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INTRODUCTION

Cold-formed steel sections (CFS) are preferable to hot-rolled sections because of their greater versatility and because
they are well suited to be economically constructed [1]. Cold formed steel is also known as light steel. In the field of
civil engineering, cold-formed steel elements are generally used in industrial buildings as purlins, columns, trellises or
structural members, storage supports, vehicle bodies, and various types of equipment [2]. In recent years, the use of CFS

: ; tructural elements in steel construction are classified into two categories: hot-rolled sections and cold-formed sections.
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structures has increased rapidly due to significant improvements in manufacturing technologies. CFS elements are made
from steel sheets and are formed into different shapes, either by press bending of sheared sheets or coils or, more commonly,
by rolling at room temperature [3,4]. Structural elements in CFS retain their position in the light construction sector. This
is due to the important advantages of CFS: high strength/weight ratio, ease of transport, the possibility of using all
conventional assembly methods, cost efficiency, very good quality control, dimensional stability, and flexibility in the
manufacture of profiles by compared to hot-rolled sections [5,6].

In thin-walled or cold-formed steel sections, the width/thickness ratio of the plate elements is always important and the
bending failure occurs by buckling and not by deformation, which limits its loading capacity [7]. Generally, cold formed
steel sections such as U, Z, and I sections are effectively used as bending elements for purlins, wall grids, and roof slabs [8].
The strength of the elements used in the design is generally governed by buckling. They are commonly referred to as "light
gauge sections" because their thickness is normally less than 12.0mm. However, more recent developments have made it
possible to form cold sections up to 25mm thick, and open sections with a thickness of around 8mm are becoming common
in building construction. The steel used for these sections can have a yield strength ranging from 250 MPa to 550 MPa. The
elasticity value is increased from 15 to 30% [9].

In steel constructions, I sections are normally used as beams and columns. The current form of this beam is constructed
from two parallel flanges a smooth web. One of the recent developments in construction technology is the use of the
corrugated core instead of a solid core [10]. Corrugated web beams have been used for steel buildings and road bridges in
Europe since the early 1960s and for road bridges in Europe and Japan since the 1980s [11]. In addition, the shear stresses
which develop due to external loads are taken up by thin cores. If the web of an I-section is unstable (buckling), stiffeners
can also be used to compensate for stability issues. To eliminate the use of stiffeners, corrugations in the web portion can
be provided as a solution as this corrugated web provides greater lateral stiffness compared to flat webs [10,12].

CFS members are known as members subject to local, global buckling instabilities and strain, even at stress levels below the
yield point. To minimize buckling instabilities by eliminating free edges, cross sections have been developed and subjected
to extensive studies to find their varying structural behavior in the context of bending, shearing, and crushing of the web
[13].

Corrugated web beams are advantageous for the construction industry, due to the maximum lateral stiffness of the beam.
The corrugated core can be sinusoidal, triangular [14], trapezoidal and rectangular) [3,11]. A corrugated core beam is
constructed with thin-walled corrugated cores and wing plates. The profiling of the webs avoids the rupture of the beam
due to the loss of stability before the plastic limit load of the webs is reached (class 4). The main assumptions for corrugated
steel plates are negligible bending capacity with adequate out-of-plane stiffness [8].

In the literature, many researchers have attempted to use corrugated plates in the webs of hot-rolled I-beams. This
overcomes the drawbacks of conventional stiffened flat cores. Such as web instability due to bending stress and fatigue
failure. Previous researchers studied I-beams with trapezoidal corrugation for hot-rolled sections. Abbas and al [11] treated
a comparison between a beam with a trapezoidal web and the other a beam with a sinusoidal web, comparing with an I
beam. The work confirms that corrugated webs have better shear stability and fatigue resistance compared to the standard
flat web I-beam. Sumathi and al [1] showed a study of the behavior of a CFS with a solid web, a triangular corrugated web,
and a trapezoidal corrugated web. This study involves the examination of theoretical and experimental investigations of
serial specimens. Altogether three specimens wete tested with a length of 1200 mm, they are tested under two points bending
load with single support condition. Theoretical data used by Sumathi and al are calculated using the Indian standard code
IS 801-1975 [1]. In our study, the numerical model was validated by the theoretical model, which is based on the calculation
code Eurocode 3. It was found that the beam with a trapezoidal corrugation embedded web of 300 and 450 not only
increases the load capacity but also the bearing capacity compared to the beam with a smooth web in the work of Divahar
and al [8]. The use of cold corrugated webs makes it possible to increase the buckling rigidity of the beams where the folds
will play the role of stiffeners. Thus, the use of these corrugated sheets will make it possible to lighten the beams, which will
lead to a gain in weight (low thickness) and application to beams of great range.

