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Introduction

The members are checked according to the regulations given in:

Eurocode 3
Design of steel structures
Part 1 - 3: Supplementary rules for cold-formed members and sheeting

EN 1993-1-3:2006
Corrigendum
EN 1993-1-3:2006/AC:2009

Eurocode 3

Design of steel structures

Part 1 - 5:; Plated Structural elements
EN 1993-1-5:2006

Corrigendum
EN 1993-1-5:2006/AC: 2009.

The explained rules are valid for SCIA Engineer 18.0

The examples are marked by > Example



Topic Training — Code Check Cold-Formed Steel Profiles

Steel grades

The characteristic values of the material properties are based on EN 1993-1-3 - Table 3.1

Table 3.1a: Nominal values of basic yield strength f;, and ultimate tensile strength f,

Type of steel Standard Grade o Nfmm? fu N/mm?
Hot rolled products of non-alloy | EN 10025: Part 2 51235 235 360
strqcrura] slee]'s.. Part 2: Technical §275 775 430
delivery conditions for non alloy
structural steels 5355 355 510
Hot-rolled products of structural steels. | EN 10025: Part 3 S2I5N 275 370
Part 3:.Technica.l |_ie]jvery conditions for S355N 155 470
normalized/normalized rolled weldable
fine grain structural steels S420N 420 520
S460N 460 550
§275NL 275 370
S355NL 355 470
S420NL 420 520
S 460 NL 460 550
Hot-rolled products of structural steels. | EN 10025: Part 4 S2I5M 275 360
Part 4: Technir.:ﬂj delivery conditions for $355 M 155 450
thermomechanical rolled weldable fine
grain structural steels S420M 420 500
S460 M 460 530
§275ML 275 360
§355 ML 355 450
$420 ML 420 500
S 460 ML 460 530




Topic Training — Code Check Cold-Formed Steel Profiles

Table 3.1b: Nominal values of basic yield strength fy, and ultimate tensile strength f.

Type of steel Standard Grade Jyb MNimm® Jfa Nimm®
Cold mduced sieel sheet of structural | 150 4997 CR 220 220 300
quality CR 250 250 330
CR 320 320 400
Continuous hot dip zine coated carbon | EM 10326 SIH0GD4E 220 300
stee] sheet of structural quality SIS0GD4T 250 330
SOG4 F 280 360
S320GIHE 320 360
S350GIZ 350 420
Hotmlled flat products made of high | EMN 10049 Part 2 8315 MC 315 300
yield mngt.h stoels for v:c-h:! I.i::-rrning. |:'.:.I.I't 5355 MO 155 430
2z Delivery conditions tor
thermemechanically rolled steels 5420 MC 40 480
5 460 MC 460 520
500 MC 500 550
§ 550 MC 550 600
§ 600 MC 600 650
8 650 MC 650 700
700 MC 700 750
EM 10014% Part 3 8 2600 MNC 260 370
5315 NC 315 430
5355 NC 355 470
8 4200NC 420 530
Cold-rolled flat products made of high | EM 10268 H2400LA 240 340
_'r'ja]d. h‘l.l'-ajl'l",__'ih micro-alloyed steels for HIS0LA 280 70
cold forming
H3200LA 320 400
H360LA 360 430
HAM0LA 400 460
Continuously hot-dip coated strip and | EM 10292 HI60LAD 407 340 7)
f;fit;:: I;ﬁ;:"lh higher yield stength H300LAD 2802) 3707)
H340LAD 3207 400 2)
H3a0LAD 360 2) 4307)
H4201LAD 4002 460 2)
Continucusly hot-dipped zinc-aluminiom | EN 10326 S20GDHEA 220 300
{ZA) coated stee] strip and sheet SINGDLEA 250 330
SOG4 EA 280 360
S3I20GD4EA 320 300
S350GD4EA 350 420
Continucusly hot-dipped aluminium-zine | EM 10326 SI0GD+AT 220 300
{AX) coated stee] strip and sheet SI0GIMAT 250 330
SIR0GD4AT 280 360
S320GD+AT 320 300
S350GD4 AT 350 420
Continuously  hot-dipped  zinc coated | EM 10327 [0 5 1D+ 140 1) 70 1)
stop and sheet of mild el for cold DX 52047 140 1) 270 1)
forming
53047 140 1) 270 1)
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In SCIA Engineer, the following materials are provided by default:

| A nEEk © > & @@ St

5420 MC ~ |Name |SZZDGD+ZA
5460 MC Code independent
5500 MC Material type Steel
5350 MC Thermal expansion [m/mEK] 0,00
5 600MC Unit mass [kg/m*"3] 7850,0
zi;gmi E modulus [MPa] 2,1000e+05
5 260 NC Poisson coeff, 0,3
S 315 NC Independent G modulus
5355 NC G modulus [MPz] 2,076%e+04
S420NC Log. decrement (non-uniform d... 0,13
Ha40LA Colour 1
H280LA Thermal expansion (for fire resis... 0,00
H320LA Specific heat [1/gK] £,0000e-01
H3G0.A Thermal conductivity [W/mK] ~ 4,5000e+01
HA00LA Material behaviour for ne...
H260LAD .
H300LAD Material behaviour Elastic -
H340LAD EE)
H320LAD Ultimate strength [MPa] 300,0
H420LAD Yield strength [MPa] 2200
S220GD+ZA Thickness range
S250GD+ZA
S280GD+ZA
$320GD+ZA
S330GD+ZA
S220GD+AZ
S250GD+A7
S280GD+AZ
S320GD+AT
S330GD+AZ v

New Insert Edit Delete oK

Average yield strength

When EC3 is selected and cold formed sections are used, the average yield strength fya can be used

(by setting the proper data flag in the Cross Section input dialog).
The average yield strength is determined as follows (Formula (3.1) of EN 1993-1-3)

fya =fyb @ (fu _fyb)s @
]
with fyb the tensile yield strength = fy

fu the tensile ultimate strength

t the material thickness

Aq the gross cross-sectional area

k is a coefficient depending on the type of forming :
k = 7 for cold rolling
k = 5 for other methods of forming

n the number of 90° bends in the section

The average yield strength may not be used if 4., does not equal the gross area A4, (so not for

class 4 profiles).
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> Example - AverageYieldStrength.esa

Manual calculation:

- CS1:HE1000X393 — S235

- A =50020 mm?2

- tf=43.9 mm > 40 mm — fy = 215 N/mm?

- EC3 Check : N pq = % (eq. 6.10 of EN 1993-1-1)
NRd = 50020 x 215/ 1.00 = 10754,3 kN
U.C. =500/10754,3 = 0,05

- CS2: SADEFU260x8.00 — S235 - Cold formed

- A= 3330mm?

- n=2

- fya =235+ (7x2x82) / 3330 x (360-235) = 235 + 33,6 = 268,6 N/mm?
- fya=min(268,77; (360+235)/2.0)=min(268,77;,297,5)=268,77 N/mm2

NRd = 3330 x (235+(268,6-235) x 4 X (1-0,55/0,67)) / 1,00 = 866,34 kN
U.C. = 500/866,34 = 0,58

- EC3Check: Noga = Ay~ (o + (fra — fyn) -4+ (1- %))/ym (Aeff = Ag Seq. 6.3 of EN1993-1-3)

In SCIA Engineer:

Material

Cold formed channel se...
Profile Library filter
General

Draw colour

Colour

Fabrication

Buckling curves

Edit buckling curves
Flexural buckling y-y
Flexural buckling z-z
Lateral torsional buckling

Initial shape

Initial shape

Free flange geometry
Restrained by sheeting
Effective section
Advanced procedure
Cold formed

5235 - B
SADEFUZ60x3.00

All cross-sections -

MNarmal colour -
cold formed -

C
c

Default

< Awverage yield stre...
Enable
Type of forming

]

Rell forming -

Steel core thickness

Export

| 4 iL  Picture :: Fibres | Unit Warping Shear (Vy) Shear [Vz) E Centre lines || b
Cross-section layout and dimensions

Yield strenagthfy 2350 MPa
Average yield strengthf,. |268,6 MPa
k 7

n 2

Ulkimate strengthf, 360,0 MPa
Fabrication cold formed

Update

Document

Cancel
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Axial Compression Check
According to article EM 1993-1-3:6.1.3 and formula (8.3)

By 3,3298e+03 | mm?
ey 3,3296e+03 | mm?
Critical Elernent | 3

Elerment Type plane

A 0,55

hea 0,67

Mena 266,34 kM

Unity check 0,58 -
Note

The average yield strength is calculated using the gross section 4, of the initial shape.

In SCIA Engineer the average yield strength is applied in the following resistance calculations:

- Axial Tension

- Axial Compression

- Bending Moment

- Torsional moment

- Flexural buckling

- Torsional (-Flexural) Buckling

- Purlin design — Cross-section resistance

Steel core thickness
Thickness tolerances

The provisions for design by calculation given in the part 1-3 of EN 1993 may be used for steel within a
given ranges of core thickness tcor.

The default value in the EN 1993, article 3.2.4 is:

0,45mm < teor < 15mm
But this can be adapted in the National Annex.

In SCIA Engineer this default value is also taken as default but can be adapted in the National Annex
parameters:

10
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W Steel setup *
[E-EC-EN Name EC-EM
- Steel 4 Steel
-~ Member check
- Fire resistance I Member check EN 1993-1-1
-~ Cold Formed I Fire resistance EN 1993-1-2
- Plated structural elements a |Cold e EN 1993-1-3
< Partial Safety Factors EN 1993-1-3: 2(3)
4 Gamma MO0
Value [-] 1,0
4 Gamma M1
Value [-] 1,0
4 Gamma M2
Value [-] 13
< Member Steel Core Thickness EN'T993-1-3:3.2.4(1)
4 Minimal
Value [mm] o
“ Maximal
Value [mm] 15
“ Method for Chi, LT EN 1993-1-3: 10.1.4.2(1)
Formula Default EN Method
I Plated structural elements EN 1993-1-5
Load default NA parameters || oK || Cancel |

Thickness coating

In SCIA Engineer the user can choose to take the coating-thickness into account in the steel core

thickness. This can be activated or deactivated in the cross-section menu.
Default thickness is taken as 0,04mm but can be adapted for each profile.

Cross-section layout and dimensions

B Cross-section Y
Initial shape Available ~
z “ Parameters
Material 5235 - =
Cold formed Sigma-Plu... SADEFSEP300X3.0D00 ..
l Profile Library filter All cross-sections -
“ General
Draw celour MNermal colour -
Colour I
Fabrication cold formed -
“ Buckling curves
Edit buckling curves O
Flexural buckling y-y b
Flexural buckling z-z b
Lateral torsional buckling Default
“ Initial shape
Initial shape
Advanced procedure O
“ Cold formed
“ Awverage yield stre...
Y| Enable O
J < Steel core thickness
Enable
== s
4 ao Pl'dureL Unit Warping L Shear [Vy) L Shear [Vz) L Centre lines L Initial sh |l> | - | | Update | | Dooment |
| OK | | Cancel |

11
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Combinations

In SCIA Engineer, both the SLS and ULS combinations can be set according to the code rules for EC-

EN 1990. In this setup, partial safety factors and Psi factors can be set.

= ECEN |r' bination
[=- Combination

: ) (STR/GEOQ) alternative EM 1990: 6.4.3.2 (3)
- [STR/GEO) alternative B R
- Buildings Combination
- Combination setup Values Eq.6.10
- Psi factors Buildings
| - Load combination factors o
£ Bridges Combination setup
[=}- Combination setup Category H loading not to be combined with sn...
- Road bridges Value 7 yes
- Footbridges _ e . .
.. Railway bridges Psi factors EMN 1990: Annex Al Table A1.1
[=)- Psi factors Psi factors
- Road bridges Load combination factors
- Footbridges _ - T o - “e
. ) Fundamental combination (STR/GEQ) Set B EM 1990: Annex Al Table A1.2(B)
- Railway bridges
[=)- Load combination factors Permanent action - unfavorable
- Road bridges Value 1,35

- Footbridges

. ) Permanent action - favorable
- Railway bridges

- Reliability class Value 1,00
Leading variable action
Value 1,50
Accompanying variable action
Value 1,30
Reduction factor ksi
Value 0,85
Fundamental combination (STR/GEQ) Set C EM 1990: Annex Al Table A1.2(C)

Permanent action - unfavorable

; Value 1,00
Permanent action - favorable
Value 1,00

. . v
Load default MA parameters oK Cancel

Following EC-EN 1990:2002 the ULS combinations can be expressed in two ways.
- Using Equation 6.10

Z7G,JGk,j I+I7/PPI+I7Q,1Qk,1'+lz7/Q,iW0,iQk,i

j>1 i>1
- Using Equations 6.10a and 6.10b

ZyG,in,j +'7p P""I7/Q,1W0,1Qk,1l+'Z7Q,iWo,iQk,i

i1 i>1
Zé:ij,ij,j I+IyPPI+IyQ,le,ll_'_IZ}/Q,il//O,iQk,i
1 i>1

Both methods have been implemented in SCIA Engineer. The method which needs to be applied will
be specified in the National Annex.

2 Example

Consider a simple building subjected to an unfavorable permanent load, a Category A
Imposed load and a Wind load.
This example is calculated using Set B.

for unfavorable permanent actions yc = 1,35
for the leading variable action yg1 = 1,50
for the non-leading variable actions yq, = 1,50

yo for Wind loads equals 0,6

12
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yo for an Imposed Load Category A equals 0,7

Reduction factor for unfavourable permanent actions & = 0,85

Using equation 6.10:
— Combination 1: 1,35 Permanent + 1,5 Imposed + 0,9 Wind
— Combination 2: 1,35 Permanent + 1,05 Imposed + 1,5 Wind

Using equations 6.10a and 6.10b:

— Combination 1: 1,35 Permanent + 1,05 Imposed + 0,9 Wind
— Combination 2: 1,15 Permanent + 1,5 Imposed + 0,9 Wind
— Combination 3: 1,15 Permanent + 1,05 Imposed + 1,5 Wind

13
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Local and distortional buckling

Initial shape

For a cross-section defined as cold formed, the Initial Shape must be defined. This initial shape is
supported for the following cross-section types:

- Standard profile library cross-sections

- General thin-walled sections

- General sections with thin-walled representation

- Thin-walled geometric sections

- All other sections which support the centreline and do not have roundings
- Cold formed Pair cross-sections of profile library sections

The inputted types of parts are used further for determining the classification and reduction factors.
The thin-walled cross-section parts can have for the following types:

F Fixed Part — No reduction is needed

I Internal cross-section part

SO Symmetrical Outstand

uo Unsymmetrical Outstand

A part of the cross-section can also be considered as reinforcement:

None Not considered as reinforcement

RI Reinforced Internal (intermediate stiffener)

RUO Reinforced Unsymmetrical Outstand (edge stiffener)

DEF Double Edge Fold (edge stiffener)

ROU and DEF reinforcement types can be set only to elements of type SO or UO.
RI types can be set only to elements of type | or UO or SO.

