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Abstract: The article presents comparative analyzes aimed
at determining the optimal cross-section used in cold-
formed steel purlins. The geometrical characteristics,
bending resistance and self-weight of channel, zeta and
hat cross-sections were compared. The calculations were
made using Dlubal SHAPE-THIN software for the bending
by the main axis y-y and z-z. The characteristics for the
gross and effective cross-section were determined. Based
on the first stage analyzes, a significant decrease in cross-
sectional bending resistant was observed as a result of a
local buckling. The solution to this problem may be the
use of intermediate stiffeners. In the second stage, analy-
sis of the impact of the intermediate stiffeners’ locations
on the characteristics of hat sections were conducted. Ad-
ditional intermediate stiffeners on the webs, on the upper
chord, and on the webs and upper chord (together) were
considered. A significant effect on the bending resistant
with a small increase in the element’s self-weight has been
demonstrated. In the third stage, the characteristics of a
channel, zeta and hat profile with intermediate longitu-
dinal stiffener in the middle of the web were compared.
The performed analyzes demonstrated that the hat cross-
section shows a significant advantage in bending by the
main axis z-z. This advantage can be used in case of lack
of protection against lateral torsional buckling anda larger
degree of roof slope.
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1 Introduction
In typical structure of steel single story industrial building
purlins are usually members in roof structure used as a
support of the roof decking or sheeting. In classical solu-
tions they are made of hot-rolled sections (IPE) but recent
developments in the field of construction aims at decrease
self-weight of members by the using the cold-formed sec-
tion (zeta section, channel section), which are described
in [1–3] and [4] or [5]. Making of new types of cold formed
profiles is caused by the development of technology of
fabricate thin walled structures and the freedom in the
shaping of cross-section. Difficulties appear due to com-
plicated calculating procedures used for the verifications
of limit states of thin-walled constructions. Members with
slender cross-section plates in bending and axial compres-
sion are prone to local buckling,whichmust be considered
in calculating of effective section properties. These charac-
teristics are determined according to [6]. However, these
are quite laborious and time-consuming iterative calcula-
tion procedures. The calculations recommended by the Eu-
rocode procedure are as follows:

Figure 1: Flow chart: Calculation of effective section properties
according to EC-1993-1-3
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The technology of the production enables the increase
of the stability of cross-section plates by changes in the ge-
ometry of the section for purposes of the increase of the
efficiency of the material consumption, [7, 8] and [9]. Ben-
eficial solution is the introduction of additional bends and
groove as an intermediate and edge stiffeners. In this pa-
per issues concerning design of cold-formed purlin with
hat cross-sectional without stiffeners, with flange stiffen-
ers and with together web and flange stiffeners are pre-
sented. The implementation of these stiffeners is aimed at:

– stiffening of the walls of the element,
– changing the cross-sectional class of the element to

a more favorable one,
– increase (slightly) the cross-sectional area of the el-

ement.

Changing the geometric characteristics of the cross-
section is very important taking into account checking its
resistance and stability of the element. In order to deter-
mine the abovementioned characteristics, computer aided
designmethodswere used - what was described in the arti-
cle. The SHAPE-THIN computer software was used to facil-
itate and accelerate calculations and analyzes. Computer
aided calculations also enabled the transfer of computa-
tional models and calculation results in electronic form to
other kinde of software. The article also aims to promote
computer calculations based on Fine Element Analysis, as
a complement to and in some cases alternatives to man-
ual calculations - performedusing classicalmethods. Com-
putermethods in the design and analysis of cold-bent com-
ponents have been flavored recently. Currently, there are
more andmore softwares for this typeof analysis, and their
use in this article is proof of this. The calculationswere car-
ried out according to the following scheme:

Figure 2: Flow chart: Calculation of effective section properties
using AutoCad and SHAPE-THIN software

2 Analysis of the cross-sections of
elements

2.1 Analysed cross-section

Cold-formed purlins are often made using zeta and chan-
nel profiles. These types of profiles are easy to produce
and their self-weight is relatively small compared to hot-
rolled members. To disadvantages of these elements can
be counted relatively low resistance in bending by the
main axis z-z of cross-section and vulnerability to local
buckling (sections class 4). As an alternative to zeta and
channel profiles can be used hat profiles. Though their
mass is greater than zeta and channel profiles, their bend-
ing strength by the main z-z axis of cross-section is much
more than earlier elements. To compare geometrical char-
acteristics and resistance of profiles with hat, channel and
zeta cross-section, Figure 3 and Table 1, computational
analysis were carried out.