THEORETICAL METHOD

cross-sectional shapes, new calculation methods, new construction, and assembly technologies. This reason led us to
think about a new process for manufacturing large span metal beams (12 m) of form I allowing the design of hangars.
These beams are made by a welded assembly of plates and cold folded sheets.

I n order to have an economic effect of the use of bent profiles in constructions, it is necessary to study new optimal
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The dimensional characteristics are shown in Fig. 1 and the verification of the geometric proportions are presented in the
following formulas [15]:

hy=h=1,, M
bpl :/7]72 :b_jmm/ (2)
Cpl :sz = Cp'i :Cp4 :C _;m)w (3)

Regarding the minimum thickness to be used, Eurocode 3 part 1-3 proposes the following values [15]:

1.0mm <t < 4.0 mm “

o <60 ®)
I3

b <500 (©6)
3

< <50 (7
t

To ensure sufficient rigidity and to prevent buckling of the edge stiffener, the dimensions of the edge stiffener should be
between the following values [15]:

45°< @ <135° ®)

02<—=<0.6 )

<
b

Fig. 1 shows the theoretical formulation procedure of I-beams with a single web, Figs. 2 and 3 present corrugated webs
(angular and trapezoidal). Fig. 4 shows a three-dimensional view of the beams tested and Tab. 1 summarizes all the
dimensions based on Eurocode 3.

Parameter Unit Normal web Trapezoidal web Triangular web
Height of profile, H (mm) 300 300 300
Width of flange, bf (mm) 150 150 150

Tickness of flange, tf (mm) 3 3 3

Thickness of web, tw (mm) 3 3 3
Height of web, dw (mm) 294 294 294
Length of dropped edge, C m) 30 30 30
Length of beam, L. (m) 12 12 12
Corrugation width, Cw (mm) - 50 50
Corrugation depth, Ct (mm) - 35 25
Orientation angle, © ) - 55 45

Table 1: Symbol definitions and nominal cross-sectional dimensions for the specimens.
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Figure 1: Design of I-beams with normal web.
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Figure 3: Trapezoidal web.

The cross sections of the profiles can be classified according to their ability to reach their limit state. This classification is
influenced by the ability of sections to plasticize and the influence of instabilities. The Eurocode defines four types of
classes. Gatheeshgar and al [13] describe the calculation of the effective properties of section I with flanged edges in the
upper and lower flange in more detail. The properties of effective cross-sections in class 4 are based on the effective widths
of the compression parts. To understand the phenomenon of instability of cold-formed elements, we have recourse to
calculation codes, the most widely used, namely the European code (Eurocode), in the design philosophy of this type of
profile is based on the principle of the effective width. This principle currently forms the basis of most of the calculation
codes for cold-formed thin sections.
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CES profiles are placed in class 4 because of their thicknesses and their susceptibility to local instability. In this class, the
bending moment or compressive strength of a cross section must be determined with explicit consideration of the effects
of local buckling [15] (Fig. 5).

Figure 4: Three-dimensional view of beams with different webs: (a) Normal web; (b) Trapezoidal web; (c) Triangular web.

A
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Figure 5: Diagram of moment-rotation curve of a single-span CFS beam [16].

