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Introduction

This course will explain the calculation of steel following the EN 1993-1-1: General rules and rules for
buildings and EN 1993-1-2: Design of Steel Structures: Structural fire design.

Most of the options in the course can be calculated/checked in SCIA Engineer with the Concept
edition.

For some supplementary checks an extra module (or edition) is required, but this will always be
indicated in those paragraphs.
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Cross-sections

SCIA Engineer will use the axes y-y and z-z respectively for the major and minor principal axes of the
cross-section.

If the principal axes not coincide with the y-y and z-z axes following the EN 1993-1-1, also those axes
are indicated:

EN 1993-1-1 SCIA Engineer EN 1993-1-1 SCIA Engineer
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In the steel code check, the strong axis will always be considered as the y-y axis. So when inputting a
profile in which the local y-axis does not corresponds with the strong axis, the axes are switched in the
steel code check and SCIA Engineer will give a message about the axes.

Example: Local Axes.esa

The strong axis of this cross section in the local z-axis:

z

thb 1500
B 300.00

tha 15.00




This beam is only loaded by a line load in the z-direction, resulting in a moment My and a shear force
Vz on the beam.

When looking at the steel code check, the axes are switched and the strong axis is taken as local y-
axis:

The critical check is on position 0.000 m

Axis definition :
- principal y- axis in this code check is referring to the principal z axis in SCIA Engineer
- principal z- axis in this code check is referring to the principal y axis in SCIA Engineer

Internal forces |Calculated Unit
Neg 0.00 kN
Wy, Ed 300.00 kN
Vz,Ed 0.00 kN
TEd 0.00 kNm
My ed 0.00 kNm
Mz,Ed -300.00 kNm

This is indicated in steel code check and also the internal forces are switched following the new local
axis.

Starting from SCIA Engineer 17.0, all sections containing an initial shape can be classified. The
sections without an initial shape cannot be classified and will be automatically checked as being class
3.

Remark: For the classification applications of sections in SCIA Engineer versions 16.1 or older, see
Annex A.

Example: Cross Section.esa
- 3cross sections:
o  HEA 300 from library
o HEA 300 inputted as a general cross section (imported from .dwg)
o HEA 300 inputted as a sheet welded Iw section
Remark: The third section is a sheet welded Iw profile. By creating this section, it is

important that the correct value for parameter a is filled in mm. This parameter will be
recognized as the fixed part in the calculation of the initial shape:
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L] e *
[Name cs3 -
Type i
z Detailed 290; 9; 300; 14; 262; 14
Shape type Thin-walled
7 F: 5 Initial shape Ayvailable
Parameters
B Material 5235 L
Ba [mm] 250
tha [mm] 9
Bb [mm] 300
4 this [mm] 14
Hw [mm] 262
| a [mm] 14 |
General
N Draw colour Mormal colour -
I Celour I
r ‘Tl 3
= AutoDesign constraints
Fabrication welded -
Buckling curves v
- . - Export Update Document
4 Shear [Vy) Shear Wz} E Centre linesf, Initial shape 3
Initial shape used for effective section calculation OK Caneel
Ve[mm] Zc[mm] A[mm"2] Ybeg[mm] Zbeg[mm] Vend[mm] Zend[mm] t[mm] lementtyp: Reinf.type
1 0 7 1770 126 7 0 7 14 so none .
2 150 10 a2 126 7 174 7 14 F none £ +—— +
3 237 7 1770 174 7 300 7 14 S0 none ly
4 150 145 2014 150 33 150 257 9 I none
5 27 283 1770 174 283 300 223 14 s0 none
6 150 2580 222 126 223 174 223 14 none
7 & 283 1770 126 283 0 223 14 s0 none
4
‘J‘
1 3
+ +——F +
] Draw past rumbers Cancel

- Only the first and the third profile are recognized as a symmetric I-shape containing an initial
shape. For this reason the classification calculation can be performed.

- The second profile is not recognized as a symmetric I-shape and there is no initial shape
available.

- The first and the third profile will be classified as an I-profile and a plastic check will be
performed.



- The second profile cannot be classified, so an elastic check will be performed. This will result in
different checks:

Remark:

The general cross section cannot be imported in SCIA Engineer with the concept edition.
For this option the Professional or Expert edition is necessary or module esa.07.
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WEACHES

For standard steel grades, the yield strength fy and tensile strength fu are defined according to the
thickness of the element.

The standard steel grades as defined in Table 3.1 of the EN 1993-1-1 are:

Table 3.1: Nominal values of yield strength f, and ultimate tensile strength f, for
hot rolled structural steel

Nominal thickness of the element t [mm]
Standard
and t <40 mm 40 mm < t < 80 mm
steel grade -
£y [N/mm~] £, [N/mm’] fy [N/mm?] £, [N/mm’]

EN 10025-2

S 235 235 360 215 360
S 275 275 430 255 410
S 355 355 510 335 470
S 450 440 550 410 550
EN 10025-3

S 275 N/NL 275 390 255 370
S 355 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 N/NL 460 540 430 540
EN 10025-4

S 275 M/ML 275 370 255 360
S 355 M/ML 355 470 335 450
S 420 M/ML 420 520 390 500
S 460 M/ML 460 540 430 530
EN 10025-5

S235W 235 360 215 340
S355W 355 510 335 490
EN 10025-6

S 460 Q/QL/QL1 460 570 440 550

Table 3.1 (continued): Nominal values of yield strength f, and ultimate tensile
strength f, for structural hollow sections

Nominal thickness of the element t [mm]
Standard
and <40 mm 40 mm < t < 80 mm
steel grade
fy [N/mm?] £, [N/mm?] fy [N/mm?] £, [N/mm?’]

EN 10210-1

S235H 235 360 215 340
S275H 275 430 255 410
S355H 355 510 335 490
S 275 NH/NLH 275 390 255 370
S 355 NH/NLH 355 490 335 470
S 420 NH/NHL 420 540 390 520
S 460 NH/NLH 460 560 430 550
EN 10219-1

S235H 235 360

S275H 275 30

S355H 355 510

S 275 NH/NLH 275 370

S 355 NH/NLH 355 470

S 460 NH/NLH 460 550

S 275 MH/MLH 275 360

S 355 MH/MLH 355 470

S 420 MH/MLH 420 500

S 460 MH/MLH 460 530




Those materials are included in SCIA Engineer:

]
Pl AT = & BEE A HRY
5235 A |Name 523
5275 Code independent
5335 Material type Steel
5430 Thermal expansion [m/mk] 0,00
z;;: E::E:: Unit mass [kg/m*3] 7850,0
5420 N:f'NL E modulus [MPa] 2,1000e+035
5460 N/NL Poisson coeff, 03
5275 M/ML Independent G modulus
5 355 M/ML G moedulus [MPa] 8,076%e+04
5420 M/ML Log. decrement (nen-uniferm damping only) 0,15
5 460 M/ML Colour 1
5235W Thermal expansion (for fire resistance) [m/mk] 0,00
5355W Specific heat [J/gK] 6,0000e-01
5460 Q/QL/QL Thermal conductivity [W/mK] 4,5000e+01
S35 Material behaviour for nonlinear analysis
S275H
S355H Material behaviour Elastic -
5275 NH/NLH 5
5355 NH/NLH Ultimate strength [MPa] 360.0
S 460 NH/NLH Yield strength [MPa] 2350
5275 MH/MLH Thickness range
5355 MH/MLH
5420 MH/MLH
5460 MH/MLH
HISTAR 355 v
New Insert Edit Close
The Histar and Fritenar steel grades have been implemented according to Arcelor.
With the option “Thickness range” the influence of the thickness on the yield strength fy and tensile
strength fy are defined. When inputting a new user defined material in SCIA Engineer, also this
thickness range for this material can be inputted:
]
Bl BE 9= & sl a mivy
5235 A | Name $235
5275 Code independent
5335 Material type Steel
5450 Thermal expansion [m/mkK] 0,00
z i;: :::::: Unit mass [kg/m*3] 7850,0
5420 N:»'NL E modulus [MPa] 2,1000e+03
5460 N/NL Poisson coeff, 03
S 275 M/ML Independent G modulus
5355 M:»’ML G modulus [MPa] 8,076%+04
5420 M/ML Log. decrement (non-uniform damping only) 0,15
S 460 M/ML Colour _________________________________|
5235w Thermal expansion (for fire resistance) [m/mk] 0,00
5335w Specific heat [J/gK] 6,0000e-01
5460 Q/aL/QLT Thermal conductivity [W/mkK] 4 5000e+01
z ii: : Material behaviour for nonlinear analysis .
53551 Material behaviour Elastic -
$ 275 NH/NLH S
5355 NH/NLH Ultimate strength [MPa] 360,0
5460 NH/NLH 235,0
5275 MH/MLH
5335 MH/MLH
5420 MH/MLH
5460 MH/MLH
HISTAR 335 v
New Insert Edit Close
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T ess Range Stre Re on-52 *
Lower limit [mm] Condition Upper limit [mm] fy [MPa] fu [MPa]
2 40 <te= 20 2150 360,0
* 0 “<te= 0 00 00
Test data OK Cancel

Example: NA_Material_Strength_Application.esa

In this example a material of the National Annex of Belgium has been inputted manually: S 275 J2.
This material has a lot of thickness range strength reductions:

Thickness Range Strength Rec on-5275)2 >
Lower lirmit [rmm] Condition Upper limit [mm] fy [MPa] fu [MPa]
1 0,00 | <t<= 16,00 275,0 4300
2 16,00 <t<= 40,00 265,0 4300
3 40,00 <t<= 63,00 255,0 4300
4 63,00 <t<= 80,00 245,0 4300
5 20,00 <t<= 100,00 235,0 4300
] 100,00 <t<= 130,00 225,0 4300
7 150,00 <t<= 200,00 213,0 4300
8 200,00 <tz 250,00 203,0 430,0
9 250,00 <t<= 400,00 195,0 430,0
* 0,00 <t<= 0,00 0,0 0,0
Test data OK Cancel

And for each beam the correct yield strength has been taken into account according to the inputted
table above:

CS1 CS2 CS3 CS4

Z

s 50.00

s 402.00




Formcode 1 - | sections Formcode 1 - | sections Formecode 1 - I sections Formcode 1- | sections
h [mm] 80,00 h [mm] 600,00 h [mm] 000,00 h [mm] 10
b [mm] 46,00 b [mm] 220,00 b [mm] 500,00 b [mm]
220,00
t [mm] 520 t [mim] 19,00 t [mm] 220,00 t[mm] 220,
0 an . s [mm] 402,00
s [mm] 3,80 s [mm] 2,00 s [mm] 50,00 o
[ 1 [ e B r[mm] 2,00
r{mm ALY 4.0 00 non
o0 r [mm] 24, r [mm] & 1 [mm] 0,00
r1 [mm] 0,00 1 [mm] 0,00 1 [mm] 0,00 a1 0
a[%] ) a[%] 0 a[%] 0 W [rm] 0,00
W [mm] 0,00 W [mm] 116,00 W [mm] 0,00 wm [mm*2] 0,00
wrm [mm*2] 0,00 wrm [mm*2] 0,00 wm [mm*2] 0,00
Material Material Material Material
Yield strength fy 2750  [MPa Yield strength fy 2650 |MPa Yield strength fy 205,0  |MPa Yield strength fy 195,0 |MPa
Ultimate strength fu [430,0 |MPa Ultimate strength fu_ |430,0 |MPa Ultimate strength fu [430,0 |MPa Ultimate strength fu |430,0  |MPa
Fabrication Rolled Fabrication Rolled Fabrication Rolled Fabrication Rolled




Advanced Concept Training — Steel Code Check

The classification of cross-sections is executed according to EN 1993-1-1, art. 5.5.

Four classes of cross sections are defined:

Class 1 (EC3, NEN) or PL-PL (DIN) section
Cross sections which can form a plastic hinge with the rotation capacity required for plastic
analysis

Class 2 (EC3, NEN) or EL-PL (DIN) section
Cross sections which can develop their plastic moment resistance, but have limited rotation
capacity.

Class 3 (EC3, NEN) or EL-EL (DIN) section

Cross sections in which the calculated stress in the extreme compression fibre of the steel
member can reach its yield strength, but local buckling is liable to prevent development of the
plastic moment resistance.

Class 4 (EC3, NEN) or Slender section
Cross sections in which it is necessary to make explicit allowance for the effects of local buckling
when determining their moment resistance or compression resistance.

Dql:_w:n of the classification of cross-section
P P
I L
W Global
analysis
Available of
rotation | Structures
Class| Behaviour model | Design resistance c;\pacity M
of plastic /
hinge / Class 1
PLASTIC I EE e o RIS
M _ | across full section i P, Rd I “Class2 |
1 Yocal fy important or, Lieskhasese S :
buckling [] plastic ol Bt i ~Class 3 )
1 : :
- | ““Class 4 t
% PLASTIC clastic | i !
_____ across full section or, | 1 H
7 plastic 1 { :
2 Nt fy limited (if required ! ! .
buckling @ ] rotation | i I
E capacitics are | 1 '
and satsie) ! ' ! #
0 1 >2 >4 @,
ELASTIC ot
across full section
3 i fy none elastic
ELASTIC
across effective section
4 i fy none elastic

This classification depends on the proportions of each of its compression elements.
For each intermediary section, the classification is determined and the related section check is
performed. The classification can change for each intermediary point.

For each load case/combination, the critical section classification over the member is used to perform
the stability check. So, the stability section classification can change for each load case/combination.
However, for non-prismatic sections, the stability section classification is determined for each
intermediary section.

10



The classification check in SCIA Engineer will be executed following tables 5.2 of the EN 1993-1-1.
For standard sections, the classification is done according to the parts of the Initial Shape.

o Internal compression elements (1) are classified according to Table 5.2 Sheet 1.

o Outstand compression elements (SO & UO) are classified according to Table 5.2 Sheet 2.

o CHS sections are classified according to Table 5.2 Sheet 3.

o Angle sections are classified according to Table 5.2 Sheet 2 and in case of uniform
compression also Sheet 3.

Remark: Cross-sections without an Initial Shape are classified as elastic class 3.

Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression

parts
Internal compression parts
_— 1
—F ]
- TC - - - ¢ - L c - - c _-_ Axisof
bending
t .J . t ol t
—— —— — —
t
L iI L *I '
M i *t t . Axis of
C c c i
+ - - - - - - — bending
C
L e L]
. .
Class Part subject to Part subject to Part subject to bending and compression
bending COMpression
f f f
Stress — — —
dlsmbutlon + + + | lac
in parts c C c
(compression - _
postfive) = — -
Ii‘ fh' Th"
396
when o >0.5: ¢/t < 3 81
1 c/t=T2e c/t=<33e 360[_
£
whena €0.5: ¢/t =<
o
456
whena >0.5: ¢/t < E 81
2 c/t<83s c/t<38e _1102_
when o €0.5: ¢/t <225
o
f f
Stress g _f !
distribution
1n parts c N c c
(compression | |ef2
positive) -
f, vy
, 4le
wheny>-1:e/t<—+——
3 c/t<124e c/t<42e 0.67+0.33y
when y <17 : ¢/t<62g(1— LP-},\I-'[(—LP)
e= [235/F f, 235 275 355 420 460
VT g 1,00 0,92 0,81 0,75 0,71

¥) y = -1 applies where either the compression stress @ < f; or the tensile stram &, > £/E
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12

Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression

parts
Outstand flanges
c c c
[ 3 | ;
t t t! s
Rolled sections Welded sections
Class Part subject to compression __ Part subjec_t fo bending and Compression
Tip in compression Tip in tension
Stress oc oc
distribution ___ + +
in parts 2 |f — 1
1 T Ty
(comp_r:_essmn | ! |-—-| | 3 || B
positive) e H—C—
Oe O¢
1 c/t<9s c/ts— c/ts—
o oo
10g 10g
2 c/t=10s c/t= c/t —
o oo
Stress
distribution — L
in parts 3 |f 7 ‘r - b ‘m
(compression ! |~—-| | c | c
positive) | '
¢/t < 21e,k
3 c/t<14s N EV¥e
For k; see EN 1993-1-5
e=_235/f f, 235 275 355 420 460
Ny g 1,00 0,92 0,81 0,75 0,71

Table 5.2 (sheet 3 of 3): Maximum width-to-thickness ratios for compression

parts
Angles
—
{
t Does not apply to angles in
Refer also to “Outstand flanges” b continuous contact with other
(see sheet 2 of 3) L components
Class Section mn compression
Stress
distribution f
aCross —
section +
(compression U
positive)
b+l
3 h/t<15e: <115
Tubular sections
t.( "
L /}I d
Class Section in bending and/or compression
1 d/t <508
2 d/t<70€’
3 d/t <908
NOTE For d/t > 90z’ see EN 1993-1-6.
f. 235 275 355 420 460
—
g= \II'ZSS f_\_ £ 1.00 0,92 081 0,75 0,71
g 1.00 0.85 0,66 0,56 0,51




As mentioned before, starting from SCIA Engineer 17.0, a new classification tool is used based on the
initial shape of the cross-section.

The user can choose between 3 methods to determine the plastic stress distribution in the cross-
section:

e Elastic stresses
e Yield surface intersection

e |terative approach
Elastic stresses

The elastic stresses method is a fast approach using fixed formulas. In this method, the plastic stress
distribution is based on the elastic stresses f1 and f2 at the ends of the parts.

Standard calculation of a

In case one stress is positive (compression) and the other is negative (tension), the following
calculation is used:

|0-Compresst'on ‘

a =
|JCompression| + |0-Tension|

In all other cases a is taken as 1,00 for the given part.

Double-symmetric I-section

Specially for a double-symmetric I-section, the a value of the web element is overruled by the following
formula (Ref. [36]):

compression

tension
Mv.Ed

. 1 [k Nz _ )
Only increase M,: «= :\T . f ~(t,+r) |

Within this formula the Neq is taken as positive for compression and negative for tension.

13



Advanced Concept Training — Steel Code Check

(]
Intemal forces
7 5
N.Ed -5,00 kN [ %]
My Ed 20,00 kNm H
MzEd | 0.00 kNm
Material data
y 2,350e+05 KN/m™2 4
E 2,1000e+05 MPa
= 1.00
Plastic analysis Elastic stresses i
Classffication for fire design l
Semi-Comp-+ limits 1 /’ \ k]
[ [ = 1 |
Update
BS | I=m0 moox - T defaut -8 B
Classification according to EM 1993-1-1 article 5.52 A
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2
id Type c t ol o2 v ko [ cit Chss1 Clss2 Chss3 Chss
[mm] [mm] [kN/m*2] [kN/m*2] H H H H Limit Limit Limit
L L L
1 S0 M7 21 -6,284e+03 [-5,294e+03
3 S0 N7 21 -6,294e+03 |-6,294e+03
4 | 344 12 -5117e+03 5,678e+03 -080 500 26 91 71,5 82,38 Nz71 1
5 S0 M7 21 6.855e+03 6.855e+03 1.00 043 |1.00 5.8 5.00 10.00 14.00 1
i 50 M7 21 6,855e+03 6,85e+03 1.00 043 [1.00 558 5.00 10,00 14,00 1
The cross-section is classified as Chss 1
Ready [hr] v
The classification calculation takes 00,000 sec 0K

Yield surface intersection

For this method, a full plastic analysis is performed. This plastic analysis is based on the initial shape
and uses a stress-strain diagram with the yielding plateau.