Figure 3: View of cold-formed non stiffened cross-section: a) hat
profile, b) channel profile, c) zeta profile

Table 1: Dimensions of analysed profiles

Name hat
profile

U-
profile

zeta
profile

Height h [mm] 200 200 220
Upper chord a [mm] 140 - -
Bottom chord b [mm] 70 70 55/63
Stiffener c [mm] 30 25 25

Sheet thickness t [mm] 2 3 2
Internal radius r [mm] 2,63 2,63 2,63
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The following parameters were obtained during calcu-
lations:

– the area of the gross cross-section Agross,
– class of cross-section in bending by the main axis y-
y,

– section modulus of the gross cross-section with re-
gard to the y-y axis Wy,el,

– section modulus of the effective cross-section with
regard to the y-y axis Wy,e� ,

– resistance of cross-section in bending by the main
axis y-y MRd,y,e� ,

– class of cross-section in bending by themain axis z-z
– section modulus of the gross cross-section with re-

gard to the z-z axis Wz,el,
– section modulus of the effective cross-section with

regard to the z-z axis Wz,e� ,
– resistance of cross-section in bending by the main

axis z-z MRd,z,e� .

2.2 Computational analysis

2.2.1 Comparison of geometrical characteristics of hat,
zeta and channel profiles

All calculations were made using Dlubal SHAPE-THIN
software, [10]. The computer software SHAPE-THIN deter-
mines section properties of open and closed thinn-walled
cross-section and performs the stress analysis. Main fea-
tures of the software:

– modeling of the cross-section via elements, sections,
arcs and point elements,

– expandable library of material properties, yield
strengths, and limit stresses,

– possibility obtaining of section properties of open,
closed or non-connected cross-sections,

– possibility calculating effective properties of cross-
sections consisting of different materials,

– possibility determinating of weld stresses in fillet
welds,

– stress analysis and design of cross-sections taking
into account influence of primary and secondary
torsion,-

– checking of (c/t) ratios,
– possibility calculating of effective cross-sections ac-

cording to [11],
– classification of elements cross-section according to

[12].

SHAPE-THIN calculates all relevant cross-section
properties, including plastic limit forces and moments. In

addition to the elastic stress analysis, you can perform the
plastic analysis taking into account interaction of internal
forces for any type cross-section shape. The plastic design-
ingwith interaction is carried out according to the Simplex
Method. There is possibility choosing the yield hypothesis
according to Tresca or von Mises. It is possible to calculate
the section properties and stresses of the effective cross-
section according to [6] and [11] or [12]. Cross-section clas-
sification considers the available combination of internal
forces.

The shape (geometry) of profile cross-sections under
bending were modeled using linear or arc elements with
thickness 2mm. All calculations were made according to
[6, 11, 12] and [13]. Because of preliminary types of this
calculations, distortional buckling not was taken into ac-
count in analysis. As a static schema of the analysed ele-
ments, a self-supported single-span beam, was taken into
account. The method of supporting beam at its ends al-
lowed the beam to rotate freely at the horizontal axis and
secured the ends of the beam against torsion. The beam
was loaded by a continuous load, uniformly distributed,
in and out of the plane of y-y main axis. Results of calcu-
lations were presented in Table 2 and Figure 4, 5 and 6.

Table 2: Results of calculations, elements without longitude stiffen-
ers

channel
200×2

zeta
220×2

hat
200×2

Agross [cm2] 7,56 7,52 14,49
* - 3 4 4

Wy,el [cm3] 45,88 46,44 81,91
Wy,e� [cm3] 45,88 45,62 54,72
** - 4 4 4

Wz,el [cm3] 10,95 9,20 69,33
Wz,e� [cm3] 9,69 9,19 51,44
MRd,y [kNm] 16,29 16,49 29,08

MRd,y,e� [kNm] 16,29 16,20 19,43
MRd,z [kNm] 3,89 3,27 24,61

MRd,z,e� [kNm] 3,44 3,26 18,26
*** [kg/m] 5,93 5,90 11,37

* – class of cross-section (bending by the main axis y-y),
**– class of cross-section (bending by the main axis z-z),
***- self-weight of profile
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(a)

(b)

Figure 4: Resistance of cross-section in bending

(a)

(b)

Figure 5: a) Class of cross-section, b) Self-weight of profiles

(a)

(b)

Figure 6: a) The ratio MRd,y,e� / self-weight of the profile, b) The
ratio MRd,z,e� / self-weight of the profile

The following results have been registered and saved
during calculations:

– self-weight of profile
– class section of profile,
– geometricach characteristics gross cross-section
(area, moments of inertia, section modulus and ef-
fective lengths of croos-setion plates),

– geometrical characteristics effective cross-section
(as above),

– the extremal stress values of cross-section.

