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Introduction

This course will explain how to check a steel structure built with cold formed cross sections.

Most of the options in the course can be calculated/checked in SCIA Engineer with the steel edition or
professional edition and higher.

Below you can find an image of the workspace of SCIA Engineer and where to find the different menus.
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Advanced Training — Cold formed steel

Chapter 1: Materials and combinations

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 fy, and ultimate tensile strength f,

Type of steel Standard Grade fiv N/mm?’ fu N/mm’®
Hot rolled products of non-alloy | EN 10025: Part 2 §235 235 360
strLlchural stce!sl. Part 2: Technical 5275 275 430
delivery conditions for non alloy
structural steels §355 355 510
Hot-rolled products of structural steels. | EN 10025: Part 3 S275N 275 370
P Tl il i b
fine grain structural steels S420N 420 520
S460N 460 550
S275NL 275 370
S355NL 355 470
S420NL 420 520
S 460 NL 460 550
Hot-rolled products of structural steels. | EN 10025: Part 4 5215 M 275 360
T e e
grain structural steels S420M 420 500
S 460 M 460 530
S275ML 275 360
S355ML 355 450
S420ML 420 500
S 460 ML 460 530

6 MV — 2023/12/20



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

Type of steel Standard Grade fio N/mm? fo N/'mm?
Cold reduced steel sheet of structural | ISO 4997 CR 220 220 300
gty CR 250 250 330
CR 320 320 400
Continuous hot dip zinc coated carbon | EN 10326 S220GD+Z 220 300
steel sheet of structural quality $250GD+Z 250 330
S280GD+Z 280 360
S320GD+Z 320 390
S350GD+Z 350 420
Hot-rolled flat products made of high | EN 10149: Part 2 S315MC 315 390
yield strength steels for cold forming. Part $ 355 MC 355 430
2: Delivery conditions for
thermomechanically rolled steels S 420 MC 420 480
S 460 MC 460 520
S 500 MC 500 550
S 550 MC 550 600
S 600 MC 600 650
S 650 MC 650 700
S 700 MC 700 750
EN 10149: Part 3 S 260 NC 260 370
S315NC 315 430
S355NC 355 470
S420NC 420 530
Cold-rolled flat products made of high | EN 10268 H240LA 240 340
yield strength micro-alloyed steels for H280LA 280 370
cold forming
H320LA 320 400
H360LA 360 430
H400LA 400 460
Continuously hot-dip coated strip and | EN 10292 H260LAD 2402) 3402)
;l;czlo lc()jffsolg;lisn ;vnth higher yield strength H300LAD 2802) 3702)
H340LAD 3202) 400 2)
H380LAD 3602) 4302)
H420LAD 4002) 460 2)
Continuously hot-dipped zinc-aluminium | EN 10326 S220GD+ZA 220 300
(ZA) coated steel strip and sheet S250GD+ZA 250 330
S280GD+ZA 280 360
S320GD+ZA 320 390
S350GD+ZA 350 420
Continuously hot-dipped aluminium-zinc | EN 10326 S220GD+AZ 220 300
(AZ) coated steel strip and sheet S250GD+AZ 250 330
S280GD+AZ 280 360
S320GD+AZ 320 390
S350GD+AZ 350 420
Continuously hot-dipped zinc coated | EN 10327 DX51D+Z 140 1) 270 1)
strip : and sheet of mild steel for cold DX52D47 140 1) 270 1)
forming
DX53D+Z 140 1) 270 1)

MV —2023/12/20




Advanced Training — Cold formed steel

In SCIA Engineer, the following materials are provided by default:

(AL BEBEE o= & g s -
5420 MC ~ |Name |SEEDGD+ZA
5460 MC Code independent
5500 MC Material type Steel
5550 MC Thermal expansion [m/mkK] 0,00
> 600 MC Unit mass [kg/m*"3] 7830,0
zi;g EE E modulus [MPa] 2,1000e+05
5 260 NC Poisson coeff. 0.3
5315 NC Independent G modulus
5353 NC G modulus [MPa] 8,0768e+04
S420 NC Log. decrement (non-uniform d... 0,15
H240LA Colour |
HZ30LA Thermal expansion (for fire resis... 0,00
H320LA Specific heat [1/gK] §,0000e-01
H3GILA Thermal conductivity [W/mK] 4,5000e+01
H00LA Material behaviour for no...
H260LAD .
H300LAD Material behaviour Elastic -
H340LAD S
H330LAD Ultimate strength [MPa] 300,0
H420LAD Yield strength [MPa] 2200
5220GD+ZA Thickness range
S230GD+ZA
S280GD+ZA
S320GD+ZA
S350GD+ZA
S220GD+AZ
S230GD+AZ
S280GD+AZ
S320GD+AZ
S350GD+AZ v

New Insert Edit Delete QK

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)

knt2 f +f
fo=f,+|—— (f, =, )<| 2
ya yb u yb
o 2
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 A, (so not for
class 4 profiles).

8 MV —2023/12/20



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?2

n=2

fya = 235 + (7x2x8?) / 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/mm?

EC3 Check : Negq = Ay (fys + (fya = fyn) 4+ (1 - %))/ym (Aeff = Ag Seq. 6.3 of EN1993-1-3)

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

In Scia Engineer;

MV —2023/12/20

~N Advanced procedure
4_Cold formed
Average yield str...
Enable
Type of forming Roll forming v
Export Update Decument
4| B Picture I Fibres UnitWarping Shear(Vy) Shear(Vz) T Centrelines Initi... (s
Cross-section lavout and dimensions OK Cancel
Yield strength fyp [235,0 |MPa

B Cross-section X

Name €53
Type SADEFU260x8.00
Shape type Thin-walled
y4 Initial shape Available
4 Source and Type d...
Source description Sadefnv/Building pro®
Type description Cold formed channel s¢
4 Parameters
Material S 235 v
Cold formed channel se: SADEFU260x8.00
Profile Library filter All cross-sections v
4 General

Draw colour Normal colour v

IFabrication cold formed v I

4 Buckling curves
y Edit buckling curves
Flexural buckling y-y ¢

Flexural bucklingz-z ¢
Lateral torsional bucklir Default
4 Initial shape
Initial shape
Free flange geometry
Restrained by sheeting
Effective section

Average vyield strength fyra [268,6 |MPa
Forming type coefficient |k |7
No. of 90° bends n |2
Ultimate strength fu [360,0 |MPa




Advanced Training — Cold formed steel

Compression check
According to EN 1993-1-3 article 6.1.3 and formula (6.3)

Gross section area Ag 3,3170e+03 |mm?
Relative slenderness Ae 0,55

Slenderness Aeo 0,67

Compression resistance |Ncrd 863,05 kN
Unity check 0,58 -

The member satisfies the section check.

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 E

0,45mm < teor < 15mm

N 1993, article 3.2.4 is:

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:

B | Steel setup

[=EC-EN
E-Steel
E----Member check
Fire resistance
é----CoId Formed
. plated structural elements

4 Steel

> Member check
b Fire resistance
4 Cold Formed

> Partial Safety Factors

Name EC-EN

EN 1993-1-1
EN 1993-1-2
EN 1993-1-3
EN 1993-1-3: 2(3)

4 Minimal

4 Maximal

4 Member Steel Core Thickness EN 1993-1-3: 3.2.4(1)

Walue [mm] 0

Value [mm] 15

I Method for Chi, LT

I Plated structural elements

10

EN 1993-1-3:10.1.4.2(1)
EN 1993-1-5

Load default NA parameters Cancel
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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.

u | Cross-

section

4 I Picture UnitWarping  Shear (Vy)

Cross-section lavout and dimensions

Shear (Vz) I Centrelines Initial shape 3

Name CS4
Type SADEFSEP300X3.0D00
Shape type Thin-walled
Initial shape Available
4 Parameters
Material S 235 7 con
Cold formed Sigma-Plus SADEFSEP300X3.0D0...
Profile Library filter All cross-sections v
4 General
Draw colour Normal colour v
Cotour |G
Fabrication cold formed v
4 Buckling curves
Edit buckling curves
Flexural bucklingy-y b
Flexural bucklingz-z b
Lateral torsional bucklir Default
4 Initial shape
Initial shape
Advanced procedure
4 Cold formed
4 Average yield str...
Enable

4 Steel core thickn...

Enable
Metallic coating [mm] M
Thickness [mm] 3

ibres and Parts
Fibre textzoom 1.0 v

Editnamed items

Export Update

OK Cancel

Document

Combinations

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

1990. In the below national annex setup, partial safety factors and Psi factors can be set.

B Setup manager

EEC-EN

[ Combination
(STR/GEQ) alternative
=-Buildings

Combination setup
- Psi factors
~Load combination factors
- Reliability class

[=-Bridges

= Combination setup
Road bridges
Footbridges
Railway bridges
[£]-Psi factors

Road bridges
Footbridges
Railway bridges
[ Load combination factors
Road bridges
Footbridges
Railway bridges

Name

4 Combination

4 (STR/GEO) alternative
4 Combination
Values
4 Buildings
4 Combination setup
4 Category H loading not to be comb...
Value
4 Psifactors
Psi factors
4 Load combination factors
4 Fundamental combination (STR/GE...
4 Permanent action - unfavorable
Value
4 Permanent action - favorable
Value
4 Leading variable action
Value
4 Accompanying variable action
Value
4 Reduction factor ksi
Value
4 Fundamental combination (STR/GE...
4 Permanent action - unfavorable
Value

4 Permanent action - favorable

EC-EN
EN 1990: 6.4.3.2(3)

Eq.6.10

yes

EN 1990: Annex Al Table A1.1
EN 1990: Annex Al Table A1.2(B)
1,35

1,00

1,50

1,50

0,85
EN 1990; Annex Al Table A1.2(C)

1,00

Load default NA parameters

Cancel

MV — 2023/12/20
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Advanced Training — Cold formed steel

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

- Using Equation 6.10

ZyG,in,j I+I7PPI+I7/Q,1Qk,1'+'z}/q,i‘//o,iQk,i

=1

i>1

- Using Equations 6.10a and 6.10b

Z%,ij,j +7p PI+'7Q,1WO,1Qk,1|+IzyQ,il/IO,iQk,i

>

i>1

Zgjj/G,ij,j '+I7PPI+I7Q,1Qk,1'+IZyQ,iV/O,iQk,i
=

i>1

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

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

wo for Wind loads equals 0,6

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

12
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Chapter 2: 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:

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.