In case a part is specified as reinforcement, a reinforcement ID can be inputted.
For general cross-sections neighbouring elements of type Rl are seen as one stiffener for the
calculation of the stiffener area and inertia:

+ /: N +

I(RI) I(RI)

Note
For all cold formed cross-section types, the initial shape is generated automatically. Only for the user
created General cross-sections, the user has to manually insert the correct cross-section part types.

> Example - WS CFS 02.esa

14
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Initial shape — Cross-section CS1 (Cold formed C section from Library)

s,—;-f

] Draw part numbers

Ye [mm] Zc[mm]  A[mm~2] Ybeg[mm] Zbeg[mm] Yend[mm] Zend [mm] t [mm] Jlement typt  Reinf.type
1 0 338 19,09 64,22 15,00 64,22 2,76 1,56 RUO
2 31,84 100,66 485 64,22 276 62,24 078 156 F none
3 3250 078 92,79 276 078 62,24 0,78 156 | none
|| 2 33,16 100,66 485 078 276 2,76 078 156 F none
Il s 0,78 100,00 303,39 078 276 0,78 197,24 156 | none
] 33,16 99,34 485 078 197,24 2,76 199,22 156 F none
7 3250 199,22 92,79 276 199,22 62,24 199,22 156 | none
8 31,84 99,34 485 62,24 199,22 64,22 197,24 156 F none
9 64,22 191,12 19,09 64,22 197,24 64,22 185,00 156 U0 RUO
__Initial shape — Cross-section CS2 (general cross section):
Ye [mm] Zc[mm]  Almm”2] Ybeg[mm] Zbeg[mm] Yend[mm] Zend [mm] t [mm] dlement typt  Reinftype
1 0 7.10 2,15 £3,40 14,20 63,40 0,00 1% [0 - RuO
2 31,70 0,00 98,90 63,40 0,00 0,00 0,00 156 | - none
3 0,00 99,20 309,50 0,00 0,00 0,00 198,40 156 | ~ none
|| 4 31,70 198,40 98,90 0,00 198,40 63,40 198,40 156 | - none
Il s 63,40 191,30 2215 63,40 198,40 63,40 184,20 156 U0 ~ RUO

-2I
[ ok ]

/] Draw part numbers OK

Cancel

Cancel

Effective shape

Influence of rounded corners

In cross-sections with rounded corners, the notional flat widths b,, of the plane elements should be

measured from the midpoints of the adjacent corner elements as indicated in figure 5.1 EN 1993-1-3

“Notional widths of plane cross sections parts b,".

This principle is implemented in SCIA Engineer.

15
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{a) midpoint of corner or bend

X 1s intersection of midlines

P is midpoint of corner
Fm=r+t/2

( o) Lo
gr=Tm [ tan[E} - 51n{5} ;

i (c) notional flat width by, for a web

< b - {.’Jp = slant height sy,)

(d) notional flat width by, of plane

parts adjacent to web stiffener

b \
]

(b) notional flat width by, of plane

parts of flanges (e) notional flat width by, of flat parts

adjacent to flange stiffener
Figure 5.1: Notional widths of plane cross section parts b, allowing for corner radii

Article 5.1(3) of EN 1993-1-3 gives an alternative procedure to calculate the influence of rounded
corners, but this approximate procedure is not supported in SCIA Engineer. SCIA Engineer will always
calculate the influence with the exact procedure.

16
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Geometrical proportions

The geometrical proportions are checked according to EN 1993-1-3 article 5.2(1) Table 5.1 “Maximum
with-to-thickness ratios”:
Table 5.1: Maximum width-to-thickness ratios

Element of cross-section Maximum value

HLH }(LH b/t< 50

|E b ali |IE b _Hi b/t< 60

< < c/t=350

H;"li k‘;’li b/t<90

J_ ¥ Vo ¢ c/t< 60

r
)
Y
i
i
r

d/t<= 50

HLH H;H b/t< 500

45° < < 90°

R/t = 500 sing

The limits for edge stiffeners (c) and double edge folds (d) are checked in case the correct stiffener
type (RUO or DEF) has been set in the initial shape.

Also the limit ratios given in EN 1993-1-3 article 5.2(2) are checked.
02 <c¢/b<0,6
01 <d/b<0;3

In article 5.2(2) is set that if c/b < 0,2 or d/b < 0,1 the lip should be ignored, but in SCIA Engineer lip
dimensions ¢ and d are however always accounted for and will not be ignored.

In addition the limit for the internal radius given in EN 1993-1-3 article 5.1(6) is checked:
Where the internal radius r > 0,04 t E / f, then the resistance of the cross-sections should be
determined by tests.

Note

If the maximum value for the width-to-thickness ratios is exceeded, EN 1993-1-3 described that the
steel cold formed checks still can be executed if the limit states are verified by an appropriate number
of tests.

17
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If this maximum value is exceeded in SCIA Engineer, the program will give a warning message in the
preview window, but will perform the check following EN 1993-1-3.

2 Example — WS CFS 07.esa

Warning message if c/b exceeds the maximum value:

EC-EN 1993 Steel check ULS

Linear calculation

Load case: LC1

Coordinate systemn: Principal
Extreme 10: Member
Selection: All

EN 1993-1-3 Cold Formed Code Check
Mational annex: Standard EM

Member B1 |0,000/ 3,000m |Cold formed C S280GD+#A (LC1 (0,53 -
section (200; 80; 2;
6; 80)

Partial safety factors

v for resistance of cross-sections 1,00

vy for resistance to instabilioy 1,00

vz for resistance of net sections 1,25

Varning: Cross-Section dimensions ratio is outside the imit: 0.2 == c¢/b <= 0.6 (Art. 5.2(2)).

Yield strengthfy 280,0 MPa
Ultimate strengthfs |360,0 MPz
Fabrication cold formed

General procedure for one element

By default EN 1993-1-3 specifies that the stress f (6., £4) t0 be used for the effective section
calculation should be taken as f /¥ uo-

The reduction of an element is in general given by:

besr =pxb

With

Dert effective width
p reduction factor
b full width
Step 1:

For the given stress f the normal stress over the rectangular plate element of the initial geometrical
shape is calculated. These stresses are calculated based on the nominal width by.

18
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29
1 & 2 - Stresses based on bp

1" & 2' - Stresses based onw

Obeg: NOrmMal stress at start point of rectangular shape — compression stress is positive
cend: NOrmal stress at end point of rectangular shape — compression stress is positive

If the rectangular shape is completely under tension, i.e. obeg and cend are both tensile stresses, no
reduction is needed, p = 1.0

Step 2: Determine f1 and 2:

In case |ab3g > |6,0ql
f1 = Opeg
[y = Ocnd
In case |ab3g < ool
f1= Ocnd
f2 = Obeg

Step 3: Calculate the stress gradient y:

Y ="f/f

Step 4:
If = 1 the element is under uniform compression, else the element is under stress gradient.

Depending on the stress gradient and the element type, the effective width can be calculated as
specified in the following paragraphs.

Internal Compression Elements

The effective width of internal compression elements is calculated according to EN 1993-1-5 article
4.4 and Table 4.1.
This applies to elements of type I. The notional width b,, is used as b.

19



Topic Training — Code Check Cold-Formed Steel Profiles

Table 4.1: Internal compression elements

Stress distribution (compression positive) Effective” width by
w=1:
o [0 [T =
be bk be2 Deit = p b
b
bey = 0,5 b bey = 0,5 byt
s I m « B
bet |, | be bei=p b
A A )
b, = b, bes = begr - be
@ TS " A it - Del
ya b - b ¥ ur< “
X ”.HTI\WM ny
_&l‘ b WJQ bi_\ﬂ':pb(_-:p b)'r(l—!r-'f]
b I} ber = 0.4 b ber = 0.6 byt
W= sl 1 1>y>0 0 O0>y>-1 -1 1> w>-3
Buckling factor k; | 4,0 | 8,2/(1,05+y) | 7,81 7.81- 6,29y + 9,78y~ 239 5,98 (1 - y)*

Outstanding Compression Elements

The effective width of internal compression elements is calculated according to EN 1993-1-5 article
4.4 and Table 4.2.
This applies to elements of type UO and SO. The notional width b,, is used as c.

Table 4.2: Outstand compression elements

Stress distribution (compression positive) Effective? width by
beg 1>w=0

% br=pc

L ¢y

br be w<:
M ”
ber=pb.=pc/(1-y)
% W b
W = 0,/0; 1 0 -1 | z2w=-3
Buckling factor k, 0,43 0,57 0,85 0.57-0.21w + 007y
| b
ef 1>w=0:
(I
% ber=pc
PR
f Dert
w<l:
G
o br=pb.=pc/(l-w)
) be b
w = 0.0y 1 1>y >0 0 0>w>-I1 -1
Buckling factor &, 043 0,578/ (wr + 0,34) 1.70 1.7-5u+ 17 1y 238

> Example WS CFS 06.esa
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Input type |

| » Compression M-

| Bending My+ |
Bending My-
Bending Mz+
Bending Mz-

Tk
ﬂu
+

Values

fyd |220000,000  KkN/m"2
MO 1,00 —3

Update

| Overall iterations

Use Annex E

Owerall iterations: 0
Stiffener terations: 0

Calculation time: 1 [ms] § t 1 N

EBS =0 m o I T defaurt - (8 " defautt -

) e

b bel baz Effsctve chaps ~
pemy pmmy penen)

Er
T
o
e

e peank peis E E
1{uo 2a| 2mmom|  zomogm 10 [ 10 aa )
1 47 220000000 220000000 10 40 as 10
s |uvo 29| 2mmom|  20m0000 10 [ 10 a8 2

&

24 24

w

hp v

Cancel

General method for Plane elements with Edge or intermediate Stiffeners

Article 5.5.3.1 (En 1993-1-3) gives the general method for plane elements with edge or intermediate
stiffeners.

The design of compression elements with edge or intermediate stiffeners should be based on the
assumption that the stiffener behaves as a compression members with continuous partial restraint, with
a spring stiffness that depends on the boundary conditions and the flexural stiffness of the adjacent
plane elements.

The spring stiffness per unit length may be determined from:

K=u/é

where ¢ is the deflection of the stiffener due to the unit load u acting in the centroid (b1) of the effective
part of the cross-section.
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b, L |

S T ‘
H‘ W - — - ,I_}
fo } 3
a) Actual system 7 !

b

e

b) Equivalent system

u u
*‘“J‘?T *I"L'T
|
: l

w——T' pl—

Compression Bending Compression Bending

¢) Calculation of & for C and Z sections
Figure 5.6: Determination of spring stiffness
In case of the edge stiffener of lipped C-sections and lipped Z-sections, Cy should be determined with

the unit load u applied as shown in figure 5.6(c). This results in the following expression for the spring
stiffness K for the flange 1:

K= Et3 1
~ 4(1-v?) bZh, + b} + 0,5b,byh, ks

Where

b1 see figure 5.6(a)

b1 see figure 5.6(a)

hw is the web depth

ki =0 if flange 2 is in tension (e.g. for beam in bending about the y-y-axis)

ki =As2 [ As1 if flange 2 is also in compression (e.g. for beam in axial compression)

ki =1 for a symmetric section in compression

As2 and As1 is the effective area of the edge stiffener (including effective part bez of the flange,
see figure 5.6(b)) of flange 1 and flange 2 respectively.

Note

This formula of K (given in the EN 1993-1-3) is based purely on simple sections with two flanges. In
case of more complex cross-sections, the only exact procedure is to perform a numerical analysis
(finite strip method) to determine the critical stresses for local and distortional buckling. This is
referenced as the “general procedure” given in article 5.5.1(7). This method is currently supported by
SCIA Engineer using the option “Advanced procedure” in the cross-section properties.

In addition to the standard procedure described in the previous paragraphs for the calculation of the
Effective Shape, also the Advanced Procedure described in EN 1993-1-3 art. 5.5.1(7) is supported.

This procedure does not use analytical formulas for calculating the critical local- and distortional buckling
stresses of the different elements, but instead uses the values obtained by a numerical (stability)
analysis.
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When this setting is activated within the Cross-section, the user can input the minimal local- and
distortional buckling stresses obtained from numerical analysis for the different effective shapes. These
stresses are then used for the calculation of the effective widths and thicknesses.

The following provides an overview of the different steps:

1) Calculate the elastic buckling stresses and identify the corresponding buckling modes

2) Calculate the effective width(s) according to 5.5.2 for locally buckled cross-section parts based on

the minimum local buckling stress

3) Calculate the reduced thickness (see 5.5.3.1(7)) of edge and intermediate stiffeners based on

the minimum distortional buckling stress

4) Calculate overall buckling resistance according to 6.2 based on the effective cross-section from steps

2) and 3).

Within SCIA Engineer, this advanced procedure can be used by ticking on the option Advanced

procedure in the cross section properties.

Initial shape Bailable fa}
Parameters
Z Material 5220GD+Z - B
Cold formed channel se... KU50/30x1.5
Profile Library filter All cross-sections -
General
Draw colour Marmal colour -
Celour |
Fabrication cold formed -
Buckling curves
Edit buckling curves
Flexural buckling y-y c
>< V Flexural buckling z-z c
N Lateral torsional buckling Default
Initial shape
£
"Advanced procedure v
"Cold formed
N Average yield stre...
Enable 4
Type of ferming Roll forming -
Steel core thickness
Enable v
4] E Picture | Unit Warping Shear [Vy) Shear [Vz) E Centre lines Initial sh | [= Update Cocume
Cancel

Cross-section layout and dimensions

Next the user has to insert the elastic buckling stresses manually:
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Effective shape Sigma,cr,l [kN/m"2] Sigma,cr,d [kN/m"2]
1T N 220000,000 220000,000 |
2 My+ 220000,000 220000,000 I
3 My- 220000,000 220000,000
4 Mz+ 220000,000 220000,000
5 Mz 220000,000 220000,000

Plane elements with Edge Stiffeners

The procedure for determining the effective width/thickness of elements with edge stiffeners is given in
EN 1993-1-3 article 5.5.3.2 and 5.5.3.1.
This applies to elements of type RUO and DEF.