Mpl.z

The yield surface is generated for the given section and the intersection of the actual forces is
determined with this surface.

The actual intersection point (grey) does not always collide with a predetermined point of the surface,
so small deviations can occur. From the location of the plastic neutral axis, which results of this
analysis, the a value for the different parts can be determined.

14



Intemal forces

7 5
M.Ed -5,00 kN | o]
My Ed 20,00 leNm N
Mz Ed 0,00 kNm
Material data
fy 2,350e+05 kN/m*™2 4
E 2,1000e+05 MPa
= 1,00
Plastic analysis Yield surface intersection =
Classffication for fire design ||
Semi-Comp-= limits 1 _/,) \ 3
| [ = 1 |
Update
B&S 1m0 m 0% - T defaur - B M=
d Type c t ol o2 w ko a cit Chss1 Chss2 Chss3 Chss
[mm] | [mm] [khim*2] [/ m*2] H H H H Limit Limit Limit
L] L] L1
1 50 "7 21 -6,254e+3 -5, 294e+03
33 50 TIF 21 -6,284e+03 5,29 4e+03
4 | 344 12 -5117e+03 5,678e+03 -0,80 0,60 2991 58,08 65,88 11271 1
5 50 A1 2 6, 855e+03 6,855e+03 1.00 0.43 1.00 5.58 5,00 10.00 14,00 1
ril 1] 17 21 6, 8558403 6, 855e+03 1,00 0.43 1.00 5.58 5,00 10,00 14,00 1

Note: For the Class 1 & 2limits an advanced plastic analysis (yield surface intersection) has been used.
The cross-section is classified as Class 1

Calculation info

N Ty Mz

kNI TN ml [kNm
-188,52 75296 0.00

[ Rready [

The classification calculation takes 00,825 sec

Remark: It can happen that the plastic neutral axis is rotated, but this has a negligible effect on a. This
happens when the closest point on the yield surface has a minor M; moment.

Iterative approach

Also for this method, a full plastic analysis is performed. This plastic analysis is based on the initial
shape and uses a stress-strain diagram with the yielding plateau.

The actual plane of deformation for the given internal forces in determined iteratively which provides an
exact solution.
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Intemal forces

eady [hr]

The classification calculation takes 02,786 sec

NEd | 500 kN ‘ 1 T

My.Ed 20,00 lkNm ‘/_

Mz,Ed 0,00 kMNm
Material data

fy 2,350e+05 kN/m"2 4

E 2,1000e+05 MPa

& 1.00 R

Plastic analysis Iterative approach i
Classfication for fire design Ll
Semi-Comp+ limits 1 /?\\ 3
\ [ = 1 ]
Update
G 180 = - I T aetau . ==
Classification according to EN 1983-1-1 article 5.52 A
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1& 2
d Type [ t ol o2 w ko a cit Chss1 Chss2 Chss3 Chss
[mm] | [mm] [kN/m*2] [kNfme2] H H H H Limit Limit Limit
L1 L] L1

1 S0 n7 21 -6254e+03 -5,294e+03

3 S0 i 21 -6294e+03 -5.294e+03

4 | 344 12 -5117e+03 |56788+03  |-090 060 2991 |5815 66,97 1271 |1

5 S50 M7 21 6,855e+03 6,855e+03 1.00 0,43 (100 |55 5,00 10,00 14,00 1

7 S0 17 21 5, 855e+03 6,855e+03 1.00 043 [1.00 558 5.00 10.00 14.00 1
MNote: For the Class 1 & 2 limits an ach d plastic Iy (iterative approach) has been used.
The cross-section is classified as Class 1
Calculation info
| N | Iy Mz |

IkN] kN ml [kNm]
187,02 74209 0,00
v

oK

In the cross-section properties, the user can choose the plastic analysis method. However, this is only
informative and this choice is not decisive. The method that will be used to perform the steel code

check can be chosen in the Steel setup window:

Fire resistance
Cold Formed
Plated structural elements

Classification

Use Semi-Comp+ no

B Steel setup X
=~ Standard EN Name Standard EM &
& SF“‘ Steel
Member check
Member check

Limit slenderness
Buckling defaults
Relative deformation
Autodesign

Elastic Stresses
Shear
Use A, A; instead of elastic shear

“Yield surface intersection

Iterative approach

L
0,05

"

orsion

Limit for torsion [-]

Default sway types EN1
Yy vl yes
-z no
Buckling length ratios ky, kz EN 199
Mazx. k ratio [-] 10,00
Max. slenderness [-] 1000,00
2™ order buckling ratios Acc. to input
EN 1993-1-1: 6.3.2

Lateral Torsional Buckling
Lateral torsional buckling curves
Method for C1C2 C3

Methed for k.

General settings

ECCS 11%/Galea
Determined from C1

Elastic verification no

Verify only section checks | yes

Rolled section or equivalent welded

Reference: EN 1993-1-1 article 5.2.2

Description: Setting to determine the plastic stress distribution of the cross-section.

Application: The result of the selected approach is used in the calculation of the a value for the Class 1 & 2 limits,
- Elastic stresses: The elastic stresses are used to calculate the plastic stress distribution using fixed formulas.

- [terative approach: The actual forces are increased iteratively and each time the plane of deformation is calculats
boundary is reached. The approach then goes back one step and uses the plane of deformation of that step.

- Yield surface intersection: A discrete plastic (yield) surface is derived for the section. The actual internal forces are then scaled until they intersect with that yield
surface. The point from the yield surface that is closest to the intersection point is then used for further determination of the plastic stress distribution.

ed. In case no plane can be determined the

Load default non-MA parameters

Load default NA parameters
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Semi-Comp+

Another development that has been available since SCIA Engineer 17.0, is the classification of Semi-
compact steel sections. Semi-compact steel sections are sections which are classified as class 3.

This option can be activated in the Steel setup:

]
[=)- Standard EM Mame Standard EN ~
=2 S}EEI Steel
i Member check .
- Fire resistance Member check EN 1993-1-1
i~ Cold Formed Classification EN1993-1-1:5.22
Limit slenderness -
- Buckling defaults Plastic analysis Elastic Stresses -
Relative deformation Shear EN 1993-1-1: 6.2.6
- Autodesign Use A, A instead of elastic shear vl yes
Torsion EN 1993-1-1: 6.2.7
Limit for torsion [-] 0,05
Default sway types EN 1993-1-1: 6.3.1
yy b yes
z-z no
Buckling length ratios ky, kz EN 1993-1-1: 63.1
Max. k ratio [-] 10,00
Max. slenderness [-] 1000,00
2™ order buckling ratios Acc. to input -
Lateral Torsional Buckling EN 1993-1-1: £3.2
Lateral torsional buckling curves Rolled section or equivalent welded -
Methed for C1 C2C3 ECCS 119/Galea -
Methed for k, Determined from C1 -
General settings
Elastic verification no
Verify only section checks ! yes
Flexural buckling accounted for by 2™ arder calculation no
Moments on columns in simple construction no
—EiLE IEsistance EL 100300 hd
Reference: Valorisation Project: SEMI-COMP+ n® RF52-CT-2010-00023
Description: Setting to use the plastic member capacity of Semi-Compact steel sections.
Application: When this setting is activated, modified classification limits are used for |-sections and RHS sections. In addition, when those sections are classified as
Class 3 the section moeduli are interpolated between the elastic and plastic values in order to use the plastic capacity of the section.
Load default non-NA parameters Load default MNA parameters oK Cancel

The use of this option has a dual application:
e Classification limits are modified for I-sections and RHS sections.

¢ Interpolated section modulus between the elastic and plastic values
Adaption classification limits

At the moment, there is a discrepancy in the used classification limits between EN1993-1-1 and
EN1993-1-5. The Semi-Comp+ publication identified this discrepancy and proposed new classification
limits (Ref. [36]):
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Advanced Concept Training — Steel Code Check

S:Ja;??::;':: ;:rtf;:i"” for ESDEP-Background EN 1993-1-1
i|::- :ﬁ:ipmin ip,min c/t-limit (*€)

Limit between class 3/4:

internal part in compression 0,673 * 38,23 42
in bending 0,874 121,35 124

outstand flange in compression 0,748 13,93 14

Limit between class 2/3:

internal part in compression 0,6 34,11 38
in bending 0,6 83,38 83

outstand flange in compression 0,6 11,18 10

Limit between class 1/2:

internal part in compression 0,5 28,43 33
in bending 0,5 69,48 72

outstand flange in compression 0,5 9,32 9

* previously 0,74 42,07 42

Important remark: The adaptions on the classification limits will be implemented in the next iteration of
EN1993-1-1.

Interpolated section modulus

The section moduli will be interpolated between the elastic and plastic values. This results in the
advantage that the plastic capacity of the section is taken into account for class 3 sections.

EN 1993-1-1 SEMI-COMP research
Mra 4 plastic global analysi : 5
e i b Mgg Continuous transition
Mo ' v
ot ; Mpl
. Ma I
PV P !
P8 ' D :
Class1 ; O |Class3: Class4 g :
ot Class1 ! O !Class3} Class4
My M7 T MG
Ief I 14 oht
", ""-wc: NiN, =00 My

(forHEA 200

Developed
Desin Procedure

If the classification results in a class 4 profile, the effective cross section will be calculated according to
EN 1993-1-5.

For each load case and combination, the most critical effective area properties are saved:

e Aeriis the effective area of the cross section when subject to uniform compression.
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e Wer is the effective section modulus of the cross-section when subject only to moment about the
relevant axis.

¢ en is the shift of the relevant centroidal axis when the cross section is subject to uniform
compression.

With these critical properties, the steel code check is performed.

Example: Industrial Hall.esa

In this example the classification will be done for an IPE750x134 profile, resulting in a class 4 cross
section. And afterwards the calculation of the effective shape following EN 1993-1-5 will be given.

Consider column B28

AragBpBii o> S - a Y
& Mid column - IPE750x1 Geometry =
&3 Beam - IPE160 Formcode 1 - | section
& Purlin - U240 h [mm] -
& Gable column - HEB340 b [mm]
& Diagenal - RD15 t [mml]
& Beam? - IPET50x134

5 [mm]

r [mm]

r1 [mm] 0,00

a [%] 0

W [mm] 104,00

wm [mm*©2] 0,00

W

*

MNew Ingert Edit Setup Update all Close

The classification has been executed at the bottom of the column (position = 0.00m)

On this position a hinged support has been inputted, so on this position the column is not subjected to
bending.
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Advanced Concept Training — Steel Code Check

¢ = H — 2 * thickness flange — 2* radius

Table 5.2 (sheet 1):

c =753mm — 2x17mm — 2x17mm = 685mm

t=13,20 mm
c/t=51,89
Class Part subject to Part subject to
bendmg 255101
f f
Stress
distribution +
in parts c c
(compression
positive) —
'!‘ f"
c/t=7le c/t=33e
2 c/t<83e c/t<38s
Stress f
distribution
in parts N ¢
(compression
positive)
3 c/t<124e c/t<42e

With e = ,/235/fy =1

Maximum ratio class 1: 33

Maximum ratio class 2: 38
Maximum ratio class 3: 42

c/t=51,89 > 42 =>Class 4

Table 5.2 (sheet 2):

¢ = B/2 — thickness web/2 — radius
c =265mm/2 —13,20mm/2 — 17 = 108,9mm

t=17 mm
c/t =6,40
Class Part subject to compression f—
Stress
distribution
in parts N c .
(compression | ! P'—'l
positive) '
1 c/t=9%
2 c/t=10e
Stress
distribution ___
in parts " e
(compression ! H
positive) '
3 clt<l4e

With e = /235/fy =1

Maximum ratio class 1: 9

Maximum ratio class 2: 10

Maximum ratio class 3: 14

c/t=6,40<9=>Class 1

In SCIA Engineer:

Classification for member buckling design
Decisive position for stability classification: 0.000 m
Classification according to EN 1993-1-1 article 5.5.2

Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

IThe cross-section is classified as Class 4 I

Id |Type |c t 01 o2 ¥ ks |a c/t |Class1 [Class2 |Class3 [Class
[mm] [[mm] |[kN/m?2] |[kN/fm2] [[-]1 |[-] I[-] |[-] Limit Limit Limit
[-1 [-1 [-1
1 |sO 108.90 |17.00 [8653.916 |8653.916 |1.0 |0.4 |1.0 |64 |9.0 10.0 14.0 1
3 |S0 108.90 |17.00 [8653.916 |8653.916 [1.0 |04 |1.0 |64 |9.0 10.0 14.0 1
4 ]I 685.00 |13.20 |8653.916 |8653.916 |1.0 1.0 |51.9 |33.0 38.0 42.0 14
5 |50 108.90 |17.00 [8653.916 |8653.916 |1.0 |04 |1.0 |64 |9.0 10.0 14.0 1
7 50 108.90 |17.00 |8653.916 (8653.916 |1.0 |0.4 [1.0 |6.4 9.0 10.0 14.0 1
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This cross section has a classification class 4 for the stability classification, so effective properties have
to be calculated.

Those properties are also given in SCIA Engineer in the preview of the steel code check, just below the
classification calculation.

Effective properties

Effective area Defr

Effective second  |Iefr,y
moment of area

1.7222e+04 [mm?
1.6608e+09 |mm? |Iefr:

5.2895e+07 |mm?*

Effective section |Weffy |4.4111e+06 [mm?® |Weffz |3.9920e+05 |[mm?
modulus
Shift of the En,y 0.00 mm  |enz 0.00 mim
centroid

The calculation of the sectional area Ae is given in below.
In this section there is a uniform compression force over the web.

The calculation of the effective section will be performed following EN 1993-1-5:2006, Tabel 4.1 and
EN 1993-1-5:2006/AC:2009 article 9). In Table 4.1 the uniform compression situation will be used in
this example:

Stress distribution (compression positive)

Effective” width b

b * B K be ber=p b
bcl = 035 bcff bcl = 0,5 bcff
- MI: 1>py>0:
(=] —
| bet |, 1, be2 bcff=Pb
A E A ‘ 2
bg] = 7b€ﬁr bel = beff - bel
S-y
% y< 0:

ber=pb.=p b/ (1-y)

bel = 094 beff beE = 096 beff

0>p>-1 -1
7.81 - 6,29y +9,78y° 23,9

W = oo 1
Buckling factor k, | 4,0

1>wy>0 0
8.2/(1,05+yw) | 7.81

1>y >-3
5,98 (1 - (//)2

p=1
p=(2—-022)/ %,

2, < 0,5 +,/0.085 — 0.055y =0,673
2, > 0,5 +,/0.085 - 0.055) =0,673
— b/t
1 = Grasz______

14 [fy/ [ ] 2845\/](_0
e = 1,00 (S235)

ks = 4,0 (Tabel 4.1 of EN 1993-1-5:2006)

— b/t 51.89
1 /

= = =091
P 284eJk, 284-1.00-v4.0

_0.91-0.22

= = 0,83
P =" 091)
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Advanced Concept Training — Steel Code Check

by = bey = 0.5 b =05-p-b=0,5-0,83-685mm = 284,62 mm

Agrr = [265-17 + 284,62 - 13,20 + 17 - 13,20] - 2 = 16972,77 mm?

_t

i o
17 o
"l g

284,62

13,20 2;1_52

r
F 265 i

In this calculation the roundings at the corners between the flanges and the web are not taken into
account. Therefore the result in SCIA Engineer will be a bit higher:

Effective properties

Effective area Aefr I1.T-“2229+D4 mmll
Effective second [Ierr, “T-OOwE=swo==mmm==a .. |5.2805¢+07 |mm?

moment of area
Effective section |Wery |4.4111e+06 |mm? |Weffz |3.9920e+05 |mm?
modulus

Shift of the en,y 0.00 mm  |en: 0.00 mm
centroid

Also the other properties of this effective cross section can be calculated.

The calculated classification in SCIA Engineer can be overruled by 2 settings in the Steel member
data:
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Elastic verification
Werify only section checks
LTE Buckling Curves 6.3.2
Field
Position
From begin (x]

From end (x")

Section classification By program

Yes
Mo

acc. to Steel» Beams= Setup

Rela
]
]

Cancel

Section classification

The user can choose between a classification calculation By program, or can overwrite this and

choose for class 1, 2 or 3. Since classification 4 is not described for all cross section in the

Eurocode, this option can’t be chosen.

Elastic Check Only

The user can choose to perform an elastic check. This corresponds with a class 3 check.
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ULS Section Check

In this chapter, first the Partial safety factors are explained and afterwards a short explanation of all the
section checks is given.

The section check can be found in SCIA Engineer under “Steel -> Beams -> ULS Checks - EC-EN
1993 Steel Check ULS”. In this menu the user can choose to look at the “Brief, Summary or Detailed”
output.

With the brief output the results are shown in one line.

With the summary output, the results of all unity checks are shown.

With the detailed output, the results of all the unity checks are shown including a reference to the used
formula in the EN 1993-1-1 for each check.

In below the Section Check will be explained and the detailed results are shown.

Partial Safety factors
The partial safety factors are taken from EN 1993-1-1 art. 6.1.

And the following safety factors are taken into account:

ymo = 1,00 Resistance of cross-section
ym1 = 1,00 Resistance of members to instability accessed by member checks
w2z = 1,25 Resistance of cross-section in tension to fracture

Those factors can also be found in the National Annex of EN 1993-1-1 in SCIA Engineer:

m Steel setup >
= SFandard EM MName Standard EN
[=)- Steel Steel
- Member check
- Fire resistance Member check EN 1993-1-1
-~ Cold Formed Bow Imperfections EN 1993-1-1: 5.3.2(3) b)
Plated structural elements Elastic analysis e0/L
Plastic analysis e0fL
Member Imperfection EN1993-1-1: 5.3.4(3
| Gamma M0
Value [-] 1,00
| Gamma M1
| Value [-] 1,00
Gamma M2
| Value [-] 1,25 |
" LTB Curves - General Case ENT993-1-1: 6.3.2.2 i
LTB Curves - Rolled/Equivalent welded Case EN 1993-1-1: 6.3.2.3(1) i
Interaction Method EN 1993-1-1: 6.3.3(3)
Fire resistance EN 1993-1-2
i Cold Formed EM 1993-1-3
| Plated structural elements EN 1993-1-5
|
Load default NA parameters oK Cancel

Tension
The tension check will be executed following EN 1993-1-1 art. 6.2.3.