All this results were calculated automatically and next
saved on on computer mass storage systems as a as files
with calculation data. Next, this data were imported to
calculations software (calculation sheet). then they were
sorted in tables andpresented in the formof bar charts and
exported to the word procesor.

Based on results of calculations, following conclusion
can be made:

– In case of bending by the main axis y-y, only chan-
nel profile 200×2 cross-section is classified to 3 class;
zeta 220×2 and hat 200×2 profiles counts to 4 class in
bending.
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– In case of bending by the main axis z-z all profiles
are classified to 4 class in bending.

– The biggest difference between values MRd,y and
MRd,y,e� or MRd,z and MRd,z,e� is for hat profiles;
this is due to the fact that the cross section be-
longs to class 4 in bending. Making stiffeners on the
wall of the profile can reduce the cross-section class
and help to reduce the difference (increasing val-
ues of resistance of effective cross-section in bend-
ing MRd,y,e� or MRd,z,e� ).

– The value of the ratio of resistance of cross-section
in bending by the main axis y-y to self-weight of pro-
file is rather adverse for the hat profiles – because of
greater self-weight these profile than zeta and chan-
nel profiles, and reduction of resistance due to class
4 cross-section. But in case of bending by the main
axis z-z axis of cross-section, the value of this coeffi-
cient is more favorable than for other profiles.

– All conclusions provided above, may be the reason
to make longitudinal profile stiffeners, to reduce
class of cross-section and increasing their bending
strength values.

2.2.2 Influence of numbers of longitude stiffeners on
geometrical characteristics of hat cross-sections

Taking into account conclusionswritten above, the second
stage analysis was made. In this calculations, influence of
numbers of stiffeners on geometrical characteristics and
resistance of hat cross-sections were obtained. Four types
of profiles were taken into account, Figure 7:

Figure 7: View of analysed hat profiles: a) cross-section without
longitudinal stiffeners, b) cross-section with stiffener on upper
chord, c) cross-section with stiffeners on webs, d) cross-section
with stiffeners on upper chord and webs

– profiles without longitudinal stiffeners,
– profiles with stiffener on upper chord,
– profiles with stiffeners on webs,
– profiles with stiffeners on upper chord and webs.

The resistance in bending in and out of plane of y-y
main axis of cross-sectionwere determined and compared.

As previously, all geometrical characteristics of cross-
section of hat profiles and class of cross-section were cal-
culated using SHAPE-THIN Dlubal software. Results of cal-
culationswere presented in Table 3. View of effective cross-
section area of analysed profileswas presented on Figure 8
and 9.

Table 3: Results of calculations, hat profiles with longitude stiffen-
ers

hat
200×2

hat
200×2U

hat
200×2W

hat
200×2UW

Agross [cm2] 14,49 14,62 14,75 14,88
* 4 4 4 3

Wy,el [cm3] 81,91 83,32 82,00 83,41
Wy,e� [cm3] 54,72 82,48 59,84 83,41

** 4 4 4 4
Wz,el [cm3] 69,33 69,33 69,76 69,76
Wz,e� [cm3] 51,44 51,50 63,92 63,94
MRd,y [kNm] 29,08 29,58 29,11 29,61

MRd,y,e� [kNm] 19,43 29,28 21,24 29,61
MRd,z [kNm] 24,61 24,61 24,76 24,76

MRd,z,e� [kNm] 18,26 18,28 22,69 22,70
*** [kg/m] 11,37 11,48 11,58 11,68

* – class of cross-section (bending by the main axis y-y),
** – class of cross-section (bending by the main axis z-z),
*** – self-weight of profile

(a) (b)

(c) (d)

Figure 8: View of effective cross-section area of analysed hat pro-
files – bending by the main axis y-y: a) profile without longitudinal
stiffeners, b) profile with stiffener on upper chord, c) profile with
stiffeners on webs, d) profile with stiffeners on upper chord and
webs
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(a) (b)

(c) (d)

Figure 9: View of effective cross-section area of analysed hat pro-
files – bending by the main axis z-z: a) profile without longitudinal
stiffeners, b) profile with stiffener on upper chord, c) profile with
stiffeners on webs, d) profile with stiffeners on upper chord and
webs

Based on results of calculations, following conclu-
sions can be made:

– Making longitudinal stiffeners in a very small way
increases the weight of the profile – no more than
3%.

– In case of bending by the main axis y-y of cross-
section, stiffeners made only on upper chord or only
on webs do not changing class of cross-section. Just
making stiffeners together on upper chord andwebs,
reduced class of cross-section in bending.