— &
k.
— A
L

b/t « B0 bf'rfﬂgﬂ' baff
a) single edge fold b) double edge fold E‘j
Procedure:
. Step 1: Obtain an initial effective cross-section for the stiffener using effective widths
determined by assuming that the stiffener gives full restraint and that ocom rq = fyb/Ymo-
. Step 2: Use the initial effective cross-section of the stiffener to determine the reduction
factor for distortional buckling, allowing for the effects of the continuous spring restraint.
. Step 3: Optionally iterate to refine the value of the reduction factor for buckling of the
stiffener.
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a2

;@Mﬂ e/ Tino

Iteration 1

Iteration n

Step 1:

Tra—

Ceff,n—lr

a) Gross cross-section and boundary conditions

-+« C—»

b) Step 1. Effective cross-section for K=o
based on Ok :Jf;-'x"lr.}‘ﬂﬂ

¢) Step 2: Elastic critical stress o, for
effective area of stiffener A, from step 1

d) Reduced strength y, £,/ foreffective
area of stiffener A,, with reduction factor ¥4
based on .

e) Step 3: Optionally repeat step 1 by
calculating the effective width with a reduced
COMpressive Stress Gromedi = Fafvn / o With
from previous iteration, continuing until 7, = »
din-1) bUt Xd.n = Id.f_n- ).

f) Adopt an effective cross-section with b.o, Cep
and reduced thickness 4 corresponding to 3, ,

Determine the effective width with EN 1993-1-5 article 4.4 and Table 4.1.

(2)  The reduction factor p may be taken as follows:

- internal mmpression elements:

p=10

A, —0,055(3+y)

- outstand COmp[‘Gh'SiOII elements:

p=10

—9

Ay

<10

for A, <0.673

for 1, >0.,673 , where (3+w)=0 4.2)

for A, <0.748

for A, >0,748 (4.3)
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For a single edge fold stiffener:

Cerf = pbp,c _

pis obtained from EN 1993-1-5, (with the notional width b,, is used as b), except using a value of the
buckling factor ks given by the following:

If bp,c / bp S 0,35 => ko- = 0,35

f0,35<bpe/bp<06  => k, = 0,5+ 0,833\/(bpyc/bc ~0,35)°

For a double edge fold stiffener:

Ceff = pbp,c —
pand ks are obtained from EN 1993-1-5 — Table 4.1, (with the notional width b,, is used as b)

defr = Pbpa _
pand ks are obtained from EN 1993-1-5 — Table 4.2, (with the notional width b,, is used as b)

10,35 <bpe/bp<06  => k, = 0,5+ 0,833\/(bpyc/bc ~0,35)°

Step 2:

The effective cross-sectional area of the edge stiffener As is calculated correctly, with the exact value

for bp.

And the elastic critical buckling stress:

_2JKE],

Ocrs =
’ A
s

Step 3 (alternative):
The reduction yq for the distortional buckling resistance of an edge stiffener should be obtained from
the value of g, ;.

The reduction factor yq for distortional buckling resistance (flexural buckling of a stiffener) should be
obtained from the relative slenderness 1, from:

xa =10 if g < 0,65
Xa=147-0,7232, if 0,65 < 1, < 1,38
yg =228 if 1g =138

Ad

Where: 14 = \/f,/0crs

If x4 < 1,0 it may be refined iteratively, starting the iteration with modified values of p obtained with
Ocom,Ed,i = deyb/yMO so that:

/Tp,red = /Tp\/ Xd
The reduced effective area of the stiffener Asred allowing for flexural buckling should be taken as:
foulY

yb!/ ¥ MO

Agrea = XdAs
Ocom,Ed,i

Conclusion
In determining effective section properties, the reduced effective area Aseq Should be represented by
using a reduced thickness treq = t Asred / As for all the elements include in As.

Plane elements with intermediate Stiffeners

The procedure for determining the effective width/thickness of elements with intermediate stiffeners is
given in EN 1993-1-3 article 5.5.3.3 and 5.5.3.1.
This applies to elements of type RI.
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Figure 5.9: Intermediate stiffeners

This principle is also shown on the figure below:

B T (e
J— —_ —
_T:.Ibtm }"‘b”‘?}’g" b:m +<—‘bae2'i

K
TTTTTTTTT
Cl;.'[.s
] RERRAREN
|
A = a2
K3
X fyb"ffmc-
_L | I f;-b"f-'erC'
_‘t_‘r — — w—
<
lteration 1 K=
FaY
f/ ) , I
vt Mo Adn fytf' Mo yb' o

1 o
S ———

K 3

W

Iteration n

BAAA

fyts'f?’mc ' I;, AR fyb'f?im
t

! o
IENE NN

Tr% ’ }*aj :

ﬂ

1,220 2g1,n

a) Gross cross-section and boundary conditions

b) Step 1: Effective cross-section for K = e based on
OeomEd = fyb/ 0

¢) Step 2: Elastic critical stress ¢, for effective area
of stiffener A, from step |

d) Reduced strength y 4 f, /3 for effective area of
stiffener A, . with reduction factor 3 4 based on G,

e) Step 3. Optionally repeat step 1 by calculating the
effective width with a reduced compressive Stress Gomedj
= ¥afeo! a0 with g from previous iteration, continuing
until Aan= Fdin-1) but anS Yam-1).

f) Adopt an effective cross-section with by 2, b3y and
reduced thickness f.q corresponding to yu,
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Step 1:
Determine the effective width with EN 1993-1-5 article 4.4 and Table 4.1.
(2)  The reduction factor p may be taken as follows:

- internal L"(lll'lpl'ﬂ.‘isi(l[] elements:

p=10 for ZP <0,673
A, —0,055(3 ~
= A 007, ( erf) <10 for A, >0,673 . where (3+ yf)é 0 4.2)
Ap
- outstand compression elements:
p=10 for A, <0,748
A, —0,18 -
_Ar 0188 for 4, 0,748 @3
Ap
where Zp = L :7‘!}”
o, 284¢e.Jk,

Table 4.1: Internal compression elements

Stress distribution (compression positive) Effective” width by
w=1:
o [T [T = ’
ber |, |, e = »
A p A beii=p b
b-c] =05 beﬁ b-c? =05 b-c]'f
s I o « B
bet |, | be beir=p b
7 b 2
bcl = 5_ v bq_‘f b-cE = beff‘ b-cl
- b _r b ¥ w< 0:
“ mﬂ]\m\ )
P e o, ber=pb.=p b/ (1-w)
b ] bo=04bs  be=06by
W = dalo I 1>w>0 0 0>wp>-1 -1 Al>w>-3

Buckling factor k, | 4,0 8,2/ (1,05+y) | 7.81 7.81-629 +9.78y° 239 5.98 (1 - )

The effective cross-sectional area of the edge stiffener As is calculated correctly in SCIA Engineer
using the real cross section.

Step 2:

And the elastic critical buckling stress:

_2JKEI,

Ocrs =
’ A
s

The reduction yq for the distortional buckling resistance of an edge stiffener should be obtained from
the value of g, ;.

The reduction factor yad for distortional buckling resistance (flexural buckling of a stiffener) should be
obtained from the relative slenderness 1, from:

Xa =10 o 14 0,65
xa=147-07231, if 0,65 < 1, < 1,38

28



Topic Training — Code Check Cold-Formed Steel Profiles

Xa = et if Ay =138
Adq

Where: A4 = ./f,/0crs

Step 3 (alternative):

If x4 < 1,0 it may be refined iteratively, starting the iteration with modified values of p obtained with
OcomEd,i — deyb/}/MO so that:

A_p,red = l_p\/ Xd
The reduced effective area of the stiffener Asred allowing for flexural buckling should be taken as:
fyu!Ymo

o-com,Ed,i

As,red = XdAs

Conclusion
In determining effective section properties, the reduced effective area Aseq Should be represented by
using a reduced thickness treq = t Asred / As for all the elements include in As.

General procedure of Effective Shape Calculation

The gross-section properties are used to calculate the internal forces and deformations.

The general procedure which combines the effective calculation of plane elements without and plane
elements with stiffeners is given in EN 1993-1-3 article 5.5.2(3) and article 5.5.3.

This procedure can be written out as follows:

e Step 1: The effective width of the flanges and edge/intermediate stiffeners within the flanges are
calculated based on gross section properties.

e This includes the optional iterative procedure for the edge/intermediate stiffeners.

e Step 2: This partially effective shape of the previous step is used to determine the stress gradient
and effective width of the web.

e This includes the optional iterative procedure for the intermediate stiffeners.

e Step 3: The end result of the previous two steps is the effective cross-section and its properties
can be calculated

e Step 4: This process can now be optionally iterated using the stress ratio based on the effective
cross-section instead of the gross cross-section.

Both iteration procedures (iteration of stiffeners and iteration of the full cross-section) can be set in the
Steel setup:
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[=-EC-EN Name EC-EM
E Sfee\ Steel
- Member check
elative deformation Member check
re resistance Fire resistance
mit slenderness
oid Formed Local and Distortional Buckling EN 19
ated structural elements Use manufacturer provided effective section properties

----- Autodesign Stiffener iterations

Overall Cross-sectien iteration

Local Transverse Forces

Combined Bending and Axial Compression

Buckling Resistance of the Free Flange
Plated structural elements

Limit slenderness
Buckling defaults
Relative deformation
Autodesign

Load default non-NA parameters Load default NA parameters

oK

> Example WS CFS 02.esa

In this example the differences between the options “Stiffener iterations” and “Overall iterations”

activated can be seen:
Look at cross-section CS2 — Positive bending around y-y:

[ ]overall iterations

[ ] stiffener iterations Stiffener iterations

[v/] overall iterations

4 4 |

_ . J_; - ﬂﬁ

[y
[F¥

b
_—i—
—
[
_—i—
P

[
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General cross-sections

Besides the cold-formed steel profiles that are available in the SCIA Engineer steel profile library, the
user can create his/hers own customised cold-formed cross-sections in SCIA Engineer.
This can be done in two separate ways:

e Thin-walled geometric
e General (using DWG/DXF files)

Thin-walled geometric

Using the option Thin-walled geometric, the user can select the shape of the cross-section and insert
all the dimension properties manually.

Mew cross-section =

Available groups Available items of this group Items in project

T Profile Library C51 - Cold formed C sectio
: Geometric shapes

C52 - General cross-sectior’
g Mumerical

%Y General
L Pairs l:l Q
n Closed

: Haunch

T welded 1
TT Sheet welded
_I_ Build-in beams

.Thin-walled geometric

I Fabricated
I virtual joists

I Westok
Cold formed C s »
3 section
Prafile Library filter - Add || Close
T Cross-section b
Mame Cs1 -
Type Cold formed C section
% Detailed 200,00; 65,00; 1,60; 1,20; ...
z : Shape type Thin-walled
Initial shape Available
I < Parameters
Material 5280GD+ZA -
20000
B [mm] 65,00
s [mm] 1,60
[=]
=3 r[mm] 1,20
= y ¢ [mm] 15,00
; 4 General
Draw celour Mormal colour -
o Colour |
< . i
v AutoDesign constraints
N : Fabrication cold formed -
TL # Buckling curves
_D Y Edit buckling curves O
Flexural buckling y-y b
Flexural buckling z-z b
B 65.00 Lateral torsional buckling Default
“ Imitial shape W
Export Update Document
< oL Picture LII Fibres LUnitWarpmg L Shear [Vy L Shear [Vz) @ Centre lines u 3 | a | | = | | |
Cross-section layout and dimensions | K | | Cancel |
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By using this option, the fabrication is by default set to “Cold formed”. If you click on “Update”, SCIA
Engineer will automatically calculate the gross section properties as well as the initial shape:

Import from a DWG/DXF file

A second option is to manually draw the shape of the cross-section using the “General” option in the
New cross-section window.

Available groups

Available items of this group

¥e [mm] Zc[mm] A[mm*2] Ybeg[mm] Zbeg[mm] Yend[mm] Zend [mm]
1 0 8,88 19,09 64,22 15,00 64,22 2,76
2 31,84 100,66 485 64,22 2,76 62,24 0,78
3 32,50 0,78 92,79 2,76 0,78 62,24 0,78
4 33,16 100,66 485 078 2,76 276 0,78
5 078 100,00 303,39 078 2,76 078 197,24
6 33,16 99,34 485 078 197,24 276 199,22
7 32,50 199,22 92,79 2,76 199,22 62,24 199,22
] 31,84 99,34 485 62,24 199,22 64,22 197,24
9 64,22 191,12 19,09 64,22 197,24 64,22 185,00

t[mm]
1,56
1,56
1,56
1,56
1,56
1,56
1,56
1,56
1,56

dlement type  Reinf.type

E
|
E
|
F
|
E

uo

none
none
none
none
none
none
none

RUO

|

Initial shape Wl
Initial shape

Free flange geometry

Restrained by sheeting
Effective section

Advanced procedure

f%ﬁ

Cancel

] Draw part numbers

Items in project

TC Profile Library

: Geometric shapes
=| Mumerical

[H General |

]E Pairs

ECIosed

i Haunch

T welded

TT sheet welded

_E_Build-in beams

IThin-waIIed geometric

z Fabricated

I Virtual joists

EWestok

General
cross-section

=

Add Close

In the “Cross-section editor” window, a new cross-section can be drawn. This can be done as:

e Polygon (with or without openings)

e Thin walled

e Section from library
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e Import DXF/DWG

In the next example, the use of a DWG file will be explained.

1) Create a new SCIA Engineer project using the material steel.

2) Create a new cross-section with the General cross-section option.
3) Use the option Import DXF/DWG to import the dwg file “C200.dwg”.

4) Select the option Thin walled in the Selection mode:

5) Click on Import all.

6) Now the Thin walled properties window will open.

34

B Import - C\Users\Josipa Andal\Downloads\SCIA praksa\[EN] 5CIA Engineer - Code check cold-formed steel profiles\[EN] 5...
Layers Entity types Selection mode
M Clear selection
Koudgevormdprofiel "
Polygons
Gabgons apening:
Insertion point Centre e
Sizes
49 X 199
Enable all Disable all Enable all Disable all Connect single curves to closed polygons
Select curves Connect curves
[]show all objects
£

O X

Import selected
Impart all

Cancel
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7

8)

8" Thin walled *
MNarme TW1
Type Thin walled
General
Material 5280GD+Z -
Corrosion [mm] 0
Alignment Centre -
Phase Phase 1 -
Geometry
Overlap 0
Active v| yes
Cancel

Here you can select the steel material and insert the thickness of the cross-section.
Next click on OK and insert the cross-section on point 0;0.

Close the Cross-section editor window. Than the Cross-section window will open.
Set the Fabrication to Cold formed and click on Update. Now all cross section properties are
automatically calculated by SCIA Engineer.

Click on Initial shape to verify the use cross-section parts for the calculation of the effective
section.

i C .
Initial shape N
Initial shape
Z Effective section
| A— Advanced procedure
Edit initial s X

Ye [mm] Zc[mm]  A[mm*2] Ybeg[mm] Zbeg[mm] Yend[mm] Zend [mm] t[mm] lement type  Reinf.iype

1 0 a5 16 24 ) 24 99 2 [o - none - r 4 5
2 0 -99 8 2 -0 -24 -59 2 I - none - :\lt
3 -24 0 348 -24 -9 -24 9 2 I + none  ~
1 0 % 25 24 % 24 99 2 I - none -
5 2 o 16 2 % 24 90 2 uo - none -

| Draw part numbers Cancel
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SLS check

Relative deformations

For each beam type, limiting values for the relative deflections are set, using the menu 'Steel’ >

‘Beams’ > ‘Steel Setup’ > ‘Relative deformation’'.