MV — 2023/12/20 13



Advanced Training — Cold formed steel

Example: WS CFS 02.esa

In the cross section editor click on “initial shape”.

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

Fait nitial shape ' ' X

Ye[mm] Zc[mm] A[mmA2] Ybeg[mm] Zbeg[mm] Yend[mm] Zend[mm] t[mm] lementtyp Reinf.type

1 0 8,88 19,09 64,22 15,00 64,22 2,76 1,56 RUO ; 7
2 31,84 100,66 4,85 64,22 2,76 62,24 0,78 1,56 F none
3 32,50 0,78 92,79 2,76 0,78 62,24 0,78 1,56 | none
4 33,16 100,66 4,85 0,78 2,76 2,76 0,78 1,56 F none
5 0,78 100,00 303,39 0,78 2,76 0,78 197,24 1,56 | none
6 33,16 99,34 4,85 0,78 197,24 2,76 199,22 1,56 F none
7 32,50 199,22 92,79 2,76 199,22 62,24 199,22 1,56 | none
8 31,84 99,34 4,85 62,24 199,22 64,22 197,24 1,56 F none s
9 64,22 191,12 19,09 64,22 197,24 64,22 185,00 1,56 UO RUO
R &
Draw part numbers Cancel
Initial shape — Cross-section CS2 (general cross section):
Edit initial shape X

Yc[mm] Zc[mm] A[mm?*2] Ybeg[mm] Zbeg [mm] Yend [mm] Zend[mm] t[mm] lementtyp Reinftype
1 0 7,10 22,15 63,40 14,20 63,40 0,00 1,56 |Uo v RUO v 3 4
2 31,70 0,00 98,90 63,40 0,00 0,00 0,00 1,56 | ¥ none v
3 0,00 99,20 309,50 0,00 0,00 0,00 198,40 1,56 | ¥ none v
a 31,70 198,40 98,90 0,00 198,40 63,40 198,40 1,56 | ¥ none ¥
5 63,40 191,30 22,15 63,40 198,40 63,40 184,20 1,56 U0 v RUO ¥

3

Draw part numbers OK Cancel

Effective shape

Influence of rounded corners

In cross-sections with rounded corners, the notional flat widths b_p 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.

14 MV —2023/12/20



(a) midpoint of corner or bend

X is intersection of midlines
P is midpoint of corner
Fm =7 +t/2

( il R
2r =rm [ tanLE} - 51n(5) |

(c) notional flat width by for a web

(bp = slant height sy,)

(d) notional flat width by, of plane

parts adjacent to web stiffener

(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.

MV — 2023/12/20 15



Advanced Training — Cold formed steel

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 f‘#"ﬁ h/t< 50

e b ,Ii |(_Hb i b/t< 60
‘ c/t <50
le + A

}‘;"li f‘;’i b/t<90

¥
—) ) ¢y c/t< 60
Pale a|d|l ‘ a|“|<_f d/t< 50
<« >

|<;,.| b b/t < 500

459 < p< QQ°
h h
N * h/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.

y..
T

Also the limit ratios given in EN 1993-1-3 article 5.2(2) are checked.
02 <c/b<06
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 / fy 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.
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.

16 MV —2023/12/20



Example: WS CFS 07.esa

Warning message if c/b exceeds the maximum value, perform the steel code check and look in the preview:

EC-EN 1993 Steel check ULS

Values: UCoverall

Linear calculation

Load case: LC1

Coordinate system: Prindpal
Extreme 1D: Member
Selection: All

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

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

Partial safety factors

Resistance of cross-sections  |ymo  [1,00
Resistance to instability ym: 1,00
Resistance of net sections ym2 |1,25

| Warning: Cross-Section dimensions ratio is outside the limit: 0.2 <= ¢/b <= 0.6 (Art. 5.2(2)). I

Yield strength fyo [280,0 [MPa
Ultimate strength _[fu [360,0 [MPa_|

General procedure for one element

By default EN 1993-1-3 specifies that the stress f (c_(com,Ed)) to be used for the effective section
calculation should be taken as f,, /¥ uo-

The reduction of an element is in general given by:

With:
o Deff effective width
e p reduction factor
e 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.

bp

/
W

e

1 & 2 - Stresses based on bp

1" & 2' - Slresses based onw

Gbeg: NOrmal stress at start point of rectangular shape — compression stress is positive
Gend: NOrmal stress at end point of rectangular shape — compression stress is positive

If the rectangular shape is completely under tension, i.e. oreg @and cend are both tensile stresses, no reduction
is needed, p=1.0
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Advanced Training — Cold formed steel

Step 2: Determine f1 and f2:

Incase |opeg| = |0enal

In case |0beg| < |aend|

Step 3: Calculate the stress gradient y:

Y =rf/h

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.

18

Table 4.1: Internal compression elements

Stress distribution (compression positive)

Effective” width by

be beo b= b_
5 el = 2
by = 0,5 bey bey = 0,5 beyy
m]:_, 1 >yp=0:
G
‘72 R
bei beo byr=p b
b 2
by=_—"by bo=bu-Dbe
PR S r< 0
4 _
br=pb.=p bl (1-w)
mbmm‘mml o 5 w=ph.=p v
b ba=04bar D=0 b
W = ayla | 1>w>0 0 0>w>-1 -1 Al>w>-3
Buckling factor k| 4.0 82/(1.05+y) | 7.81 7.81-6.29u + 9,78y 239 508 (1- )
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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
Deg 1>w=0
9y
% ber=pc
S
T”Tr r< O
Gy
bei=pbe=pc/(1-y)
* Jeber )
W = a0, | 0 -1 12wz3
Buckling factor k, 043 0,57 0,85 0,57 - 021w + 0,07y
b,
o l>y>0:
g e
G2 bai=pc
y c
b
o <O
a
I o ber=p b =pc/(l-y)
2
b: | b
W= aslag, 1 l>w>0 0 O0>w>-1 -1
Buckling factor &, 043 0,578 / (yr + 0,34) 1,70 1.7 -Sw+ 171y 23.8
Example: WS CFS 06.esa
In the cross section editor click on “effective shape”:
[ VI:‘IVE"ffVEcllV\V/(:!Vs}'lape x V
INPUT TYPE
* Compression N-
Bending My+ 4 5 N
Bending My- (—
Bending Mz+
Bending Mz-
VALUES
fyd  220000,000 KN/mA:
yMo 1,00 |3
Update
3 Overalliterations
stiffener iterations
Use Annex E
Overall iterations: 0
Stiffener iterations: 0 L] 1
Calculation time: 1 [ms] 9@J:| +
2 & & L pefaut ~ WE]N &
bp o1 a2 ('] ke Ap p be be1 be2
[mm] [kN/m?] [kN/m?2]  [-1 [-[1 [-] [-1 [mm] [mm] [mm]
220000,000 |220000,000 |10 |04 |10 |08 |23
220000,000 |220000,000
220000,000 [220000,000
Wely Welz crucs | Czuss @
[m] [m3] [mm] [mm] [deg]
[ | 1,41992-04 | 5,4965¢-08 | 8,6159e-09 | 2,1986e-06 | 3,7240e-07 7 25 000 |
Tasks = pagewiath - —f|—— +
OK Cancel
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Advanced Training — Cold formed steel

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 6 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.

,.‘Z'\ ul

Compression Bending Compression Bending

¢) Calculation of o 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= Et 1
~ 4(1-v?) bZhy, + b} + 0,5b,byh ks

Where
o by see figure 5.6(a)
o by see figure 5.6(a)
o hy is the web depth
e ki=0 if flange 2 is in tension (e.g. for beam in bending about the y-y-axis)
o  ki=As2/ As1 if flange 2 is also in compression (e.g. for beam in axial compression)
o ki=1 for a symmetric section in compression
o As 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 humerical 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.
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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.

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 in such a case:
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.

B Cross-section X

Name €S1
Type KU50/30x1.5
Z Shape type Thin-walled
Initial shape Available

4 Parameters

Material $220GD+Z 7 o
Cold formed channel ser KU50/30x1.5
Profile Library filter All cross-sections v
4 General
Draw colour Nermal colour v
colour NG
\'% Fabrication cold formed v
X 4 Buckling curves
Edit buckling curves
Flexural buckling y-y €
Flexural buckling z-z ¢
N Lateral torsional bucklir Default
4 |Initial shape
Initial shape
| [ Advanced procedure I ‘
Critical stress input
4 Cold formed
Export Update Document
| 4 I% Picture UnitWarping Shear(Vy) Shear(Vz) I Centrelines Initial shape b
| Cross-section layout and dimensions o Sl
Next the user has to insert the elastic buckling stresses manually:
Critical stress input X
| Effective shape Sigma,cr,l [kN/m*2] Sigma,cr,d [kN/m"2]
1 N 220000,000 220000,000
2 My+ 220000,000 220000,000
3 My- 220000,000 220000,000
4 Mz+ 220000,000 220000,000
5 Mz- 220000,000 220000,000
I
OK Cancel
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Advanced Training — Cold formed steel

Plane elements with edge stiffeners

The procedure for determining the effective width/thickness of elements with edge stiffeners is given in
EN1993-1-3 article 5.5.3.2 and 5.5.3.1.

