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This document presents the calculation of the effective modulus W, e of a C profile under major
axis bending. The geometrical and material properties of the considered section are presented in
Table 1. According to prEN 1993-1-3, §7.6.1 (8), the effective section modulus We¢, should be
determined assuming that the cross-section is subject only to subjected only to bending.

Table 1: Geometrical and material properties of the considered section

Properties Denotations
h [mm] 2394
b; [mm] 64 f
by [mm] 64 “(St | | I
¢ [mm] 17,67
r [mm] 1,5
t [mm] 1,43
fyb [N/mm?] 424,44
E [N/mm?] 208192
v [-] 0,3 l ,
€[] 0,7441 A

A) Checking of geometric proportions according to prEN1993-1-3

The design method of EN1993-1-3 can be applied if the conditions of prEN 1993-1-3, §7.4 (1) are
satisfied:

e h/t<500 —  239,4/1,43=167,4<500 — OK
e b/t<60 — 64/1,43 = 44,76 <60 — OK
e ¢/t<50 — 17,67/1,43 = 12,36 < 50 — OK

In order to provide sufficient stiffness and to avoid the primary buckle of the stiffener itself, the
following conditions given in prEN 1993-1-3, §7.4 (2) should be satisfied:

e 02<c/b=0,6 — 17,67/64 = 0,28 — OK

B) Calculation of the centre line dimensions

The influence of the rounded corners can be neglected according to prEN 1993-1-3, §7.3.1 (3), if:

e 1/t<5 — 1,5/1,43=1,049<5 — OK
o 1/h,<0,10 — 1,5/62,57=0,02 <0,10 — OK
f),rf_."
Therefore:
h,=h-t=2394 - 1,43 =237,97 mm r
bpyi=bp2=b,=b-t=64 143 =62,57 mm .
= {
cp=c-t/2=17,67-1,43/2 = 16,96 mm T
I
t’[.l',r.f.1

C) Calculation of the effective modulus W.sy under bending

The section is divided into 3 internal (web and flanges) and 2 external (stiffeners) parts. The upper
flange is under pure compression while the lower flange is in tension. Both stiffeners and the web
are under linear stress distribution.



C1: Calculation of the effective widths (initial values)

All the notations used in this section are illustrated in Figure 1.
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Figure 1: Notations used in this section C

- Effective width of the internal compressed flange (EN 1993-1-5, §4.4)

The stress ratio is P = 1 (uniform compression), so the buckling factor according to EN 1993-1-5,
Table 4.1 is k; = 4. The relative slenderness is:

_ b/t 6257/143
PP 0846k, 2840744 -4

1,04

The reduction factor is:

App —0,055(3+%) 1,04 —0,055(3 + 1)

_ =0,761<1
2, 1,042

p:

The effective width (see in Figure 1) is equal to:
bess =p - b, =0,764- 62,57 = 47,59 mm
bey = bez = 0,5 berr = 0,5-47,59 = 23,80 mm

- Effective width of the edge fold / stiffener (prEN 1993-1-3, §7.6.3.3 (5))
As cp/by =16,96/62,57 = 0,271 <0,6 — ks =0,50.

The relative slenderness is:

Do %/t 1696/143
PC 284efKgoxt  284-0,744-/05
The reduction factor is:
Apc— 0188 0,793 0,188 _ 0,962

p = — =
¢ VEP 0,7932
The effective width (see Figure 1) is equal to cerr = p¢ - ¢, = 0,962+ 16,96 = 16,31 mm

C2: Calculation of the distortional reduction factor (prEN 1993-1-3. §7.6.3.2 (1))

The effective area of the stiffener is:

Age = (bex + Cepp)t = (23,80 + 16,31) - 1,43 = 57,35 mm?



The distance from the left face to the centre of the effective area of the stiffener in compression is:
. be1t(0,5b,1) 23,80 - 1,43 - (0,5 - 23,80)

b, = =62,57 — = 55,51
1= O A, ' 57,35 22 T
The spring stiffness according to prEN 1993-1-3, §7.6.3.1 (5) is:
K = Et3 1
~ 4(1—v?) bZh, + b} + 0,5b2h, ks
where ky = 0 for bending about the y-y axis.
208192 - 1,433 1
= = 0,185 N/mm?