The general iterative procedute should be applied to calculate the effective properties of the flange and the compressed
edges (plane element with edge stiffener). The calculation is carried out in three steps:

The first step is to obtain an initial effective cross section for the stiffener using the effective widths of the flanges which
are determined by considering that the compressed flanges are doubly supported as well as the stiffener provides full support
(K =00). The determination of the effective width of the compressed flanges takes into consideration the stress ratio: =1

(uniform compression) and the buckling coefficient £o=4. for an internal element in compression. The slenderness

reduced for the upper and lower flange (4,

p1> ‘o) and the determination of the initial effective widths b, 4,5, are based

on the following formulas [15]:
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The second step is the use of the initial effective cross section to determine the reduction coefficient y, , taking into account
the effects of continuous elastic retention i.e the effective parts of the edge stiffener behave as a member fully supported by
elastic springs of rigidity K along its central axis (Figs. 6a and 6b). The critical elastic buckling stress o, , of the edge stiffener

is
2V KEI
ZNAREIS (16)

with: K is the stiffness of the elastic support per unit length. For the upper edge stiffener; Is is the effective moment of
inertia and As is the effective area of the edge stiffeners. The thickness reduction coefficient y, for the edge stiffener is

i! :o:; - .ZgA;f»
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Figure 6: Distortional buckling model (a) flange with edge stiffener; (b) flexural buckling of edge stiffener as a strut on elastic foundation;
and (c) flexural buckling [17].

The reduced slendetness A, is given by the following formula [15,17]:
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By= = (17)
Xa =1 if  4,<0.65 (18)
xq =1.47-0.7234, if  0.65<4,<1.38 (19)
0.66
ld:/l_ if 1.38<4, (20)
d

In the last step, we can determine the area of the effective cross section (Fig. 7) and the effective inertia and modulus of
resistance of the effective section: we repeat the first step by calculating the effective width with the reduced compressive

stress 0, . The iteration is optional in Eurocode 3 with [17]:

ld,ﬂ—l ~ Z{/,n (21)
But
Id,ﬂ SZ{!’,%]*1 (22)
O-[V,J' :Zd & (23)
Y
be1 be2
cem | | Cetr2
h1
h2
cp1|[[ ]]|cp2
bp

Figure 7: Different effective widths of each wall constituting the gross section I; The effective section (with ted color); C 1 C 2>

L, , L,, 5 and b, are the effective widths C

s C 4 and & 2 are the non-effective areas.

p3°

Bending check

In a single span simple beam, failure occurs when the value of the bending moment (Msd) exceeds the resistance moment
of the cross section, the magnitude of which depends on the shape of the profile, the strength of the material, and the
classification of the section. In cases where the shear force exerted on the cross-section can be considered small enough
that its effect on the design resistance moment can be neglected (EC3 sets a shear force value of 50% of the plastic design
resistance to sheat). the bending resistance of the cross-section must satisfy the following conditions [15]:
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The resistance:

M
ed <1 (24)
Mc,Rd

with:
M g s the design value of the bending resistance with respect to a principal axis of the section; M, is the bending moment at

the ultimate limit state [15].

Weff ,y X f\'b
Mcra = Yl - 25)
MO
W _ Lege 26
ofiy =, (20)

C

Shearing effort:
The plastic shear strength Vpl.Rd shall be determined by [15]:

/s

V,<V, _ b ﬁ 27

= t
Rd = .
sing 70

with:

7, ra : Design value of the plastic shear strength.

¢ : Inclination angle of the web relative to the flanges.

Displacement condition:
Specify for concentrated load in the middle is three point bending [15].

i P><(Span)3 < _ Spain
max 48 E Iy — Jadm 200

(28)

Regarding Eurocode 3, the hot-rolled sections calculation procedure is used for cold-formed sections, except that this
requires the determination of the effective section, which is not easy. To enhance the analytical results, the numerical study
has been performed.