This applies to elements of type RUO and DEF.

| b |
| b, | b
-1—0914—( e q—ba2—- bglﬁ el
‘ - b ;
4 1~ ) - 4 1 I:.A’ [
-l | amml |
| b, | (i -Qg 9 - b, _! _!_ng-’
! ' b| l bi . o )
AS’ "5 K% AS’ ’S K /'
' . b/t < 90 a
b/t < 60 < aff
a) single edge fold b) double edge fold Dy

Procedure:

e 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 o¢omzq = fyn/Ymo-

e 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.

e Step 3: Optionally iterate to refine the value of the reduction factor for buckling of the

stiffener.
c, | b, |
'-ﬂ I ‘ a) Gross cross-section and boundary conditions
T I i
0
bm
b) Step 1: Effective cross-section for K=o
nybf Fao _L based on O k= fo! Ko
Ta—
1 s ¢) Step 2: Elastic critical stress ¢, for
;S T A - —a [} effective area of stiffener A, from step 1
3
— v
K L

T ao I | %a b/ a0

e

f d) Reduced strength 4 fi1/ 7410 for effective
T a—- a 5 area of stiffener A,, with reduction factor ¥ 4
Q
Iteration 1 | based on ..
K [
frn | Zan Tyl Hao

M ¥ Mo ‘l i e) Step 3: Optionally repeat step 1 by

7 T E— a 1 calculating the effective width with a reduced

o cive < o = g U 1
g—uL COMPIESSIVe SITESS Gromdi = )g;ﬂ / N.,'wnh ¥
from previous iteration, continuing until .= ¥
tm-1) DUL Y4 S Yooy

{

8 —
1/ o E £ in
e N | Vel /Mo f) Adopt an effective cross-section with b.1, ¢u
T 1

b b and reduced thickness 1, corresponding to ¥,
4.{ }.7 aZn
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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‘O]l]pl'ESS.l(l[] elements:

p=10 for 2, < 0,673
A, —0.055(3 -
P :MS 1.0 for 2,>0673 _where (3+ )20 4.2)
Ap
—  outstand compression elements:
p=10 for A, <0,748
T o0s B
:wg 1.0 for A, >0,748 (4.3)
Ap
= I bl
where Ap= |+ =— " —
"No, 284k,

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/bp50,35 => ko- = 0,35

0,35 <bpc/bp<0,6 => k, = 05+ 0,833\/(bp_c/bc ~0,35)°

For a double edge fold stiffener:

Ceff = Pbpc

p and ks are obtained from EN 1993-1-5 — Table 4.1, (with the notional width b,, is used as b)
ders = Pbpa

p and ks are obtained from EN 1993-1-5 — Table 4.2, (with the notional width b,, is used as b)

If0,35<bpc/bp<0,6 => k, = 0,5+ 0,833\[(bp,c/bc - 0,35)2

Step 2:
The effective cross-sectional area of the edge stiffener As is calculated correctly, with the exact value for by.

And the elastic critical buckling stress:

_2JKEI,

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 o, .

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

Xa =10 if Aq < 0,65
Xa =147 —0,723 1, if 0,65 < 1,; < 1,38
Xa = 2 if 1,>1,38

Ag
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Advanced Training — Cold formed steel

Where:

d = VvV fy/o-cr,s

If x4 < 1,0 it may be refined iteratively, starting the iteration with modified values of p obtained with

Ocom,Ed,i

/Tp,red = /Tp\/ Xd

The reduced effective area of the stiffener Asred allowing for flexural buckling should be taken as:

As,red = XdAs

Conclusion

fyu!Ymo

acom,Ed,i

= deyb/VMo so that:

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

Plane elements with intermediate stiffners

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.

. by AT~ b2 )
[ Bpn N Bp.2 |
b ! b g | b b, 2
1,0 J H,6 2,6] 2.0
T B —&— g —-
! /
\\ 4\/\ /
N by 4
RN -7 Agr g

-

- /"\“‘AI' IC

Figure 5.9: Intermediate stiffeners

This principle is also shown on the figure below:

24

e
- \/

@ H:I:III:IIMW
AP

i |IIIIIII _

/cfyh Tao

M g ([ ese
t— —_—— —

lteration 1 K

BAAA

£/

v/ Yo Fan T i /i
- \f ra)

K

BPAA

lteration n

< [T

R D

a) Gross cross-section and boundary conditions

b) Step I: Effective cross-section for K = == based on
TeomEd = fyn/ M0

¢) Step 20 Elastic critical stress ., for effective area

of stiffener A, from step 1

d) Reduced strength x4 fy /s for effective area of
stiffener A, with reduction factor y 4 based on G

e) Step 3: Optionally repeat step 1 by calculating the
effective width with a reduced compressive stress Grompdi
= zafin! 0 with g from previous iteration, continuing
until Yan= Fam-1 DUt ZanS Yam-1)

f) Adopt an effective cross-section with by .z, ba.; and
reduced thickness frq corresponding to 7as
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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 compression elements:

p=10 for Z,, <0.673
 ooss( B
po e 00SSGHY) g T S 067
Ay
- outstand compression elements:
p=10 for A, <0.748
:’”:79'883 1.0 for 4, >0.748
Ay
= I blt
where A, = [ =—""
"o, 284ek,

. where (3 + l//) 20 4.2

(4.3)

Table 4.1: Internal compression elements

Stress distribution (compression positive) Effective® width by
b ) b bur=p b
b
b1 = 0,5 by bey = 0,5 b
[[Hﬂ]: _ 1>u=0:
Gy
(=) _
bet beo bar=p b
b 2
by = 5y by beo = besr - b
, b ,h < 0:
“ ”IH]:D]ID:LW] ny
byg=pb.=p b/ (1-w)
] b o =40 P Y
5 by=04by  ba=0.6bu
v = gyl | Il >p>0 0 0>w>-1 -1 Al w>-3
Buckling factork, | 4.0 | 8.2/(1.05+y) | 7.81 7.81- 6,29y +9,78y" 239 5.98 (1 - y)*

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 o, ;.

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

Xa =10

Xd = 1,4’7_0
_ 066

Xda = id

723 1, if

if Aq < 0,65
0,65 <1, < 1,38

if g =138

Where: A4 = /f,/0crs
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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:

/Tp,red = /Tp\/ Xd

The reduced effective area of the stiffener Asred allowing for flexural buckling should be taken as:

fyu/Ymo

Agrea = XdAs
Ocom,Ed,i

Conclusion

In determining effective section properties, the reduced effective area Asreq 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.
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.
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, accessible from the steel branch in the Process Toolbar:

B Steel setup

[=-standard EN
£ steel

;--Member check

Fire resistance

E---Cold Formed
é---PIated structural elements
- Limit slenderness
Buckling defaults
5LS deflection check
g---Autodesign

4 Steel
' Member check
I Fire resistance
4 Cold Formed
4 Local and Distortional Buckling

Name Standard EN

EN1993-1-1
EN 1993-1-2
EN 1993-1-3

EN1993-1-3:5.5.2&5.5.3

Use manufacturer provided effective sectiong ~ no

Stiffener iterations yes

QOverall Cross-section iteration yes

I Local Transverse Forces

EN 1993-1-3: 6.1.7

P Combined Bending and Axial Compre... EN1993-1-3:6.2.5
I Buckling Resistance of the Free Flange EN1993-1-3:10.1.4.2

Plated structural elements
Limit slenderness
Buckling defaults

SLS deflection check

v v v v =

Autodesign

Load default non-NA parameters

EN1993-1-5
EN 50341-1

Load default NA parameters

Cancel

26
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Example: WS CFS 02.esa

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

are showed:

Look at cross-section CS2 — Positive bending around y-y:

4 Local and Distortional Buckling
Use manufacturer provided effective section
Stiffener iterations

Overall Cross-section iteration

INPUT TYPE
Compression N
 Bending My+
Bending My-
Bending Mz+
Bending Mz-

VALUES
fvd 280,000 N/mmA

yMo 100

Update
Overalliterations
Stiffener iterations
Use Annex E

Overalliterations: 1

Stiffener iterations: 1
Calculation time: 1 [ms]

EN1993-1-3:5.5.2&5.5.3

no

no

no

k44441F

I Local and Distortional Buckling

Use manufacturer provided effective sectior

Stiffener iterations
Overall Cross-section iteration

INPUT TYPE
Compression N-
* Bending My+
Bending My-
Bending Mz+
Bending Mz-

VALUES

fvd 280,000  N/mmA

vMo 1,00

Update
Overalliterations
Stiffener iterations
Use Annex E

Overall iterations: 1

Stiffener iterations: 2

Calculation time: 2 [ms]

EN1993-1-3:5.5.2 &5.5.3

no
yes
no

%

4 Local and Distortional Buckling

Use manufacturer provided effective section |
Stiffener iterations

Overall Cross-section iteration

INPUT TYPE
Compression N-
* Bending My+
Bending My-
Bending Mz+
Bending Mz-

VALUES
fvd 280,000 Nfmm®

yMo 1,00

Update
Overalliterations
S iterations
Use Annex E
Overall iterations: 3
Stiffener iterations: 2
Calculation time: 2 [ms]

EN1993-1-3:5.5.2&5.5.3
no
yes
yes

|

MV — 2023/12/20

27




Advanced Training — Cold formed steel

Chapter 3: 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. This part of the cross section editor is needed:

New cross-section

Available groups

i Profile Library
: Geometric shapes

AVAILABLEITEMS OF THIS GROUP

X 0

Items in project

CS1 - Cold formed C sectio
CS2 - General cross-section

T;] MNumerical

¥¥ General

EE Pairs

E Closed

x Haunch

T welded

ﬁ Sheet welded
1Build-\'n beams
.Thl‘n’WE”Ed geometric
z Fabricated

z wirtual joists
I Westok

L

Cold formed C | |
section

C

B Cross-section

Add Close

Profile Library filter

Mame CS3
Type Cold fermed C section
Detailed 200,00; 65,00; 1,60; 1,2C
Shape type Thin-walled

s 1,60

Initial shape Motavailable

4 Parameters
Material $280GD+ZA
H[mm] 200,00
B[mm] 65,00
s[mm] 1,60
r[mm] 1,20
c[mm] 15,00

H 200,00

4 General

Draw colour Nermal colour v

colour NN

AutoDesign constraints

¢ 15,00

Fabrication cold formed

Ly

"

4 Buckling curves

Editbuckling curves
Flexural buckling y-y b

Flexural bucklingz-z b

B 65,00

Lateral torsional bucklir Default

Export Update Document

] 9% Picture UnitWarping  Shear(Vy) Shear(Vz) I Centrelines (b

0K Cancel

Cross-section layout and dimensions

28 MV —2023/12/20



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:

B Y| Cross-section

4 |Initial shape
‘ Initial shape D

Edit initial shape X

Yc[mm] Zc[mm] A[mm*2] Ybeg[mm] Zbeg[mm] Yend [mm] Zend[mm] t[mm] lementtyp Reinf.type

1 0 8,90 19,52 64,20 15,00 64,20 2,80 1,60 RUO 7
2 31,84 100,66 5,02 64,20 2,80 62,20 0,80 1,60 F none

3 32,50 0,80 95,04 2,80 0,80 62,20 0,80 1,60 | none

4 3316 100,66 5,02 0,80 2,80 2,80 0,80 1,60 F none

5 080 100,00 311,04 0,80 2,80 0,80 197,20 1,60 | none

6 33,16 99,30 5,02 0,80 197,20 2,80 199,20 1,60 F none

7 32,50 199,20 95,04 2,80 19920 62,20 19920 1,60 | none

3 31,84 99,30 5,02 62,20 199,20 64,20 197,20 1,60 F none s

s 6420 151,10 19,52 64,20 157,20 64,20 185,00 1,60 U0 RUO

L3

Draw part numbers Cancel

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 cross-
section editor:

MNew cross-section X

Available groups AVAILABLE ITEMS OF THIS GROUP ltems in project

E Profile Library

: Geometric shapes
E] Mumerical

3 {General

ZlEPairs

Eclosed

x Haunch

T welded

ﬁsheet welded

1Build-in beams e
I Thin-walled geometric

E Fabricated

z Virtual joists

ZWestok

General
cross-section

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

Profile Library filter Add Close

e Polygon (with or without openings)
e Thin walled

e Section from library

e Import DXF/DWG
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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”:

A Polygon

ﬁn Polygonal opening

“J Thin walled

1" Section from library
|4 Dimension line

[

1 'Parameter b
X Add cut

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

B Import - C\Users/ s - e ———— [m] X
LAYERS ENTITY TYPES SELECTION MODE
Import selected
Clear selection
Koudgevormdprofiel Importall
Scale 1 Cancel
Insertion point Centre ~
Sizes
lag,80 X 198,80
Enableall | Disableall Enableall | Disableall CONNECT SINGLE CURVES TO CLOSED POLYG...
Select curves Connect curves
Show all objects
= i
5) Click on Import all.
6) Now the Thin walled properties window will open.
B Thin walled X
|
Name TW1
Type Thinwalled
4 General
v

Material S280GD+ZA
Corrosion [mm] 0
Thickness [mm] 1,75

Alignment Centre
Phase Phasel

4 Geometry
Overlap 0

Active [54 yes

OK 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.
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7) 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.

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

4 |nitial shape
Initial shape D

Edit initial shape X

Yc[mm] Zc[mm] A[mm*2] Ybeg[mm] Zbeg[mm] Yend[mm] Zend[mm] t[lmm] lementtyp Reinftype

1 0 -94,70 16,45 24,40 90,00 24,40 99,40 1,75 |Uo v none ¥ . 4

2 0,00 -99,40 85,40 24,40 99,40 -24,40 99,40 L7 | ¥ none v jr
3 24,40 0,00 347,90 24,40 99,40 24,40 99,40 L7 | ¥ none ¥

a4 0,00 99,40 85,40 -24,40 99,40 24,40 99,40 L7 | ¥ none v

5 24,40 94,70 16,45 24,40 99,40 24,40 90,00 1,75 Uo ¥ none v

Draw part numbers OK Cancel
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Advanced Training — Cold formed steel

Chapter 4: SLS check

Relative deformations

In the steel setup you can define a general relative limit on the deformation which is the default limit for all
elements in the project. You do that for total load and variable load separately:

B Steel setup

[=FEC-EN
(= Steel

+ Member check
+ Fire resistance
- Cold Formed
- Plated structural elements
~ Limit slenderness.
~Buckling defaults

= Autodesign

Name EC-EN
4 Steel
' Member check EN1993-1-1
b Fire resistance EN1993-1-2
I Cold Formed EN1993-1-3
I Plated structural elements EN1993-1-5
b Limit slenderness EN 50341-1
I Buckling defaults
4 SLS deflection check

4 SLS deflection limits
4 In plane deflection (def z)
Total loads [-] 200,00
Variable loads [-] 360,00
4 Qut of plane deflection (defy)
Total loads [-] 200,00
Variable loads [-] 360,00
4 SLS camber
Camber definition No camber
I Autodesign

Load default non-NA parameters Load default NA parameters

Those can however be overwritten in the buckling settings of an individual element:

1 System lengths and buckling settings

FIFr8¥rs de

L.

x

Settings Results

Name  Purlinl
Buckling span Deflection span
¥y * Deflection z= ¥y v

z= 17 ¥

= ez ©

Deflection y= zz v

TB= zz v

b Active buckling constraints
4 Spansettings

Deflection limits

Camber definition

From setup

Limits per span for defz

Total loads | Ljxx; xx=[-]
1 200,00

Variable loads | Lxx; xx=[-]

360,00

JFromsetup
Forallspans [\
Per span

~

£

o W~
s

Qe a0

Save Cancel

Then when the SLS check is performed from the steel branch in the process toolbar, the relative
deformations are then checked with the above limit values.
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Example: Relative deformation.esa

Select beam B196 and in the buckling group set a variable limit of 1/1000 and a total limit of 1/500 in z
direction:

7 System lengths and buckling settings

FF| 2 8¥Fs A&

Settings Results
Name  Purlinl

Buckling span Deflection span
¥y ® Deflectionz= Y-y v
z-Z= zZ ¥ Deflectiony = zz v
yz= zz ¥

LTB= zz ~

P Active buckling constraints
4 Span settings

Deflection limits For all spans v

Camber definition From setup v

Limits per span for def z

Total loads| L/xx; xx=[-] Variable loads| Lfxx; xx=[-]

1 500,00 1000

-

£

: &
. TN
L

i Qe esw

Save Cancel

Perform the steel SLS check for combinations “SLS”:

EC-EN 1993 Steel Check SLS

Linear calculation
Combination: SLS
Coordinate system: Principal
Extreme 1D: Global
Selection: B196

Overall Unity Check

Name dx Case Uymax Uyyvar Lim. uyyar Camber dx Check overall
[m] [mm] [mm] [mm] 2 uz [-]
Uzmax  Uzvar Lim. uzyar [mm]
[mm] [mm] [mm] Camber
[mm]

B196 (2,727 |SLS/1 0,0 0,0 30,0 16,7 0,00 0,00 0,32
-3,9 0,0 12,0 6,0 0,32 0,00 |-
Name Combination key

SLS/1 SW + SW1 + 0.50*Wind +Y

Manual calculation uz:

Variable limit: 6000mm/1000 = 6mm
Total limit: 6000mm/500 = 12 mm

Uz variable Omm
Uz total -3.9mm

Uz variable check : 0.0
Uz total check : 3.9mm/12mm = 0.325
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Advanced Training — Cold formed steel

Chapter 5: 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

Perform the steel code check for beam B112 and look in the output:

EC-EN 1993 Steel check ULS

Values: UCoveran

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 / 6,000 m |Cold formed Cold formed [S$235 |ULS |[5,16-
Sigma section

Combination key
ULS / 1.35"SW + 1.35*SW1+ 1.50*Snow

Partial safety factors

Resistance of cross-sections |ywsa [1,00
Resistance to instability yur 11,00
Resistance of net sections ysz 1,25

Yield strength !,1, 235,0 |MPa

Ultimate strength |[f. [360,0 |MPa

The critical check is on position 3,000 m

Normal force Nza 3,00 kN
Shear force Wiz |0,00 kN
Shear force Visa  |-0,18 kN
Torsion Tea 0,00 kNm
Bending moment  [M,= |8,20 kNm
Bending moment |M.= 0,79 kNm

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

1 uo 18 -185,881 |-227,096

3 I 60 -229,769  |-230,496

5 I 32 -150,224  |-226,329

7 I 28 -121,268  [-148,555

9 I 104 124,215 -119,595 [-0,96 |22,93 |0,39 1,00 |53 21 32
11 |1 28 153,804 125,899 0,82 |0,00 0,00 1,00 |28

13 |1 32 231,594 155,489 0,67 |476 0,27 1,00 |32 15 17
15 |1 60 235,000 234,274 1,00 [401 |054 (0,52 |1,00 |60 30 30
17 |uo 18 230,833 189,618 082 |050 ]045 (0,43 |1,00 (18
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Stiffener calculation
According to EN 1993-1-3 article 5.5.3

[ 4 1} 1 (e

11 |1,2721e-04 |1,5383e-08 |109 43 0 0,00 |3,039 1557,754 [0,39 1,00 |1,2721e-04
17 |9,4895e-05 |3,1731e-09 [53 41 232 0,00 |0,549 402,949 0,76 10,92 |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 by 01 02 (1] ke Ao Apea P be De1 bez
[mm] [N/mm?] [N/mm?] [-] [-] -1 [ [[] [mm] [mm] [mm]

1 uo 18 235,000 235,000 1,00 050 045 |043 [1,00 18
3 1 60 226,136 -139,246 |-0,62 (1539 (0,28 [0,26 |1,00 |37 15 22
5 I 32 -148,032 -148,032
7 I 28 10,150 -145,324 -14,32 (0,00 0,00 1,00 |28
k] I 104 12,937 12,937 1,00 4,00 0,83 0,82 |85 43 43
11 |I 28 10,150 -145,324 -14,32 (0,00 0,00 1,00 |28
13 |I 32 -148,032  |-148,032
15 |I 60 226,136 -139,246  |-0,62 (15,39 0,28 (0,26 |1,00 |37 15 22
17 |Uo 18 235,000 235,000 1,00 0,50 045 |043 J1,00 |18
Stiffener calculation
According to EN 1993-1-3 article 5.5.3
Id A Is b1 b2 ™ ke K Ocr Aa X Pe red
[m2] [m?] [mm] [mm] [mm] [-] [N/mm?] [N/mm?] [] [] [m?]
1 6,5102e-05 |2,5477e-09 |59 59 232 1,00 (0,307 393,636 0,77 10,91 |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 12,779 1281,125 0,43 1,00 |1,9638e-04
17 16,5102e-05 |2,5477e-09 |59 59 232 1,00 ]0,307 393,636 0,77 10,91 ]5,9332e-05

Effective properties

Effective area Aert 6,9221e-04 |m?

Effectivesecond |[Le, [4,2621e-06 |m* |le. [2,7347e-07 |m*
moment of area

Effectivesection Wy, [4,2159e-05 |m? |W.r. |6,8960e-06 |n¥
modulus

Shift of the ey 0 mm e -1 mm
centroid

Tension check

According to EN 1993-1-3 article 6.1.2and formula (6.1)

Gross section area Ay 7,5398e-04 |m?
Net section resistance  |Fage | 217,15 kN
Tension resistance Neaa |177,19 kN
Unity check 0,02 -

Bending moment check for M,
According to EN 1993-1-3 article 6.1.4and formulz (6.4)

Effective section modulus Wer,  |4,2159e-05 [m°
Bending moment resistance  |[M.,2  |9,91 kNm
Unity check 0,83 -

Bending moment check for M:
According to EN 1993-1-3 article 6.1.4and formulz (6.4)

[Effective section modulus___|Wer: | 6,8960e-06_|m>
Bending moment resistance  [Meoas 1,62 kNm
Unity check 0,48 -

Biaxial bending moment check
According to EN 1993-1-3 article 6.1.4and formula (6.7)

Bending moment resistance  |Mcyae 9,91 [kNm
Bending moment resistance  [Meesa 1,62 |kNm

Unity check (6.7) = 0,83+ 0,48 = 1,31 -
Shear check for Vy

According to EN 1993-1-3 article 6.1.5and formula (6.8)
No stiffening at the support.