N,
Ed 4
Nt ra

A.
Nt pa = i: the design plastic resistance of the cross-section
’ YMo
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Example: Industrial Hall.esa

Consider bracing B23 (for load case 3DWind1). In this load case the bracing is under tension:

1,7663 - 10°mm? - 235MPa

= = 41,51kN

LRd 1.0
Unity Check = SO.13KN_ 0,73
MLy LR = Y 51kN
Internal forces |Calculated |Unit
NEd 30.13 kN
Wy Ed 0.00 kN
Wz Ed 0.00 kN
Ted 0.00 kNm
My ed 0.00 kNm
Mz,Ed 0.00 kNm

Classification for cross-section design
Warning: Classification is not supported for this type of cross-section.
The section is checked as elastic, class 3.

Tension check

Accordingto EN 1993-1-1article 6.2.3 and formula (6.5)
A 1.7663e+02 |mm?

Npl rd 41.51 kN

Nu,rd 45.78 kN

Nt rd 41.51 kM

Unity check [0.73

Compression

The compression check will be executed following EN 1993-1-1 art. 6.2.4.

N
Ed < 1
NC,Rd
Where
A'fy .
- NC Rd — — For class 1, 2 or 3 cross-sections
! YMo
Aerrf, _
- Nc Rd = gl d ik For class 4 cross-sections
’ YMo

Example: Industrial Hall.esa

Consider column B28 (for combination CO1-ULS).
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The critical check is on position 1.150 m

Internal forces |Calculated |Unit
Med -160.01 kN
Wy Ed -0.03 kN
Wz,Ed -101.68 kN
Ted 0.00 kNm
My ed -116.93 kNm
Mz ed -0.04 kNm

The classification on this position is Class 1 (column under compression and bending).

1,8800 - 10*mm? - 235MPa

Nega = 10 = 4418,0 kN
Unie Choc — YEOOLRN _
MY SRECR = 24180KN ~

Compression check
Accordingto EN 1993-1-1article 6.2.4 and formula (6.9)

A 1.8800e+04 |mm?
Ne,rd 4418.00 kN
Unity check |0.04 -

Bending moment
The bending moment check for My and Mz will be executed following EN 1993-1-1 art. 6.2.5.

Mg

<1
Mc,Rd
Where
Wopr fy ]
- M =M =2 For class 1 or 2 cross-sections
c,Rd plL,LRd Yo
W el min'f- )
- Mipg = Mg g = —e)’:;‘: 4 For class 3 cross-sections
Wersf, _
- Mc Rd — —Iry For class 4 cross-sections
’ YMo

Example: Industrial Hall.esa

Consider column B28 (for combination CO1-ULS).

The critical check is on position 1.150 m

Internal forces |Calculated |Unit
Ned -160.01 kN
Vy Ed -0.03 kN
Vz,Ed -101.68 kN
Ted 0.00 kNm
My ed -116.93 kNm
Mz Ed -0.04 kNm
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The classification on this position is Class 1 (column under compression and bending).

Al e EBEED 9= G @ a B
% Mid column - IPET50x1 iz [mim] 53,04 ~
2 Beam - IPE160 Wely [mm#3] 4.4110e+06
& Purlin - U240 Welz [mm*3] 3,0900e+05
% G-Ellﬂe column - HEB340 Wply [mm*3] 5,1100e+06
% Diageonal - RD13 Wplz [mm*3] 6,3100e+05
& Beam2 - IPE750x134 S ———
Mply+ [Mmm] 120120 30

Mply- [Nmm] 1201207209,

Mplz+ [Nmm] 148254531,41

Mplz- [Nmm] 148254531,41 "
Z

—

New Insert Edit Setup Update all | Close

Wpiy - f, 51100 - 10°mm?® - 235MPa

M. =
y.c.Rd Yo 1.0

= 1,20085 - 10° Nmm = 1200,85 kNm

Wy, f, 63100 10°mm? - 235MPa

Mz,c,Rd = =1,4828 - 108 Nmm = 148,28 kNm
Ymo 1.0
Unity Check My = —= 23 KN _ g 44
ey Lheck Y = 1500,85 kNm "
0,04 kNm
Unity Check Mz = 0,00

148,28 kNm
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Bending moment check for My

Accordingto EN 1993-1-1article 6.2.5 and formula (6.12),(6.13)

Wpl.y 5.1100e+06 |mm?
Mpl.y.Rd 1200.85 kMNm
Unity check [0.10 -

Bending moment check for M:

Accordingto EN 1993-1-1article 6.2.5 and formula (6.12),(6.13)

Wol,z 6.3100e+05 |mm?

Mpl.z.Rd 148.28 kMNm

Unity check |0.00 -
Shear

The shear check for Vy and Vz will be executed following EN 1993-1-1 art. 6.2.6.

Vea

<1
Vc,Rd

For plastic design Vcrd the absence of torsion, is the design plastic shear resistance Vpird:

V — Av'(fy/\/g)
plL,Rd YMo

With:

Av: the shear area.
The formula for Av depends on the cross-section (see EN 1993-1-1 article 6.2.6(3)).

For elastic design Vcrd is the design elastic shear resistance. The following criterion for a critical point
of the cross-section may be used unless the buckling verification in section 5 of EN 1993-1-5 applies:

T
B <1

£y (V3 Yumo)

VEa'S
It

Where

Tga =

Where the shear force is combined with a torsional moment, the plastic resistance Vp,rda should be
reduced as specified in the next paragraph.

Example: Industrial Hall.esa

Consider column B28 (for combination CO1-ULS).
The critical check is on position 1.150 m

Internal forces |Calculated |Unit
Ned -160.01 kN
Wy Ed -0.03 kN
Vz,Ed -101.68 kN
Ted 0.00 kMNm
My ed -116.93 kNm
Mz ed -0.04 kNm

The classification on this position is Class 1 (column under compression and bending).
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Shear check for V,
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20
Ay 9.4086e+03 |mm?
Vplv.Rd 1276.54 kM
Unity check |0.00 -

Shear check for V:
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20
Ay 1.138%+04 |mm2
Vplzrd 1545.22 kM

Unity check [0.07 -

Torsion
EN 1993-1-1 article 6.2.7.

T,
Ed -1

Tra

Where Trd is the design torsional resistance of the cross-section.

Ted should be considered as the sum of two internal effects:
Tegqg = Trga + Tw,ka

Where  Tted is the internal St. Venant torsion
Twed i the internal warping torsion

SCIA Engineer will take into account the St. Venant torsion automatically. If the user would like to
calculate also with warping torsion, this option should be activated within the “System lengths and
buckling settings” of this member:

PP AFREH.  AH.
Settings | Results
Mame: BC1
Buckling span Deflection span
.yy Deflectiony = zz v
7= |22 0~ Deflection z = yy T
yz= |2z

LTB= |zz

-
Buckling length factors Settings per span for y-y axs
ky factor Caleulate =] Sway y-y
1 1

Sway y¥ From setup M

Member imperfection in 2nd order analysis

Bow imperfection ey no bow imperfectic ~

IPE-W
Advanced settings
Lateral Torsional Buckling Special buckling systems
Foint of load application In shear center - Type  Notused v
B . Mer Calculated -
=)
%y
% v Warping check
. \.‘Q End constraint condition for warping
[
z O Y Begn | Fixed - End  Free =

=

Save Cancel
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The check box Warping check is activated for the beginning and end of the beam, the user should
indicate if this end is Fixed or Free for warping.

Example: Warping.esa

As quoted in the EN 1993-1-1, art. 6.2.7(7), for closed hollow sections the effects of torsional warping
can be neglected and in the case of a member with an open cross section, such as | of H, it may be
assumed that the effects of St.Venant torsion can be neglected. This article is a simplification and is
valid for SCIA Engineer version up to and until SCIA Engineer 16.1.

Since SCIA Engineer 17.0, the warping check will also be performed for closed hollow sections, even
though the fact that this will not have the same influence as for open profiles.

In this example 4 beams are inputted:

- IPE 180 — No Warping has been activated

- SHS 180/180/10.0 — No Warping has been activated

- IPE 180 - Warping has been activated in the buckling data

- SHS 180/180/10.0 —~Warping has been activated in the buckling data

On all beams, a line force of -4kN is iniutted with an eccentriciti er/ of 0,050 m. The'k'factorhasbeen

m System lengths and buckling settings O X

|
| REC RBC
g LAEREE. AHh.
Settings | Results
Name BC1
Buckling span Deflection span
¥y Deflection y = zz -
SHS-W
e i Defectonz= 19~
yz= zz =
®LTB= zz ~
Active buckling constraints
IPE-W | Span settings
Kb [] k[ v [] |
1 1,00 2,00 1,00
44
4 |
4
>
e v
i ATy W
2 Advanced settings
o
<
Qe e
Save Cancel
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[W® Systern lengths and buckling settings O X

PP 2EEEEH. Adh,
Settings | Results

BC2

Name

Buckling span Deflection span

Oyy () Deflection y =
IS, | O
Oyz=
@LTB= zz -~

zz -

zz T () Deflection z = ¥y T

zz -

I Active buckling constraints
« Span settings

k-l [kl ]

|1 1,00 2,00 |

kw [-]
1,00

X |- Advanced settings

CIPEW

For the SHS profiles, there is a small difference between the option “Warping” activated or not. This
was expected as warping is not important for closed hollow section.

For IPE profiles, the warping torsion cannot be neglected. So when this is activated, it has a big
influence on the resistance value for torsion:

Torsion check IPE 180 without warping activated:

Torsion check

Accordingto EN 1993-1-1article 6.2.7 and formula (6.23)
Fibre 2

Ted 133.6 |MPa

Trd 135.7 |MPa

Unity check [0.98 |-

Combined Shear and Torsion check for Vz and Tyed
Accordingto EN 1993-1-1article 6.2.6 & 0.2.7 and formula (6.25),(0.20)

“.f'pI,T,z,F'.d

70.02

kN

Unity check

0.23

Torsion check IPE 180 with warping activated:
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Torsion check
Accordingto EN 1993-1-1article 6.2.7 and formula (6.23)

Fibre 2

TEd 133.6 [MPa
Trd 135.7 [MPa
Unity check |0.98 |-

Combined Shear and Torsion check for Vz and Tied
Accordingto EN 1993-1-1article 6.2.6 & 6.2.7 and formula (6.25),(6.26)

Fibre 1

Tt,Ed 0.0 MPa
Vol T,2,Rd 152.01 |kN
Unity check |0.11 -

Combined bending, axial force and shear force check
Accordingto EN 1993-1-1article 6.2.7 & 6.2.1(5) and formula (6.1)

Warping conditions at the extremitiesof the buckling system

Extremity |Condition

Begin Free
End Fixed
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Decomposition of torsional moment

X Mxp,.Ed st,Ed Mw,.Ed

[m] [kNm] |[kNm] |[[kNmZ2]
0.000 |0.00 1.60 -0.86

0.400 |-0.21 0.85 -0.38

0.800 |0.03 0.45 -0.13

1.200 |0.09 0.23 0.01

1.600 |0.06 0.10 0.09

2.000 |-0.02 0.02 0.13

2.000 |-0.02 0.02 0.13

2.400 |-0.11 -0.05 0.17

2.800 |-0.18 -0.14 0.20

3.200 |-0.19 -0.29 0.25

3.600 |-0.09 -0.55 0.34

4.000 [0.25 -1.05 0.51
Internal forces

St. Venant torsion |Mxped |0.00  [kNm
Warping torsion Mused |1.60  [kNm
Bimoment Mwed |-0.86 |kNm?

Elastic verification

Fibre 1

O, Ed 0.0 MPa
Oy, Ed 218.7 |MPa
Mz, Ed 0.0 MPa
Ow Ed 450.4 |MPa
Otot,Ed 669.1 |MPa
Tyy,Ed 0.0 MPa
Tyz,Ed 0.0 MPa
Tt,Ed 0.0 MPa
Tw,Ed 0.0 MPa
Ttot,Ed 0.0 MPa
Ovon Mises,Ed 6569.1 MPa
Unity check |2.85 |-

Warning: Due to extreme internal forces the plastic warping check according to I. Vayas cannot be executed.

Therefore the elastic yield criterion according to EN 1993-1-1 artidle 6.2.1(5) is verified.

As stated before, since SCIA Engineer 17.0, the same warping check will be executed for the closed

SHS profile.

The torsional properties of the cross sections are not calculated correctly in a lot of cases. The next

example gives an explanation about this calculation.

Example: Torsion.esa

In this example two beams are inputted, with the same properties, only the torsional properties of the

cross sections are different:
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Cs1

The option “2D FEM analysis” is not activated:
Fibres and Parts
Fibre text zoom 1.0 -

Edit named items
2D FEM analysis

So the value for It will be calculated with a
general formula, which does only give an
estimation of the It, but not a correct value. The
value for Iw will not be calculated and Iw will be
taken as 0.00 mmé©,

CS2

The option “2D FEM analysis” is activated:
Fibres and Parts
Fibre text zoom 1.0 -
Edit named iterms
2D FEM analysis
lUse 2D FEM analysis it
Mesh size [mm] 0

Min. point distance [mm] 0

Shear area Ay With Tz -
Shear area Az With Txy -
Show mesh

So the value for It and Iw will be calculated with a
FEM analysis:

chy [rmim]
dz [mm]

It [ 4]
Iw [mim 6]
By [mm]

Bz [mm]

Property

A [mm*2] 7.5000e+03
Ay [mm*2] 3,8894e+03
Az [mm*2] 4,3810e+032
AL [m™2/m] 7,0000e-01
AD [m*2/m] 7,0000e-01
c¥UCS [mm] 75

cZUCS [mm] 130

o [deg] 0,00

ly [mm*4] 3,0250e+07
Iz [rim™4] 5,8594e+06
iy [mm] 64

iz [rmm] 28

Wely [mm*3] 2,3269e+05
Welz [mm*3] 78125+
Wply [mm*3] 4,1250e+05
Wplz [mm*3] 1,4062e+05
Mply+ [Mmm] 96937500,00
Mply- [Mmm] 96937500,00
Mplz+ [Mmm] 33046875,00
Mplz- [Mmm] 33046875,00

n
0

N

0

T EETY ey NG
2,307 de+0b
A Annn

W
u Uuiiie+ud

Lh

-
=i

i
]

Property

A [mm*2] 7,5000e+03
Ay [mm*~2] 3,7071e+03
Az [mm*2] 44171e+03
AL [m*2/m] 7,0000e-01
AD [m*2/m)] 7,0000e-01
cYUCS [mm)] 75

cZUCS [mm)] 130

o [deg] 0,00

ly [mm~4] 3,0250e+0
Iz [mm*4]

iy [mm]

iz [mm] 28

Wely [mm*3] 2,326%e+05
Welz [mm*3] 7,8125e+0¢
Wply [mm#3] 4.1250e+05
Wplz [rm*~3] 1,4062e+05
Mply+ [Nmm] 7500,00
Mply- [Mmm]

Mplz+ [Mmm]

Mplz- [Mmm] 33046875,00
dy [mm] 0

dz [mm] 54

It [ 4] 1,3076e+06
Iw [mm*8] 2,8054e+09
By [mm] -134

Bz [mm] 0

On the two beams a torsional moment (8 kNm) has been inputted and a small line load (-0.1 kN/m).
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This results in the following Section Check:

The difference in the results is in the torsion check. For the first beam no torsion check can be
executed, since no results for torsional stiffness’ can be found.

For beam B2 (CS2) the torsion check can be executed:

The critical check is on position 0.000 m

Internal forces |Calculated |Unit
Med 0.00 kN
Wy Ed 0.00 kN
Ve Ed 0.40 kN
Ted -8.00 kNm
My Ed -0.80 kNm
Mz,Ed 0.00 kNm
Torsion check
Accordingto EN 1993-1-1article 6.2.7 and formula (6.23)
Fibre 10
TEd 153.0 |MPa
TRd 135.7 |MPa
Unity check (1.13 |-

Combined check: Bending, shear and axial force
This check will be executed following EN 1993-1-1 articles 6.2.8 — 6.2.9 -6.2.10.

For bi-axial bending the following criterion may be used:

[ My gq ]a 4 [ M, gq g
MN,y,Rd MN,Z,Rd

in which o and B are defined as follows:

<1

- land H sections:
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a=2;B=5n butp>1
- Circular hollow sections:
a=2;p=2
- Rectangular hollow sections:
a=f= 1_11"61;2 buta=p<6
Where n = Ned
pLRd

The values Mny,rd and Mn,zra depends on the moment resistance, reduced with a factor depending on
“n”, the check of the normal force:

MN,y,Rd = 1VIpl,y,Rd(1 - n)/(l - 0'5aw)

MN,Z,Rd = Mpl,Z,Rd(l - Tl)/(l - O,Saf)

And My rs depends on the yield strength f,.

IfVgqa =0,5Vprra

The yield strength will be reduced with a factor p.

a-pf
Where
2V )2

=—-1

p (Vpl,Rd

And

V _ Av'(fy/‘/g)
pLRd — —

YMo

When torsion is present p should be obtained from
2
2 Vg )
p= -1
(Vpl,T,Rd

Class 3 cross-sections

EN 1993-1-1 article 6.2.9.2.

In absence of shear force, for Class 3 cross-sections the maximum longitudinal stress should satisfy
the criterion:

fy
Ux,Ed < YMo

Class 4 cross-sections
EN 1993-1-1 article 6.2.9.3.

In absence of shear force, for Class 4 cross-sections the maximum longitudinal stress should satisfy
the criterion:

Ox,pd = ¥YMo
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The following criterion should be met:

Ngq Mygq+ Nggeny Mypq+ Ngg - ey,

<1
eff Yo eff,ymin Yo eff,zmin Yo
Where  Aeif is the effective area of the cross-section when subjected to uniform compression

Wetr, min is the effective section modulus of the cross-section when subjected only to moment
about the relevant axis

is the shift of the relevant centroidal axis when the cross-section is subjected to
compression only.

eN

Example: Industrial hall.esa

Consider column B28 (for combination CO1-ULS).

Compression check
Accordingto EN 1993-1-1article 6.2.4 and formula (6.9)

A 1.8800e+04 |mm?
Ne,rd 4418.00 kN
Unity check |0.04 -

= n=0,04

Shear check for V,
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20
Ay 9.4086e+03 |mm?
Vplv.Rd 1276.54 kM
Unity check |0.00 -

Shear check for V:
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20
Ay 1.138%+04 |[mm?
VplzRd 1545.22 kM
Unity check [0.07 -

= Unity check for shear force is smaller than 0,5, thus no reduction of the yield strength for the
combined check.

Combined bending, axial force and shear force check
Accordingto EN 1993-1-1article 6.2.9.1 and formula (6.41)

Mpl,yrd |1200.85 |[kNm
a 2.00
Mpl,zrd |148.28  |kNm
B 1.00

Unity check (6.41) = 0.01 + 0.00 = 0.01 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1article 6.2.9.1(4)

its effect on the moment resistance about the y-vy axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1article 6.2.9.1(4)its effect on the moment
resistance about the z-z axis is neglected.
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ULS StabilityCheck

The stability check can be found in SCIA Engineer under “Steel -> Beams -> ULS Checks -> EC-EN
1993 Steel Check ULS. In this menu the user can choose to look at the “Brief, Summary or Detailed”
output.