BT Steel setup X
[=-EC-EN Mame EC-EM
=- S!:eel steel

Member check

Relative deformation Member check EN 1963-1-1

Fire resistance Fire resistance EN 1983-1-2

Buckiing defaults Cold Formed EN 1993-1-3

Limit slenderness

Cold Formed Plated structural elements EM 1993-1-5

Plated structural elements Limit slenderness EN 50341-1

- Autodesign Buckling defaults

[Relative deformation
General [-] 200,00
Beam [-] 200,00
Column [-] 200,00
Gable column [-] 200,00
Secondary column [-] 200,00
Rafter [-] 200,00
Purlin [-] 200,00
Roof bracing [-] 200,00
Wall bracing [-] 200,00
Girt [-] 200,00
Truss chord [-] 200,00
Truss diagonal [-] 200,00
Plate rib [-] 200,00
Autodesign

Load default non-MA parameters

Load default NA parameters

OK

Cancel

With the option 'Steel’ > ‘Beams’ >'SLS Checks - Relative deformation' the relative deformations can

be checked. The relative deformations are given as absolute value, relative value related to the span,
or as unity check related to the limit for the relative value to the span.

>» Example Relative deformation.esa

- Set beam type for member B196 & B112: Beam and Purlin

- Set system length for relative deformation
- Set limits for relative deformations: Beam 1/500 and Purlin 1/1000

- Relative deformation check on member B196 & B112
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W7 Steel setup 'S |
[=)-EC-EN MName EC-EN ‘
=3 S?eel Steel
- Member check
- Relative deformation Member check EM 1993-1-1
i~ Fire resistance Fire resistance EN 1993-1-2
-~ Buckling defaults Cold Formed EN 1993-1-3
i Limit slenderness
Cold Formed Plated structural elements EN 1993-1-5 ‘
Plated structural elements Limit slenderness EN 50341-1
- Autodesign Buckling defaults
[Retts - |
General [-] 200,0
| Beam [-] 500,0 |
Colurnn [-] 200,0
Gable column [-] 200,0
| Secondary column [-] 200,0
Rafter [-] 200,0
| Purlin [-] 10000 |
Roof bracing [-] 200,0
Wall bracing [-] 200,0
Girt [-] 200,0
Truss chord [-] 200,0 |
Truss diagenal [-] 200,0 |
Plate rib [-] 200,0 |
Autodesign |
|
Load default non-NA parameters Load default NA parameters oK Cancel

Relative deformation

Linear calculation, Extreme : Member, Systern : Principal
Selection: B112,B1%6
Combinations : SLS

Member dx  Case- combination Rel uy Rel uz Check uy
[m] [mm] [1/xx] [1/xx] [-]

B112 3,000 [SLS/1 -20,0 1/301] -50,0 | 1/1081 3,33 0,93
B112 0,000 [5Ls/2 0.0 0| -22.0 1/2450 0,00 0,41
B112 0,000 [5L5/3 0,0 0| -21,8| 1/2474 0,00 0,40
B196 4,364 | 5L5/3 0,0 1/10000 -3.0 1/2008 0,00 0,25
B196 1,091 |5LS/3 0,0 ) 1/10000 -2,1 1/2791 0,00 0,18
B196 3,000 [5L5/4 0.0 1/i0000] -3,9 | 1/1528 0,00 0,33
B196 0,000 [SLS/2 0,0 0 0,0 0 0,00 0,00

Manual calculation uy

-B112: L = 6,0 m = limit: 6000/1000 = 6 mm
uy =20 mm -> Rel uy = 20/6000 = 1/301
Check = 20mm/6mm = 3,33

- B196: L = 6,0 m - limit: 6000/500 = 12 mm
uy = 0mm - Rel uy = 1/10000 (= default value for 0 results)
Check = Omm/12mm = 0,00

Manual calculation uz

-B112: L =9 beams x 6,0 m = 54m - limit: 54000/1000 = 54 mm
uz = 50,0 mm = Rel uz =50,0/54000 = 1/1081
Check = 50mm/54mm = 0,93

- B196: L = 6,0m - limit: 6000/500 = 12 mm
uz = 3,9 mm = Rel uz = 3,9/6000 = 1/1522
Check: 3,9mm/12mm = 0,33
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ULS check

In this chapter, all ULS checks according to EN1993-1-3 are explained in detail. Both the sections check
and the stability check can be found in SCIA Engineer under “Steel => Beams => ULS checks =>
Check”. In this menu, the user can choose to look at the “Brief’ output or the “Detailed” output.

With the brief output, the results are shown in one line.
With the detailed output, the results off all unity checks are shown including a reference to the used
formula in the EN1993-1-3 for each check.

In below, the detailed output is printed out and next every calculated unity check will be explained in
detail.

» Example WS CFS Hall.esa
Consider beam B112

EC-EN 1993 Steel check ULS

Linear calculation
Combination: ULS
Coordinate system: Principal
Extreme 1D: Member
Selection:B112

EN 1993-1-3 Cold Formed Code Check
National annex: Standard EN

Member B112 |3,000/ 6,000m |Cold formed Sigma |5 235 [ULS
section

5,16 - ‘

Combination key
ULS [/ 1.35%5W+ 1.35*SW1+ 1.50*Snow

v for resistance of cross-sections  [1,00
v for resistance to instability 1,00
ez for resistance of net sections 1,25

Material ]
Yield strengthfy 235,0 MPa
Ultimate strengthfy  [360,0 MPa
Fabrication cold formed

The critical check is on position 3,000 m

e 3,01 ki
Vo 0,00 N
Ve 0,18 N
Tes 0,00 Nm
Myza 8,20 Hm
M. 2 0,79 Hm

Effective section My+
Effective width calculation
Accordingto EN 1993-1-3 article 5.5.2, 5.5.3 & EN 1993-1-5 article 4.4

Id Type b o1 oz w ko Ao Aoed P be be1 bez
[mm] [N/mm?] [N/mm?] [] [] [[]1 L[] [-] [mm] [mm] [mm]
18 -185,881  |-227,096
60 -229,769  |-230,496
32 -150,224 |-226,329
28 121,268 |-148,555
104 124,215 |-119,595 |-0,96 |22,93 [0,39 1,00 |53 21 32
28 153,804 (125899 0,82 [0,00 [0,00 1,00 |28
32 231,504 [155489 |0,67 |4,76 0,27 1,00 |32 15 17
15 [1 60 235000 [234274 1,00 [401 [054 [o,52 [1.00 |60 30 30
17 |uo [18 230,833 189,618 |0,82 |0,50 |0,45 [0,43 [1,00 [18

Stiffener calculation
Accordingto EN 1993-1-3 article 5.5.3

d A Is by b2 hw

wl~lfuw]—

1
1
1
1
1
1

ke K Ter Aa ] Porea

[m?] [m*] [mm] [mm] [mm] [] [Nfmm?] [N/mm?] [-] I-1 [Im?]
11 [1,2721e-04 [1,5383e-08 [109  [43 0 0,00 |3,032 1557,754 [0,39 [1,00 [1,2721e-04
[17__[5,4895e-05 |3,1731e09 |53 21 332 |0,00 0,549 [402,545 _ [0,76 [0,92 |8,7101e-05 |

Effective section Mz+
Effective width calculation
According to EN 1993-1-3 article 5.5.2, 5.5.3 & EN 1993-1-5 article 4.4

Id Type b o1 o2 [ ™ Aprea p be bes bez
[mm] [N/mm?2] [N/mm 2] [-] [-] -1 [ [[] [mm] [mm] [mm]

1 |uo [18 235,000  [235000 |1,00 |0,50 |045 |043 |1,00 |18

ER B 60 226,136 | 130246 |0.62 (1539 [0.28 [0,26 |1.00 |37 15 22

5 1 32 148,032 | 148,032

7 |1 28 10,150 145,324 |-14,32 [0,00 [0,00 1,00 |28

9 |1 104 12,937 12,837 1,00 4,00 [0,93 0,82 |85 43 43

11 1 28 10,150 145324 |-14,.32 0,00 [0,00 1,00 |28

iz 1 ER] 148,032 |-148,032

15 |1 50 226,136 |-130,246 |-0,62 1530 |0,28 |0,26 1,00 |37 15 22

17 |uo [is 235,000  [335000 (100 (o550 [o45 (043 (100 [18

stiffener calculation

Accordingto EN 1993-1-3 article 5.5.3
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b1 b2 ks K Ter Aa Na
[mm] [mam] [N/mm2] [N/mm 2]
1 |6,5102e-05 |2,54778-09 |59 59 232 1,00 (0,307 393,636 |0,77 |0,91 |5,9332e-05
7  |1,9638e-04 [2,7114e-08 |46 105 0 0,00 2,779 1281,125 |0,43 1,00 |1,9638e-04
11 |1,9638e-04 [2,7114e-08 |105 |46 0 0,00 2,779 1281,125 |0,43 [1,00 |1,9638e-04
17 |6,5102e-05 |2,5477e-09 |59 50 232 1,00 |0,307 393,636 |0,77 |0,91 |5,9332e-05
Tecinve properoes

Effectivearea Paar 6,9221e-04 |m?
Effectivesecond |lery |4,2621e-06 |(m  |Tem: 2,7347e-07 |m*
m?

moment of area

Effective section W, [4,2159e-05 Werr: [6,8960e-06 |m?
modulus

Shift of the ey i] mm |ews -1 mim
centroid

Axial tension check
According to article EN 1993-1-3:6.1.2and formulz (6.1).

A 7.5398e-04 | ¥
Frga 217,15 kM
My pg 177,19 kM
Unity check | 0,02 -

Bending Moment Check
Bending Moment My
Accordingto article EN 1993-1-3:6.1.4.1 and formulk (6.4)

Wy 4,3337e-05 | m?
Wy 4,2159e-05 | m?
Meyna 991 kMm

Unity check | 0,83 -

Bending Moment M;
According to article EN 1993-1-3:6.1.4.1 and formulkz (6.4)

Wiz 7.3679e-06 |
Werr 2 6,8960e-06 | m’
Mezra 1,62 kMm

Unity check | 0,48 -

Biaxial Bending
According to article EN 1993-1-3:6.1.4.1 and formulz (6.7)

Meyna 991 kMm
Mezma 1,62 kMm
Unity check [ 1,31 | -

Torsional Moment Check
According to article EM 1993-1-3:6.1.6and formula (6.113),(6.11b),(6.11c).

Critical Fibre 91

Ou 4.0 MPa
Oy 1890 | MPa
oMz 107,1 | MPa
Ty 0,0 MPa
Tuz 01 MPa
Tt 0,0 MPa
Direct Stress Check 1,24 | -
Shear Stress Check 0,00 -
Composed Stress Check (1,13 | -

Combined Tension and Bending Check
According to article EM 1993-1-3:6.1.8and formula (6.23),(6.24).

MNurd 177,19 [ kN

Mey setpen 10,12 kMm
Mez Relpen 2,54 kMm
Meyracen | 9,82 | kNMI
Mee Rcom 1,62 kMm

Unity check(6.23) 0,02+ 0,81+ 0,31= 1,14 -
Unity check (6.24) 0,83+ 0,48- 0,02 =1,29 -

The member does NOT satisfy the section check!

Lateral Torsional Buckling Check
According to article EM 1993-1-3:6.2.4
According to article EM 1993-1-1:6.3.2and formula (6.55)

LTB Parameters
Method for LTB Curve art. 6.3.2.2
Weary [4,215%e05 [m® |
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Elastic_critical momentMe  |2,05 kMNm
Relative slenderness hwyr  [2,20
Limit slenderness w7 040
LTE curve b
Imperfection awr 0,34
Reduction factor ¥t 0,18
Buckling resistance Muza 1,75 kMNm
Unity check 4,69 -
LTE length 6,000 m
k 1,00
ki 1,00
Ci 2,01
Cz 1,49
041
Influence of load position [destabilising

MNote: C Parameters according to ECCS 119 2006/ Galea 2002

Bending and Axial Tension Check
Accordingto article EM 1993-1-3:6.3.

Nz 177,19 [ kN
Muy ra 1,75 kMm
Me 2 Ret o 1,-62 kNm

Unity check: 4,69+0,48-0,02= 5,16 -
Themember does NOT satisfy the stability check!

Remarks about this checks are given below:
Section checks

Axial Tension

The axial tension check is executed according to EN 1993-1-3, article 6.1.2.

Axial Compression

The axial compression check is executed according to EN 1993-1-3, article 6.1.3.

The choice between formula (6.2) and (6.3) is made by comparing the gross area Ay from the initial
shape with the effective area Aes Of the effective shape for Compression:

- Profile Library sections can have different gross properties compared to the initial shape
since the gross properties come from certain sources and are mostly rounded off.

- For general cross-sections the gross shape can differ from the initial shape since the initial
shape concerns a thin walled representation.

Bending moment
The bending moment check is executed according to EN 1993-1-3, article 6.1.4.1.

The choice between formula (6.4) and (6.5) is made by comparing the elastic section modulus W from
the initial shape with the effective section modulus Wes: of the effective shape for bending:

- Profile Library sections can have different gross properties compared to the initial shape
since the gross properties come from certain sources and are mostly rounded off.
- For general cross-sections the gross shape can differ from the initial shape since the initial
shape concerns a thin walled representation.
This check (formula (6.5)) is only applied in the following cases (EN 1993-1-3 article 6.1.4.1(2)

- There is only single bending My or Mz
- There is no torsion, no Torsional (-Flexural) Buckling), no Lateral Torsional Buckling and no
distortional buckling
- The angle between the web and flange exceeds 60°.
Otherwise this formula has to be replaced by formula (6.6).
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Articles 6.1.4.2 and 6.1.4.3 from EN 1993-1-3 concerning the plastic reserve of the tension flange and
the effects of shear lag are not supported.

Shear force

The shear force check is executed according to EN 1993-1-3, article 6.1.5.
The shear resistance is calculated for each ‘web’ element separately and the cross-section resistance
is taken as the sum of these resistances.

Formula (6.8) is rewritten as follows for both directions:

Lei* ti* fpui

— _ ) ) 2

Vbray = E Vb rayi = § ————cos*(a;)
i

- Ymo
L
lei*ti* fou;
Vbraz = Z Vp,razi = Z ———=sin? (@)
- - Ymo
13 13
With:
ol Angle of element i related to the principal axis y-y axis
lc, Centreline length of element i
Note

Different formulas are given for web with and without longitudinal stiffeners (see EN 1993-1-3 formula
(6.10a) and (6.10b)).