Element ID e a Sw Aw |™ Vi, ray,i
[mm] [deg] [mm] [-] [MPa] [kN]

3 63 180,00 |60 0,36 [136,3 [16,84

15 |63 [0,00 &0 [0,36 [136,3 [16,84

Element ID I a Sw

Sp Sa k+ Aw fov Vo,rd,v,i
[mm] [deg] [mm] [mm] [mm] [-] [[1 [MPa] [kn]
11,57 0,90 |124,9

[Unity check [o,00 [- |
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Advanced Training — Cold formed steel

Shear check for Ve
According to EN 1993-1-3 article 6.1.5and formula (6.8)
No stiffening at the support.

Element ID | a Sw Aw fiou Vb, Rd,zi

[mm] [degl [mm] [-]1 [MPa] [kN]
3 63 180,00 |60 0,36 |136,3 0,00
[15 |63 [0,00  [e0 [0,356 [136,3 0,00

Element ID I a Sw Sp Sa k- Aw

[mm] [deg]l [mm]l [mm] [mm] [-] [-1

4-5-6-7-8-9-10-11-12-13-14

fon
[MPa]

Vb,rd,zi

[kN]

Shear verificatio
Shear resistance  |Visa. [48,49 |kN
Unity check [ooo0 |- ]

Torsional moment check
According to EN 1993-1-3 article 6.1.6and formula (6.11a), (6.11b), (6.11c)

Effective properties
Cross-section effective area  |A«r 7,5398e-04 |m?

Effective section modulus Wery |4,2159e-05 [m°
Effective section modulus Wer:  16,8960e-06 [m’

Index of fibre Fibre a0

Direct stress due toNm Ong 4,0 |MPa
Direct stress due toM, s Oty 5t 190,5 |[MPa
Direct stress due to Mg Oz 51 108,9 |MPa
Total direct stress Oret 54 2954 |MPa
Shear stress due to Vys Tuysd 0,0 MPa
Shear stress due to Vs Tz sd 0,1 MPa
Shear stress due to uniform (St. |Tes 0,0 MPa
Venant) torsion

Totalshear stress Trot s 0,1 MPa
Summation of von Mises stress  [Ovm mees  |2954 |MPa
Unity check (direct stress) 1,26 |-
Unity check (shear stress) 0,00 |-
Unity check (von Mises stress) 1,14 |-
Combined Tension and Bending Check

According to article EN 1993-1-3: 6.1.8 and formula (6.23), (6.24).
[Neaa 177,10 | kN

Mey Rdten 10,12 kNm

Mez Reten 2,54 KNm

Mcy Racom 9,92 kNm

| Mz Ra.com 1,62 kNm

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 EN 1993-1-3:6.2.4
According to article EN 1993-1-1: 6.3.2 and formula (6.55)

Method for LTB Curve art. 6.3.2.2

Wy 4,2159e-05 |m?
Elastic_critical moment Me 2,05 kNm
Relative slenderness hwir (2,20

Limit slenderness heito 0,20

LTB curve b

Imperfection acr 0,34

Reduction factor xir 0,18

Buckling resistance Muzd 1,75 kNm
Unity check 4,69 -
|LTB length 6,000 m

k 1,00

Ko 1,00

Cy 2,51

G 1,49

] 0,41

Influence of load position |destabilising

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

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

N 177,19 [ ki
Muy 20 1,75 [ kim
M . [1,62 [ knm

Unity check: 4,69+0,48-0,02 = 5,16 -
The member does NOT satisfy the stability check!
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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 Aest 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 We from the
initial shape with the effective section modulus Wess 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).

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:

z: z:lci*ti*fbvi

— — , ) 2

Vhray = Vbrayi = ————cos*(a;)
i i

Ymo
lei *ti* foui .
Vbraz = Z Vorazi = Z %5 in®(a;)
; 7 Mo
With:

oi  Angle of element i related to the principal axis y-y axis

lc;  Centreline length of element i
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Advanced Training — Cold formed steel

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”.

o smemaeeo

—

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 fy4 in all three formulas (6.11a), (6.11b), (6.11c) will only be used in case for all
three force components separately (N, My, M) the average yield strength may be used (Aett = Ag; Wety =
Wely; Weirz = 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.

- 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!

) | ] 1 ] 1
| ] (| ]
Rw.Ad Rw.Rd Rw.Rd Rw.Rd || RwRd RwRr

d 2Ry A4

Figure 6.6: Examples of cross-sections with a single web
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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,,; = I.; * 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, i is determined, the local transverse resistance Ry rg,i for each of those elements is determined
based on EN 1993-1-3 art.6.1.7.2 — Table 6.7 with coefficients k; to ks determined in EN 1993-1-3 article

6.1.7.2(3).

oo
W

..c>|

a) For a single local load or support reaction
1) ¢ = 1.5h, clear from a free end:

- for a cross-section with stiffened flanges:

h/ s |,
kykoks 9,04 — = /" I—O.(}li t" fab
- 60 t ‘

Imi

R, gy = (6.15a)
P
- for a cross-section with unstiffened flanges:
< C> i - if s/t < 60
i |'II -1 ]
il k,k;k{i.% T }[1 £001 L} o
Sem R, gy = S d (6.15b)
Fm
- if s/t > 60:
k,k3k3|:5,92 - %}[0,?| + 0,0155—“};3_{}_.3
R s = — ! (6.15¢)
I
|-5—| i) ¢ > 1,5 h, clear from a free end:
””l - if s/t = 60:
r‘]'.a. J."li 5. I
.._c—..‘ kak ks 147 =25 1+ 0,007 = 2 £,
Ryra = 2 : (6.15d)
Fmn
T - if st > 6
¢ 4 = =
= 5s h, t - R
e kok k. [14,?_ ' f’i }[0.?3—0,01I—}']ﬁ
T Ry pra = = ! (6.15¢)

Figure 6.7a) : Local loads and supports — cross-sections with a single web
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|-<5 4 b) For two opposing local transverse forces closer together than 1.5 h,,:
ufu 1) ¢ < 1.5 h, clear from a free end:
h, [t LA
. co] |*e+l ) kikoks| 6,66 —c= | 1+0.01- % f,,
| Ryps = (6.150)
P

N

1) ¢ > 1,5 h, clear from a free end:
|"Ss"‘|

W k=k4k{2 10— :6; }[1+0.00135—*}1f;.h
d (6.15¢)

| ool Ry ks =

-
Tt

fo5.m
W

i -

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

P

|

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:

RwRd'' RwRd 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 Ry 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 as follows.

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 Rl

- 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

A B [ 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).

- 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.
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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.

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 the steel setup from the steel branch in the Process Toolbar:

B Steel setup x
|
= ECEN Name EC-EN
‘ [)-Steel 4 Steel
-~ Member check
| .- Fire resistance I Member check EN 1993-1-1
- Cold Formed I Fire resistance EMN 1993-1-2
Plated structural elements 4 Cold Formed EN 1993-1-3
- Limit slenderness . N N
B P Local and Distortional Buckling EN 1993-1-3:5.5.2 & 5.5.3
~Buckling defaults
- 5LS deflection check 4 Local Transverse Forces EN 1993-1-3:6.1.7
- Autodlesign lgnore check no.
I Bearing length 5, [mm] 10 ]

Use |, correction in (6.18) yes
> Combined Bending and Axial Compre_.. EN1993-1-3:6.2.5
» Buckling Resistance of the Free Flange EMN1993-1-3:10.1.4.2

b Plated structural elements EN 1993-1-5
P Limit slenderness EN50341-1
| I Buckling defaults
i SLS deflection check
I Autodesign
Load default non-NA parameters Load default NA parameters 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 “Local Transverse Forces data” from the steel branch in the process toolbar:

- :7 :
|&m 4 I‘am LOCAL TRANSYERSE FORCES DATA

5 B 6g | g ‘\Ehlhﬁmﬁl(iu e

Cs & ]
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Example: WS CFS Hall 2.esa
Consider beam B122 and look at the detailed output for combination “ULS”:

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

Local Transverse Forces parameters

Flange condition Stiffened

Loading condition Interior one-flange (IOF)

Web rotation Not prevented

Inside bend radius r | 4 mm
Bearing length ss 10 mm
k 1,03

k1 0,99

ks 0,99

Ilc[mm] @ [deg] hw[mm] t[mm]
4-5-6-7-8-9-10-11-12-13-14 | 198 90,00 198 2 0,84 [1,00 | 0,94 | 11,02

4-5-6-7-8-9-10-11-12-13-14 | 0 27 63 32 11,02

Note: The stiffened web consisting of elements 4-5-6-7-8-9-10-11-12-13-14 does not satisfy the condition of formula (6.21).
Therefore article 6.1.7.4 is not applied.

Local Transverse Forces verification
Load/Reaction Fed 35,00 kN
Rw,Rd 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.

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

2
N M M 2V.
Ld + z,Ed + <1 _ f.Ed )( y,Ed _ 1) < 1
NRd Mz,Rd Mz,pl,Rd Vy,b,Ed
Shear V;
Negg M M 2V, 2
ﬂ + y,Ed + <1 _ f.Ed >< z,Ed _ 1) < 1
Nra My ra My pira) \Vzb,Ea

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

Mg g4 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.
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Remarks:

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

AW- f\ fl
1
I
hy . fy,fl fy,f2
:: Mg pq = min (hf "Apy Yoo’ he - Ag, Yoo
Mo Mo
A!Z‘v 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 beis concerns the
effective with of this element, read from the effective shape for bending.

- At = bert * 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 M¢ gqg = 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=lc*sin(a)

f
- Mg gqis now calculated as: My g = he - Ap—"—
’ ’ YMo

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.