With the brief output the results are shown in one line.

With the summary output, the results of all unity checks are shown.

With the detailed output, the results of all the unity checks are shown including a reference to the used
formula in the EN 1993-1-1 for each check.

In below the Stability Check will be explained and the detailed results are shown.

Not all stability checks are inputted in SCIA Engineer for all cross sections. In the table below an
overview of the possible checks for each section is given:

Section Buckling LTB Shear buckling
| X X X
RHS X X
CHS X X
L X (*2)
X (*2) X
X (*2)
PPL X X X
RS X (*2)
z X (*2)
o X (*2)
D) (*1) (*2) X
NUM (*1) (*2)
COM (*1) (*2)

(*1) Buckling curve are introduced manually by user

(*2) General formula for Mcr — see chapter ‘Lateral Torsional Buckling’

Classification
There is a difference on the section of classification in the Section check and the Stability check:
Classification in the section check:

Here the classification is done for each section on the member and afterwards the Section check will
be executed with the classification and the internal forces on this section.

Classification in the Stability Check
In the stability check the highest classification along the member is used for the stability check on all
the sections.

So when having a beam with the highest check on 2m from the beginning of the beam:

- The section check will take into account the internal forces on 2m from the beginning of the beam
and perform a classification with those internal forces.

- The stability check will perform a stability check with the internal forces on 2m of the beginning of
the beam, but not with the classification on this place. Perhaps this section has the highest
moment in comparison with a compression force. The classification can result here in Class one.
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But in the beginning of the beam, the bending moment is equal to zero, so perhaps the
classification here will be Class 4. The stability check will thus take the internal forces of section
2m on the member, but take into account the classification Class 4 (from Om on the member).

Flexural buckling check
The flexural buckling check will be executed following EN 1993-1-1 art. 6.3.1.

N
Ed < 1
Nb,Rd
Where
XAfS )
- Npgra = 2 For class 1, 2 or 3 cross sections
’ YM1
XAesf - )
- Nb,Rd = —;ff = For class 4 cross sections
M1

The reduction factor y will be calculated as follows:

1
= — buty<1,0
X D+ P?—22 L=
with
P 0,5[1+ a(1-02)+2?]
= Afy .
A o For class 1, 2 or 3 cross-sections
cr
A .
/ﬂ For class 4 cross-sections
NCT
Ner Critical normal force (Euler force)
__ m’El
NCT - K2L2
a Imperfection depending on the buckling curve:
Buckling curve ag a b C d

Tmperfection factor o 0,13 0.21 0.34 0.49 0.76

The selection of the buckling curve for a cross section is done with EN 1993-1-1, Table 6.2
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Table 6.2; Selection of buckling curve for a cross-section

Buckling curve
Buckling | § 235
Cross section Limits about 5275
axis 5335 5 460
5420
i Z -
< y-y | 2 | @
— E}:‘:r ik, t<40 mm z-z b ag
z | ﬂ V—¥ b a
k= | = | 40 mm <t = 100 T :
= 4 c a
2 hi v , ¥
35 | | =100 mm Y E :
2 _
z £ te> 100 mm y=y d
l_ b _I Z—-Z d c
" '_l_‘:tt‘ '_‘:t:L' =1 t < 40 mm y-3
z E i ! ZI—Z c C
§*§ y - y v —--4—-— y
- | | t¢= 40 mm ¥y ¢ ¢
'—|Z—‘ L:tZ:r' I—-Z d d
("
z © hot finished any a a
= 8 ()
25 () 1 _
\1“.:, ’5’/ | ) \ ) cold formed any c C
4 tr
y T = | genemélgl (e:_ccept as any b b
E o oW}
E B h| ¥ - F—
S 3 iy thick welds: a > 0.5t;
= PR i | bits < 30 any c c
! Zp | Wity <30
= .2 T \\
.j ’? A —|| [ _%% ; any c C
i II| NB i
=3 !
b = I I
g . - - b b
; . ] any

In SCIA Engineer the calculation of the buckling coefficient ky or k. can be done automatically or can be
manually inputted by the user.

Since SCIA Engineer 18.0 a new dialog is introduced for applying buckling settings on a specific
buckling system called System lengths and buckling settings. Prior to SCIA Engineer 18.0 there
was a dialog for the buckling settings called "Buckling and relative lengths" which offered similar
settings but without the graphical window and even without the results.

In the next paragraph the calculation of the Buckling factors is explained.
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Example: Buckling Curves.esa

In Table 6.2 general buckling curves are given for the most common profiles. For some cross-section
types, SCIA Engineer will automatically use these curves. The cross-section types that are supported
are:

- Profile library

- Haunch

- Sheet welded

- Build-in beams

- Thin-walled geometric

- Fabricated

For the other cross-section types, the buckling curves for both directions are by default set to d. This
can be changed manually by changing the properties of the cross-section.

In this example 2 beams are inputted with 2 different cross-sections:

B1: CS1 - IPE 180:
o buckling curve a for y-y according to code
o Stability check uses curve a, according to code
B2: CS2 — | form
o Non standard section: no buckling curve according to code. Buckling curve d is used.

o Stability check uses curve d

th [mm] 9 -
7z General
Draw colour MNormal colour -
- Colour —
AutoDesign constraints
Fabrication general -
Buckling curves
Edit buckling curves
s5 . Flexural buckling y-y d
:i:. Flexural buckling z-z d
o Lateral torsional buckling Default
Inmitial shape
Initial shape
[’1130 Classification
:f; N Z Effective section
:\ ﬂA o N Advanced procedure
\ H:';/ - - Fibres and Paris
Fibre text zoom 1.0 -
B 91 Edit named items v
< an  Picture :: Fibres | o dop/dy dip/dz | w T XY » Expor Update Docme
Cross-section layout and dimensions Cancel
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Buckling factors

General method

By default, for the calculation of the buckling ratios, two approximate formulas are used: one formula
for a non-sway structure (resulting in a buckling factor smaller (or equal) than 1) and one formula for a
sway structure (resulting in a buckling factor higher (of equal) than 1.

So it is important for this method that the user chooses the correct option sway or non-sway for the two
local directions:
yy: buckling around the local y-axis (so deformation in the direction of the local z-axis)
zz: buckling around the local z-axis (so deformation in the direction of the local y-axis)

The option “sway” or “non-sway” can be chosen in the menu “Steel -> Beams -> Steel Setup” for the
whole structure:

[=- Standard EN
Bl Steel
- Member check
- Fire resistance
- Cold Formed
- Plated structural elements
- Limit slenderness

Buckling defaults

- Relative deformation
- Autodesign

Mame

Steel

Member check

Classification
Use Semi-Comp+

Plastic analysis

Standard EN

EM

1993-1-1
EN 1993-1-1:5.2.2

no

Elastic Stresses

Shear EN 1993-1-1: 6.2.6
Use A, A; instead of elastic shear no
Torsion EN 1993-1-1: 6.2.7
Limit for torsion [-] 0,05

I Default sway types ENTO595-T-T:6.5.1
Yy vl yes
-z no
Buckling length ratios ky, kz ENTTO85-T-T-0.5.1
Max. k ratio [-] 10,00
Max. slenderness [-] 200,00
2™ order buckling ratios Acc. to input -

Lateral Torsional Buckling

Lateral torsional buckling curves

Method for C1 C2 C3

Method for k.

General settings

Elastic verification

Verify only section checks

Flexural buckling accounted for by 2™ arder calculation

Moments on columns in simple construction

EN 1993-1-1: 6.3.2
General case

ECCS 119/ Galea

EM 1993-1-1 table 6.6

no
no
no

no

w

Load default non-NA parameters Load default MA parameters oK

Cancel

If the option is checked (as here for buckling around the y-axis), it is indicated that the construction is
not braced enough and can be considered as “sway”.

This can also be changed for each beam separately, using the System lengths and buckling settings.

This can be found for each beam in Property window -> Buckling -> System lengths and buckling

settings -> Settings -> Span settings. These properties can be inputted in the graphical window as well.
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B Systemn lengths and buckling settings
99 AETHE.  BH.

Settings | Results

Name BG1

Buckling span Deflection span

)y Deflectiony=  zz -
2= |ZZ T Deflectionz= vy
yz= |2z T
LTB= zz -~

Active buckling constraints

¥y -z
1
2
Span settings
‘ Buckling length factors |Settings per span for y-y axis
Al P ky factor Calculate = I Sway y-y
B 3 Sway yy | custom o=
! @ . . From setup
2 - P \‘\\ lember imperfection , sway
b Bow imperfection em&
b

For Sway y-y and Sway z-z there are 4 options:

- According to Steel>Beams>Setup: The same option will be taken as in the steel setup as shown
above.

- All sway: sets all spans of the axis system as sway.
- All non-sway: sets all spans of the axis system as non-sway.

- Custom: allows editing the sway settings per span.

The following formulas are used for the buckling ratios:

e for a non-sway structure:

_ (p1p2+5p1+5p2+24)(p1p2+4p1+4p+12)2
(2p1p2+11p1+5p2+24)(2p1p2+5p1+11p+24)

o for a sway structure:

k=x + 4
p1x
with k the buckling factor
L the system length
E the modulus of Young
I the moment of inertia
Ci the stiffness in node i
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Mi the moment in node i
Oi the rotation in node i

‘= 4p1p, + m2py
n2(p; + p2) + 8p1p;

Gl
Pi—EI
¢ =M
gy

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.
So when performing a linear calculation, in the background 2 additional load cases are calculated, just
to calculated the buckling factors for the elements.

This calculation is automatically done when calculating the construction linearly. So when calculating
non-linear, the user should also perform a linear calculation otherwise no buckling factors are
calculated and no steel code check can be performed.

The following load cases are considered in the linear calculation for the calculation of the buckling
factors:

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

- load case 2:
o onthe beams, the local distributed loads qy=-1 N/m and qz=-100 N/m are used
o 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: Buckling Factor.esa

Consider Column B1:
- L =4000mm
- Set as sway
- Innode N1:My=0kNm=>Cz=p2=0.0
- This node N1 defines p2 because p2 is always the smallest of the two.
- Innode N2 for Loadcase LC1:
o My =79883 kNm
o ¢1=fiy=1523.3 mrad
o Ci1=Myd/ ¢p1 =79883 kNm /1523.3 mrad = 52.44 kNm/mrad
=5,44 x 1019 Nmm/rad
o E=210000 N/mm2
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o ly=162700000 mm#*

10
ciL 54422 T:'dmm-4000mm
o p1=—-—"= N = 6.369
El 210000—"162700000 mm*
mm
o 4pypp+m?Pl  46369:0.0+m%-6369 10
T m2(pi+pa)+8p1ps  m2(6.369+0.0)+8:6.369-0.00
2 2
o k=x|—+4=1.0 +4 =236
p1x 6.369-1.00
m?El _ m%210000N/mm?162700000 mm*
o N, = = / = 3797668.777N = 3797.7 kN

K2L? (2.36)2(4000)?
Those values can also be found in SCIA Engineer:

Under “Steel -> Beams -> Steel slenderness” the buckling length ky will be found:

Steel slenderness

Linear calculation

Member | CS Name | Part | Sway y Ly ky ly Lamy | lyz |ILTB
[m] | [-] | [m] [-] [m] | [m]
Swayz | Lz kz Iz Lam z
[m] | [-] | [m] [-]
B1 cs1 1]|Yes 4.000| 2.36| 9.459 63.23 | 4.000| 4.000
Yes 4.000| 1.00] 4.000] 105.61

This value can also be found in the stability check through “Steel -> Beams -> ULS Check - EC-EN
1993 Steel Check ULS” under the buckling parameters. And here also the critical normal force Ncr can
be found:

Buckling parameters |yy rad

Sway type sway sway

System length L 4.000 4.000 m
Buckling factor k 2.36 1.00
Buckling length L= 9.459 4.000 m
Critical Euler load Ny 3768.62 |1351.09 |kN
Slenderness A 63.23 105.61
Relative slenderness hel  |0.67 1.12

Limit slenderness A0 0.20 0.20

Calculation of the buckling factors for crossing diagonals

As the previous default method is only valid for perpendicular connection, this can’t be used for the
calculation of the buckling factors for diagonals.

In the DIN 1880 Teil 2, Table 15 a method is given for the calculation of the buckling factor for crossing
diagonals. In SCIA Engineer this option is also implemented. In this method the buckling length sk is
calculated in function of the load distribution in the element and sk is not a purely geometrical data.

This method is only applicable for 2 diagonals with a hinged or rigid connection in the middle. To use

this functionality in SCIA Engineer, the user has to connect the two diagonals with the option “Cross-
link”, which can be found in the menu Structure:
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2 [ Model data
= Z Support
A innode
= point on beam
ZZ |ine on beam
' Borehole profile
= Hinge on beam

T, Rigid arms

g2 Section on beam
S5 Connect members/nod
2% Beam - nonlinearity

== Continuous beam

When connecting two beams with this option, in the buckling and relative lengths
beams the option X-diagonals can be checked

roperties of the two

Base settings | Buckling data |
Name [BC1 Number of parts |1
Buckling systems relation
= [z -l kyfactor [Calculate -l
yz= |z | kzfactor  |Calcuiate -]
Dz D = m Swayyy |ace.to Steel>Beams>Setup vI
Ly L Sway 2z |acc. to Steel»Beams>Setup 'I
) " Point of load appiication [inshearcenter _v|
Mo [Calouated <]
Bow imperf
eody  [no bow imperfection |
eodz [no bow imperfection -]
Relative deformation systems relation
( e | defy= [ | |
™ Wamping check
¥ Xdiagonals Bucking system Standard method ~|
K | Caneed | gy |
Settings | Results
Name BG1
Buckling span Deflection span
0y ") Deflectiony = zz -+
Cizz= |zE= T () Deflection z = ¥y T
Ciyz= |z~
CILTB= |zz -~
rY
Buckling length factors Settings per span for y-+y axis
ky factor Calculate = Sway y-y 2
I A S v
- 1
4 Advanced settings
Lateral Torsional Buckling | Special buckling systems |
Point of load application In shear center - | Type Crossing diagonals
Mer Calculated -
["] Warping check
hd
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If this option is used, SCIA Engineer will use the method from the DIN to calculate the buckling factors

for the diagonals.

1 2 3
]
,Lr 2
] 4 N
-
k o h 2
i- 3
jedoch sy = Q51
2 1
-|+!Y‘.-I 14:"_5_'__|'1
i N - r1 ! Pﬁl1 -
sy = — s =
K e K RN
-5 50
jedoch s 2 051 jedoch sy 4 = 05 I
3 durchiaufender Dreckstab gelenkig angeschicssener Druckstab
- | sy =051
rt]f1 o2 N o
N e N wann
hUSEINCIEE C N A
[E - Iy = ; | i1 N |i
w2 N
i
4 z
b
: 1 e
i *, 4 L rl.'1 075
I I 1
L_e/j .
Ji; v jedoch 5, = 05 {
2y
s =051
s Bl v
"\}.}/. /(
LU
(L wann 1<
R Al S Z-1
N oder wenn gilt
, -
h— \}‘}/f £ ?32-.!5:-1-.'-.',
2 b= 12
.
§ N & N 1 £ f B
b sx-rln.rs-a25| !| | sy =1 0754025 _-Ii
— & Ny ¥ i N
%7 < 'J I
: S T | iedoch sy =051 | Mr=N
—l
With:
Sk buckling length
L member length
l1 length of supporting diagonal
I moment of inertia (in the buckling plane) of the member
l1 moment of inertia (in the buckling plane) of the supporting diagonal
N compression force in member
N1 compression force in supporting diagonal
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4 tension force in supporting diagonal
E elastic modulus

Calculation of the buckling length for a VARH-element
For a VARH element, SCIA Engineer will use another calculation for the buckling length.

A VARH element is defined as follows:

The member has the properties of a symmetric | section where only the height is linear variable along
the member. The system length for buckling around the local yy axis (strong axis), is equal to the
member length.

For a VARH element we can define

ky buckling coefficient around the yy-axis
Ly system length around the yy-axis
lymax Maximum moment of inertia around the y-axis
ly,min Minimum moment of inertia around the y-axis
ly.eq Equivalent moment of inertia around the y-axis
E Modulus of Young
Nery Critical Euler force around the y-axis
N
Im T Iu:.u [
L

O

Hirt and Crisinel Ref[xx], present expressions for the elastic critical load of axially loaded non-prismatic
members of double symmetric cross-sections (i.e. | sections formcode 1). Flexural buckling around the
strong axis of the cross-sections occurs for:

72 E-T,

heq

(k.’J-Ly) :

N, ery
Where
Iy.eq =C- Iy,max

And C is a coefficient that depends on the parameter r, defined as the ratio between the minimum and
the maximum moments of inertia.

r= Iy,min

Ty max
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For a tapered member, C can be calculated as:

C=0,0840,92:7

Example:
VARH.esa
] I
e
[—
"
//
/
350 mm 300 mmp------- - 750 mm 800-mm
~—
\\
\\
\\
\\
— |

Consider column B1.
The VARH element going from 800mm to 300mm

The VARH is internally divided into a number of prismatic members. In this case, in 5 parts, but this
can be changed in the Mesh setup:

i
MName MeshSetupl
Average number of tiles of 1d element 1
Average size of 2d element/curved element [m] 1,000

Advanced mesh settings

General mesh settings

Minimal distance between definition point and line [m)] 0,001

Definition of mesh element size for panels Automatic -
HAverage size of panel element [m] 1,000

Elastic mesh

Hanging nodes for prestressing i

1D elements

Minimal length of beamn element [m] 0,100

Mazximal length of beamn element [m] 100,000

Average size of cables, tendons, elements on subseil, nonlinear soil spring [m] 1,000

Generation of nodes in connections of beam elements
Generation of nodes under concentrated loads on beam elements

Generation of eccentric elements on members with variable height

Division on haunches and arbitrary members 5
Division for 2D-10 upgrade 50
Mesh refinement following the beam type None -

4 & @

= 1,7041e%mm*

y,min

Ly max = 1,6989e°mm*

1,7041e8mm*

1;698969mm4 = 0,3 16711

€ =0,08+0,92r=03713
Iyeq = C * Lmay = 0,3713 * 1,6989¢° = 6,3093¢®mm*
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Ny =" Erbvea _ 4o03 61 o
Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters |yy zz

Sway type sway sway

System length L 4,000 4,000 m
Buckling factor k 4,26 1,00

Buckling length Lcr 17,033 | 4,000 m
Critical Euler load Ner 4507,35 |7000,23 |kN
Slenderness A 133,78 55,79
Relative slenderness A | 1,42 0,59

Limit slenderness A0 0,20 0,20

Buckling curve b C
Imperfection a 0,34 0,49
Reduction factor ¥ 0,37 0,79

Buckling resistance Npra [917,79 1948,85 | kN

Tapered member data

Minimum second moment of area Iymn |1,7041e+08 |mm*
Maximum second moment of area Iymax | 1,6989e+09 [jmm*
Taper coefficient C 0,37
Equivalent second moment of area Iyeq | 6,3093e+08 | mm*

Flexural Buckling verification
Cross-section area A 1,0512e+04 | mm?2
Buckling resistance Nbrd |917,79 kN
Unity check 0,76 -

Buckling length

In the previous paragraph the general calculation of the buckling factors has been explained for all type
of elements. With this buckling factor the buckling length of the beam will be calculated as follows:

l=k-L

With:
I the buckling length
k the buckling factor
L the system length

The system length of a beam is defined by the property “System lengths and buckling settings” of the
beam.