4(1-0,3%) ' 55,512 -237,97 + 55,513 + 0,5 - 55,512 - 237,97 - 0

The effective second moment of area of the edge stiffener is:
2 2
Cerrtesr/2 Cerr _ CerftCerr/2
boit| ——— t -
¥ e ( A, ) Ttz 7T A
I = 1442,02 mm*
The elastic critical buckling stress (prEN 1993-1-3, §7.6.3.3 (7)) of the edge stiffener is:

2./KEI
Opps = —~—> = 259,88 N/mm?
’ Age

L bat? | ot
St 12 12

The relative slenderness for distortional buckling is:

Ta= | Do Ao
47 |oos 259,88

The reduction factor for distortional buckling is y; = 1,47 — 0,7231, = 0,546

C3: Calculation of the refined distortional reduction factor

An iteration process is proposed by the Code to refine the value of the reduction factor for
distortional buckling. This iteration process performed via an excel spreadsheet and the calculations
are summarized in Figure 2 below.

Flange edge fold Flange edge fold Flange edge fold
N8| 0,765 M1 0586 A [ 0,760 AL 0582 X[ 0,759 MN[] 0582
o[l 0,931 <1 Aminll 0,748 o[l 0,935 <1 Mmnl] 0,748 pll 0,936 <1 Aminl]l 0,748
b [mm] 58,27 ol 1,000 <1 beg [mm] 58,52 pll 1,000 <1 b [mm] 58,54 pl[] 1,000 <1
bgz [mm] 29,13 cex [mm] 16,96 bey [mm] 29,26 cer [mm] 16,96 bz [mm] 29,27 cex [mm] 16,96
A, [mm’] 65,91 A [mm’] 66,09 A [mm’] 66,10
by [mm] 53,362 by [mm] 53,307 by [mm] 53,304
K[N/mm?] 0,202 K[N/mm?] 0,202 K [N/mm’] 0,202
I [mm*]  1689,41 I [mm*]  1691,17 I, [mm®]  1691,29
0 [N/mm?] 255,54 O [N/mm?] 255,26 0. [N/mm?] 25524
W8] 1,289 A 1,289 N[ 1,290
Ao [ 0,538 Xa [ 0,538 A [ 0,538

Figure 2: Excerpt from excel spreadsheet

The final values after 3 iterations are:
boy = 23,80 mm ; b, = 29,27 mm ; Cefr = 1696 mm ; x4 = 0,538
Therefore t,oq = x4 -t = 0,538-1,43 = 0,769 mm




C4: Calculation of the effective section properties of the web

The position of the neutral axis in regard to the flange in compression is:

2 2
% hs | CeprXa
3 Cp(hp —7)+bp2hp +7+T

- CP + pr + hp + bel + (bez + Ceff))(d

= 128,84 mm

c

The stress ratio is P = % = —0,847 , so the buckling factor according to EN 1993-1-5, Table

41isk, =7,81—-629 + 9,781/)2 = 20,16. The relative slenderness is:
_ hy/t B 239,4/1,43

Apn = = = 1,754
PR o8 4efk, 284-0,744 20,16
The width reduction factor is:
A, n — 0,055(3 +
p =2t ( w)=0,532<1

2h
The effective width of the zone in compression of the web (see in Figure 1) is equal to:
hess = p-he =0,532-128,84 = 68,49 mm
Near the flange in compression: hey; = 0,4 - herr = 27,40 mm
Near the neutral axis: hpy = 0,6 - herr = 41,10 mm

The effective width of the web (see in Figure 1) near the flange in compression is hy = h,q =
27,40 mm, while near the neutral axis equals h, = hy, — (h; — hez) = 150,23 mm

C: Calculation of the effective section properties

The effective cross-section area is:
Agfr = tlcy + bpa + hy + hy + by + (bez + Ceopr)Xal
Agpr = 437,29 mm?

Position of the neutral axis in regard to the compressed flange:

c h h? szf)(d
t[c,,(hp—7p)+bp2hp+h2(hp—72)+71+ /!

Z, = = 142,90 mm

Acry

And in regard to the flange in tension is z; = hy, — z, = 95,07 mm.

The effective second moment of area of the cross-section is:

R3t K3t bt 3t botd  buy(xat)®  cpr(xat) Cp\ 2
1 2t | Op2 D el ez Aat) | eff +Cpt(Zt_7p) +bp2tZt2

Lppy = ——+—=
ffy =12 Y12 T 12 +1§+ 12 * 12 12
h h
+ hyt (zt — 72> + hyt (zc - 71) + be1tz2 + bey (Xat) 22

C 2
+ coprOtat) (7 = esz) = 3527426 mm*

Then, the effective section modulus is:

lsry 3527426

Wesry = = = 24.684,5 mm?
STV " max(z.;z,) 142,90 mm