Stability checks

General remarks

The different system lengths and sway type have to be introduced. The defaults can be overruled by the user
in the buckling group settings of an element. The default settings are taken from the global steel setup:

B Steel setup X

| | EECEN Name ECEN

| () Steel 4 Steel

| Member check
Fire resistance 4 Member check EN 1993-1-1
Cold Formed P Classification EN 1993-1-1:5.2.2
Plated structural elements I Shear EN 1993-1-1: 6.2.6
Limit slenderness b T . NS
Buckling defaults orsion - S
SLS deflection check 4 Default sway types EN 1993-1-1: 6.3.1
Autodesign y-y yes

7z no
4 Buckling length ratios ky, kz EN 1993-1-1: 6.3.1

Max. k ratio [-] 10,0

Max. slenderness [-] 200,0

2" order buckling ratios All non-sway v
I Lateral Torsional Buckling EN 1993-1-1: 6.3.2
I General settings
> Fire resistance EN 1993-1-2
P Cold Formed EN 1993-1-3
Load default non-NA parameters Load default NA parameters Cancel

But it is recommended to verify for each element if the above default setting is correct.
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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 :

° for a non-sway structure

(p1py+5p +5p,+24)(pyp, +4p +4p,+12)2
(2pyp, +11p; +5p, +24)(2p p, +5p, +11p, +24)

/L=

° for a sway structure :

2
I/L=x f“_+4
P1X

with L the system length
E the modulus of Young

| the moment of inertia

Ci the stiffness in node |
Mi the moment in node |
Fi the rotation in node |
2
__ A4pipptntp
2
(Pt pa) +8pip;
p_ = CI_L
: El
MA
Ci= LA
;

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 qy=1 N/m and qz=-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
We are considering element B1:
e L =4000 mm
e setassway
e E =210000 N/mm2
e ly=22340000 mm*
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Results in node N1 :
o fiy=32,3484 rad
e My =64768,2*10"6 Nmm
e Ci=1,999 x 10° Nmm/rad

Results in node N2 for LC1:
o fiy=42,1384 rad
e My =15469,39*10"6 Nmm
e Ci=3,58x 108 Nmm/rad
Calculated values for buckling:
2 p1=1,71
= p2=0,36
= x=0,79
= buckling ratio = 2,65

Ncr = n?El / |2 = 3.142 x 210000 x 22340000/ (2.65 x 4000)2 = 411,12 kN

In SCIA Engineer:

Buckling parameters Yy zz
Sway type sway non-sway
System length L 4,000 [4,000
Buckling factor k 2,65 1,00
Buckling length lr 10,616 [4,000
Critical Euler load Na 410,81 [957,29
Slenderness A 150,34 198,49
Relative slenderness Arel 1,60 1,05
Limit slenderness Arelo (0,20 0,20
K_y-y = 2.65

In LC3 there is a single load of 1kN, with stability analysis we can verify the alpha critical and thus critical

buckling load:

Critical load coefficients

Stability combination :

S1

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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moment of inertia (in the buckling plane) of the member

moment of inertia (in the buckling plane) of the supporting

length of supporting diagonal
I
l1
diagonal
N compression force in member
N1 compression force in supporting diagonal
4 tension force in supporting diagonal

elastic modulus
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System lengths and buckling settings

FEEIEFFS 9@

Settings Results

VT

Buckling span

Name BC2

oyy Deflectionz=

b Active buckling constraints

b Span settings

4 Advanced settings
Lateral Torsional Buckling
Point of load application
Mer

Warping check

Deflection span

Deflectiony=

In shear center

Calculated

yy

v

Special buckling

v Type

v

Notused

Notused

Crossing diagonals

Legwith Symmetrical bracing

Legwith intermediate transverse sup

Legwith Staggered bracing
Single Bracing with SBS
Cross bracing

KBracing

Horizontal Bracing

Discontinuous Cross bracing with hor

Save Cancel
Table 6.3: Appropriate buckling curve for various types of cross-section
Type of cross-section Buckling | Buckling
ahout axis curve
if f is used Any b
J‘ if fia isused” Any c
V-¥ a

;
]

Amy b

Any C

" The average vield strength fra should not be used unless Ay = A,
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This has been implemented in SCIA Engineer as follows:

Form code Description about axis Curve
1 | section y-y a
ZZ b
101 Asymmetric | section vy a
ZZ 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
121 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 s}
2CFCowitha=0 Y-y a
z-Z b
2CFCcwitha=0 Closed section rule 6.2.2(3)
2CFUowitha =0 vy a
-z b
2CFUcwitha=20 Closed section rule §.2.2(3)
2CFLTwitha=20 any c
Any other section any C

All other sections fall in the “other cross-section” case of curve ¢ 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¢; 1 (Torsional buckling) and N¢rr
(Torsional-flexural Buckling).

Calculation of N¢r

The design buckling resistance Ny rd 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 E Modulus of Young
e G Shear Modulus
o Torsion constant
o lw Warping constant
o It Buckling length for the torsional buckling mode
e Yyoand zo Coordinates of the shear centre with respect to the centroid
o iy radius of gyration about the strong axis
e i radius of gyration about the weak axis
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Calculation of N¢r1r
The elastic critical load N, for torsional buckling is calculated according to Ref.[3].
Ner e is taken as the smallest root of the following cubic equation in N:
i§(N = Nery J(N = Ny, )(N = Ny ) = N?y§ (N = Ny ) = N?2§(N = Ny ) = 0
With

e N, Critical axial load for flexural buckling around the y-y axis
e N, Critical axial load for flexural buckling around the z-z axis
e N, 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:

n?El, kN\?1, (kyr-L)2GI, 2
M, =C —— (—)1+7+C —C3z;)" —[Cyz, — C3z;
cr 1 (kLT K L)Z kw 1, n-zEIZ ( 2Zg 3Z]) [ 2Zg 3Z]]
Where
e E the Youn modulus of elasticity (E = 210000 N/mm2 for steel)
e G the shear modulus (G = 80770 N/mm2 for steel)
e k,r-L the lateral torsional buckling length of the beam between points which have lateral restraint
(= ILtB).
o lw the warping constant
o |t the torsional constant
o Iz the moment of inertia about the minor axis
oz the distance between the point of load application and the shear center
o k, A factor which refers to end warping. Unless special provision for warming fixity is made, k,,
should be taken as 1,0.
e z zj=2,—05], (y2+zz)%dA

For doubly symmetric cross-sections: z; = 0
o 7z the coordinate of the shear center
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C1, Cz and Cj 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, I+rail, [+2PL+rail, I+PL+rail, I+2L+rail, [+Ud+rail) are considered as equivalent asymmetric |
sections.

The formula for Mcr uses the following parameters:
e (1, C2, C3: calculated according to ENV, ECCS or Lopez
e LTB length: k;7*L
e k and kw: factors related to the end fixity
e z4 load position

e z;: asymmetry of the section

General = calculation of C1, C2 and Cs 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:
e ENV 1993-1-1 Annex F
e ECCS 119/Galea

e 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 the steel setup which you can access from the steel branch

in the Process Toolbar:

| Steel setup X
[=-Belgian NEN-EN NA 4 Steel
£ steel 4 Member check EN 1993-1-1
Member check L
Fire resistance I Classification EN 1993-1-1:5.2.2
Cold Formed I Shear EN 1993-1-1: 6.2.6
Plated structural elements > Torsion EN 1993-1-1: 6.2.7
Limit slenderness b EN 1993-1-1: 6.3.1
Buckling defaults Default sway types Sl
sLS deflection check I Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Autodesign 4 Lateral Torsional Buckling EN 1993-1-1: 6.3.2
Lateral torsional buckling curves Rolled section or equivalentwelded v
Method for C1 C2 C3 ECCS 119/Galea ~
Method for k. [ENV1993-1-1 Annex F_ [s
' General settings
N R Lopez, Yong, Serna
I Fire resistance ENTIISTZ
I Cold Formed EN 1993-1-3
I Plated structural elements EN 1993-1-5
b Limit slenderness EN50341-1
I Buckling defaults
> SLS deflection check

> Autodesign

Reference: EN 1993-1-1 article 6.3.2.2 (2}

Description: Setting for selecting the calculation method of the C1 C2 C3 coefficients.

Application: Used in the determination of Mcr, the elastic critical moment for lateral torsional
buckling.

- ENV 1993-1-1 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-NA parameters Load default NA parameters Cancel
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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 g 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 C.. Galea gives results only for C1 and C:
factors. Cs is taken from ECCS 119 Annex B tables 63 and 64. The Cs 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 Cs are set to zero.
The coefficient C; is calculated as follows:

1- 1-+k

\/\/_A + [( ) +(27)A2
C, =
1 Al
Where:

o k =4/ k1k2

o A = MZ @ M2 +a; M3 +az M3 +a M2 +asM2

1= (1+ag+az+az+as+as)MZ
o A = My +2My+3M3+4My+5Mg
27 IMmax

[ )

[ )

)

)

)

Mumx=Ms
| L4 | L4 | Li4 |
M -‘_ﬂ/
M- | Lid

With:

o k1 Taken equal to kw

o k2 Taken equal to kw

e Mz, M2, M3, Ma, Ms The moments My determined on the buckling system in the given sections

as shown on the above figure. These moments are determined by dividing the beam into 10 parts
(11 sections) and interpolating between these sections.
o Mmax The maximal moment My along the LTB system.
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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:

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 fador k 1,00 Corredtion factor k 1,00 Correction factor k 1,00
Corredion fadtor kw 1,00 Corrediion factor kw 1,00 Corredion fador kw 1,00
LTB moment fadtor C1 1,89 LTB moment factor C1 1,26 LTB moment factor C1 1,20
LTB moment factor C2 0,33 LTB moment factor C2 0,45 LTB moment fador C2 0,00
LTB moment facior C3 2,64 LTB moment factor C3 0,41 LTB moment fador 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 appliation z,g -245,00 Distance of load appli@tion 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,] 0,00

Mcr = 1576.03 KNm Mcr =1118.50 KNm 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

Mo = “2Ele [lw , L7GI,
L? I, =%El,

With:
e E the modulus of elasticity
e G the shear modulus
o L the length of the beam between points which have lateral restraint (= ILTB)
oy the warping constant
o | the torsional constant
o | 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).
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The choice between these two methods is set in the steel setup:

B | Steel setup

[=]-Belgian MBN-EN NA
£ steel
- Member check
- Fire resistance
- Cold Formed
- Plated structural elements
Limit slenderness
- Buckling defaults
i 5LS deflection check
Autodesign

X
Name Belgian NBN-EN NA
4 Steel
' Member check EN 1993-11
P Fire resistance EN 1993-1-2
4 Cold Formed EN 1993-1-3
P Local and Distortional Buckling EN 1993-1-3:5.5.2 & 5.5.3
I Local Transverse Forces EN 1993-1-3: 6.1.7
4 Combined Bending and Axial Compre... EN1993-1-3:6.2.5
Interaction EN 1993-1-1 art. 6.3.3 A

P Buckling Resistance of the Free Flange
I Plated structural elements
P Limit slenderness
> Buckling defaults
I SLS deflection check
I Autodesign

Reference: EN 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 EM 1993-1-1 article 6.3.3 can be
selected or the alternative given in EN 1993-1-3 article 6.2.5(2).