Example: Buckling Length.esa
Consider column B3. This column has 3 nodes: N5, N10 and N6. The local X direction goes from the

bottom to the top of the column, so internal for SCIA Engineer N5 is the first node of this column and
N6 the last one.
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In the properties window of this column the user can choose for “System lengths and buckling
settings”. With this option, the system length of the beam can be inputted. Default the following option

will appear:

PP A EEERE CEA

Settings | Results
—
—
Name BCS
Buckling span Deflection span
oy Deflectiony = -z -
z= I T Deflection z = yy -
yz= -
LTB= zz -~
N_Z Active buckling constraints
~
- Span settings
= Buckling length factors Settings per span fory-y axis
ky factor Calculate - Sway y-y
5 1 ¥
N"'%N_T way yy Custom -
[ua) Member imperfection in 2nd order analysis
Bow imperfection ely no bow imperfectic ~
il
4 1 v,
|~
¥ 1 YN

Advanced settings

Save Cancel

Explanation of the System Lengths:
The first node (according to the local x-axis) is node N5, the last one is node N6.

- yy direction:

o This means around the local y-axis. So the column will deform in the z-direction.

Around the y-axis, node N5 is supported. In node N10 no beam can be found in the local z-
direction in this point, thus column B3 is not supported around the y-axis in node N10. In
node N6 a horizontal beam in the local z-direction can be found and the column will be
supported around the local y-axis (yy) in node N6. This is indicated with the triangles in this
window:

=  Supported in node N5

@)

= Not supported in node N10
=  Supported in node N6

- zz directions:

o This means around the local z-axis. So the column will deform in the y-direction.

Around the z-axis, node N5 is supported. In node N10 a horizontal beam in the local y-
direction can be found and the column will be supported around the local z-axis (zz) in node
N10. Also in node N6 a horizontal beam in the local y-direction can be found and the column
will also be supported around the local z-axis (zz) in node N6. This is indicated with the

triangles in this window:

o

=  Supported in node N5
=  Supported in node N10
=  Supported in node N6
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- The system length will be taken as follows:

o Around the y-axis: the length between node N5 and N6: so 3m

o Around the z-axis: the length between node N5 and N10 for the first part of the beam (1,8m)
and the length between N10 and N6 for the second part of the beam: so 1.2m.

o This can also be found in the menu “Steel -> Beams -> Steel slenderness”:

Steel slenderness

Linear calculation

Member | CS Name | Part | Sway y ky ly Lamy | lyz |ILTB
[-1 | [m] [-] [m] | [m]
Sway 7 kz Iz Lam z
[-] | [m] [-]
B3 C53 1|Yes 3.000 g 1.09 | 3.270 18.51| 1.800 | 1.800
No 1.800 § 0.51] 0.919 26.78
B3 C53 2|Yes 3.000'1.09 3.270 18.51| 1.200 | 1.200
No 1.200 § 0.57 | 0.680| 19.83

o Inthis window the user can easily check the system length (Ly and Lz), the buckling factors
(ky and kz) and the buckling length (ly = ky x Ly and 1z = kz x Lz).

As mentioned before, since SCIA Engineer 18.0 a new dialog is introduced for applying buckling
settings on a specific buckling system called System lengths and buckling settings.

System lengths and buckling settings can be accessed either:
- via Libraries > Structure, analysis > System lengths and buckling groups > click on new for creating
a new buckling group or click on edit to modify an existing buckling group.
- via 1D-member property > System lengths and buckling settings.

@ P A LER.

&,

[

Bs/P
5

==

il

- .= A "iv“q‘a_
|'rI|1H"“=G

Settings | Results

Name BCS

Buckling span Deflection span

s yy
zz= 22 T
yz= z2z ~
LTB=

-z T

Active buckling constraints
Span setfings
Buckling length factors

ky factor Calculate -

Sway yy Custom -
Member imperfection in 2nd order analysis

Bow imperfection ely no bow imperfectit =

Advanced settings

Deflection y =

Deflection z =

T

Settings per span for y axis

Sway y-y
1 [

Save Cancel

The left part of the dialog gives the user a graphical representation of the 1D-members in the
buckling system with their buckling constraints and information about the sway settings per span. It
is not only a representation of the above mentioned settings but it also allows editing directly in
that graphical window by clicking on the buckling constraints to set them to fixed/free or by clicking
on the sway symbols per span to set them to From setup, All sway, All non-sway or Custom. By
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clicking on the triangles indicating the system lengths of each part of a beam, the user can change
the buckling constraints.

For the buckling constraints there are two symbol types depending on the chosen span:
- Triangle symbol (buckling span y-y, z-z and also for the deflection span deflection y, deflection z)
- Rectangular symbol (buckling span y-z, LTB)

Besides this, with this new improved buckling settings, it is easier to access the results. The user can
see them by clicking on the ‘Results’ tab of the ‘System lengths and buckling settings’ window.

P AEREE. BA.
Settings

== 2@ BT oda TRARN @ ®

Steel slenderness
Linear calculation

Member CS Name Part Swayy Ly 1 LTB
[m] _ [m]

B3 cs3 1 |ves 3,000| 1,09 3,270 | 18,51 | 1,800 1,800
No 1,800| 0,51 | 0,919 | 26,78
ML CE] [E] 7 |es 3,000 1,00 3,270 | 18,51 | 1,200 1,200
Rl No 1,200] 0,57 | 0,680 | 19,83

837‘
&y

il

Lo

" i
r '|"r||n“'c‘$

[ [}BN |
x <ﬁp: 9 22 | g e

Save

Compare beam B3 and beams (B2+B30) with each other: they should have exactly the same system
lengths. The only difference between those columns is that beam B3 was inputted as a beam of 3m
and beams (B2+B30) are divided in two parts. SCIA Engineer will consider those two beams also as
one buckling system:

o When the local axes are exactly in the same direction (so in this case the local x-axis is in
the same direction and the angle between the beams is exactly 180°).

o If no hinge has been inputted between the two beams.

Now take a look at beam B13. The system lengths are the following (as expected, because there are
horizontal beams in the two directions on each node):

vy  zz

13X
13X
13X

When looking at the rendered view, it will be clear that beam B16 is too weak to have an influence

on the system length of beam B13. In SCIA Engineer there is possibility to exclude a beam from a
buckling system.
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So select beam B16 and go to Buckling properties in its Property window. It is possible to indicate
that beam B16 is a secondary beam and should not be taken into account in the system lengths:

[Name | B16
Type beam (80) -
Analysis model Standard -
Cross-section C54-RDE - =
Alpha [deg] 0,00
Member system-line at Centre -
gy [mm] 0
ez [mm] 0
LCS standard -
LTS Rotation [deg] 0,00
FEM type standard -
Layer Layer1 - =
Buckling
System lengths and buck... Default *
Material and no. of parts  Steel, other - 2
Secondary member v |

When looking now at member B13 and changing the System lengths and buckling settings back to “Default’
the member B16 will not be included in the system lengths:

|Name |B13
Type column (100} -
Analysis model Standard - yy 77
Cross-section C53 - 1450 A
Alpha [deg] 0,00 , > ‘
Member system-line at Centre -
gy [mm] 0
ez [mm] 0
LCS standard - 2 ‘
LC5 Retation [deg] 0,00
FEM type standard -
Layer Layerl - = . > ‘
Buckling
System lengths and buck... Default - =
Material and no. of parts ~ Steel, other - 2
Secondary member

Buckling factors/lengths: manual input

The principles of the buckling factor and buckling length are explained in the previous paragraphs.
Those default settings can be changed in the menu “System lengths and buckling settings”, in the
menu “System lengths and buckling groups” or in the Steel setup.

In the menu “Steel -> Beams -> Steel setup” the user can change the “Buckling ky, kz coefficients or
buckling lengths” on “user input” by choosing the option ‘Factor’ or ‘Length’. By changing the settings in
Steel setup, the user will define these options for the whole structure.

And now the user can choose for ky and kz if those coefficients are calculated (default in SCIA
Engineer) or input the buckling factor or even directly the buckling length for each member in the menu
‘System lengths and buckling settings’:
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Settings | Results Settings | Results

Name BG1 Name BG1
Buclkling span Deflection span Buckling span Deflection span
vy Deflection y = -z v ¥ Deflection y = zz v
2= |22 T Deflectionz=  yy ~ @zz= |zZ - Deflectionz= |y ~
yz= 12 7 yz= |zZ ~
LTB= zz =~ LTB= |zz -~
Active buckling constraints Active buckling constraints
Span settings Span settings
Buckling length factars Settings per span for y+ axis Buckling length factors Settings per span for 7z axis
ky factor Factor = ky [-] Sway y-y kz factor Length = Iz [m] Sway z-Z
1 1,00 1 1,000
Sway yy From setup - Sway 77 From setup -
Member imperfection in 2nd order analysis Member imperfection in 2nd order analysis
Bow imperfection el.y no bow imperfectic - Bow imperfection &0,z no bow imperfectit ~
Advanced settings Advanced settings

And those properties can be placed on one or more members.

Flexural buckling check in SCIA Engineer

Once all the buckling factors and system lengths have been inputted correctly, the Flexural buckling
check can be executed in SCIA Engineer.

Example: Industrial hall.esa
Consider column B28:

The classification of beam B28 is class 4, so an effective cross section has been calculated:

Effective properties
Effective area Befr 1.7222e+04 |mmé

Effective second |Iery [1.0008e+09 |mmt* |Ief,z |5.2895e+07 |mm?
moment of area

Effective section |Werry [4.4111e406 |mm? |Werrz | 3.9920e+05 |mm?
modulus

Shift of the en,y 0.00 mm |ewz 0.00 mm
centroid

SCIA Engineer will first show the Buckling parameters of this beam:
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Flexural Buckling check
Accordingto EN 1993-1-1article 6.3.1.1 and formula (6.4

Buckling parameters |yy Zz

Sway type sway non-sway
System length L £.900 0.900 m
Buckling factor k 3.35 0.99

Buckling length L 23.123 |[6.811 m
Critical Euler load No 6438.53 [2362.99 |kN
Slenderness A 77.79 128.41

Relative slenderness Arel | 0.79 1.31
Limit slenderness Aelo 0.20 0.20

Buckling curve a b
Imperfection a 0.21 0.34
Reduction factor % 0.80 0.42

Buckling resistance Nord  |3236.78 [1710.75 kN

In below the results of the yy direction are explained.

This direction has been set on “sway” in the steel Setup and with this option the Buckling factor k is
calculated.

The length of the column is 6.900m. So the buckling length = 3.35 x 6.900 m = 23.115m

With this buckling length the Critical Euler load Ncr can be calculated. Afterwards the slenderness and
the Relative slenderness Lambda can be calculated with the critical Euler load.

An IPE750 profile has a buckling curve a, resulting in an Imperfection factor alpha = 0.21.
With those properties the reduction factor y will be calculated, which will filled in the following formula:

_ XAesrly
Nb'Rd - YM1

This result in a buckling resistance Nb,Rd = 3236.78 kN for flexural buckling around the local y-axis.

Exactly the same principle can be repeated for flexural buckling around the local z-axis.
This will result in a lower buckling resistance: Nb,Rd = 1710.75 kN.

The lowest buckling resistance will be used in the flexural buckling check:

Flexural Buckling verification
Cross-section effective area fesr | 1.7222e+04 |mmé
Buckling resistance My rd 1710.75 kN

Unity check 0.09 -

Torsional Buckling

The check on torsional buckling can be important for profiles in which the position of the shear centre is
not the same as the centre of gravity of this section.

The design buckling resistance Nb,rd for torsional or torsional-flexural buckling (according to EN 1993-

1-1, art 6.3.1.4(3)) shall be obtained using the buckling curve of the z-axis, and with relative
slenderness given by:
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= /@
A= [

O = min(aCT,T , Gcr,TF)

1 m2EC,,
GCT,T = Agié (Glt + l% )

i§=i;+iZ+y§

1 2
OcrTF = ﬁ [(acr,y + GCT,T) - \/(O-cr,y + O-cr,T) - 4ﬁo-cr,yo-cr,T

m’E

Ocry =

Ly
with Ba the ratio Aefi/A
fyb the basic yield strength
Ocr the critical stress
Gor,T the elastic critical stress for torsional buckling
GerTF the elastic critical stress for torsional-flexural buckling
G the shear modulus
E the modulus of elasticity
It the torsion constant of the gross section
Cwm the warping constant
iy the radius of gyration about yy-axis
iz the radius of gyration about zz-axis
I+ the buckling length of the member for torsional buckling (= Lyz)
Yo the position of the shear centre
ly the buckling length for flexural buckling about the yy-axis
Z
W T ¥
]

0
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Example: Flexural Torsional buckling.esa

Look at the steel code check for member B1:

Torsional(-Flexural)Buckling check
Accordingto EN 1993-1-1article 6.3.1.1 and formula (6.46)

Torsional buckling length Ly |3.600 m
Elastic critical load Ner, 2156.75 kN
Elastic critical load Ner e 1302.24 kN
Relative slenderness Ae,T 0.98

Limit slenderness Ael,o 0.20

Buckling curve C

Imperfection a 0.49

Reduction factor ¥ 0.55
Cross-section area A 5.3300e+03 [mm?
Buckling resistance MNord £690.40 kN
Unity check 0.14 -

Lateral Torsional Buckling
General

General case

The flexural buckling check will be executed following EN 1993-1-1 art. 6.3.2.

M
Ed
My, ga
Where
fy
My ra = Xpo Wy ——
Ym1

W, = W,,, for class 1 or 2 cross-sections
W, = W,,, for class 3 cross-sections
W, = Wz, for class 4 cross-sections

The reduction factor yLt will be calculated as follows:

_ 1
XLT B D7+ ‘I’iT—XiT
with
CI)LT = 0,5[1 + (XLT(XLT - 0,2) + XfT]

buty <1,0

- W, f,
A= iy
T M
Mer Critical bending moment (see next paragraph for this calculation)
o Imperfection depending on the buckling curves:
Buckling curve a b c d

Imperfection factor oLt 0,21 034 0,49 0,76
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With the following recommended buckling curves for lateral torsional buckling:

Cross-section Limits Buckling curve
e hb=2 a
Rolled I-sections Wb =2 b
) hb<2 C
Welded I-sections
e sections Wb =2 d
Other cross-sections - d

For slendemess’s A, < 0,2 of for % < 0,22 lateral torsional buckling effects may be ignored.

cr

Lateral torsional buckling for rolled sections or equivalent welded sections

In the EN 1993-1-1 a distinction is made between lateral torsional buckling for general cases and for
rolled sections or equivalent welded sections.
This distinction can also be chosen in SCIA Engineer through “Steel -> Beams -> Steel setup” and can

be chosen for all the beams:

Steel setup *
[=)- Standard EN Name Standard EN A
=Y S!:eel Steel
i Member check
Member check EN 1993-1-1

Relative deformation

Fire resistance

Buckling defaults

Limit slenderness

Cold Formed

i Plated structural elements
Autodesign

Classification

Use Semi-Comp+

Plastic analysis

Shear

Use A, A, instead of elastic shear
Torsion

Limit for torsion [-]

Default sway types

Yy

-z

Buckling length ratios ky, kz
Max. k ratio [-]

Max. slenderness [-]

2™ order buckling ratios

EN 1993-1-1: 5.2.2
no
Elastic Stresses
EN 1993-1-1: 6.2.6
no
EN 1993-1-1: 6.2.7
0,05
EN 1993-1-1: 6.3.1
v| yes
no
EN 1993-1-1: 6.3.1
10,00
200,00
Acc. to input

Lateral Torsional Buckling

ENTT993-T-1:6.3.2

Lateral torsional buckling curves General case

Method for C1.C2 C3
Method for k;

Rolled section or equivalent welded I

General settings

Elastic verification

no

Reference: EM 1993-1-1 article 6.3.2.2, 6.3.2.3
Description: Setting for selecting the lateral torsional buckling curves.
Application: Used in the determination of the reduction factor for lateral torsional buckling.

Load default non-MA parameters

Load default MA parameters

Cancel

With this option the reduction factor for Lateral Torsional buckling is calculated a bit differently:

1

Xt =
D+ ,’q)ET — BAfr

But: xir < 1,0
1

Xir S5
M

D r = 0’5[1 + O‘LT(XLT - 7\LT,O) + BX%,T]

And

A7,0= 0,4 (maximum value)
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= 0,75 (minimum value)

Cross-section Limits Buckling curve
) hb<?2 b
Rolled I-sect
olled I-sections Wb > 2 c
. hb<2 I
Welded I-sections Wb =2 d

By Y M £y . . .
For slendernesses A; 7 < 7\LT,0 of for M—Ed < Ar7,0? lateral torsional buckling effects may be ignored.
cr

Following EN 1993-1-1 article 6.3.2.3: XLT,O: 0.4 but this can be adapted in the national annex of a
country and also in SCIA Engineer:

[=)- Standard EM
- Steel
.. Member check
- Fire resistance
- Cold Formed
. Plated structural elements

LTE Curves - General Case EN 1993-1-1: 6.3.2.2 A
Imperfection Alpha, LT EM 1993-1-1: 6.3.2.2(2)
a
Value [-] 0,21
b
Value [-] 0,34
[4
Walue [-] 049
d
Value [-] 0,76
LTE Curves
Formula Use Table 6.4
LTE Curves - Rolled/Equivalent welded Case EN 1993-1-1: 6.3.2.3(1)
Lambda,LT,0
Value [-] 0,40
Value [-] 0,75
LTB Curves
Formula Use Table 6.3
Modification factor f EM 1993-1-1: 6.3.2.3(2)
Formula Default EN Method
Interaction Method EM 1993-1-1: 6.3.3(5)
Values Annex A (alternative method 1) -
Fire resistance EN 1993-1-2
Cold Formed EN 1993-1-3
Plated structural elements EN 1993-1-5 W
Load default MA parameters OK Cancel

The reduction factor y;+ may be modified as follows:

p _ XLt
LTmod = ~ ¢
mo f

f may be defined in the National Annex.

The following minimum values are recommended:

f=1-05(1—k)[1- 20 —08)"]

Butf<1,0

With ke by default taken from the next table:
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Table 6.6: Correction factors k.

Moment distribution k.