By default the shear check is executed “without stiffening at the support”.

In case Local transverse forces data are inputted which have the checkbox “Local Transverse Forces”
not activated, the Shear check in those sections is executed “with stiffening at the support”.

e

e

Torsional moment

The combined stress Check including torsion and warping is executed according to EN 1993-1-3,
article 6.1.6.

The average yield strength is fya in all three formulas (6.11a), (6.11b), (6.11c) will only be used in case
for all three force components separately (N, My, Mz) the average yield strength may be used (Aett = Ag;
Weff,y = Wel,y; Wett,z = Wel,z).

Local transverse forces

General procedure
The local transverse forces check is executed according to EN 1993-1-3 art 6.1.7 and following.
The check is executed on the positions where there is a jump in the Vz shear force diagram.
Remarks:
- The shear force diagram of both the actual member as well as adjacent members is

evaluated. Adjacent members are defined as members which are in the same buckling
system.
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- The Flange Condition depends on the definition of the initial shape. In case there is an
element with reinforcement type ROU or DEF the setting is taken as “Stiffened”.

- The distances for One-flange/Two-flange and End/Interior are evaluated taking into account
adjacent members. Adjacent members are defined as members which are in the same
buckling system.

- In case the cross-section has multiple webs, for determining the load condition the maximal
web height is used.

- As opposed to EN 1993-1-3 art.6.1.7.2(4), the exact inputted bearing length ss will be used
at all times i.e. the simplification of using the minimal length for both opposing loads is not
supported.

Cross-sections with a single unstiffened web

As indicated on EN 1993-1-3 Figure 6.6, the local transverse force resistance is taken relative to the
support, not according to the principal z-axis. Therefore FEd, is determined according to the LCS axis
system and not according to the principal axis system!

“= hg S $ I I
Rw.Rd Rw.Rd Rw,Rd Rw.Rd ' Rw.Rd Rw.Rd 2Ry Rd

Figure 6.6: Examples of cross-sections with a single web

This paragraph specifies the general procedure to determine the local transverse web resistance which
is applied for any type of cross-section except for FC 115 (Cold formed Omega).

Step 1

In a first step the web height hy, is determined for each “web” element:
- Only elements of type | are accounted for. In addition elements with stiffener types RUO and
DEF are not accounted for.

- For each of those elements i the centreline length I¢; is read from the Initial shape

- For each of those elements i the angle ¢, is determined as the angle of the element relative

to the horizontal axis (based on Figure 6.6). In addition, only elements with an angle ¢, 2
45° are accounted for.

- The web height for each element i is calculated as: h,,; = [; * sing,

In case none of the cross-section elements fulfill the above conditions, the local
transverse forces check is not supported for the cross-section.

Step 2
When hy ; is determined, the local transverse resistance Ry rqd, for each of those elements is

determined based on EN 1993-1-3 art.6.1.7.2 — Table 6.7 with coefficients ki to ks determined in EN
1993-1-3 article 6.1.7.2(3).
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oo
WU

..c..l

a) For a single local load or support reaction
i) ¢ £ 1,5 h, clear from a free end:

- for a cross-section with stiffened flanges:

h 5. ]
kl;\-,,;\-_{g,m - —’/t}[l £ 0,01 } 2
R T 60 t :

R (6.15a)
v
- for a cross-section with unstiffened flanges:
C~ T - if s/t < 60:
h [t 8|
i k,koks [5,92 - ;7}[1 +0,01 L}: 2 fo
alle R, ps= — : (6.15b)
v
- if s/t > 60
h,/ 8 0a
klk:k; 5‘92—17 0,?'-0,015{— !__f}.-__’
Ryga= — (6.15¢)
Imi
I-S-I ii) ¢ > 1.5 h, clear from a free end:
”f” - if sfr < 60:
—— c_..| Kk ks [14.? —%}[1 +0,0072 } g
Ryra = - i (6.15d)
Fmi
| - ss s e
¢ I--| - =
|l 55 k. 3
e Kok ks [14,? —’:Lﬂ[o,?s +0,01 |L}: 2
f Rypa = - ! (6.15¢)

M
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LS-J b) For two opposing local transverse forces closer together than 1.5 h,,:
um 1) ¢ < 1,5h, clear from a free end:
h, [t S a,
. Cs ’,eq ) kikoks| 6,66 — —— 1+0.017: I
<Som| [ [ (6.15f)
Fmi

1) ¢ = 1,5 h, clear from a free end:
|“Ss"|

h, [t s,
W k:hk{?_l.{]— ::5'% }{HO.DOH—“}:',{H._
d (6.152)

q—C—u—‘ ‘4— E-r-l Ry pa =

-
Tt

fas.s
W

iii -

Figure 6.7b): Local loads and supports — cross-sections with a single web

Fmi

A

The final cross-section resistance is taken as the sum of the individual element resistances.

In case Web rotation prevented was set using Local Transverse Forces data instead of EN 1993-1-
3 Figure 6.7a & 6.7b the formulas given in EN 1993-1-3 art. 6.1.7.2(4) are used.
Example of a prevented web rotation:

Rw,Rd l Rw,Rd Rw,Rd

Omega sections
Specifically for FC 115 (Cold formed Omega) cross-sections the special procedure for sections with
two or more unstiffened webs is applied. The local transverse resistance Rw rq, for each of those webs
is determined according to EN 1993-1-3 art. 6.1.7.3.

Other cross-sections with two or more unstiffened webs will always be calculated according to
the General Procedure, not this special procedure.
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Stiffened webs

This paragraph outlines the special procedure in case of stiffened webs according to EN 1993-1-3 art.
6.1.7.4.

This method is used only in case there are one or more elements with stiffener type RI.
The procedure consists of four steps.

Step 1: Creating “composed” webs

In a first step, “composed” webs are created using the same procedure as outlined in Sections with
Internal stiffeners.
This includes the determination of the centerline length Ic,i of those “composed” webs.

Step 2: Evaluation of ,composed®“ webs

The special procedure outlined in EN 1993-1-3 art. 6.1.7.4 is only valid under certain conditions.
Therefore, each “composed” web is evaluated to see if it meets the following requirements:
- There is one or more elements with stiffener type RI
- Each RI element should have element type | (i.e. it is at both sides connected to other
elements signifying it's a fold instead of a stiffener).
- Elements connected to this Rl element should not have stiffener type RI. This implies that
the procedure is not applied in case of neighbouring stiffener elements i.e. elements forming
“one” big stiffener.
Composed webs which do NOT meet these requirements are further evaluated in step 3.
Composed webs which meet all requirements are further evaluated in step 4.

Examples of cross sections with composed webs

. Ic,i ,
lc,i lc,i
lc,i

A B C D

- Section A contains two RI stiffeners which are connected. The web thus does not meet the
requirements (calculated as described in step 3).

- Section B contains a single RI stiffener which meets all the requirements. This stiffener is
thus a ,true” two fold stiffener so the special article applies (calculated as described in step
4).

- Section C contains several RI stiffeners however not all match the requirements (one is an
outstand stiffener, others are connected etc). The web thus does not meet the requirements
(calculated as described in step 3).
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- Section D has a composed web which contains two RI stiffeners. Both meet all the
requirements and are thus ,true” two fold stiffeners (calculated as described in step 4).

Step 3: Composed webs witch do NOT meet the requirements

For composed webs which do not meet the requirements, the special article is not valid.
The local transverse force resistance of these webs will be determined according to the procedure for
cross-sections with a single unstiffened web.

In this case, the centerline length I¢; of the composed web is used in the determination of hy,.
The angle ¢ is determined as the angle of the center line length relative to the horizontal axis.

Step 4: Composed webs which meet all requirements

For composed webs which meet all requirements, the special procedure outlined in EN 1993-1-3
article 6.1.7.4 is applied.

The “system line” of this web is taken as the centerline length I¢;.

The eccentricity e is determined at each end of an RI within the ,composed” web. Eccentricity emin and
€emax are then taken as the min and max value for the considered composed web.

;\*r .
Ry Ad - Ry

Figure 6.10: Stiffened webs

The article is applied in case the following limit is fulfilled:

2 <M <12
In case this limit is not fulfilled, the special article is not applied and the composed web is considered
as a web which does not meet all requirements. For such a web the procedure outlined in step 3 is
applied.
Local Transverse Force data in SCIA Engineer
In SCIA Engineer a point force is inputted as a point, but in the calculation of the check for the Local

Transverse Force, a bearing length Ss will be used. Default this value is inputted as 10mm in SCIA
Engineer. The default value can be adapted in “Steel > Beams > Steel Setup > Cold Formed”:
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B Steel setup =
- EC-EM MName EC-EN
[ Steel . Steel
Member check
Relative deformation I Member check ENN 1583-1-1
Fire resistance I Fire resistance EN 1993-1-2
Buckling defauits 4 Cold Formed EN 1993-1-2
Limit slenderness
Cold Formed # Local and Distortional Buckling EMN 1993-1-3: 5.5.2 & 5.5.3
Plated structural elements Use manufacturer provided effective section properties [T ne
- Autodesign Stiffener iterations yes
Qverall Cross-section iteration yes
“ Local Transverse Forces EN 1993-1-3: 6.1.7
Ignore check [ no
IEearing length 5. [mm]
Use | correction in (6.18) yes
“ Combined Bending and Axial Compression EN 1993-1-3: 68.2.5
Interaction EM 1993-1-1art. 6.3.3 -
# Buckling Resistance of the Free Flange EN 1993-1-3: 10.1.4.2
Limit for large axial force 01
= Plated structural elements EN 1993-1-5
I Limit slenderness EM 50341-1
I Buckling defaults
I Relative deformation
I Autodesign
Reference: EN 1993-1-3 article 6.1.7.2
Description: Default value for the nominal length of stiff bearing Ss.
Application: Used in the determination of the Local Transverse Forces resistance as the length over which the local load or support
reaction is spread.
Load default non-MNA parameters Load default MA parameters 0K Cancel

It is also possible to change this bearing length for one beam only or change the default properties for
this beam manually with the option “Steel > Beams > Member Check data > Local Transverse Forces

data”

Tree * 0 X
TgMain - Steel X

= @ Beams

% Steel Setup
[l% Systern lengths and buckling groups =
= B2 Member Check data O
EQ Steel member data X
™ LTE Restraints 1
¥ Stiffeners { |
i Sheeting |
[ Local Transverse Forces data I {

Fire resistance
B Links
9. steel slenderness
= Eg ULS Checks
Elg EC-EM 1993 Steel Check ULS
Eﬂ EC-EM 1993 Steel Check Fire
== 5L5 Checks - Relative deformation
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MName NC1 |
Local Transverse Forces Check ~| Yes
Leading Cenditions Determined automatically -
Bearing Length Ss Default from setup -
Value [mm] 10 !
Web rotation prevented Neo !
Range [mm] i1} !
Geometry |
Coord. definition Rela ||
Position x 0,000 |
Repeat (n) 1 !
|

Cancsl

» Example WS CFS Hall.esa

Consider beam B122 and look at the detailed output:

Local Transverse Forces Check
According to article EM 1993-1-3:6.1.7.2,6.1.7.4and formulz (6.15d)

Flange condition Stiffened

Loading condition Interior one-flange (I0F)

Web rotation Mot prevented

Inside bendradius r | 4 mm
Bearing length s 10 I
k 1,03

k1 0,99

ks 0,99

kklmm] wo[degl hw[mm] t[mm]

4-53-6-7-8-9-10-11-12-13-14 [0 27 63 32 11,02

Mote: The stiffened web consisting of elements 4-5-6-7-8-9-10-11-12-13-14 does not satisfy the condition of formula (8.21).
Thereforearticle 6.1.7.4is notapplied.

Local Transverse Forces verification |
Load/Reaction Fs 35,00 kM
R 11,02 | kN
Unity check 3,18 -

Combined tension and Bending

The Combined Tension and Bending check is executed according to EN 1993-1-3, article 6.1.8.

Combined Compression and Bending
The Combined Compression and Bending check is executed according to EN 1993-1-3, article 6.1.9.
Additional moments due to the shift in neutral axis are calculated at the beginning of the check and

added to the internal forces. This ensures specific bending checks are executed also in case there is
no initial moment but only an additional moment.
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Combined shear force, axial force and bending moment
The Combined Compression and Bending check is executed according to EN 1993-1-3, article 6.1.10.

Formula (6.27) is rewritten as follows for both directions:

Shear Vy

Negg M M 2V, 2
ﬂ+ﬂ+<1_ﬂ)<ﬂ_1) <1
NRd MZ,Rd Mz,pl,Rd Vy,b,Ed

Shear V;

Neyg M M 2V, 2
Nea , Myea +<1_ 2 )( _1> -
NRd My,Rd My,pl,Rd Vz,b,Ed

M; 4 is the design moment resistance of the cross-section consisting of the effective area of flanges
only (see EN 1993-1-5)

M, gq is taken as zero in case of Vy. In case of weak axis bending the “web” becomes a “flange”. Since
there is only a single “flange” in that case, the moment resistance of this flange is negligible. In
addition, in case of more webs like in a box section EN 1993-1-5 art. 7.1 (5) specifies My g4 = 0.
Therefore, as a general conservative approach for Vy the value of My g4is taken as 0

Remarks:

According to [Ref.2] pp70 M g, is calculated as follows:

Ahe- f\. fl
I . fy,fl fy,f2
I My pq = min <hf “Ap =, hgr Ap =
hy ’ Y™mo YMmo
I
AIZ' f:.‘ [

This is generalized in the following way:
- Only elements with element types |, UO and SO are accounted for

- Only elements which have an angle with the principal y-y axis which is 45° are considered.
In case there is only one or none of such element, Mf,Ed =0.

- Of these elements, the one with the lowest bes is considered. The width bes concerns the
effective with of this element, read from the effective shape for bending.

- As = best * t with t the thickness of the considered element.

- Next only elements which have an angle with the principal y-y axis which is > 45°are
considered. In case there are no such elements, set Mf,Ed = 0.

- Of these elements, the one with the highest value of I * sin(a) is considered, with Ic the
centreline length of the element.

- hi=le * sin(a)

f,
- Mg gqis now calculated as: My gq = h¢- A
’ ’ YMo
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Combined bending moment and local Load or Support reaction

The Combined Bending moment and local Load or Support reaction is executed according to EN 1993-
1-3, article 6.1.11.

In formula (6.28c) the internal force Meq is taken as the actual moment in the section considered, not
the moment at the edge of the support.
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Stability checks

General remarks

The different system lengths and sway type have to be introduced. The defaults can be overruled by
the user.