Load default non-NA parameters

EN 1993-1-1 art. 6.3.3 L
EN 1993-1-3 art. 6.2.5(2)

EN 50341-1

Load default NA parameters

EN 1993-1-3 formula (6.36) includes the strong axis bending resistance Mp,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 in the national annex settings for EN 1993-1-1:

B | Steel setup

[=-Belgian NBM-EN NA
-Steel
- Member check
- Fire resistance
-Cold Formed
- Plated structural elements

X
Name Belgian NBN-EN NA
4 Steel
4 Member check EN1993-1-1
> Bow Imperfections EN 1993-1-1:5.3.2(3) b)
> Member Imperfection EN 1993-1-1: 5.3.4(3)
I Partial Safety Factors EN 1993-1-1: 6.1(1)
I LTB Curves - General Case EN 1993-1-1: 6.3.2.2
P LTB Curves - Rolled/Equivalent welde.. FN1993-1-1:6.3.2.3(1)
4 |nteraction Method EN 1993-1-1: 6.3.3(5)
Values Annex A (alternative method 1) v
I Fire resistance EN 1993-1-2
I Cold Formed EN1993-1-3
F Plated structural elements EN 1993-1-5

Load default NA parameters
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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:

M, gq n M, gq Ngq

- <1
Mb,y,Rd Mc,z,Rd,com Nt,Rd
With
* Myyra The Lateral Torsional Buckling resistance
* M. racom The moment resistance for the compression fiber in case of M.
o Nipg The Tension Resistance

Additional data

Steel member data

Some of the default values in the steel setup can be overwritten for an individual element by using the steel
member data, accessible from the steel branch in the Process Toolbar:

STEEL MEMBER DATA
\r"p’i
BRI §
s
B | Steel member data X
Section classification By program v
Elastic verification No v
Verify only section checks No v
/ O LTB Buckling Curves 6.3.2 acc. to Steel>Beams>Setup v
/ 4 Field
Position Rela v

From begin (x) 0
From end (x') 0

0K Cancel

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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Advanced Training — Cold formed steel

System lengths and buckling groups

System lengths and buckling groups is a library dialog in which all the defined buckling groups 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.

You can acces it via the main menu under "Libraries" > "Structure and analysis" > "Buckling groups":

B | System lengths and buckling groups

= tEFE «2 O (@ A

fi Rafter Name Purlin
E_Beam _ Number of parts 1
@ Purlin Description

Member(s) material Steel, other
ky factor Calculate
kz factor Calculate

Point of load application In shear center

Mcr Calculated

Bow imperfection e0,y No bow imperfection

Bow imperfection e0,z No bow imperfection

4 SLS deflection limits
Deflection limit definition From setup
4 In plane deflection (def...
Total loads [-] 200,0
Variable loads [-] 360,0
4 Qut of plane deflection ...
Total loads [-] 200,0
Variable loads [-] 360,0
4 SLS camber
Camber definition From setup

Camber definition in setup Mo camber

¥y Zz

28
) 4

New | Insert | Edit | Delete

X
v Y

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 for multiple buckling groups 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". Lastly it is possible to delete the currently

selected buckling group(s) with the "Delete" button.
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LTB Restraints

= i

I \
& H

STEEL LTB RESTRAINTS \
WLl .I Ea \\
“\\
o .
B8 G
-
=g T
The LTB data the user set in the buckling groups are combined with data from the LTB restraints. LTB
restraints are defined on the top flange or on the bottom flange on a fixed location or can be set as "fully
restraint" along the length of a beam. The LTB lengths for the compressed flange are taken as distance
between these restraints. The LTB moments factors are calculated between these restraints.

—

Numerical values for C; and definition of y

Single angle

Rafter
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Advanced Training — Cold formed steel

Example: WS CFS 04.esa

Compare LTB check between B1 (without LTB restraints) and B2 (with LTB restraints):

- 2:STABILITY CHECK::...

Lateral Torsional Buckling Check
According to article EN 1993-1-3: 6.2.4

According to article EN 1993-1-1: 6.3.2 and formula (6.55)

LTB Parameters

Method for LTB Curve art. 6.3.2.2

Weff,y 1,9067e-05 |m?
Elastic critical moment Ms  |1,57 kNm
Relative slenderness Arelir  |1,69

Limit slenderness AelLt,0 0,20

LTB curve b

Imperfection aur 0,34

Reduction factor yur 0,28

Buckling resistance Mb,rd 1,26 kNm
Unity check 1,59 -
Mc Parameters

LTB length 4,000 m

K 1,00

K 1,00

Ci 1,13

] 0,45

G 0,53

Influence of load position | no influence

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

- 2STABILITY CHECK::...

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

Method for LTB Curve art. 6.3.2.2
Weff,y 1,9067e-05 |m?
Elastic critical moment Me 10,84 kNm
Relative slenderness Arelir 0,64
Limit slenderness Aeli1,0 0,20
LTB curve b
Imperfection acr 0,34
Reduction factor yur 0,81
Buckling resistance Mb,rd 3,65 kNm
Unity check 0,55 -
Mo Parameters
[LiBlength 1333 [m |
~00
ki 1,00
Ci 1,02
6] 0,05
G 1,00
Influence of load position |no influence

Note: C Parameters according to ECCS 119 2006 / Galea 2002
The member satisfies the stability check.
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For cold formed structures steel sheeting can be taken into account in the checks, sheeting has to be applied
to a single 1D member in the form of additional data:

I “
ﬁ‘/ ?
|sTeet Sherin
Q &

- B
v

8‘;@C— =, |
s E‘@ \'@ f “ L o

&

B Sheeting bd

O v Name D3
(O AW @ Sheeting LIB Diaph1 Y.
Positionz +z
k 1and2spans
Sheeting position Positive
Bolt position Top flange
Bolt pitch br
Lf - frame distance [m] 3,000
Ld - sheeting length [m] 1,000

4 Geometry

<|<|<|<|<

Coord. definition Rela v
Position x1 0,000
Position x2 1,000

Origin From start v

0K Cancel
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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.

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

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

e 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:
e ineveryrib (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.

Overview

Determine Stiffness 5

Inadequately Fully braced

braced

4

Augmented It is used in LTE

Z, C, L, U, section?

{in case diaphragm is on
compression side)

Are limits of 10.1.1(1)
satisfied?

Only N, Wz, My
loading?

YES

No LTB check is executed

(in case diaphragm is on
compression side)

Mo LTE check is executed Reduced default Checks are executed
(in case diaphragm is on Special Checks are executed
compression side)

Note is displayed

Diaphragm on compression side:
- Resistance 10.1.4.1
- In case of compression also Stability of free flange 10.1.4.2

Diaphragm on tension side:
- Resistance 10.1.4.1
- 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 Sers.
The lateral stiffness S is calculated according to Ref. [5],3.5 and Ref. [6] ,3.3.4.

_a-10*
Where:
e a = the frame distance
o Ls = the length of the diaphragm
o Ki = diaphragm factor K1
o Ko = 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.

2

i) w2 ,\70
Sers = (Elyz + G e+ EL 302502 ) 15

In case S < Serrthe 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
Iiig = Iy + vorCy ——

G
With:
o | The LTB length
e G The shear modulus

e wvorCy The actual rotational stiffness of diaphragm

In case S > Serfthe 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).
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Advanced Training — Cold formed steel

For a section which meet all requirements, the following is done:

Note

Special purlin checks according to Chapter 10

Reduced default Checks are executed i.e. not all default checks will be executed

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.

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.
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Example: WS CFS Hall 2.esa

Look at steel code check for B112:

Sheeting data

Actual stiffness S 8603,38 kN
Required stiffness Serf | 785,63 kN

S = Sef Fully Braced

Com,k 5,63 kNm/m
Cop 2,00 kNm/m
Coak 4,22 kNm/m
C100 10,00 kNm/m
vorhCe 1,09 kNm/m

Itja = 9,2720e-10 + 4,9336e-08 = 5,0264e-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:

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 artide EN 1993-1-1: 6.3.2.3.

La

Buckling length

6,000 m
R 8,32
ni 0,41
n2 1,72
ns 1,11
na -0,18
Buckling length I 1,470 m
ifz 2,1683e-02 | m
Reduced slenderness Az [ 0,72

Limit slenderness Aeit,0 | 0,40

LTB curve b
Imperfection awr 0,34
Reduction factor yur 0,86
Unity check 1,84 | -

The member does NOT satisfy the stability check!

Remove the sheeting and perform the check, an LTB check is executed:

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

Method for LTB Curve art. 6.3.2.2

Weffy 4,2159%-05 |m?

Elastic critical moment Me 2,05 kNm

Relative slenderness Arelir 2,20

Limit slenderness Melit,0 0,20

LTB curve

Imperfection awr 0,34

Reduction factor it 0,18

Buckling resistance Mb,rd 1,75 kNm

Unity check 4,69 -

LTB length 6,000 m
1,00

W 1,00

Ci 2,51

C 1,49

G 0,41

Influence of load position | destabilising

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

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

Resistance of cross-section

The cross section should be verified as indicated below:

B I, 2 . B I, 2 O B2, 3. -

i
M N M
yEd Ed 2Ed __a
Werr y Aett Wiz

So superpose the following forces:

¢ In-plane bending moment My gq
e The axial force Ngg
e 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:

e Restrained flange

Myga  Ngg
Omax,Ed = Wy + < fy/yM

effy  Aesr

e Free flange
M N, M
y,Ed Ed fz,Ed
0, Ed = + < f /y
TES T Weppy Aoy Wy, TN

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.

e 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.