FINITE ELEMENT MODELING

engineering problems. The basic concept of finite element analysis is that a structure is divided into a finite number

of elements having finite dimensions and reducing the structure having infinite degrees of freedom to finite degrees
of freedom [18].
For finite element analysis, the advanced ABAQUS software was used for our numerical simulation [2,19-22]. The goal of
our project is the design of beam models on two supports subjected to bending. The models studied are I-beams with a
span of 12 m in cold formed steel with different web sections ie. be a solid core and a corrugated core (trapezoidal or
triangular) 3 mm thick. The ripple angle for the trapezoidal model is 55° and 45° in the triangular model as shown in Tab.
1. The cross sections of the three beams are 150 X 300 X 3 mm?. The beams were stressed by a concentrated load in the

T he finite element method is a numerical analysis technique for obtaining approximate solutions to a wide variety of
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middle (three-point bending) with increasing static loading in order to develop a more efficient element. The beams are
considered to be made of high yield strength steel for cold forming (§355 according to EN10149-2).
During the production process of cold formed elements, the initial mechanical properties of steel are often changed. The

shaping operation is usually accompanied by an increase in the elastic limit f, and the tensile strength f, . Tab. 2

summarizes the mechanical properties of the beam with a single web and the beams with corrugated webs (triangular and
trapezoidal).

When the forming force is applied to the sheet, the sheet will deform and plasticize to the desired shape reaching certain
stress. It will represent the new elastic limit if we recharge immediately. On the other hand, if we recharge after a certain
time, the elastic limit will be more important [23]. In reality, the increase in tensile strength fu is much smaller than that in

elastic limit f 1 SO the shape of the stress-strain curve of the steel will change and be like that shown in Fig. 8. In this case,

the elastic limit f is determined for a strain equal to 0.002, Young's modulus, Poisson's ratio are 2.1x10°. MPa and 0.3

respectively. In the numerical model, the manufacturing process is considered taking into account the mechanical properties
of materials determined after the production process due to residual stresses.

Density Young’s modulus  Poisson Coefficient Elastic limit  Tensile strength

Element Y E ] f 0 £ -
(kg/m?) (MPa) (MPa) (MPa)
Beam with normal web
Beam with Trapezoidal web 7850 210000 0.3 355 430

Beam with Triangular web

Table 2: Mechanical properties of the beam’s steel studied.

Curve for virgin steel
+=—+— Immediate reloading
- === Reloading after i %

strain ageing 4,

Stress

~
/| Ductility after strain agcingl

-
'I' Ductility after strain hardening 1

Ductility of virgin steel

Strain
Figure 8: Effect of strain hardening and strain aging on stress — strain characteristics [23].

Geometry and mesh

The mesh used represents a good compromise between the calculation time and the precision of the results. For the
nonlinear mechanical analysis, the beams are modeled as plate elements assembled together, then for the mesh, it refers to
the library of ABAQUS and according to a case study proposed by it. In our study; elements of the S8R type are used,
including S8R: A thick shell with 8 nodes doubly curved, reduced integration. This brick element can be used effectively in
geometric and material nonlinear analysis which have been taken into account, including plasticity, contact, large
displacements, and fracture. An example of finite element mesh of modeled beams is presented in Fig. 9.

Loading and boundary conditions
The tested beams are simply supported, the boundary conditions result in a blocking of displacements at the level of the
first support where one has (U, =U ,=U, =0). On the other hand, the other support there is a blocking of displacements

and rotation which ensures (U, =U =R _=0) (Fig. 10). The model taken is that respecting an isostatic beam where the

model symmetry has not been exploited. The external loading is bending and presented by a concentrated load applied to
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the middle of the upper flange (three-point bending) and increasing in intensity, which varies up to the load P=10£N (Fig.
11). The case taken is that of the applied charge seen that our case is a main element of resistance.

Figure 9: Finite element meshing of models: (a) Normal web; (b) Trapezoidal web; (c) Triangular Trapezoidal web.

(b)

Y
x JZ

©
Figure 10: Boundary condition for the beams studied: (a) Normal web; (b) Trapezoidal web; (c) Triangular Trapezoidal web.
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Figure 11: The loading adopted for the tested beams.