During the non-linear analysis, the sway type can be set by user input, or by ‘non-sway’.
‘Steel > Beams > Steel Setup’:

B Steel setup X |

Steel

[=-EC-EN Name EC-EN ‘
Member check EN 1993-1-1

- Relative deformation
- Fire resistance Classification
uckling defaults Shear

imit slenderness

| - Cold Formed Torsion
; Plated structural elements Default sway types EN 1993-1-1: 6.3.1
| w- Autodesign ¥y no
Z-Z no
Max. k ratio [-] 10,0
Max. slenderness [-] 200,0
an order buckling ratios All non-sway -
Lateral Torsional Buckling EN 1993-1-1: 6.3.2

General settings

| Fire resistance

| Cold Formed

Plated structural elements

Limit slenderness EN 50341-1
Buckling defaults

Relative deformation |
Autodesign

Load default non-MNA parameters Load default MA parameters oK Cancel |

Buckling Ratio

General method

For the calculation of the buckling ratios, some approximate formulas are used. These formulas are
treated in the Theoretical Background (Ref.[32]).
The following formulas are used for the buckling ratios :

o for a non-sway structure :

YL = _P1P2+5p¥5p,* 24)(pypy +4p, +4p, +12)2
@pppt1lpy +5p, +24)(2 pyp, +5py +11p, +24)

e  for a sway structure :

2
L=x | LT—+4
p1X

with L the system length
E the modulus of Young

| the moment of inertia
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Ci the stiffness in node |
Mi the moment in node |
Fi the rotation in node |
__ Apip,yt P
n? (P * P2) +8p1p;
pPi = GL
El
Ci= M
;

The values for Mi and ¢i are approximately determined by the internal forces and the deformations,
calculated by load cases which generate deformation forms, having an affinity with the buckling form.

The following load cases are considered :

- load case 1 : on the beams, the local distributed loads gy=1 N/m and gz=-100 N/m are used,
on the columns the global distributed loads Qx = 10000 N/m and Qy =10000 N/m are used.

- load case 2 : on the beams, the local distributed loads qy=-1 N/m and gz=-100 N/m are used,
on the columns the global distributed loads Qx = -10000 N/m and Qy=-10000 N/m are used.

The used approach gives good results for frame structures with perpendicular rigid or semi-rigid beam
connections. For other cases, the user has to evaluate the presented bucking ratios.

» Example WS CFS 03.esa

consider B1:
- L=4000 mm
- set as sway
- E=210000 N/mm?2
- ly = 22340000 mm*

- innode N1:
o fiy=32,3484 rad
o My =64768,2*10"6 Nmm
o Ci=1,999 x 10° Nmm/rad

in node N2 for LC1:

o fiy=42,1384 rad

o My =15469,39*10"6 Nmm
o Ci=3,58x 108 Nmm/rad

-p1=1,71
- p2=0,36
-x=0,79
= buckling ratio = 2,65
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54

Ncr = n?El / 12 = 3.142 x 210000 x 22340000 / (2.65 x 4000)? = 411,12 kN

Steel slenderness
Linear calculation

Member CS Name Part Swayy Ly

Lam y lyz ILTB
[] [m] [m]

Stability calculation for LC3: a load of 1 kN on the column

Critical load coefficients

] f

= [l

Stability combination : 51
1 [425,83

Crossing diagonals

When the option ‘Crossing diagonals’ is selected, the buckling length perpendicular to the diagonal
plane, is calculated according to DIN18800 Teil 2, table 15. This means that the buckling length sk is
dependent on the load distribution in the element, and it is not a purely geometrical data.
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;}, durchaufender Druckstab gelenkig angeschiossener Druckstab
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o] | I. .
. 5K-r!nlf5—q}25|§!| | 5= 10754028 %|
i < '1 ' l
W7 T | jedoch 5 = 05 Ny <N
with Sk buckling length
I member length
la length of supporting diagonal
I moment of inertia (in the buckling plane) of the member
l1 moment of inertia (in the buckling plane) of the supporting
diagonal
N compression force in member
N1 compression force in supporting diagonal
4 tension force in supporting diagonal

elastic modulus
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i System lengths and buckling settings o X

P AEREEE. &R,

Settings | Results
Name BC2

Buckling span Deflection span

.y Deflection y = zz
2= 7z T Deflectionz = |yy -
yz= zI ~

LTB= zz -~

Active buckling constraints -
Span settings

Buckling length factors Settings per span for y-y axis

ky factor Calculate - Sway y-y
Sway yy From setup -
Member imperfection in 2nd order analysis

Bow imperfection eDy no bow imperfectic =

M~

Advanced settings

Lateral Torsional Buckling Special buckling systems

Pairt of load application In shear center - |vee Mot used 2

Mer Calculated -

L \\I!\““"'

Warping check

Leg with intermediate transverse support
Leg with Staggered bracing
Single Bracing with SBS
o Cross bracing hi
._Q\ 8 3 t K Bracing
Horizontal Bracing |
Discontinuous Cross bracing with horizonta

T T

Flexural Buckling

The Flexural Buckling Check is executed according to EN 1993-1-3, article 6.2.2 and EN 1993-1-1
article 6.3.1.

56



Topic Training — Code Check Cold-Formed Steel Profiles

Table 6.3: Appropriate buckling corve for various types of cross section

Type of cross-section Buckling | Buckling
about axis curva
if f 15 used Amy b
J‘ if fm isused” Amy C
L 4 E |
¥-¥ a
' ¥ ¥ 1
Z-7 b
! !
Amy b
1 71
1__“‘-‘3"
al """.".
K -
) L.
Any C
FE— —_
o othar
orodn-aaothon
" The average yield strength fra should not be used unless Ay = A,

This has been implemented in SCIA Engineer as follows:
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Form code Description about axis Curve
1 | section y-y a
z-z b
101 Asymmetric | section y-y a
z-z b
114 Cold formed C section any b
116 Cold formed C-Section eaves beam any b
117 Cold formed C-Plus section any b
118 Cold formed ZED section any b
119 Cold formed ZED section asymmetric lips any b
120 Cold formed ZED section inclined lip any b
1271 Cold formed Sigma section any b
122 Cold formed Sigma section stiffened any b
123 Cold formed Sigma-Plus section any b
124 Cold formed Sigma section eaves beam any b
125 Cold formed Sigma-Plus section eaves beam any b
126 Cold formed ZED section both lips inclined any b
2CFCowitha=20 y-y a
z-Z b
2CFCcwitha=0 Closed section rule 6.2.2(3)
2CFUowitha=20 y-y a
z-z b
2CFUcwitha=10 Closed section rule 6.2.2(3)
2CFLTwitha=0 any [
Any other section any [

All other sections fall in the “other cross-section” case of curve c for any axis.

Torsional (-Flexural) Buckling
The Flexural Buckling Check is executed according to EN 1993-1-3, article 6.2.3 and EN 1993-1-1
article 6.3.1.4.

The buckling curve for torsional (-flexural) buckling is taken as the z-z buckling curve according to the
table given in Flexural Buckling.

The value of the elastic critical load N is taken as the smallest of N¢;,r (Torsional buckling) and Nt
(Torsional-flexural Buckling).

Calculation of N¢r 1
The design buckling resistance Nord for torsional or torsional-flexural buckling (according to EC3) shall
be obtained using buckling curve b, and with relative slenderness given by :

1 n*E I,
NCT’,T = 2 G It + l—2
Lo T

With
E Modulus of Young
G Shear Modulus
It Torsion constant
lw Warping constant
Ir Buckling length for the torsional buckling mode
yo and zo Coordinates of the shear centre with respect to the centroid
iy radius of gyration about the strong axis
iz radius of gyration about the weak axis
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Calculation of N 1r

The elastic critical load N, ¢ for torsional buckling is calculated according to Ref.[3].
Ner1e is taken as the smallest root of the following cubic equation in N:

i(%(N - Ncr,y)(N - Ncr,z)(N - Ncr,T) - Nzyg(N - Ncr,z) - NZZS(N - Ncr,y) =0

With
N,  Critical axial load for flexural buckling around the y-y axis
N..,  Critical axial load for flexural buckling around the z-z axis
N..r  Critical axial load for torsional buckling

Lateral Torsional Buckling

The Lateral Torsional Buckling Check is executed according to EN 1993-1-3, article 6.2.4 and EN
1993-1-1 article 6.3.2.2.

For | sections (symmetric and asymmetric), and Rectangular Hollow Sections (RHS), the elastic
critical moment for Lateral Torsional Buckling Mcr is calculated by the following formula:

2 2 AY
M, =G, (]ZTTEILZ)Z \/(é) [[—”ZV+ %;2722% +(Cozg — Cs2)° — [Cazy — C37]
Where
E the Youn modulus of elasticity (E = 210000 N/mm?2 for steel)
G the shear modulus (G = 80770 N/mm? for steel)
ki L the lateral torsional buckling length of the beam between points which
have lateral restraint (= ILTs).
Iw the warping constant
It the torsional constant
Iz the moment of inertia about the minor axis
Zg the distance between the point of load application and the shear center

ky A factor which refers to end warping. Unless special provision for warming
fixity is made, kw should be taken as 1,0.

Zj z;=12;—0,5 fA O+ 2%) gdA
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For doubly symmetric cross-sections: z; = 0

Zg the coordinate of the shear center

C,, C; and Cs are factors depending on the loading and end restraint conditions.

In SCIA Engineer are different methods implemented for the calculation of those C1 and C: factors.
Those methods are explained further in this chapter.

Haunched sections (I+lvar, Iw+Plvar, Iw+lwvar, Iw+lvar, I+lwvar) and composed rail sections (Iw+rail,
Iwn+rail, [+rail, [+2PL+ralil, I+PL+rail, [+2L+rail, I+Ud+rail) are considered as equivalent asymmetric |
sections.

The formula for Mcr uses the following parameters:

e C1, C2, C3: calculated according to ENV, ECCS or Lopez
e LTB length: kIt*L

e k and kw: factors related to the end fixity

e z0: load position

e zj: asymmetry of the section

General — calculation of Ci1, C2 and C3 factors

C1 : takes into account the shape of the moment diagram
C2 : takes into account the position of the loading
C3: takes into account the asymmetry of the cross section

The coefficients C1, C2 and C3 can be calculated in SCIA Engineer according to three different
methods:

o ENV 1993-1-1 Annex F
o ECCS 119/Galea

o Lopez, Young, Serna

By default the method according to ECCS 119/Galea is applied. The following paragraphs give more
information on these methods.

The user can choose between those 3 methods in “Steel -> Beams -> Steel setup”:
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B Steel setup X
- EC-EN Name EC-EN
B- S!:eel Steel
i Member check -
Relative deformation Member check EM 1993-1-1
Fire resistance Classification EM 1993-1-1: 5.2.2
Buckling defaults Fier EN 1993-1-1: 6.2.6
Limit slenderness ~ TTE -
Cold Formed Torsion EN 1993-1-1: 6.2.7
Plated structural elements Default sway types EM 1993-1-1: 6.3.1
~ Autodesign Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Lateral Torsional Buckling EM 1093-1-1: 6.3.2
Lateral torsional buckling curves General case -
Method for C1 C2 C3 ECCS 119/Galea =
Method for k. EMV 1993-1-1 Annex F
General settings Lopez, Yong, Sema
FreTest = Sas =
Cold Formed EM 1993-1-3
Plated structural elements EN 1993-1-5
Limit slenderness 5
Buckling defaults
Relative deformation
Autodesign
Reference: EN 1993-1-1 article 6.3.2.2 (2)
Description: Setting for selecting the calculation method of the C1 €2 C3 coefficients.
Application: Used in the determination of Mcr, the elastic critical mement for lateral torsional buckling.
- ENV 1393-1-1 Annex F: A tabulated method where the actual moment diagram is compared to standard diagrams.
- ECCS 119/Galea: A graphical method which accounts for interaction between transverse loading and end moments.
- Lopez, Yong, Serna: A closed-form formula for C1 which accounts for the actual moment diagram.
Load default non-MA parameters Load default NA parameters Cancel

ENV 1993-1-1 Annex F
When this setting is chosen, the moment factors are determined according to ENV 1993-1-1 Annex
F Ref.[5].

For determining the moment factors (EN 1993-1-1: C1, C2 and C3) for lateral torsional buckling (LTB),
we use the standard tables.

The current moment distribution is compared with some standard moment distributions. This standard

moment distributions are moment lines generated by a distributed q load, a nodal F load, or where the

moment line reach a maximum at the start or at the end of the beam.

The standard moment distributions which is closest to the current moment distribution, is taken for the
calculation of the factors C1, C2 and C3.

ECCS 119/Galea

When this setting is chosen, the moment factors are determined according to ECCS 119 Annex B
Ref.[34].

The figures given in this reference for C1 and C2 in case of combined loading originate from Ref.[28]
which in fact also gives the tabulated values of those figures as well as an extended range.

The actual moment distribution is compared with several standard moment distributions. These
standard moment distributions are moment lines generated by a distributed q load, a nodal F load, or
where the moment line is maximum at the start or at the end of the beam.

The standard moment distribution which is closest to the actual moment distribution, is taken for the
calculation of the factors C1 and Co.

Galea gives results only for C1 and C: factors.
Csis taken from ECCS 119 Annex B tables 63 and 64. The Csz is determined based on the case of
which the C1 value most closely matches the table value.

Lopez, Yong, Serna
When this method is chosen, the moment factors are determined according to Lopez, Yong, Serna
Ref[35].

When using this method the coefficient C, and C; are set to zero.
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The coefficient C; is calculated as follows:

[ [050] 050,

4y

C]_:

Where:

k =4/ klkz

_ My + ayMP + ay M3 + asM§ + a,M§ + agMé
(I+a+ay,+as+a, + ag)MZ,,

M, + 2M, + 3M, + 4M, + 5Mj

A, =

2 | M

a1=1—k2
k3

=5—

a, K2

_5(1+1)

R VS
k3

=5-=%

al—l_kl

With:
k1 Taken equal to kw
k2 Taken equal to kw
Mz, M2, Ms, The moments My determined on the buckling system in the given sections
Ma, Ms as shown on the above figure. These moments are determined by dividing
the beam into 10 parts (11 sections) and interpolating between these
sections.
Mmax The maximal moment My along the LTB system.

This method is only supported in case both k and kw equal 0.50 or 1.00.
In below an example in SCIA Engineer in which the three methods are calculated.