(T 1,0

y=1
1T ;
1,33-0,33
1<y <l v

= 0,94
D et 0,90
@A 0,91
B 1)1 0,86
e 0,77

74’ 0.82

But alternatively ke can also be calculated from the factor Ci:

k.=1/{/C,

In SCIA Engineer the user can choose between the standard method or the calculation of kc in function
of C1 (by default ke will be taken from Table 6.6) in “Steel -> Beams -> Steel setup”:

B Steel setup =
[=)- standard EN Steel ~
= SFEI Member check
i+ Member check
elative deformation Classification EN 1993-1-1: 5.2.2
- Fire resistance Use Semi-Comp+ no
N Buc.kling defaults Plastic analysis Elastic Stresses -
mit slenderness -
. Cold Formed Shear EN 1993-1-1: 6.2.6
- Plated structural elements Use Ay, A;instead of elastic shear no
~Autodesign Torsion EN 1993-1-1: 6.27
Limnit for torsion [-] 0,03
Default sway types EM 1993-1-1: 6.3.1
¥y vl yes
-z no
Buckling length ratios ky, kz EM 1993-1-1: 6.3.1
Max. k ratio [-] 10,00
Max. slenderness [-] 200,00
2™ order buckling ratios Acc. to input -
Lateral Torsional Buckling EN 1993-1-1: 6.3.2
Lateral torsional buckling curves General case -
Method for C1 C2 C3 ECCS 119/Galea -
EN 1993-1-1 table 6.6 i
General settings M
Elactic verification Determined from C1
Verify only section checks no
Flexural buckling accounted for by 2™ order calculation no v

Reference: EN 1993-1-1 article 6.3.2.3 (2)

Description: Setting for selecting the calculation methed of the ke correction factor.

Application: Used in the determination of the modified reduction factor for lateral torsional buckling. The kc factor can either be
determined from Table 6.6 or derived from C1 which gives a more exact value,

Load default non-MA parameters Load default MA parameters Cancel

And also the values for beta and Lambda.ro can be adapted in SCIA Engineer:
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Ll eel se *
[=)- Standard EN Marne Standard EN
= S!:eel Steel
- Member check
- Fire resistance Member check EN 1993-1-1
- Cold Formed Bow Imperfections EM 1993-1-1: 5.3.2(3) b)
- Plated structural elements Elastic analysis e0/L
Member Imperfection EN 1993-1-1: 5.3.4(3)
Partial 5afety Factors EM 1993-1-1: 6.1(1)
LTB Curves - General Case EN 1993-1-1: 6.3.2.2
< LTB Curves - Rolled/Equivalent welded Case ENT993-T-1: 0.3.2.5(T]
Lambda,LT,0
Value [-] 0,40
Beta
Value [-] 0,75
LTB Curves
Formula Use Table 6.5
Modification factor f EM 1993-1-1: 6.3.2.3(2)
Formula Default EN Method
“ Interaction Method EN 1993-1-1: 6.3.3(5)
Values Annex & (alternative method 1) -
Fire resistance EN 1993-1-2
Cold Formed EN 1993-1-3
Plated structural elements EM 1993-1-5
Load default MA parameters OK Cancel

Lateral Torsional Buckling Check in SCIA Engineer

This LTB check will also be executed in SCIA Engineer.

Example: Industrial hall.esa
Consider beam B114:

The default method for the calculation of the C-factors has been used. This is also indicated in the
preview of the check results:

First the Lateral Torsional Buckling Check will be shown:

Lateral Torsional Buckling check
Accordingto EN 1993-1-1article 6.3.2.1 & 6.3.2.2and formula (6.54)

LTB parameters |
Method for LTB curve General case

Plastic section modulus Wpi,y 3.6380e+05 |mm?
Elastic critical moment M 56.14 kNm
Relative slenderness Arelir 1.23

Relative slenderness Ael,7 0.07

Relative slenderness Acel exra 1.31

Limit slenderness Ael,ir,0 0.20

LTB curve a

Imperfection acr 0.21

Reduction factor wr 0.47

Design buckling resistance Mb,rd  [39.92 kNm
Unity check 0.46 -

Note: Ae exra is determined according to "Design rule for lateral torsional buckling
of channel sections, 2007".
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And afterwards the parameters for the calculation of Mcr will be shown.

Mcr parameters

LTB length L 6.000 m
Influence of load position no influence
Correction factor k 1.00

Mcr parameters

Correction factor ki 1.00

LTB moment factor Cy 1.13

LTB moment factor Cz 0.45

LTB moment factor Cs 0.53

Shear center distance d: 0.00 mm
Distance of load application z; |0.00 mm
Mono-symmetry constant By 0.00 mm
Mono-symmetry constant 7 0.00 mm

Note: C parameters are determined according to ECCS 119 2006/ Galea 2002.

Below this “Mcr Parameters”-window the calculation method for the C parameters will be indicated.

Calculation of Mcr

General formula for | sections

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

T2El k\21 k;r-L)2GI
3 \]( ) -+ M + (CZZ9 - C3Zj)2 - [Cng - C3Zj]

=l 07 |\ T
Where

E the Young modulus of elasticity (E = 210000 N/mm? for steel)

G the shear modulus (G = 80770 N/mm?2 for steel)

kir-L the lateral torsional buckling length of the beam between points which
have lateral restraint (= ILTs).

Iw the warping constant

It the torsional constant

Iz the moment of inertia about the minor axis

Z, the distance between the point of load application and the shear center

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

Zj z=2,—05[ (v +2%) %dA
For doubly symmetric cross-sections: z; = 0

Zg the coordinate of the shear center

Ci, Cz and Cs are factors depending on the loading and end restraint conditions.

In SCIA Engineer there are different methods implemented for the calculation of those C1 and C2
factors. Those methods are explained further in this chapter.
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Haunched sections (I+lvar, lw+Plvar, lw+lwvar, Iw+lvar, I+lwvar) and composed rail sections (lw+rail,
Iwn+rail, I+rail, I+2PL+rail, I+PL+rail, [+2L+rail, I+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: kIt*L

e Kk and kw: factors related to the end fixity

e zg: load position

e zj: asymmetry of the section

More details about each parameter are given in separate chapters

LTBII
It is also possible to calculate Mcr with a more precise calculation, a second order Lateral Torsional
Buckling calculation. This will be explained further in this chapter.

General — calculation of Ci1, C2 and C3 factors

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

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

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

o Lopez, Young, Serna

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

The user can choose between those 3 methods in “Steel -> Beams -> Steel setup”:
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B Steel setup X
[=)- Standard EN Name Standard EN ~
B- S!:eel Steel
- Member check .
ire resistance Member check EN 1993-1-1
Cold Formed Classification EN 1993-1-1:5.2.2
lated structural elements Use Semi-Cornp- no
imit slenderness N
i Buckling defaults Plastic analysis Elastic Stresses o
-~ Relative deformation Shear EN 1993-1-1: 6.2.6
" Autodesign Use Ay, A; instead of elastic shear no
Torsion EN 1993-1-1: 6.2.7
Limit for torsion [-] 0,05
Default sway types EN 1993-1-1: 6.3.1
Yy vlyes
-z no
Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Max. k ratio [-] 10,00
Max. slenderness [-] 200,00
2" order buckling ratios Acc. to input -
Lateral Torsional Buckling EN 1993-1-1: 6.3.2
Lateral torsional buckling curves General case -
Method for C1 C2 C3 ECCS5119/Galea =
Methed for k. EMY 1993-1-1 Annex F
General settings Lopez, Yong, Sema
Erastererfromtom ‘.
v
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 fermula for C1 which accounts for the actual moment diagram.
Load default non-MA parameters Load default MA parameters Cancel

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

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

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

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

ECCS 119/Galea

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

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

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

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

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

Lopez, Yong, Serna
When this method is chosen, the moment factors are determined according to Lopez, Yong, Serna
Ref[35].
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When using this method the coefficient C, and C3 are set to zero.

The coefficient C; is calculated as follows:

2

C. =
1 A1

Where:

k =4/ klkz

_ MZax + ayMP + ap M3+ asMi + ayMZ + asME
1o A+a,+a,+as+a, +ag)MZ,,

M, + 2M, + 3M; + 4M, + 5M;

2=|

9Mmax

a1=1—k2
k3
=51
a k%

=5(5+5)

AR
k3
=5—=
al—l_kl

With:
k1 Taken equal to kw
k2 Taken equal to kw
M1, M2, M3, The moments My determined on the buckling system in the given sections
Ma, Ms as shown on the above figure. These moments are determined by dividing
the beam into 10 parts (11 sections) and interpolating between these
sections.
Mmax The maximal moment My along the LTB system.

This method is only supported in case both k and kw equal 0.50 or 1.00.

Comparison of the 3 calculation methods
In below an example in SCIA Engineer in which the three methods are calculated:

Example: Cfactors.esa
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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 _ 000, LTB length L 12.000 LTB length L 12.000
[mﬂuen_ce of load position stabilising Influence of load position stabilising Influence of load position stabilising
Comestion factork 100 Correction factor k 1.00 Correction factor k 1.00
f‘?IBI eLtion f?:cfto;t k"_"c 1?8 Correction factor ke 1.00 Correction factor kw 1.00
WA S : LTB moment factor Cy 1.26 LTB moment factor C: 1.20
LTB moment factor Ca 0.33 - -
LTB moment factor Cs .64 LTB moment factor Cz 0.45 LTB moment factor Cz 0.00
AT Gaier (e A 0.00 LTB momentfa.ctor' Cs 0.41 LTB r_momen? fa_ctor [&! 0.00
Distance of load application 7z _|-245.00 Shear center distance d: 0.00 Sheal center d|stance. dz. 0.00
Mono-symmelry constant By | 0.00 Distance of load application z; |-245.00 Distance of load application zg|-245.00
Mono-symmetry constant 0.00 Mono-symmetry constant By 0.00 Monao-symmetry constant By 0.00
Mono-symmetry constant z 0.00 Moneo-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.

k and kw factors

It is generally assumed that k = kw = 1, which means that the ends are not fixed. If the ends are fixed,
values lower than one can be used and this would lead to bigger values of Mcr. You can adapt the
values of k and kw within the ‘System lengths and buckling settings’.

Select the member then open the ‘System lengths and buckling settings’ menu from the properties
window:

Settings | Results

Mame BG1

Buckling span Deflection span
¥ Deflection v = r e S
72= |zz -~ Deflectionz =  yv -
yz= zIZ T~

% LTB= |zz -~

Active buckling constraints

S5pan settings
klth -] I k[-] kow [-]
1 1,00 1,00 1,00

Click on LTB and in Span settings you can modify the values for k and kw.
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Load position

The load position has an influence on calculated Mcr through the value of zg. The user can chose
among five load positions.

If you open ‘System lengths and buckling settings, you can see an option called ‘Point of load
application’. The five possibilities are:

- On top: the load is applied on the top flange
- In shear center: the load is applied in the shear center
- On bottom: the load is applied at the bottom flange
- Always destabilising: the load is applied on the destabilising flange
- Always stabilising: the load is applied on the stabilising flange
7 System lengths and buckling settings m} e

@ P AEEE B RA
Settings | Results

Name BC8
Q Buckling span Deflection span
. yy Deflection y = z -
zz= |22 ~ Deflectionz= vy ~
yz= 2z
LTB= zz ~
span setungs .
Buckling length factors Settings per span fory-y axis
ky factor Calculate - Sway y-y
I~/ 1
= Sway yy From setup -
-l Member imperfection in 2nd order analysis

Bow imperfection elyy no bow imperfectic ~

Advanced settings

P Lateral Torsional Buckling Special buckling systems
Poirt of load application In shear center = | Tyre Mot used -
- O Err—
1 A L BN woy Warping check On bottom
<_| | “i Always destabilising
CrerE vy Always stabilising

TTa e
-

Save Cancel

This value is set to ‘In shear center’ by default and can be adapted to influence the value of Mcr.

LTB Length

LTB length is calculated as ILTB = ki * LLTB
ki is by default taken equal to 1. A smaller value can be used to reduce the LTB length. You can adapt
ki within the ‘System lengths and buckling settings’:
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Settings | Results
MName BG1

Buckling span

Deflection span

¥y Deflection y = z T
zz= |ZZ T Deflection z = Yy T
yz= |ZZ T
[« L TB= zz ~
Active buckling constraints
Span settings
kltb [-] k(-] kow [-]
1 1,00 1,00 1,00

LLTB is the reference length. It is by default equal to the reference length around the weak axis (Lz) for

both bottom and top flange. This can be seen in both previous window but as well in ‘Steel setup’

menu:

| B Steel ce w
=) Standard EN 2™ order buckling ratios Ace. to input M|~
Bl Steel Lateral Torsional Buckling EMN 1993-1-1: 6.3.2
ember check
elative deformation Lateral torsional buckling curves General case -
ire resistance Methed for C1 C2 C3 ECC5 118/ Galea -
.UC.KHHQ defaults Methaod for k, Determined from C1 -
imit slenderness
old Formed General settings
i~ Plated structural elements Elastic verification no
- Autodesign Verify only section checks no
Flexural buckling accounted for by P_nd order calculation no
Moments on columns in simple construction no
Fire resistance EN 1993-1-2
Cold Formed EN 1993-1-3
Plated structural elements EN 1993-1-5
Limit slenderness EN 50341-1
Buckling defaults
Buckling systems relation
= Fr -
zz -
[ - ]
Relative deformation systems relation
ky factor Factor .
kz factor Factor -
Point of load application In shear center -
Relative deformation
Autodesign
v
Load default non-MA parameters Load default NA parameters oK Cancel

The reference length can be overruled by another value using LTB restraints. These restraints make it
possible to define separate conditions for bottom and top flange.

LTB Restraints
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r Purlin

51
4
b
Ly

Single angle

Rafter

In SCIA Engineer Lateral Torsional Buckling restraints can be inputted. Those restraints will change the
Lateral Torsional Buckling Length, used for the calculation of Mcr:

n2El kN\?1, (kyr-L)2GI, 2
M, =G, G 17 \/(E) FR (Cozg — C32;)" — [Crzy — C37)]
Where
ki L the lateral torsional buckling length of the beam between points which

have lateral restraint (= I.tg).
This length will be taken as the distance between two LTB restraints.
Fixed LTB restraints are defined on top flange or on bottom flange. The LTB lengths for the
compressed flange are taken as distance between these restraints. The LTB moments factors are

calculated between these restraints.

The restraints can be inputted via “Steel -> Beams -> Member Check data -> LTB Restraints”.

%

And only the restraints on the compressed side are taken into account.

Example: LTB_Restraints.esa

In this example the same beam has been inputted three times. Since in this example an IPE450
is used, the Lateral torsional buckling curves for “Rolled section or equivalent welded” are used in
the steel setup:
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[= Standard EN

- Steel
Member check
Fire resistance
Cold Formed
Flated structural elements
Limit slenderness
Buckling defaults
Relative deformation

Classification EN 1993-1-1:5.2.2
Use Semi-Comp+ ne

Plastic analysis Elastic Stresses

Shear EN 1993-1-1: 6.2.6
Use A, A, instead of elastic shear no

Torsion EN 1993-1-1: 6.2.7
Limit for torsion [-] 0,03

Default sway types EN 1993-1-1: 6.3.1
¥y 2l yes

-z no

Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Max. k ratio [-] 10,0

Max. slenderness [-] 200,0

Acc. to input
1 ateral Torsional Buckling EN1993-1-1:6.3.2

?_"d order buckling ratios

Lateral torsional buckling curves Rolled section or equivalent welded

ot od-forct 3 ECCT 9 Gaterr
Method for k; EN 1993-1-1 table 6.6 -
General settings

Elastic verification no

Verify only section checks no

Flexural buckling accounted for by 2™ order calculation no

Mements on columns in simple construction no

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

Fire resistance
Cold Formed

Reference: EN 1993-1-1 article 6.3.2.2, 63.2.3
Description: Setting for selecting the lateral torsional buckling curves.
Application: Used in the determination of the reduction factor for lateral torsional buckling.

Load default non-MA parameters Load default NA parameters [+]4

Cancel

Note: The default setting for LTB curves is ‘General case’.

The results for LC1 are:

1.14 =

e

Nwiy | E

LTET

e

N =9

0.61 -

& —1 LTB2

wi1)
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Bl B2

Lateral Torsional Buckling check

Lateral Torsional Buckling check
era’ Torsiona’ buckiing chec According to EN 1993-1-1 artide 6.3.2.1% 6.3.2.3 and formula (5.54)

According to EM 1993-1-1 artide 6.3.2.1& 6.3.2.3 and formula (6.54)

LTE parameters LTE parameters

Method for LTE curve Alternative case Method for LTEB curve Alternative case
Plastic section modulus Wy 1.7020e-03 me Plastic section modulus Wey 1.7020e-03 m*
Elastic critical moment M= 780,68 Nm Elastic critical moment Mo 972.64 kMm
Relative slenderness Mt 1.19 Relative slenderness Acer 0.64

Limit slenderness A-emo 0.40 Limit_slenderness Areiira 0.40

LTE curve c LTB curve C

Imperfection aw 0.49 Imperfection awr 0,49

LTE factor B 0.75 LTB factor B 0.75

Reduction factor xo 0.53 Reduction factor ¥ 0.86

Correction factor ke 0.94 Correction factor ke 0.91

Correction factor f 0.98 Correction factor f 0.96

Modified reduction factor y==ec  |0.54 Modified reduction factor yir=o: 0,90

Design buckling resistance M=a: | 215.74 \hm Design buckling resistance M=z [359.89 kMm
Unity check 1.14 N Unity chedk 0.68 -
Mcr parameters Mcr parameters

LTE length L 7.000 m LTE length L 3.500 m
Influence of load position no influence Influence of load position no influence

Correction factor k 1.00 Correction factor k 1.00

Correction factor kw 1,00 Correction factor kw 1.00

LTE moment factor C: 1.13 LTE moment factor Cu 1.33

LTE moment factor Cz 0.45 LTB moment factor Cz 0.12

LTE moment factor Cz 0.53 LTEB moment factor Cz 1.00

Shear center distance d-: [i} mm Shear center distance d: a mm
Distance of load application zz |0 mm Distance of load application ze [0 mm
Maono-symmetry constant By o] M Mono-symmetry constant By 0 mm
Mono-symmetry constant z; [1] mm Mono-symmetry _constant z a mm

And for beam B3, 6 LTB restraints are inputted, so no LTB calculation will be executed:
If Ar < Aypo or for % < A.r o2 lateral torsional buckling effects may be ignored. With: XLT'O: 0,4

So for beam B3 the following LTB check is displayed:

Lateral Torsional Buckling check
According to EN 1993-1-1 artice 6.3.2.1 & 6.3.2.3 and formula (6.54)

LTB parameters

Method for LTB curve Alternative case

Plastic section modulus Wgi, |1.7020e-03 m?
Elastic critical moment M. 4017.35 kMNm
Relative slenderness Aot 0.32

Limit slenderness ArelLto 0.40

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 artice 6.3.2.2(4).