RESULTS AND DISCUSSION

main objective of this study is to analyze the behavior of beams with corrugated webs (trapezoidal or triangular)

( : orrugated web beams are advantageous for the construction industry, due to the maximum lateral stiffness. The
and a flat web, by an analytical approach and a theoretical approach. It is shown that for a load of 6 kN, the

corrugated web beams (trapezoidal and triangular) exhibited a decrease in displacement U, of around 36% and 17%

respectively, compared to the single web beam. Besides the beam I shows a concentration of displacements in the area of
application of the load with U

The triangular web beam presented a significant lateral displacement compared to the other beams (simple and trapezoidal),
this lateral displacement results in instability. On the other hand, we notice a reduction in displacement U . of about 21%

=105mm (central area) as shown in Fig. 12a.

for the beam model with trapezoidal web, compared with the solid web beam. The beam with a trapezoidal corrugated web
has a maximum load capacity compared to the smooth web [13]. A cold formed steel beam with a corrugated web has a
lower deflection than steel beams with a smooth web [18] (Fig. 12b).

—==Normal web —=—Trapezoidal web —==Normal web —==—Trapezoidal web
—&— Triangular web Triangular web
120 : : : 6 ‘ ‘ ‘
= o L £
2100’ """ o - U )
~ I ] : ‘ I I 5
> ‘ / ‘ \ ‘ ‘
S 80 - il RN =
= ‘ ‘ ‘ ‘ S
=] -
T 60t A NG NN g
g T
S =
S 40 o N =
6 E
€ ol M N S
v B
> z
0 [ 4] T T T T T

Span of beamx103 (mm) Span of beamx103 (mm)
Figure 12: State of vertical (U ) and hotizontal (U, ) displacement according to the span of the tested beams.
For a load of 6 kN, it can be seen that the trapezoidal corrugated web beam and the I-beam presented a very remarkable

rigidity from a deformation reduction point of view. A 15% reduction in deformation compared to the normal web beam.
The central area is the most stressed (the area of load application) as shown in Fig. 13. This type of deformation is of
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importance for long beams with low lateral and torsional stiffness. Similar behavior from a deformation point of view for
the simple model and the triangular model. A coincidence of curves except for the load application area has been observed.

—~—Normal web  —=—Trapezoidal web —e—Triangular web

16

R bszltéE E E L A Al E L M e eI s A IS

14 ; AR S S E ;
s et L L S T Sl s !
10 '

Strain gyyx10-4

Span of beamx103 (mm)

Figure 13: State of deformation according to the length of the studied beams.

—&=—Normal web  ===Trapezoidal web  =f==Triangular web

Stress 6yy (MPa)

-0,05 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35

Strain €yy (mm/mm)

Figure 14: Comparative stress—deformation state of tessellated beams.

For the different beams studied, we measured the state of stress deformation in the center point of the lower flange. By
describing the constitutive law of the three studied beams, the three models have a nonlinear behavior. In the linear mode,
at the beginning of the loading, the beams presented an elastic behavior whose strains are proportional to the applied forces
(&, =2%,). Plasticization of the material is obtained for higher values. Plasticity results in the dissipation of energy during
deformation, mechanical energy is transformed and leading to the irreversibility of the behavior of the material, this
mechanism also reflects the ductility of the material, which allows the beam to undergo elongation significant before
breaking up as shown in fig. 14. All three beams get plasticized before the elastic limit (355 MPa) is reached, confirming the
theory of efficient section and class 4 [15]. The single-core model exhibited large deformations. Failure occuts in the cold
formed solid core beam by distortional lateral buckling and local buckling. The triangular core beam showed an increase in
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yield strength compated to other models. The stress concentration occurs near the center point. Failure of the corrugated
beam is accomplished by lateral torsional buckling.

Fig. 15 shows the state (load - horizontal displacement Ux) in the center point of the lower flange and it was found In the
range of 0 to 7 kN, the beams with wavy (triangular and trapezoidal) have shown small displacement which translates into
a remarkable linearity. Above 7 kN, the beam with a trapezoidal web core has a lower lateral displacement of the order of
44% compared to the beam with a single web. Models (beam with single and triangular webs) have a risk of torsional lateral
buckling [12]. The triangular soul beam undergoes significant lateral displacement compared to other beams.