In the steel setup the chosen calculation method for the C factors has been changed. In below an
overview of the results for those factors for the three methods:
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ENV 1993-1-1 Annex F ECCS 119/Galea Lopez, Yong, Serna

Mcr parameters Mcr parameters Mcr parameters
LTB length L 12,000 LTB length L 12,000 LTB length L 12,000
Influence of load position stabilising Influence of load position stabilising Influence of load position stabilising
Corredion factor k 1,00 Corredion fador k 1,00 Correction factor k 1,00
Correction fadtor kw 1,00 Corredion fador kw 1,00 Correction fadtor kw 1,00
LTB moment factor C1 1,89 LTB moment factor C1 1,26 LTB moment fador C1 1,20
LTB moment factor C2 0,33 LTB moment factor C2 0,45 LTB moment fador C2 0,00
LTB moment factor C3 2,64 LTB moment factor C3 041 LTB moment factor C3 0,00
Shear center distance d,z 0,00 Shear center distance d,z 0,00 Shear center distance d,z 0,00
Distance of load application z,g -245,00 Distance of load application z,9 -245,00 Distance of load application z,g 245,00
Mono-symmetry constant beta,y | 0,00 Mono-symmetry constant beta,y | 0,00 Mono-symmetry constant beta,y | 0,00
Mono-symmetry constant z,j 0,00 Mono-symmetry constant z,j 0,00 Mono-symmetry constant z,j 0,00

Mcr = 1576.03 KNm Mcr = 1118.50 kKNm Mcr = 842.64 KNm

There can be a big difference between the three calculation models.

In the method following “Lopez, Yong, Serna” the values for C2 and C3 are always taken equal to zero.
When comparing the C1 factors, the method following “ECCS 119/Galea” and “Lopez, Yong, Serna”
are approximately the same (1.26 and 1.20 respectively), but the C1 factor following the “ENV 1993-1-
1 Annex F” results in total different value: 1.89.

For the other supported sections, the elastic critical moment for LTB Mcr is given by

Mor = T2El, /M+ L2GI ,
L2 I, =m%El,

with E the modulus of elasticity
G the shear modulus
L the length of the beam between points which have lateral restraint (=
ILTB)
Iw the warping constant
It the torsional constant
Iz the moment of inertia about the minor axis

Bending and axial compression

For determining the Combined Bending and Axial Compression Check is executed according to EN
1993-1-3, article 6.2.5. EN 1993-1-3 allows two possibilities:

e Use the EN 1993-1-1 interaction according to article 6.3.3.
e Use the alternative according to EN 1993-1-3 article 6.2.5(2).

The choice between these two methods is set in “Steel > Beams > Steel Setup”:
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Limit slenderness
Cold Formed
Plated structural elements

Local Transverse Forces

Local and Distortional Buckling

B Steel setup
[=-EC-EN Mame EC-EM
= FEEI Steel
Member check -
Relative deformation Member check EN 1993-1-1
Fire resistance Fire resistance EN 1993-1-2
Buckling defaults ] Eroe] EM 1993-1-3

EN 1993-1-3: 5.5.2 & 5.5.3
EN 1993-1-3: 6.1.7

Autodesign EM 1993-1-3: 6.2.5

Combined Bending and Axial Compression

EN 1993-1-1 art. 6.3.3 2

Buckling Resistance of the Free Flange

A P —— + EM 1983-1-3 art. 6.2.5(2)

Limit slenderness EN 50341-1
Buckling defaulis
Relative deformation

Autodesign

Reference: EM 1993-1-3 article 6.2.5

Description: Setting to select the interaction method for combined bending and axial compression.

Application: Using this setting either the standard interaction of EN 1993-1-1 article £.3.3 can be selected or the alternative given in EN
1993-1-3 article 6.2.5(2).

Load default non-NA parameters Load default MA parameters

Cancel

EN 1993-1-3 formula (6.36) includes the strong axis bending resistance My rd. There is however no
indication for a weak axis bending moment. Therefore, in case a weak axis bending moment is present,
this interaction cannot be applied and the general interaction according to EN 1993-1-1 is applied.

For interaction described in EN 1993-1-1 article 6.3, two methods can be chosen following Annex A or
Annex B of the EN 1993-1-1. In the National annex is described for each country which one should be
used. This can also be defined in SCIA Engineer:

5 x|
|
= EC-EN Mame EC-EMN
=- SFeeI Steel
- Member check -
- Fire resistance Member check EN 1993-1-1
i+ Cold Formed Bow Imperfections EN 1993-1-1: 5.3.2(3) b)
+-- Plated structural elements Elastic analysis e0/L ‘
Plastic analysis /L
Member Imperfection EN 1993-1-1: 5.3.4(3)
Partial Safety Factors EN 1983-1-1: 6.1(1)
LTB Curves - General Case EN 1993-1-1:6.3.2.2
LTB Curves - Rolled/Equivalent welded Case EN 1993-1-1: 6.3.2.3(1)
Interaction Method EM 1993-1-1: 6.3.3(5)
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Bending and axial tension
The Combined Bending and Tension Check is executed according to EN 1993-1-3, article 6.3.

The code specifies that the same equations as for compression should be used. These interaction
equations are however not fully valid in case of tension.

The purpose of the interaction check for bending and tension is to check the stresses at the
compression fiber. In the AISI NAS 2007 Ref [4] code the formula given in article C5 can be rewritten
using EC-EN notations as follows:

My,Ed Mz,Ed NEd
+ - <1
Mb,y,Rd Mc,z,Rd,com Nt,Rd
With
My, 5 ra The Lateral Torsional Buckling resistance
M, ; rd.com The moment resistance for the compression fiber in case of M.
N ra The Tension Resistance

Additional data

Steel Member data

The default values used in the Setup menu can be overruled for a specific member using Member

Data.
(]
Elastic verification No -
Verify only section checks Ne -
: LTE Buckling Curves 6.3.2 acc, to Steel> Beams> Setup -
Field
Position Rela -
/m From begin () 0
From end (x) 0
|
M ‘
A X |

Section classification
For the selected members, the section classification generated by the program, will be overruled by
this user settings. This has only effect when the introduced classification is supported.

Elastic check only
The selected members will be classified as class 3 ( EL-EL). It means no class 1, class 2 and
slender section support.

Section check only
For the selected members, only section check is performed. Cfr. the ‘exact method’ for DIN18800.

LTB Buckling Curves 6.3.2
For the selected members, the “general case” or the “rolled section/equivalent welded” is used for
the LTB buckling curves.

Field
Only the internal forces inside the field are considered during the steel code check.
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System lengths and buckling groups

System lengths and buckling groups is a library dialog in which all the defined buckling groups (BG's) are
gathered. It gives the user an overview of all the buckling groups and allows editing of the buckling settings
defined in the buckling groups.

It can be accessed either:

- via 'Libraries' > 'Structure, analysis' > 'System lengths and buckling groups'

- via 'Steel' > 'Beams' > 'System lengths and buckling groups'

—

“e & 3-8 A BRY;

BC1 Name BC1
Murmnber of parts 1
Description
Member(s) material Steel, other
ky factor Calculate -
kz factor Calculate -
Point of load application In shear center -
Mer Calculated -
Bow imperfection ely no bow imperfection -
Bow imperfection e,z no bow imperfection -

VY ZZ
New Insert Edit Delete Close ||

On the left part a list is presented of the defined buckling groups within the project. The list allows multi
selection which enables the user to modify common settings at once in that dialog.

On the right side of the dialog the user can find the base settings of the selected buckling group(s). These
items can be edited.

At the bottom of the dialog buttons are available for the user which allow editing the content of the list.
With the option ‘New’ the user creates a new buckling group at the bottom of the list, with ‘Insert’ inserts
a new buckling group under the current selected buckling group or with ‘Edit’ edits the currently selected
buckling group in the dialog "System lengths and buckling settings".

It is possible to delete the currently selected buckling group(s).

Since SCIA Engineer 18.0 a new dialog is introduced for applying buckling settings on a specific buckling
system called System lengths and buckling settings. The buckling related settings that are configured
in System lengths and buckling settings are saved into a buckling group (BG) which is listed in
the "System lengths and buckling groups" dialog.
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LTB Restraints

4N

The default LTB data are overruled by the LTB restraints. Fixed LTB restraints are defined on the top
flange or on the bottom flange. The LTB lengths for the compressed flange are taken as distance
between these restraints. The LTB moments factors are calculated between these restraints.
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!— Purlin

Single angle

Rafter

» Example WS CFS 04.esa
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Consider beam B1

Inputted section:

LTB length =4,0 m

C1=1.13
C2=0.45
C3=0.53

Mcr = 1,57 kNm

Lateral Torsional Buckling Check
According to article EM 1993-1-3:6.2.4
According to article EM 1993-1-1:6.3.2and formuk (6.55)

LTB Parameters

Method for LTB Curve art. 6.3.2.2
Wanry 1,9067e-05 |m?
Elastic critical moment M., 1,57 kMNm

Relative slenderness eyt 1,69
Limit slenderness Aeita 0,40

TB Parameters

I

LTB curve b

Imperfection acr 0,34

Reduckion factor vt 0,28

Buckling resistance Mugg 1,26 kMm
Unity check 1,59 -
LTB length 4,000 m
k 1,00

ki 1,00

Ci 1,13

C 0,45

G 0,53

Influence of load position | no influence

Mote: C Parameters according to ECCS 119 2006/ Galea 2002
The member does NOT satisfy the stability check!

Consider beam B2

Inputted section:

LTB length =1,333 m

C1=1.02
C2=0.05
C3=1.00

Mcr = 10,84 KNm

Lateral Torsional Buckling Check
Accordingto article EN 1993-1-3:6.2.4
Accordingto article EN 1993-1-1:6.3.2and formula (6.55)

LTB Parameters

Method for LTB Curve art. 6.3.2.2
Wiarr 1,9067e-05 |
Elastic critical moment M., [10,84 kMNm

Relative slenderness bt |0,64
Limnit slenderness henta 0,40

LTB curve b

Imperfection awr 0,34

Reduction factor x.r 0,81

Buckling resistance Muad 3,65 kMm
Unity check 0,55 -
LTB length 1,333 m
k 1,00

Ko 1,00

Cy 1,02

C 0,05

G 1,00

Influence of load position | no influence

Mote: C Parameters according to ECCS 119 2006/ Galea 2002
The member satisfies the stability check.
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Purlin design

[0 Sheeting x

Oy I -

O - @ Sheeting LIB E160/1.30 -
Position z +Z -
/ k 1and 2 spans -
2 ; Sheeting position Positive -
Bolt position Top flange -

-Z @ x1-x2

Bolt pitch br -

Lf - frame distance [m] 3,000

@. 2 br Ld - sheeting length [m] 1,000

AVA N 4 Geometry

Ceord. definition Rela -

Position x1 0,000

Position x2 1,000
Origin From start -

| OK || Cancel |

The settings for the diaphragm (sheeting) are:

k The value of coefficient k depends on the number of spans of the diaphragm:
k =2 for 1 or 2 spans,

k = 4 for 3 or more spans.
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Diaphragm
position

The position of the diaphragm may be either positive or negative.

Positive means that the diaphragm is assembled in a way so that the width is greater at
the top side.

Negative means that the diaphragm is assembled in a way so that the width is greater at
the bottom side.

Bolt position |Bolts may be located either at the top or bottom side of the diaphragm.
Bolt pitch  |Bolts may be either:
in every rib (i.e. "br"),
in each second rib (i.e. "2 br").
Frame The distance of frames
distance
Length The length of the diaphragm (shear field.)
Geometry
Position x1 |Value x1 specifies the begin-point of the sheeting on the beam.
Position x2 |Value x1 specifies the end-point of the sheeting on the beam.
Co-ordinate ) . . . . .
L Defines the co-ordinate system in which the position x is inputted.
definition
Origin Defines the origin from which the position x is measured.
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Overview
Determine Stiffness §
MO YES
Inadequately
braced
J v
F
Augmented It is used in LTE MO

compression side)

(in case diaphragm is on

72

Fully braced

YES

Z C, L, U, section?

Are limits of 10.1.1{1)

Mote is displayed

NO satisfied? YES
¥ Only M, Wz, My
Mo LTE check is executed Ioading?
(in case dizphragm is on
compression side)
¥ Y
Mo LTB check is executed Reduced default Checks are executed
{in case diaphragm is on Special Checks are executed
compression side)

- Resistance 10.1.4.1

- Resistance 10.1.4.1

Diaphragm on compression side:
- In case of compression also Stability of free flange 10.1.4.2
Diaphragm on tension side:

- Stability of free flange 10.1.4.2
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First of all the lateral stiffness S of the diaphragm is determined and compared to the required stiffness
Serf-

The lateral stiffness S is calculated according to Ref. [5],3.5 and Ref. [6] ,3.3.4.

_a-10*
K,
Kl + L_S
Where a = the frame distance
Ls = the length of the diaphragm
K1 = diaphragm factor K1
Kz = diaphragm factor Kz

As specified in EN 1993-1-3 article 10.1.1 the shear stiffness S is replaced by 0,2S in case the
diaphragm is connected every second rib only.

And the required stiffness Sert is determined according to EN 1993-1-3 article 10.1.1.

w2 w? ,\70
Serf: EIWF+GIt+EIzFO'25h F

In case S < Serthe member is seen as inadequately braced.
In this case, when the diaphragm is located on the compression side, the Lateral Torsional Buckling
check is executed using the augmented torsional stiffness I;.
2

Iiijg =1 +vorCy ——
t,id t [’ 7_[2 G
With:

I The LTB length

G The shear modulus

vorhCe The actual rotational stiffness of diaphragm

In case S > Serrthe member is seen as fully braced.

In this case, a first test is executed to evaluate if the special purlin checks according to EN 1993-1-3
Chapter 10 can be applied: this chapter is applied only in case the cross-section concerns a Z, C, X or
U section.

Note

The code specifies that the chapter is also valid for hat (Omega) sections however in all further
paragraphs no specific formulas are given for Omega sections. For example the free flange geometry
is described only for Z, C and X sections, not for Omega sections. Therefore Omega sections are not
supported for this special chapter in SCIA Engineer.

In case the cross-section does not match any of the above, the default checks are executed. Since
the member is seen as fully braced, no Lateral Torsional Buckling check needs to be executed in
case the diaphragm is located on the compression side.

In case the cross-section does match the list of set form codes, a second test is executed. More
specifically, the special purlin checks according to EN 1993-1-3 Chapter 10 can be applied only in
case:

e The dimensional limits of article 10.1.1(1) are satisfied
e The section is only loaded by N, V;, My (chapter 10 specifies only checks related to in plane
effect N, Vz an My).

For a section which meet all requirements, the following is done:
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¢ Reduced default Checks are executed i.e. not all default checks will be executed
e Special purlin checks according to Chapter 10

Section Check Article

Axial tension 6.12
Axial compression 6.13
Bending moment 6.14
Shear force 6.15
Torsional moment NOT
Local Transverse Forces 6.1.7
Combined tension and bending NOT
Combined compression and bending NOT
Combined shear, axial force and bending moment 6.1.10
Combined Bending and Local Transverse Force 6.1.11

Stability Check Article
Flexural buckling only for y-y 622
Torsional and Torsional-Flexural buckling NOT
Lateral-Torsional buckling NOT
Bending and axial compression NOT
Bending and axial tension NOT
= The Torsional moment check will never occur in this case since the prerequisite is to have only
N, Vz, My
= The combined axial and bending checks are not executed since they are replaced by the special
purlin checks.
= The flexural buckling check is executed for y-y buckling in accordance with EN 1993-1-3 art.
10.1.4.2(2).
= Torsional buckling and Lateral-torsional buckling are prohibited by the fully braced diaphragm.
The compression in the free flange is included in the special purlin checks.
= The combined stability checks are not executed since they are replaced by the special purlin
checks.
Note

In contrast to article 10.1.3.3(2) the Local Transverse Load Check and its interaction with the
bending moment is executed even if the support reaction is a tensile force.