® Mg, g, is the bending moment in the free flange due to the horizontal load gn ed:
Gnea = kn qeq  (See also figure below)

And

Mg, pa = Kr Mo f7pa

o My, kq is the initial lateral bending moment in the free flange without any spring
support

o Kpg 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.
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o Table 10.1 from EN 1993-1-3 provides the formulas to determine Mo.,eq for specific
positions within the beams.

shear
& centre

U"n {
shear
\ijl) _L < centre
} e -
J o
0 -
he(b? +2cb—2c2b 1 ) ly: g,
kpp=——"—"7—""— kpp=——=~
41, I, h

Simple symmetrical Z section Z, Cor £ sections

a) ko factor for lateral load on free bottom flange. (&, corresponds to loading in the shear centre)

% eq | = f 40
r A 4
e
Shear Shear
centre = centre + =
k. q l k g J
1 h9eq 1 1 9eq
=K, ey - — = K, Gy -
K, =Ky k, = kgt h (*) Ky=Kyy-a/h (%) Ky=k,-1/h
b) Gravity loading c) Uplift loading

Equivalent lateral load factor kj,

(*)  If the shear centre is at the right hand side of the load ggy then the load is acting in the opposite
direction.

(**) If a/h> ky then the load is acting in the opposite direction.

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

Note

In case the free flange is in tension, Mt 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 =v*) h? (hg + bpmoa) N h?

K Et? Cp

Where:
o t is the thickness of the purlin
e h,a, b, bmod, hd see figures below

e Cp 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, bmodand hg

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

LA i

=

bmod = a
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If gn brings the purlin into contact with the sheeting at the tip of the purlin flange

el

I gh
h —>
o
bmod =2a + b

Determination of a and b

1 J
\Sheai

Fastenai

DETERMINATION OF vorhC:

1
Lys=1 +vorhC, ﬁ

1 1 1 1
= + +
vorhC;, C Mk Cs_:,:k CSP:k

El eff

Csnk =k

b 2
Cony = cw{ﬁ} if b, <125

b .
Coap =125 'Cm{ﬁ] if 125<b, <200

3-E-1,
8Pk (h—1)
L5
12
With:
o | the LTB length
e G the shear modulus
e vorhCe the actual rotational stiffness of diaphragm
e Comk the rotational stiffness of the diaphragm
e Coax the rotational stiffness of the connection between the diaphragm and the beam
e Cork the rotational stiffness due to the distortion of the beam
o k numerical coefficient
= 2 for single or two spans of the diaphragm
= 4 for 3 or more spans of the diaphragm
e Eler bending stiffness of per unit width of the diaphragm
e S spacing of the beam
e ba the width of the beam flange (in mm)
e Cioo rotation coefficient - see table
e h beam height
o it thickness beam flange
e S thickness beam web
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In below some values for the rotation coefficient:

Positioning of Sheet fastened : Washer
sheeting through Pitch of fasteners Bl Ciog | 7 s

Positive | Megative | Trough Crest £ = by €= 2y {mm] | [kNm/m] | [mm]

For gravity loading:

* % x 22 52 40
*® ® S 22 11 40
x ® ® K, 10.0 40
)-( 0 * K, 52 40
X x x s 3.1 120
o » 3 el 20 120

For uplift loading:

* x x (] 2.6 41
x ® * 16 1.7 40
Key:

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

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

Sheet fastened:
- through the trough:

Va G T o €100, T
br)-l | 0
The values in this table are valid for: - through the cresi:
- shest fastener screws of diameter: ¢ = 6,3mm; by
e
- steel washers of thick wess: f, = L0mm; .
T

= sheeting of nominal core thickness: 1 = 0,66 mm.

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

i(My,Ed + @) + M¢, pa
Xir \Werry  Wes Wy,

< fn/Ym

And the buckling length will be calculated by:
ez = 1n1La(1 + 1y R13)1
And n, to n, are given in the tables below:

Table 10.2a : Coefficients 5 for down load with 0, 1, 2, 3, 4 anti-sag bars

Situation Anti sag-bar m h s My
Number

End span 0 0414 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 3and 4 0.694 545 1.27 0.168
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Table 10.2b : Coefficients g3, for uplift load with 0, 1. 2, 3, 4 anti-sag bars

Situation Anti sag-bar m h s s
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 0.111
End and intermediate spans 0.800 6.75 1.49 0.155
Simple and end spans Jand 4 0.902 8.55 2.18 0.111
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
Agsr * fyb/YM1
. Ngq - .
if ————— < Limit => Small axial force

Aeff * fyb/yMl

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

B | Steel setup X

[=-EC-EN Name EC-EN

[=- Steel 4 Steel
- Member check

- Fire resistance ' Member check EN 1993-1-1
- Cold Formed > Fire resistance EN 1993-1-2
- Plated structural elements 4 Cold Formed EN 1993-1-3

- Limit slenderness

- Buckling defaults

I Local and Distortional Buckling EN 1993-1-3: 5.5.2 & 5.5.3
- SLS deflection check P Local Transverse Forces EN 1993-1-3: 6.1.7

[

F |

- Autodesign Combined Bending and Axial Compre... EN1993-1-3:6.2.5

Buckling Resist EN 1993-1-3: 10.1.4.2
Limit for large axial force 0,1

> Plated structural elements EN 1993-1-5
P Limit slenderness EN 50341-1
I Buckling defaults

- SLS deflection check

I Autodesign

Reference: EN 1993-1-3 article 10.1.4.2(5)

Description: Limit value to distinguish between a large and small axial force.

Application: Within this article the code specifies a method for the buckling length of the free
flange in case of a ‘relatively large axial force’. The axial force is considered as 'relatively large’ in
case the unity check for normal force only exceeds the limit set in this field.

Load default non-NA parameters Load default NA parameters Cancel
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Example: WS CFS 05.esa

Perform the steel code check for member B2 first:

Sheeting data

Actual stiffness S 8603,38 kN
Required stiffness Serr | 649,96 kN

S = Serf Fully Braced

Camk 5,63 kNm/m
Cerk 5,56 kNm/m
Coak 2,50 kNm/m
C100 10,00 kNm/m
vorhCe 1,32 kNm/m

Itid = 1,3008e-09 + 5,9618e-08 = 6,0919¢-08 m*

The condition to perform a purlin check are fulfilled (only N, V2 and My)

The critical check is on position 0,000 m

Internal forces Calculated Additional moments

Normal force NEd -20,00 -20,00 [kN
Shear force Vyed [0,00 0,00 kN
Shear force Vzed [3,75 3,75 kN
Torsion Ted 0,00 0,00 kNm
Bending moment  [Myed |-4,49 0,00 -4,49 |kNm
Bending moment |[Mzed 0,00 -0,03 -0,03  [kNm

Below the 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).

Vertical load qed -1,00 | kN/m

kno 0,00

e 19 mm

h 150 mm

kn 0,13

Lateral load ghed | 0,13 kN/m
Boundary Conditions | Hinged-Hinged
Mfz,Ed 0,00 kNm
a 25 mm

b 50 mm

hd 150 mm
bmod 25 mm

[6)) 1,32 kNm/m
Lateral stiffness K | 46,70 kN/m?
I 5,8294e-08 | m*

La 6,000 m

R 50,76

At 5,4180e-04 | m?
Wefiy restrained flange | 2,6834e-05 | m?
Wesry free flange 2,6834e-05 | m?
Wt 1,7209e-07 | m?
Ym 1,00

Unity check (10.3a) (-0,71) + 0,16 = 0,56 -
Unity check (10.3b) 0,71 + 0,16 + 0,00 = 0,87 -

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

— Med___ ~ Iimit = 0,1 so the check does not have to be executed.
Aeff*fyb/VMl

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

See steel code check for B1:

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.

La 6,000 m
R 50,76

ni 0,69

nz2 5,45

ns 1,27

N4 -0,17

Buckling length |& 1,355 m
iz 0,0000e+00 | m
Reduced slenderness Arz | inf

Limit slenderness MAeit0 | 0,40

LTB curve b

Imperfection acr 0,34

Reduction factor yir -nan(ind)

Unity check -nan(ind) -

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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Chapter 7: Second order analysis

Global analysis aims at determining the distribution of the internal forces and moments and the
corresponding displacements in a structure subjected to a specified loading.

The first important distinction that can be made between the methods of analysis is the one that separates
elastic and plastic methods. Plastic analysis is subjected to some restrictions.

Another important distinction is between the methods which make allowance for, and those which neglect
the effects of the actual, displaced configuration of the structure. They are referred to respectively as
second-order theory and first-order theory based methods.

The second-order theory can be applied in all cases, while first-order theory may be used only when the
displacement effects on the structural behaviour are negligible. First order analysis is what we discussed in
all previous chapters, stability check specifically.

The second-order effects are made up of a local or member second-order effects, referred to as the P-3
effect, and a global second-order effect, referred to as the P-A effect.

L

|
i I

rrrd i

Mix) = Hx Mix)=Hx+P§5+PaA x/L
M(L) =HL Mh)=HL+P 4
First Order Theory second Order Theary

On the next page an overview of the global analysis following the EN 1993-1-1, chapter 5, is given:

¢ All the rules in this overview are given in the EN 1993-1-1 art. 5. For each step the rule will be
indicated. The first rule (acr > 10) will be explained in EN 1993-1-1 art. 5.2.1(3).

e Inthis overview 3 paths are defined:

o Path 1: in this path a first order calculation will be executed with stability checks to
account for instabilities

o Path 2: in this path a second order calculation will be executed with global (and if
necessary local/bow) imperfections.

o Path 3: in this path a second order calculation will be executed with the buckling shape
of the construction as imperfection.

e The calculation will become more precise when choosing for a higher path.

e The lower paths will result in a faster calculation, because a first order calculation can be
executed without iterations, but this first-order theory may be used only when the displacement
effects on the structural behaviour are negligible.

¢ In the next paragraphs the rules in this overview will be explained.

To take into account all non-linearities in the model, non-linear load combinations are made.
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Structural Frame Stability

5.2.1(3)

oe > 10

Yes No

522(3)b 522(3)a| 5.3.2(11)

Global Imperfection ¢

5.3.2(6)

»

No Yes
Uy >3 —2220) Neg > 25% Nq, . Ner
R (member)

g if goinall
required members

1% Order Analysis 2" Order Analysis
O
Increase sway
effects with: J No Members Yes
1 - with €o
1
1— —
aCI‘
5.2.2(3)c 522(7)b
I, based on a global I, taken equal to L
buckling mode

Stability Check in plane

52.2(7)a

Stability Check out of plane + LTB Check

Section Check

With:
®  Mor elastic critical buckling mode
o L member system length
e b buckling length

For cold formed steel structures a second order analysis and check should be performed in the exact same
manner as is described in EN1993-1-1. For a detailed description of this type of analysis and check this
manual refers to chapter 8 of our advanced concept training “Steel Code “Check”.
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