Mcr parameters

LTB length L 1.400 m
Influence of load position no influence
Correction factor k 1.00

Correction factor ki 1.00

LTB moment factor Ci 1.01

LTB moment factor G 0.02

LTB moment factor G 1.00

Shear center distance d, 0 mm
Distance of load application zg [0 mm
Mono-symmetry constant By 0 mm
Mono-symmetry constant z; 0 mm

When looking at load case LC2, the top side of the beam will be under tension, so SCIA Engineer
will not take into account the effects of the LTB Restraints:
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Calculation of Mcr for general sections

For the other supported sections as defined above, the elastic critical moment for Lateral Torsional
Buckling Mcr is given by:

P n?El, |l, (kyr-L)2%GI,
T oL, mEL
with E the modulus of elasticity
G the shear modulus
kir. L the lateral torsional buckling length of the beam between points
which have lateral restraint (= ILts).

Iw the warping constant

It the torsional constant

1z the moment of inertia about the minor axis

Calculation of Mcr for channel sections

When a channel section is loaded, additional torsion appears due to the eccentricity of the shear centre
relative to the centroid of the cross section. For that reason, the value of Mcr has to be adapted.

In order to account for this additional torsion effect, the following procedure can be used where Aextra
is calculated.
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Modified design rule for LTE of Channel sections

In case this setting is activated within the Steel Setup, the reduction factor for Lateral-Torsional
Buckling of Channel sections is determined according to Ref.[22].

More specifically the calculation iz done as follows:

Reduction factor: |, = ——————————

Where: P= [15[] + @ (Aygns = 02)+ Ay ]-r curve A for channg! sactions, iherstors oy =0 2]

Apyrpy = Ayr + A7

A =10 Ay if 05=4,_ <080
~043-0204, ¢ 08B0zl <15

L IT

A =0 if Ay >15

This Modified design rule is applied only in case the following conditions are met:

- The section concems a Channel section (Form Code 5)
- The General Case iz used for LTB (Mot the Rolled and Equivalent Welded Case)
- 156 <= Litb/h <= 40 (with Llth the LTS length and h the cross-section height)

Sheeting

When diaphragms (steel sheeting) are used, the torsional constant It is adapted for symmetric or
asymmetric | sections, channel sections, Z sections, cold formed U, C and Z sections.

A sheeting can be inputted in SCIA Engineer via “Steel -> Beams -> Member Check data -> Sheeting”:
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Sheeting LIB
Position z
k
Sheeting position
Bolt position
Bolt pitch
Lf - frame distance [m]
Ld - sheeting length [m]
Geometry
Coord. definition
Position x1
Position x2
Origin

T O

E160/1.50 - =
+ 7

1and 2 spans
Positive

Top flange
br

3,000

1,000

Rela
0,000
1,000

From start

Cancel

The settings for the diaphragm are:

Sheeting LIB

Position z
k

Sheeting position

Bolt position

Bold pitch

Frame distance

Length

With this option the user can choose between sheetings of the
library of SCIA Engineer or input his own sheeting.

The position of the sheeting according to the LCS of the beam.

The value of coefficient k depends on the number of spans of
the sheeting:

k =2 for 1 or 2 spans,

k = 4 for 3 or more spans.

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

Positive means that the sheeting is assembled in a way so that

the width is greater at the top side.

Negative means that the sheeting is assembled in a way so

that the width is greater at the bottom side.

Bolts may be located either at the top or bottom side of the
sheeting.

Bolts may be either:

in every rib (i.e. "br"),

in each second rib (i.e. "2 br").

The distance of frames

The length of the sheeting (shear field.)
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The sheeting will only have an influence on the torsional constant It and will be taken into account in
the calculation for Mcr for the Lateral Torsional Buckling check.

The torsional constant It is adapted with the stiffness of the sheeting’s.

The value for It equals the previous value for It (thus It of the beam) plus a supplementary stiffness
calculated with the values of the sheeting:

Itia = It + vorh Cy

Where:

2

G

11 1

1

vorhCy  Comr = CoAk

El
ff
Comp = kTe

Copk

b, 1> .
Coax = Cioo [Ha()] if by <125

b
C19A,k = 1.25 Cy9p [1—(;10] if 125 < b, <200

3-E-1,
Cﬁp,k“m

with |
vorh
Co
Com,
Coak

Cop,k

Elest

ba
C100

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

the rotational stiffness of the sheeting

the rotational stiffness of the connection between the sheeting and
the beam

the rotational stiffness due to the distortion of the beam
numerical coefficient

= 2 for single or two spans of the sheeting

= 4 for 3 or more spans of the sheeting

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

the width of the beam flange (in mm)

rotation coefficient - see table

beam height

thickness beam flange

thickness beam web

Example: Diaphragm.esa

Consider member B1:

o

o

o

LTB Length=7m

C1=1.13,C2=0.45,C3=0.53

Mcr =281 kNm

Consider member B2
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o LTBLength=7m
o C1=1.13,C2=0.45,C3=0.53
o Mcr=405kNm

The results for the calculation of the sheeting are shown in the preview of the steel check just before
the Section check:

Sheeting
Accordingto EN 1993-1-1article BB.2.1 and formula (BB.2)

Parameters

Sheeting name D1

Moment of inertia per length I |0.00 m*/m

Position z +z

Sheeting position negative

Bolt position top flange

Bolt pitch br

Frame distance L¢ 3.000 m

Sheeting length Ly 3.000 m

Sheeting factor Ki- 0.167 m/kN

Sheeting factor K2- 15.700 mé/kN

Numerical coefficient k 4.00

Stiffness

Actual stiffness S 5555.21 kN
Required stiffness Serf 42650.44 kN

S < Serf inadequately braced

Sheeting on side compression side

Rotational stiffness (Sheeting) Camx 2637.60 kNm/m
Rotational stiffness (Beam distortion) Cepx | 100.15 kNm/m
Rotational stiffness {Connection) Cea 23.75 kNm/m
Rotational coefficient Cino 10.00 kNm/m
Rotational stiffness vorhG 19.06 kNm/m
LTB length L 7.000 m
Cross-section torsional constant It 6.6900e-07 m*
Additional torsional constant It,add 1.1715e-06 m#
Adapted torsional constant Iid 1.8405e-06 m#
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The results for the Lateral Torsional Buckling check are:

Lateral Torsional Buckling check
Accordingto EN 1993-1-1article 6.3.2.1 & 6.3.2.2 and formula (6.54)

LTB parameters

Method for LTB curve General case
Plastic section modulus W,y 1.7020e-03  |m3
Elastic critical moment Mo 404.94 kNm
Relative slenderness At 0.99

Limit slenderness Mel, 1,0 0.20

LTB curve b

Imperfection air 0.34

Reduction factor .7 0.60

Design buckling resistance Mera | 240.36 kNm
Unity check 1.02 -
Mcr parameters

LTB length L 7.000 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor C; 1.13

LTB moment factor Cz 0.45

LTB moment factor C3 0.53

Shear center distance d. 0 mm
Distance of load application zz |0 mm
Mono-symmetry constant [, 0 mim
Mono-symmetry constant zj 0 mm

Note: C parameters are determined according to ECCS 119 2006/ Galea 2002.

Lateral Torsional Buckling using LTBII = Not in Concept Edition

This option has been inputted in SCIA Engineer as a separate module and it only included in the
ultimate edition. The necessary module for this option is esasd.14.

For a detailed Lateral Torsional Buckling analysis, a link was made to the Friedrich + Lochner LTBII
calculation program.

LTBIl is the abbreviation of “Lateral Torsional Buckling with 2" order calculation”.
The Frilo LTBII solver can be used in 2 separate ways:

1. Calculation of Mcr through eigenvalue solution

2. 2 Qrder calculation including torsional and warping effects

For both methods, the member under consideration is sent to the Frilo LTBII solver and the respective
results are sent back to SCIA Engineer.
The single element is taken out of the structure and considered as a single beam, with:

o Appropriate end conditions for torsion and warping

o End and begin forces

o Loadings

o Intermediate restraints (diaphragms, LTB restraints)

To use this option in SCIA Engineer the functionality “7DoF 2" order analysis for LTB” should be
activated. In previous versions (before 18.0) this option’s old setting name is ‘LTB 2" order’.

78



And afterward with the option “Steel -> Beams -> Member check data -> LTBIl member data” the user

can input LTB-data on a beam.

Example: LTBIl.esa

In this example the same beam will be calculated with LTBII data on it and without in three

configurations:

=+ 4 LTEIl member data B4 |

*

Y/| LTEIl mermber data BS |
1

/I LTEIl member data B6 |

When looking at the check for LC1 there is not a big difference between the beams with or without the

A LTBI membdr dala B4 ]

Y
\ Wil

A LT member dala BE |

r\l‘:,
fi)
—_ [
= =
L g
i i 1 hi
~J
T:—'\ Y4
%
LTBII data:
N
\w{‘) 2
N
EaN
=t
5= N

\ wi1)

In Frilo the rigidity of the sheeting against rotation and translation is taken into account, which results in
a higher stiffness of the sheeting and thus a better unity check.

When looking at the results for Load Case LC2, the direction of the inputted line load is changed. The
upper side of the beams is under tension for this load case. SCIA Engineer does not take into account
LTB restraints or a sheeting on the tension side. But Frilo can take this also into account. There will be

an augmentation of the rigidity:
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v [ W ‘{ ¥ {8 member data B8]

\ wil)

y,
[l
>

N

Also in the detailed output this calculation is indicated:

Lateral Torsional Buckling check
Accordingto EN 1993-1-1artide 6.3.2.1 & 6.3.2.2 and formula (6.54)

LTB parameters
Method for LTB curve General case
Plastic section modulus Wpi,y 1.6600e-04 |m?
Elastic critical moment M« 74.26 kNm
Relative slenderness Ael it 0.78
Limit slenderness Ael7,0 0.20
LTB curve a
Imperfection ar 0.21
Reduction factor yr 0.80
Design buckling resistance Mpra [36.73 kNm
Unity check 0.39 -
Note: The elastic critical moment M is calculated using the FriLo BTII Solver.
Mcr parameters
LTBlengthL [7.200 |[m
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Compression and bending check

The compression and bending check for a member will be executed following EN 1993-1-1 art. 6.3.3.

Unless second order analysis is carried out, members which are subjected to combined bending and
axial compression should satisfy:

Ngq My pq + AM,, gq M, pq + AM, gy <1
XyNRk Y M, gk e M, ric -

Y1 LT ym, Ym1

Ngq My pq +AM,, gq My pq + AM, gy <1
X, Nrk i M, g “ M, gy N

Ym1 LT yuy Ym

Ngg, My g4, M, 4 are the design values of the compression force and the maximum moments about
the y-y and z-z axis along the member respectively.

Xy and ¥, are the reduction factors due to flexural buckling

Xt is the reduction factor due to lateral torsional buckling

Class 1 2 3 4
A, A A A Ay
W, W, W, W W
W Woie Walz Wee Wes,
AM, Ea 0 0 0 ey, Neg
AM, =4 0 0 ] ez NEg

The interaction factors kyy, Kyz, K2y and kz, have been derived from EN 1993-1-1 Annex A (alternative
method1l) or from Annex B (alternative method 2).

The choice between Interaction Method 1 or 2 can be made in SCIA Engineer in the National Annex
parameters:

B Steel setup

[=)- Standard EN MName Standard EN

£ Steel
- Member check

Steel

- Fire resistance
Cold Formed
- Plated structural elements

Member check
Bow Imperfections
Elastic analysis e0/L
Plastic analysis el/L
Member Imperfection
Partial Safety Factors

LTB Curves - General Case

LTB Curves - Rolled/Equivalent welded Case

EM 1993-1-1
EN 1993-1-1: 5.3.2(3) b)

EN 1993-1-1: 5.3.4(3)
EN 1993-1-1: 6.1(1)
EMN 1993-1-1: 6.3.2.2

EN 1993-1-1: 6.3.2.3(1)

Interaction Method

ENT993-1-1:6.3.3(5)

Fire resistance
Cold Formed

Annex B (alternative method 2)

Plated structural elements

EM 1993-1-5

Load default NA parameters
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Example: Industrial Hall.esa

Consider column B28 (for combination CO1-ULS).

In SCIA Engineer first all calculated formulas, in this example following EN 1993 Annex 1, are given:

Bending and axial compression check

Accordingto EN 1993-1-1article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method alternative method 1
Cross-section effective area Aesr 1.7222e+04 mm?
Effective section modulus Wes,y 4.4111e+06 mm?
Effective section modulus We,2 3.9920e+05 mm?
Design compression force Ned 160.01 kN

Design bending moment (maximum)Myed [-701.56 kNm
Design bending moment (maximum)Mze4 [-0.23 kNm
Additional moment AMy ed 0.00 kNm
Additional moment AM; g4 0.00 kNm
Characteristic compression resistance Nex  [4047.10 kN
Characteristic moment resistance My nx 1036.61 kNm
Characteristic moment resistance Mz,ax 93.81 kNm
Reduction factor xy 0.80

Reduction factor ¥z 0.42

Reduction factor w7 0.75

Interaction factor kyy 0.98

Interaction factor ky. 0.83

Interaction factor ksy 0.94

Interaction factor kz: 0.80
Maximum moment My g4 is derived from beam B28 position 6.900 m.
Maximum moment M4 is derived from beam B28 position 6.900 m.
Interaction method 1 parameters
Critical Euler load N,y 6438.53 kN
Critical Euler load N 2 2362.99 kN
Elastic critical load Ne1 4845.28 kN
Effective section modulus We,y 4.4111e+06 mm?
Second moment of area I 1.6610e+09 mm*
Second moment of area Iz 5.2890e+07 mm*
Torsional constant It 1.6200e+06 mm*

Method for equivalent moment factor Guy,o

Table A.2 Line 1 (Linear)

Ratio of end moments

0.00

Equivalent moment factor Gny,o

0.79

Method for equivalent moment factor Gz,

Table A.2 Line 1 (Linear)

Ratio of end moments y: 0.00
Equivalent moment factor Gnz,o 0.78
Factor iy 0.99
Factor iz 0.96
Factor g, 17.12
Factor ar 1.00
Critical moment for uniform bending M0 1008.48 kNm
Relative slenderness Ae,0 1.01
Limit relative slenderness Avel,0im 0.26
Equivalent moment factor Gy 0.96
Equivalent moment factor Gz 0.78
Equivalent moment factor Gur 1.00

And afterwards the check is given as two times a sum of three values as in formulas (6.61) and (6.62)

of the EN 1993-1-1:
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Nga

My,Ed + AMy,Ed

Mz,Ed + A1V[z,Ed <1

+ <
XyNpe = 7 ¥ My ri v M, ric
Yui LT yiy Ym
Ngq My gq + AMy, pq M, pq + AM, gq <1
X Nrr i My, rie “ M, ric -
Ym1 LT yuy Ym1

In SCIA Engineer:

Unity check (6.61) = 0.05 + 0.89 + 0.00 = 0.94-
Unity check (6.62) = 0.09 + 0.85 + 0.00 = 0.95-

Shear buckling check — EN 1993-1-5

General

The shear buckling check will check if the web of the cross section can locally buckle.
This check is not included in EN 1993-1-1, but in EN 1993-1-5: Design of steel structures — Part 1-5:

Plated structural elements.

First it will be checked if the slenderness is lesser than a certain value, because for webs with a small
slenderness, this check should not be executed.

Plates with hy/t greater than 72¢/7 for an unstiffened web should be checked for resistance to shear.

With:

€E =

n

235
fy[N/mmz]

will be defined in the National Annex. The value 7 = 1.20 is recommended for steel grades

up to and including S460. For higher steel grades 7 = 1.00 is recommended.

—1

If the slenderness is higher than the minimum one, the shear buckling check is executed following EN

1993-1-5, formula (5.10) (this is a check on the shear force) and formula (7.1) (which is the check on
the interaction between shear force, bending moment and axial force). Both formulas are checked in

SCIA Engineer.

Example: Shear buckling.esa

Consider Beam B1
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This is an IPE 160 profile: hw = 160 — 2 x 7.40 = 145.2 mm. And t =5 mm
= hw/t=29.04

This should be checked with the value: 72¢/7 =72 x 1.00/1.2 =60
= hw/t<72¢n

= The shear buckling check does not have to be executed.
This is also indicated in SCIA Engineer:

Shear Buckling check
Accordingto EN 1993-1-5article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Buckling field length a 6.000 m
Web unstiffened

Web height hy 145 mm
Web thickness t 5 mm
Material coefficient £ 1.00

Shear correction factor n [1.20

Shear Buckling verification

Web slenderness hw/t  |29.04
Web slenderness limit  |60.00

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5article 5.1(2).

Consider Beam B2:

This is an | profile: hw =600 — 2 x 9 =582 mm. And t =6 mm
= hw/t=97

This should be checked with the value: 72¢/7 =72 x 1.00/1.2 =60
= hw/t>72¢n

= The shear buckling check has to be executed.

Shear Buckling check
Accordingto EN 1993-1-5article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Buckling field length a 6.000 m
Web unstiffened

End post non-rigid

Web height hy 582 mm
Web thickness t 6 mm
Yield strength fyw 235.0 MPa
Flange width bf 276 mm
Flange thickness tr 9 mm
Yield strength fyr 235.0 MPa
Material coefficient £ 1.00

Shear correction factor n | 1.20
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Shear Buckling verification

Web slenderness hw/t 97.00

Web slenderness limit 60.00

Plate slenderness hy 1.12
Reduction factor 0.74
Contribution of the web Vbu,rd 350.27 |kN
Capacity of the flange Mspd 344.99 |kNm
Flange factor c 1.606 |m
Contribution of the flange Vbfrd |3.27 kN
Maximum resistance Vb,rd Jimit 568.54 |kN
Resistance Vb rd 353.53 |kN
Plastic resistance Mpi,rd 502.92 |kNm
Shear ratio ns,bar 0.04

Unity check (5.10) = 0.04 -

Note: The interaction between Bending and Shear Buckling does not need to be verified

because the shear ratio does not exceed 0.5.
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Stiffners

In EN 1993-1-5, Figure 5.1 the definitions of stiffeners on a member are given:

e

f ' ) . ?

a) No end post b) Rigid end post ¢) Non-rigid end post

Those stiffeners will influence the total length for shear buckling. Also in SCIA Engineer those stiffeners
can be inputted on a beam and will only have influence on the shear buckling check.

Those stiffeners can be inputted via “Steel -> Beams -> Member check data -> Stiffeners”.

The stiffeners define the field dimensions (a,d) which are only relevant for the shear buckling check.
When no stiffeners are defined, the value for ‘a’ is taken equal to the member length.