2 Example WS CFS Hall 2.esa
Consider member B112 for load combination ULS

Without the diaphragm the following check will be displayed:
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Lateral Torsional Buckling Check
Accordingto article EN 1993-1-3:6.2.4
Accordingto article EM 1993-1-1:6.3.2and formulz (6.55)

LTB Parameters

Method for LTB Curve art. 6.3.2.2

Wit 4 .21509e-05 |m?
Elastic critical momentMe  |2,05 kMNm
Relative slenderness by [2,20

Limit slenderness Awito 040

LTB curve b

Imperfection awr 0,34

Reduction factor ¥z 0,18

Buckling resistance Muaa 1,75 kMNm
Unity check 4,69 -
Me Parameters

LTB length f,000 m

k 1,00

ki 1,00

Ci 2,91

Cz 1,49

Ca 0,41

Influence of load position | destabilising

Mote: C Parameters according to ECCS 119 2006/ Galea 2002

Bending and Axial Tension Check
According to article EN 1993-1-3:6.3.

Moz 177,19 | kN
Me.y.2d 1,75 kMm
Me2 R o 1,62 kMm

Unity check: 4,69+0,48-0,02= 5,16 -
The member does NOT satisfy the stability checkl

With the diaphragm, the properties of the diaphragm are given
Diaphragm data

E-1» Of Values

Actual stiffness S 8603.38 kM
Required stiffness Serf 785.63 kN
S >= Serf Fully Braced

.0
cOPk 2.00 kNm/m
cOAk 1.10 kNm/m
c100 2.60 kNm/m
vorh ck 0.63 kNm/m

It,id = 9.2720e-10 + 2.8421e-08 = 2.9348e-08 m*

But the limits for the internal forces (only N, Vz and My are not fulfilled), so no purlin check will be
executed, but also no Lateral Torsional Buckling check is performed:
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Bending and Axial Tension Check
According to article EN 1993-1-3: 6.3.

Table of values

Nt,Rd 177.19 | kN
Mb,y,Rd 9.92 kNm
Mc,z,Rd,com 1.62 kNm

Unity check: 0.83+0.48-0.02 = 1.29 -
The member does NOT satisfy the stability check!

Design resistance

Resistance of cross-sections

The cross section should be verified as indicated below:

=
. ___T t fTT P+ ¢ f__T__T 1 ff i T‘___ y P r=-3
Ed, AL | ' 1eh

r‘fh‘?Edl |—+—1f5h b

]

|
T =T

‘F‘—'—'—i" =Yy * *

My Ed NEd M Ed ?A
¥ )
w@ﬁﬂf At Wy

So superpose the following forces:

o In-plane bending moment My gq
o The axial force Ngg

o An equivalent lateral load gneq acting on the free flange, due to torsion an lateral bending

The maximum stresses in the cross-section should satisfy the following:
o Restrained flange

M N

y,Ed Ed
Omax,Ed = + <5H/vm
e Werry  Aesr ~ 7

o Free flange

_ My,Ed NEd Mfz,Ed
Umax,Ed - A +
Werry  Aerr Wi

=< fy/VM
Where:

o W, is the gross elastic section modulus of the free flange plus the contributing
part of the web for bending about the z-z-axis.
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Unless a more sophisticated analysis is carried out the contributing part of the web
may be taken equal to 1/5 of the web height from the point of web-flange
intersection in case of C-and Z-section and 1/6 if the web height in case of X-

section.
o Mg, gq is the bending moment in the free flange due to the horizontal load gn,eq:
Qnea = kn qeq  (see also figure below)
And
M;,pa = Kr Mo g2 5a
M, s, rq is the initial lateral bending moment in the free flange without any spring
support
Kg is a correction factor for the effective spring support and may be determined
for the relevant location and boundary condition, using the theory of beams
on the elastic Winkler foundation.
Table 10.1 from EN 1993-1-3 provides the formulas to determine Mo ,,eq for
specific positions within the beams.
shear ! {
centre o
| (0] IR S
R e e
v e
b _r
}‘ _‘T
he(b? +2cb—2c2b1 h) Iy g,
ko = ———— =2 i, — kpo= -’-_\- j}i

Simple symmetrical Z section Z, C or £ sections

a) kyp factor for lateral load on free bottom flange. ( kj( corresponds to loading in the shear centre)

9ea 9ea Geq f T Ge
y
—a— - = T
e I a
Shear Shear
centre = centre $ =
k. q l k g l
1 hYea =]
= K, Qey - — K, Oy -
k, =k K, = k,o+ eh (%) k,=kKp-a/h () k,=k-f/h
(‘k?*"
b) Gravity loading c) Uplift loading

Equivalent lateral load factor kj,

)

direction.
(**)

If a/h> kyy then the load is acting in the opposite direction.

If the shear centre is at the right hand side of the load gg4 then the load is acting in the opposite

(***) The value of fis limited to the position of the load qgs between the edges of the top flange.

Note

In case the free flange is in tension, Mx, gq is taken equal to zero (see also EN 1993-1-3 article

10.1.4.1(5)).

The lateral spring stiffness K is determined according to En 1993-1-3, article 10.1.5(4).

1 _ 4' (1 - VZ) hz (hd + bmod) + hZ
K~ Et3 Cp
Where:
t is the thickness of the purlin

h, a, b, bmog, ha see figures below
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Co is the total rotational spring stiffness and will be taken as vorhC. The calculation of
this value is also given below.

DETERMINATION OF PROPERTIES h, a, b, bmod and hgd

If gn brings the purlin into contact with the sheeting at the purlin web

kil g

h ]
bmod = a
If qh brings the purlin into contact with the sheeting at the tip of the purlin flange
h
L an :

bmod =2a + b

Determination of a and b

' Sheet heet

Fastena Fastens

DETERMINATION OF vorhC:
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1
I, =1, +vorhC, G

1

1

1 1
+

vorhC,  Cgy Coap  Copy

Co =k

El eff
3

ba
Ca.—‘\.,k =Cyp 100

} if b, <125

b
C...=125.C,,,| = if 125<b_ <200
SAk 10{100} 2

vorhC

Comk
Coak
Copk

Elest

ba
C1o0

the LTB length
the shear modulus
the actual rotational stiffness of diaphragm

the rotational stiffness of the diaphragm

the rotational stiffness of the connection between the diaphragm and the beam
the rotational stiffness due to the distortion of the beam
numerical coefficient

= 2 for single or two spans of the diaphragm

= 4 for 3 or more spans of the diaphragm

bending stiffness of per unit width of the diaphragm
spacing of the beam

the width of the beam flange (in mm)

rotation coefficient - see table

beam height

thickness beam flange

thickness beam web
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In below some values for the rotation coefficient:

PO?&;:: of S""‘:rf,""f;'”d Pitch of fasteners | Washer | ¢ g
Positive | Negative | Trough Crest e« by e = 2by {mm] | [KNm/m] | [mm]
For gravity loading:

X X x 22 5.2 40

X X X 22 3.1 40

x x x Ky 10.0 40

x x X K, 52 40

X X X 22 3.1 120

X X X 22 20 120
For uplift loading:

X X X 16 26 40

X x X 16 1,7 40
Key:

bg is  the corrugation width [185 mm maximum];
by is  the width of the sheeting flange through which it is fastened to the purlin.

K, indicates a steel saddle ‘vasher as shown below with t = 0,75 mm

Sheet fastened:
- through the trough:

Va o T o o A
\) br,| Vi
The values in this table are valid for: - through the crest:
sheet fastener screws of diameter: ¢ = 63mm; by
e
stee] washers of thickiess: t, = 1.0mm;
R g VI A W G O

sheeting of nominal core thickness: ¢ = 0,66 mm,

Buckling resistance of the Free Flange

If the free flange is in compression, its buckling resistance should be verified, using:

1 (Mygq Nega\ Mrspa
_< 2+ i LI < /Y
XLT Weff,y sz sz

And the buckling length will be calculated by:
ez =1L (1 + 1y R13)7

And n, to n, are given in the tables below:
Table 10.2a : Coefficients 1 for down load with 0, 1, 2, 3, 4 anti-sag bars

Situation Anti sag-bar T h M M
Number

End span 0 0.414 1.72 1.11 0.178
Intermediate span 0.657 8.17 2.22 -0.107
End span 1 0.515 1.26 0.868 -0.242
Intermediate span 0.596 2.33 1.15 0.192
End and intermediate span 2 0.596 233 1.15 -0.192
End and intermediate span Jand 4 0.694 545 1.27 0.168

80



Topic Training — Code Check Cold-Formed Steel Profiles

Table 10.2b : Coefficients g for uplift load with 0, 1, 2, 3. 4 anti-sag bars

Situation Anti sag-bar m h s My
Number

Simple span 0 0.694 545 1.27 0.168
End span 0.515 1.26 0.568 0.242
Intermediate span 0.306 0.232 0.742 0.279
Simple and end spans 1 0.800 6.75 1.49 -0.155
Intermediate span 0.515 1.26 0.868 0.242
Simple span 2 0.902 8.55 2.18 0111
End and intermediate spans 0.800 6.75 1.49 0.155
Simple and end spans 3and 4 0.902 8.55 2.18 0111
Intermediate span 0.800 6.75 1.49 0.155

If the compression over the length L is almost constant, due to the application of relatively large axial
force, the buckling length should be determined using the values of n; for the case shown as “more
than three anti-sag bars per span”, but the actual spacing La.

“The relatively large axial force” is specified in SCIA Engineer as follows:

Ngq
if ——————— > Limit => Large axial force
Aeff * fyb/yMl
N,
if — 4 < Limit => Small axial force

Agsr * fyb/YM1

Default this limit value is set on 1 in SCIA Engineer, but this can be changed in the Steel Setup:

[=)- EC-EM
(- Steel
- Member check
- Relative defarmation
- Fire resistance
- Buckling defaults
- Limit slenderness
- Cold Formed
i Plated structural elements
E----ﬁtutodesign

Buckling defaults
Relative deformation
Autodesign

Mame EC-EM
Steel

Member check EN 1993-1-1

Fire resistance EN 1993-1-2

Cold Formed EN 1993-1-3
Local and Distortional Buckling EN 1993-1-3: 5.5.2 & 5.5.3
Use manufacturer provided effective section pr... no
Stiffener iterations | yes
Overall Cross-section iteration vl yes
Leocal Transverse Forces EN 1993-1-3: 6.1.7
Ignore check no
Bearing length 5 [mm] 1]
Use |, correction in (6.18) | yes
Combined Bending and Axial Compress  EMN 1593-1-3: 6.2.5
Interaction EM 1993-1-1 art. £.3.3 -
Buckling Resistance of the Free Flange EN 1993-1-3: 10.1.4.2
Limit for large axial force 0.1

Plated structural elements EN 1993-1-5

Limit slenderness EM 50341-1

Load default non-MA parameters

Load default NA parameters

oK

Cancel

> Example WS CFS 05.esa
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Consider member B2 - section
First the properties of the diaphragm are given.

Sheeting data

Actual stiffness S 8603,38 kM
Required stiffness Ser | 649,96 kM

S = Ser Fuly Braced

Cam 5,63 kMmy'm
Capy, 5,00 kMm'm
Can 2,50 kMmf'm
C1m 10,00 kMmf'm
vorhCa 1,32 kMm'm

Ly = 1,3008e-09+ 5,9518e-08= 6,091%e-08m*

The condition to perform a purlin check are fulfilled (only N, Vz and My)
The critical check is on position 3.000 m

Internal forces |Calculated |Additional moments |[Total |Unit
N,Ed -20,00 -20,00 |kN
Vy,Ed 0,00 0,00 kN
Vz,Ed 0,75 0,75 kN
T,Ed 0,00 0,00 kMNm
My, Ed 2,25 0,00 2,25 kINm
Mz,Ed 0,00 -0,03 -0,03 kiNm

Below the default section check, the check on the beam restrained by sheeting — resistance of
cross-section is given:

Beam restrained by sheeting - Resistance of cross-section

According to article EN 1993-1-3: 10.1.4.1 and formula (10.3a), (10.3b).

Equivalent Lateral Load

Vertical load gEd -1.00 | kN/m

kho -0.00

a 19 mm

h 150 mm

kh 0.13

Lateral load gh,Ed | 0.13 kN/m
Lateral Bending Moment

Boundary Conditions Hinged-Hinged
Mfz,Ed 0.00 kNm
Lateral spring stiffness

a 25 mm

b 50 mm

hd 150 mm
bmod 25 im
CcD 1.32 kMm/m
Lateral stiffness K | 46.70 kNfm?
Ifz 5.8294e-08 m*

La 6.000 m

R 50.76
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Table of values

Aeff 5.4180e-04 m?
Weff,y restrained flange | 2.6834e-05 | m’
Weff,y free flange 2.6834e-05 m?
Wiz 2.8462e-06 | m?
Gamma M 1.00

Unity check (10.3a) 0.36 + 0.16 = 0.51 -
Unity check (10.3b) (-0.36) + 0.16 + 0.00 = 0.20 -

The check on the Buckling resistance of the free flange is not performed for beam B2.

— NEd__ ~ Iimit = 0,1 so the check does not have to be executed:
Aefr*fyb/YM1

. N ..
For beam B1, the normal force has been increased and L‘}yb > Limit = 0,1
Aeff* s
M1

= check on the purlin for the buckling resistance of the free flange will be displayed:
Beam restrained by sheeting - Buckling Resistance of free flange

According to article EN 1993-1-3: 10.1.4.2 Table 10.2a and formula (10.7).
According to article EN 1993-1-1: 6.3.2.3.

Buckling length

La 6.000 m
R 50.76

Eta 1 0.69

Eta 2 3.45

Eta 3 1.27

Eta 4 -0.17

Buckling length Ifz 1.355 m
ifz 1.7467e-02 m
Reduced slenderness Lambda,fz | 0.83

Reduction factor

Limit slenderness Lambda,LT,0 0.40
LTB curve b
Imperfection Alpha,LT 0.34
Reduction factor Chi,LT 0.80
Unity check 0.05

Note: The buckling length of the free flange is determined according to article 10.1.4.2(5) due to a "relatively large axial force".
The member satisfies the stability check.
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