoB NONEPeYHbIX CeYeHUIHdIeMEHTOB KOHCTPYKIMIA M3 XOJIOHOTHYTBIX Npoduiiei//
CoIpOTHBIICHHE MATEPUAIIOB M TEOPHsl COOPYXKEHHit: Hayd.- TeX. coopH. — K.: KHYCA, 2022. —
Beimn. 109. - C. 72-92.

B cmamve paccmampusaemcs 3a0aua noucka ONMUMATbHLIX PA3MEPO8 CeUeHUll CMepICHeBbIX
9NEeMEeHmMO8  KOHCMPYKYUL — CyYemom uxX 3aKkpumuveckon pabomel (nomepu  MecmHoU
YCmMOoUuNUgOCmuU CMeHKy U NOJOKU/UTUNOMEPU YCMOUYUGOCIU (OPMbL  CeueHus), a maxdice
KOHCMPYKMUGHBIX MpeO08aHull npu YCioguu, 4mo nepumemp npouis (Wupuna wmpuncoi),
monyuna npoguis, pacuemuvle OIUHbI CMEPICHEB020 DNEMEHMA KOHCMPYKYUUU MEXAHUYECKUE
Xapakmepucmuku CmMan NPUHUMATUCL NOCMOSHHbIMUU Haneped 3a0aHHbIMu. B kauecmee
Kpumepusi ONMUMaibHOCIMUPACCMampueanacy MaKxCumMu3ayus Hecyujell CHOCOOHOCIMuU 21eMeHma
KOHCMpPYKyuu Ha nomepio obwjeil ycmouuyugocmu. B xauecmee pesyrbmamos Ovliu nomyyensl
xonoonozuymule C-06pasnvie npoQUIUC ONMUMATLHBIMU PA3MEPAMU NONEPEUHBIX CeUeHUll 6
3a6UCUMOCTIU OM MOTWUHBL RPOGUITS UPACHENHBIX ONUH CIEPICHEBO20 DNEMEHMA KOHCIMPYKYUU.
C yenvlo nonyyenus OnMUMAaiIbHbIX pasmepog nonepeunvix cevenuii C-00pasHbIx X0I00HOSHYMbIX
npoguieil, He 3ABUCAWUX OM PACUEMHLIX OJUH U MOIWUHbL NPOGUIA, Pearu3o8an NOUCK
KoMnpomuccrhoeo — pewtenus.  Ilonyuennvie  xonoonoenymuvie — C-obpasuvie  npoguiuc
ONMUMANLHBIMU — PA3MepAMU  NONEPeuHbIX CedeHull Xapakmepusylomcs Oonvuiell  Hecywell
CnOCOOHOCMBIO Ha nomeplo 00well YCMOUYUGOCHU NPU NPOOOILHOM COICAMUU NPU MOM Jice
pacxode cmanu (wupune wmpuncel) no cpasienuio ¢ C-00pasHLIMU  XOJOOHOZHYMbIMU
npoGuIsAMU, NPeonazaemMbilMu U320MogUmMeneM npopuell.

Wn. 2. Tabxa. 4. bubauor. 30 Ha3B.
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