—t=—Normal web  ==6==Trapezoidal web  ====Triangular web |

t e

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Load (kN)

Horizontal deflection Ux ( mm)

Figure 15: Comparative state (load-deflection Ux) of the studied beams.

+dSnde sl
*3.7250-01

Figure 16: Failure mode (Mises stress state) of beams with normal webs.

Fig. 16 shows the failure mode of the single web beam modeled with the ABAQUS software which was chosen because of
its high performance and precision [19—22,24]. It is noted that the beam I has undergone a local buckling in the upper flange
at the level of the zone of application of the load in addition to a distortional lateral buckling. This last mode occurs because
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the beam is slender and is characterized by the fibre, which moves laterally, and the transverse load exerts torsion (low lateral
stiffness and low torsional stiffness).

The excessive compression in the compressed part of the beam causes this part to buckle, which causes it to come out of
its main plane of bending while the tensioned part remains in its plane.

It is observed that the ripple angle increases when the load capacity increases (Fig. 15). The rupture of the core is eliminated
thanks to the presence of corrugations in the core [25]. The trapezoidal corrugated blade has better stiffness in bending and
shearing out of the plane [20].

Fig. 17 presents the failure mode of the beam with the trapezoidal web. It showed local buckling in the load application
area. The beam is subjected to compressive forces, which is why it tends to be veiled locally. This mode only involves the
out-of-plane flexion of the top sole without deformation of the flanged junction lines, that is to say just one rotation and
no deformation (Fig. 17). It is shown from the rupture mode that the lateral buckling resistance of the web increases with
the trapezoidal corrugation web. The results are in the same trend as those of Divahar and Joanna [20].

S, Misas
SHEG, (fracton = -1.0)
(Avg: 75%)
=S, 7440+02
+S.2860+02
- «4.737@+02
=} +4.209¢+02
+3.€3Ce+02
S52e+-02
7le+-02
Ve+02
16e<=02
38a+02
.E9Se+01
- +4.€10c+01
«2.545e-0L1

Figure 17: Failure mode (Mises stress state) of beam with corrugated web: beam with trapezoidal web.

Fig. 18 presents the failure mode of the beam with the triangular web. The triangular core beam breaks by lateral torsional
deformation due to the large gap in the web section, this finding has the same tendency as those of Preethi et al [12].

The stress concentration occurs near the center point. Failure of the corrugated beam is accomplished by torsional lateral
buckling (Fig. 18).

From the point of view (load - vertical displacement Uy) at the level of the central point of the lower flange, during the
increase of the applied load, it is noted that the beams with corrugated webs (trapezoidal and triangular) presented a
maximum capacity i.e for a load of 7 kN, a reduction of displacement of order 84% and 31% for the model with trapezoidal
and triangular undulation respectively compared to the model of the simple beam (Fig. 19).

The results of the numerical study are shown in Tab. 3, which shows the maximum deflections, maximum stresses, major
moments, and the ultimate failure mode of beams with a single web and a corrugated web [18].
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Figure 18: Failure mode (Mises stress state) of beam with corrugated web: beam with triangular web.
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Figure 19: Comparative state (load-deflection Uy) of the studied beams.
Horizontal Vertical Stress Moment
deflection deflection ]
Element analytical Failure mode
U, U, o,. M
(mm) (mm) (MPa) (kN.m)
Beam with normal web 3.81 105.54 207.85 49.28 Local and lateral torsional
buckling
Beam with Trapezoidal web 3.02 86.78 175.43 39.69 Local buckling
Beam with Triangular web 5.00 67.67 266.57 64.23 Lateral torsional buckling

Table 3: Numerical results for flexural capacity.
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Figure 18: Comparison of beams moment state according to ABAQUS and Eurocode 3.

For a load of 6 kN, Fig. 18 shows a very good correlation between numerical results and those proposed by Eurocode 3
part 1-3, a difference less than 13%. The numerical results confirm that the triangular corrugated web beam has a maximum
moment capacity compared to all models, which is 25% higher than the ordinary web. The trapezoidal core configuration
has greater strength compared to the triangular and ordinary core configuration.