– In case of bending by the main axis z-z of cross-
section, stiffenersmadeonupper chord andonwebs
not changing class of cross-section. Cross-section
still remains in class 4 in bending.

– Making of longitudinal stiffeners causes an increas-
ing of effective section module of profiles and its
bending resistance, Figure 10. In case profiles mak-
ing of 2 mm sheet thickness, the most effective is
making stiffeners on webs or webs and upper chord
– this causes an increase the value of resistance of
bending by the main axis y-y about 50%.

(a)

(b)

Figure 10: a) Resistance of cross-section in bending, b) percentage
increase bending capacity of cross-section in relation to the non-
stiffened profile

2.2.3 Comparison of geometrical characteristics of
cross-sections of hat, channel and zeta profiles
with longitudinal stiffeners

In the third part of calculations comparative analysis was
carried out. In this analysis three types of cross-sections
were compared: hat profiles, channel profiles and zeta pro-
files with stiffeners on webs. The stiffeners on upper chord
of profiles were neglected. It was due to the difficulty of
fixing the roof sheeting to the upper chord of purlin with
its stiffeners. Like previously, two kind of load were tak-
ing into consideration: bending by the main axis y-y or z-z
of cross-section. Due to the preliminary nature of calcula-
tions, as a static schema of the analysed elements, a single-
spanbeam, self-supportedwas taken into account. Viewof
effective cross-section of profiles (in both cases of the load)
was presented on Figure 9 and 11. Results of analysis were
presented in Table 4 and Figure 12.
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(a) (b)

(c) (d)

Figure 11: View of effective cross-section area of analysed profiles
with stiffener on the web: a) channel profile, bending by the main
axis y-y, b) channel profile, bending by the main axis z-z, c) zeta
profile, bending by the main axis y-y, d) zeta profile, bending by the
main axis z-z

(a)

(b)

Figure 12: a) Section modulus of the effective cross-section with
regard to the y-y axis Wy,e� , b) Section modulus of the effective
cross-section with regard to the z-z axis Wz,e�

Table 4: Results of calculations, hat profiles with longitude stiffen-
ers

hat
200×2W

channel
200×2W

zeta
220×2W

* - 4 3 3
Wy,e� [cm3] 59,84 48,89 46,47
** - 4 4 3

Wz,e� [cm3] 63,92 10,64 9,17
MRd,y,e� [kNm] 21,24 17,36 16,64
MRd,z,e� [kNm] 22,69 3,78 3,26

*** [kg/m] 11,58 6,03 6,00
* – class of cross-section (bending by the main axis y-y),
** – class of cross-section (bending by the main axis z-z),
*** – self-weight of profile

3 Final conclusions
Based on the results of the calculations described above,
the following main conclusion can be formulated:

– The self-weight of purlins made of hat profiles is
about two timesmore than channel and zeta profiles
with similar geometrical dimensions (the high of the
profile).

– Purlins made of hat profiles are characterized by
a relatively high bending resistance with bi-axial
bending. For this reason, it is recommended to use
them in roof structure with a large roof slope angle.

– Making of longitudinal stiffeners causes a decreas-
ing of class of cross-section and an increasing of ef-
fective section module of profiles and its bending re-
sistance.

– Due to the difficulty of fixing the roof sheeting to the
upper chord of purlin,making longitude stiffener on
this part of element can be not recommended for ex-
ecution.

– Making only one longitude stiffener on webs of hat
and channel profilesmay be ineffective. In this types
of profiles (especially for greater heights), it may be
necessary making two stiffeners to in order to im-
prove the load capacity of cross section in bending,
see. Table 4 and Figure 12.

– Finally it can be said that cold-formed steel purlins
with hat cross-section can be an alternative to
purlins with channel and zeta cross-sections and
hot-rolled members.

The above-mentioned conclusions relate to purlins,
which are secured against lateral torsional bucklingwith a
roof sheeting plate. In the case of lack of protection against
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lateral torsional buckling and a larger degree of roof slope,
hat cross-sections may be more advantageous. However,
this requires further calculations. The distortional buck-
ling, global stability and the other static schema of purlins
should be taken into consideration in further calculations.

The article was developed as part of the research
project implemented in cooperationwith the RzeszówUni-
versity of Technology and the company FPUH KOBEX, as
part of the activity: Regional Operational Program of the
Podkarpackie Voivodeship for 2014-2020, Priority axis: I
Competitive and innovative economy, Measure: 1.2 Indus-
trial research, development works and their implementa-
tion, Project type: Research and Development B+R.
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