Eurocode 3 gives a more unfavorable state of moment compared to other models because Eurocode is based on
experimentation, which is why some failures can be found. Therefore, the corrugated steel beam is economical in all respects
[27]. The beam whose web is trapezoidal corrugated has greater moment resistance and greater rigidity compared to the
single-web beam. This displacement ductility can influence the increase in stiffness of the corrugated web [206].

CONCLUSIONS

T he numerical study and the theoretical approach on section I beams with different web shapes allowed us to draw

the following conclusions:

* Tried metal beams are made of relatively thin parts and with significant slenderness. They ate particulatly sensitive
to the phenomena of instability. The single web beam exhibited a significant lateral displacement compared to the
corrugated web beams (triangular and trapezoidal) and a local buckling, this lateral displacement results in instability
i.e a distortional lateral buckling.

* The beam with trapezoidal web showed a failure in the upper flange of the central zone which is defined by local
buckling.

* The beam with the triangular web exhibited a significant torsional lateral displacement in the central zone.

* Analysis shows that an I-beam with a corrugated web will twist out of the plane at the same time as it deforms in
the plane under the action of loads in the plane.

* By increasing the load, and in the midpoint of the bottom flange. It can be seen that the beams with corrugated

webs (trapezoidal and triangular) showed a reduction in displacement U | of the order of 84% and 31% respectively.
* The trapezoidal corrugated web presented a maximum capacity compared to the beam model with regular and
triangular web:

- A decrease of 21% in U _ displacement point of view.
- A 36% decrease in U, displacement point of view.

* Corrugated web beams are advantageous for the construction industry due to their maximum lateral stiffness.

* Corrugation improves the bending capacity and the beam stiffness, especially for trapezoidal web beams.

* The load capacity is higher for beams with corrugated webs compared to beams with a normal web.

* The European Eurocode 3 regulation is effective for dedicating to the sizing and design of thin cold formed beams.
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NOMENCLATURE

CFS: Cold-formed steel.
h : Height of profile.
laf : Width of flange.

tre Thickness of flange.

¢, : Thickness of web.
d,: Height of web.

C: Length of dropped edge.
t : Section thickness.
hy - Height of web.

b, b, : Initial effective widths.
bﬁ] /2, /aﬁz / 2 : Half initial effective widths.
Cp1 ,C}72 , C}73 , C/b4 : Initial effective width of flanged edges.

l,, 1, : Effective sole widths.

C 41 + Effective width of flanged edges.

by, b, : Effective initial height of the web.

L: Length of beam.

C,: Corrugation width

C, : Corrugation depth

O : Orientation angle.: The yield strength of steel.
1, Ultimate strength.

E: Elasticity module.

0: Poisson coefficient

¥ o : Partial factor for resistance of cross-sections.

¥ - Partial factor for resistance of members to instability assessed by member checksn.

Zg : Position of the compressed neutral axis.
0, rp + The maximum compressive stress.
7 : Density.

E: Young’s modulus.

f L.t The increased average yield strength.

P15 : The reduction factor.

¢: Ratio of moments in segment.

K : Plate buckling factor.

A: Reduced slenderness.

b1, + Effective width of the upper and lower sole (compressed and stretched).

A

Ay Effective area of a cross section.

Z_ : Position of the tensioned neutral axis.

I+ Effective moment of inertia with respect to the axis (yy).
W, + Modulus of resistance cross section.

K : Numerical coefficient depending on the type of forming.
& : Factor depending on fy.

1.2+ Reduced stretching of the upper and lower sole (compressed and stretched).
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@ : Inclination angle of the web relative to the flanges.
e : Maximum deflection.

i + Admissible deflection.
M ¢, The calculation value of flexural strength with respect to a main axis of the section.
M, : The bending moment at the ultimate limit state.

17, : Shearing force at the ultimate limit state.
P: Concentred load

17,1 ra + Design value of the plastic shear strength.

V.4 : Shear force in the ultimate limit state.
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