Example: Stiffeners.esa

In this example 2 identical beams are inputted. B1 without stiffeners and B2 with stiffeners:

Let's now compare the shear buckling check with and without stiffeners:
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Without stiffeners
Shear buckling check:

With stiffeners
Shear buckling check:

Shear Buckling parameters

Shear Buckling parameters

Buckling field length a 6.000 m
Web unstiffened

End post non-rigid

Web height ha 782.00 mm
Web thickness t 5.00 mm
Yield strength fyw 235.0 MPa
Flange width br 275.00 mm
Flange thickness tf 9.00 mm
Yield strength fyr 235.0 MPa
Material coefficient £ 1.00

Shear correction factor n | 1.20

Shear Buckling verification
Web slenderness hw/t 156.40
Web slenderness limit 60.00
Plate slenderness Ay 1.81
Reduction factor . 0.46
Contribution of the web Vow,rd 243.24 |kN
Capacity of the flange Msrd 460.07 |kNm
Flange factor c 1.570 |m
Contribution of the flange Vbrrd [1.92 kN
Maximum resistance Vb,Rd,imit 636.60 |kN
Resistance Wb rd 245.16 |kN
Plastic resistance Mpi,rd £693.01 |kNm
Shear ratio nz par 1.23
Moment resistance Mg eff 580.90 |kNm
Moment ratio nbar 0.43
Moment ratio limit Ny bar imt 0.66

Buckling field length a 1.600 m

Web stiffened

End post non-rigid

Web height hw 782.00 mm
Web thickness t 5.00 mm
Yield strength fyw 235.0 MPa
Flange width bs 275.00 mm
Flange thickness tf 9.00 mm
Yield strength f.s 235.0 MPa
Material coefficient £ 1.00

Shear correction factor n [1.20

Shear Buckling verification

Shear buckling coefficient kr 6.30

Web slenderness hw/t 156.40

Web slenderness limit o4.82

Flate slenderness Aw 1.67
Reduction factor yw 0.50
Contribution of the web Vi, rd 264.19  [kN
Capacity of the flange Mfpd 460.07 |kNm
Flange factor c 0.419 m
Contribution of the flange Virps [11.38 kM
Maximum resistance Vb,Rd,limit 636.60 [kN
Resistance Vb,rd 275.57 |kN
Plastic resistance Mgl ps 693.01 |kNm
Shear ratio nz,ber 0.91

Moment resistance Mp,=% 380.90 |kNm
Moment ratio ni ke 0.20

Moment ratio limit nibaelimg 0.66

Unity check (5.10) = 1.22 -

Unity check (5.10) = 0.87 -
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ULS Check for Battened compression members

% This check will be executed following the EC-EN 11993-1-1 art.6.4.1 and

6.4.3.

The following section pairs are supported as battened compression

] member:

| 1) 21

] (2) 2Uo
A3) 2Uc

Two links (battens) are used.

The following additional checks are performed:
- buckling resistance check around weak axis of single chord with Nfsd
- section check of single chord, using internal forces
- section check of single batten, using the internal forces

| | o

1 1
—

Example — manual calculation of a battened compression member

EC_EN_Battened_Compression_Members_l.esa

Consider member B1
On this beam, only a compression force of 500kN is applied

Properties of the batten:
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Division 4
Distance from beginx [m] 0,200
Distance from end x” [m] 0,200
Width of link w [m] 0,220
Thickness t [mm)] 7,00
On begin 4
On end )

Properties of the IPE 330 profile

Values in SCIA Engineer:

Almm*2]
Ay [mm*~2]
Az [mm*2]
AL [m*2/m]
AD [m*2/m]
cYUCS [mm]
cZUCS [mm)]
a[deg]

Iy [mrm*4]

Iz [mm*4]

iy [mm]

iz [mm]

Wely [mm*~3]
Welz [mm*3]
Wply [mm*3]
Wplz [mm*~3]
Mply+ [Mmm]
Mply- [Nmm]
Mplz+ [Mmm]
Mplz- [Mmm]
dy [mm]

dz [rm]

It [mm*4]

lw [mm*6]
By [mm]

Bz [mm]

2,8150e+05

1,9910e+11

Check for battened compression member

Length L 4600.00 mim
Length a 1150.00 mm
Distance between centroids of chords ho  [210.00 mm
Second moment of area of chord I 7.8800e+06 |mm?
Slenderness A 41.50

Efficiency factor p 1.00

Area of chord A 6.2600e+03 |mm?
Effective second moment of area Ies 1.537%e+08 |mm?
Shear stiffness Sv 24381.93 kN
Bow imperfection eg 9.20 mim
Moment Mk 0.00 kNm
Moment Me4 4.86 kNm
Shear force Ved 3.32 kN

Manual calculation of those values:
I length = Member length — (distance from begin) — (distance from end)

=5000mm — 200mm — 200mm

=4600mm

a distance between battens = | / (number of divisions) = 4600mm / 4 = 1150 mm
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ho distance between centroids of chords = 210mm
lch I of the IPE330 profile
Ach area if one I-profile, so A of IPE 330
Lambda =1/ io = 4600mm / 110,833 mm = 41.5
with
l; =05-h0%-Ach +2-Ich
= 0.5 (210mm)? - (6260mm?) + 2 - (7881000mm*) = 1.538 x 108mm*

i():\/ A _\/1.538x108mm4=110’833mm

2-Ach 2-6260mm?2
Mu u:
=0 if Lambda > 150

Lambda
75

=2- if 75 < Lambda < 150
=1.0if Lambda <75
And Lambda = 41.5 < 75 in this example => u = 1.00
leff 0.5-h0%-Ach+2-u-Ich
= 0.5 (210mm)? - (6260mm?) + 2 - (1.00) - (7881000mm*) = 1.538 x 108mm*

24-E-Ich 2:%-E-Ich
Sy = ——F—Ich o\ but Sv <

a(1+5 0 ’
With:
n = number of planes of battens: n=2
Ib = (tickness batten) x (width of batten)3/ 12 = (7 mm) x (220 mm)3 / 12
=6,211 x 105 mm*

24:(220008).(7881000mm*)

24-E-Ich _ mm2 _ 4
az.(1+2'15h.ﬂ) - (1150mm)2-(1' 2-(7881000mm*%) 210mm) = 2.438 x 10°kN
nib a 72:(6,211x 106 mm%) 1150mm,
And
2 (210000N 4
2.w2-E-Jch 2T (——z—)(7881000mm™)
o) = ( mm (1350)2 = 2.470 x 10*kN

= Sv =2438x 10*%kN

€o =1/500 = 4600mm/500 = 9.2 mm
Mea,l M in the cross section under consideration = 0 kNm

MEed will be calculated as follows:

(1 -2 N 5 0 => MEd = M

Ncr Sv —
Ncer  Sv

Otherwise: => Med =1 x 105 kNm

With:
210000N
- 2,(22999M). (1.538 x 108mm*)
Ncr _Z Eieff — T[ ( mm?2 ) )Z mm = 15064 kN
L (4600mm)
— D00KN __S00KN_ _ 9466 > 0

15064kN 24700 kN

NEd-e0+MEd_I _ 500kN-9.2mm+0kNm
= MEd = — =
|_NEd_NEd 0.9466

= 4860kNmm = 4,860kNm
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_ mMEd _ m4860kNmm
l 4600mm

VEd

3,32kN

Check of chord as beam in field between battens
Accordingto EN 1993-1-1article 6.4.3.1 & 6.2.9.1 and formula (6.42)

Axial force N |270.78 |kN
Shear force Ve [1.66 kN
Moment Mg 0.95 kNm
Unity check 0.19 -

The check of the chord will be executed with a section check following the EN 1993-1-1 for the chord
profile with the following internal forces on one batten:

Med-h0-Ach — 0.5 - 500kN + (4860kNmm)-(210mm)-(6260mm?) = 270,78 kN

2-leff 2:1.538 x 108mm*

Ve = Ved /2 = 3,32kN / 2 = 1,66kN

Ne = Nchord = 0.5 - NEd +

_ Ved-a _ 3,32kN-1150mm

Ma = = 0.95kNm
4 4

This section check will result in a unity check of 0,19
Buckling check of chord

Buckling check of chord
Accordingto EN 1993-1-1article 6.4.3.1 & 6.3.1.1 and formula (6.46)

Chord force Neh,ed 270.78 |kN
Buckling length Lo 1150.00 |mm
Slenderness A 32.41

Relative slenderness A |0.37

Buckling curve b

Imperfection a 0.34
Reduction factor x 1.00

Unity check 0.16 -

Neh,ed = Nchora = 170,78 kN (see check of Check of chord as beam in field between battens)
Buckling length = Ler

Buckling length 1150mm
g 79" = =32,411

Ich 7881000mm*
Ach 6260mm?

Slenderness =

h 6260mm2 222
Relative slenderness Lambda [0 = mm? _ () 373
Ner, 12351000 N
With:
210000N 4
TEIch 2 (2007 (7881000mm*)
Ner, = (Buckling length)? (1150mm)? = 12351 kN

Buckling curve = b, this is the buckling curve for the IPE 330 around the z-axis
Imperfection alpha for buckling curve b = 0.34

Reduction factor Chi can be calculated as explained in the buckling check.

NchEd __ 270,78kN
=———=0.16

Unity check = = =
NbRd 1618,2 kN

With:
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Nb,Rd = reduction factor Chi Aj/h—'fy = 0.94 6260mm:§;51\'/mm2 =1618,21 kN
M1 .

Check of batten:

Check of batten
Accordingto EN 1993-1-1article 6.4.3.1,6.2.9.2 & 6.2.6 and formula (6.42), (6.19)

Thickness t 7.00 mm
Width of linkb [220.00 |mm

Moment T 0.09 kN
Moment Ma 0.95 kNm
Stress o 16.9 MPa
Unity check 0.06 -
Stress T 5.9 MPa
Unity check 0.04 -
t thickness of batten
width of batten
T — VEd-a — 3,32kN-1150mm — 909kN
ho0-2 210mm-2
Me =0.954 kNm (see previous check)
Slgma MG-b/2 — 954000Nmm'-52201;lm/2 — 16,9MPG.
Ib 6.211-10°mm

(calculation of I, see calculation of Sy at the properties)

_ Sigma __ 169MPa

Unity check sigma: Ty = rsnymme = 0.06
YMo 1.00
T 9090N
Tau =—=————=59MPa
b-t 220mm-7mm
. . Tau _ 59MPa _
Unity check Tau: = o = 2N s = 0.04
YMo 1.00
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Optimisation
In SCIA Engineer there are two ways of performing an optimisation:

1. Cross section optimisation: Optimisation of a chosen cross section.

2. Overall optimisation: Optimisation of one or more (or all) cross sections at the same time.

Both options are explained in the next two paragraphs.

Cross section optimisation

With this option the user can optimise a cross section for the steel code check. This will be explained in
the example below.

Example: Optimisation.esa

The optimisation can be found via “Steel -> Beams -> ULS Checks — EC-EN 1993 Steel Check ULS”.
First the steel code check has to be calculated, so first click on “Refresh”.

When clicking now on “Autodesign”, SCIA Engineer will give the following message:

ineer 18,0.1033 *

| Filter will be switched on Cross-section

oK

And in the properties window the option for “Filter” has been changed into “Cross-section”. Now choose
here for the profile IPE 140 and click again on “Refresh” and afterwards on “Autodesign”.

Now the “Autodesign of the cross-section” window will open:

Autode of the cross-sectio X
Autodesign
Mazximal check |:l
Maximum unity check: 0.106
Edit constraints Infa
Edit Change
Mext down Mext up
Search for optimal
Direction Up & down ~ N
Parameter T%
1 - catalogue: IPE140 ~
Param. Value Autodesign List Sort by
1 Isection IPE140 Yes Mo - H -
Setvalue Select/Deselect All Test relations OK Cancel
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First you can fill in the maximal check. Normally this is a unity check of 1.00.
The Maximum unity check displayed below is the maximum unity check for the IPE140, found in this
project.

When clicking on “Search for optimal”, SCIA Engineer will suggest the smallest IPE profile which will
resist the calculated internal forces.

In this example an IPE 80AA will be found. When clicking on “OK” now, SCIA Engineer will replace this
IPE140 profile by an IPESOAA profile automatically.

Now the steel code check of this IPES80AA profile is executed with the internal forces calculated with
the properties of the IPE140 profile. For example the self weight will not be taken into account
correctly. So the project should be recalculated, before accepting those new unity check results.

It is also possible to use a list of sections.
With this list it is possible to indicate which sections can be used or not. For example the section
IPE140A can be filtered out the possibilities for the autodesign.

Recalculate the project and let's make a list for the columns. This can be done through “Library ->
Structure, Analysis, Cross-section list” and choose for “Library cross-section of one type”.

Now select the profiles that should be added to this list:

List of available cross-sections >
Form code Code name Selected to list
~ | |HUIS) P HE 100
Rectangular hollow section HD HEA1004
Circular hollow section HD{ARC) HEAT120
L section HE HEAT 204
Channel section HEA140
T section HEE HEA1404
Full rectangular section HEC HEATE0
Full circular section HEM HEATE04
Asymmetric | section HG[GO5T) HEAT20
Rolled Z section HHD HEAT 204
Cold formed angle section HL HEA2D0
Cold formed channel sectio HL[5Z5) HEA2D04
Cold formed Z section HM[CH] HEAZ20
Cold formed C section HM[CH] HEAZ204
Cold formed Omega sectior HF HEAZ40
Cold formed C section eave! HP[ARC) HEAZ404
Cold formed C-Plus section HP[ARCUS) HEAZED
Cold formed ZED section HP[{GERD] HEAZE04
Cold formed ZED section as HP{Imp) HEAZE0
Cold formed ZED section in HT[CH]) HEA2E04
Cold formed Sigma section HW(CH]) HEAZQOD
Cold formed Sigma section I ¥ HEASDOA

Lo [ [ PSSR [ PG 1 P e [ ol s B 0

oK Cancel

When performing an Autodesign in the steel menu now for the columns HEA220, this list can be
chosen:
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Autodesign

Maximal check

Maximum unity check: 0.015
Edit constraints Info
Edit Change
Mext down Mext up

Search for optimal

Direction Up & down w N
Parameter
1 - catalogue: HEAZ20 ~
Param. Value Autodesign Lict Sort by
1 Isection HEAZ20 Yes LIST1 -l H -
Set value Select/Deselect All Test relations OK Cancel

For the moment this profile has a maximum unity check of 0.015, so SCIA Engineer will search for the
smallest profile from this “LIST1” which will pass the unity check

Close this example without saving! It will be used in the next paragraph again!

In the next example the different options of the cross-section optimisation are explained.

Example: Optimisation2.esa

Go here to “Steel -> Beams -> ULS Checks — EC-EN 1993 Steel Check ULS” and go to the Autodesign
menu for this beam.

This profile has a lot of parameters, so the user can choose which parameters should be updated:
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Autodesign of the cross-section x
Autodesign
Maximal check Ba 400
Maximum unity check: 3.527
Edit constraints Info
Edit Change =
Mext down Mext up ™
Search for optimal
Direction Up & down ~
Parameter
1 - dimension: Ba ~
g:g:m::::g:m}a fdesigr Relatedto  Ratio List Step Min. Max. Info
4 - dimension: thb es No Mo - 10 100 500
5 - dimension: &
Advanced Autodesign
Coupled Set Autodesign

Set value Select/Deselect All Test relations Cancel

Also the option “Advanced Autodesign” will appear. With this option several parameters can be
optimized at the same time and restriction for each parameter can be given. So input the following

options:
Autodesign of the cross-section X
Autodesign
Maximal check Ba 400
Maximum unity check: 3.527
Edit constraints Info
Edit Change
Mext down Mext up
Search far optimal
Direction Up & down ~
Parameter
Advanced Autodesign v
Param. Value  \utodesigr Relatedte  Ratio List Step Min. Maz. Info
1 Ba 400 v| Yes Mo Mo - 10 100 500
2 tha 12 Mo Mo - Mo - 10 1 16
3 Bb 300 v Yes Mo Mo - 10 100 700
4 thb 12 MNa Mo - Mo - 10 1 16
5 A 120 AYes  No No - 10 60 g0 [ ]
Set value Select/Deselect All Test relations Cancel
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So the thicknesses thb and tha are not autodesigned. All other options can be adapted by SCIA
Engineer. When clicking on “Search for optimal”, the following profile is suggested by SCIA Engineer:

Autodesign of the cross-section *
Autodesign
Maximal check Ba 440
Maximum unity check: 3173

Edit constraints Info

Edit Change

Bh 300

Mext down Mext up

Search for optimal

Direction Up & down ~
Parameter
Advanced Autodesign ~
Param. Value  \utodesigr Relatedto  Ratio List Step Min. Max. Info
1 Ba 440 v] Yes Mo Mo - 10 100 500
2 tha 12 Mo Mo - Mo - 10 1 16
3 Bb 300 v] Yes Mo Mo - 10 100 700
4 thb 12 Mo Mo - Mo - 10 1 16
5 A 120 | Yes Mo Mo - 10 &0 200
Set value Select/Deselect All Test relations Cancel

With the option “Set value” a value for a certain parameter can be set. So select the parameter “Ba”
and click on “Set value”. Now a value of 500mm can be inputted. And the Maximum unity check for this
profile will be adapted automatically.

Overall optimisation

It is also possible to perform an overall optimisation in SCIA Engineer. With this option, one or more
profiles can be optimised at the same time. Afterwards the calculation will be restarted and the internal
forces are recalculated with the new cross-sections, followed again with a new optimisation.

This iterative process can

o Or stop because all profiles does not have to be autodesigned and the same profile was
found as in the previous step

o Or stop because the maximum number of iteration steps has been reached if this is inputted
by the user.

It is advised to input a number of iteration steps, otherwise this optimisation process can become a
loop and will stop after 99 iteration steps. This will cost a lot of calculation time.

The principle of the overall optimisation process is explained by the following example.

Example: Optimisation.esa
If this example is still open from the previous chapter, please close it and reopen it without saving.
Calculate the project and go to “Main -> Calculation, Mesh -> Autodesign”.

Click here on Add item and choose for “Steel > Cross-section AutoDesign” and add all cross-sections
in this Autodesign process.
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The combination, for which the optimisation calculation has to be calculated, can be chosen.

Also for each profile, the user can indicate if this profile has to be autodesigned only in the “Up”
direction (so only become bigger) or in the ‘Up and down” direction (and also can become a smaller
profile as result). With this last option, there is a chance that the iterative process will become a loop.

Overall Autodesign X
Property Parameters Picture

Name [o1 Cross-section | C51- HEAZ ~

Typeof loads  Combinati - Parameter HEA220 -

Combinations CO1-ULS - Use cross-sect..,

Autodesignt  Steel - Cros... Rolled HEA220

[tems count 4 Sort by Height -

Starting €55 Actual -
Search pattern  Find first ok -
Direction Up and dov ~
Maximal chec... 1,00

Autodesign ... 0,00

1. C51 (HEAZ20)
2, C52 (IPE140)
3. €53 [HFLeqd5xd5:5)
4, C54 (IPE100)
>
Remaove ltem Add item

Autodesign Calculation Close

Now Close this window. And click in the next window on Optimisation Routine:

B Overall Autodesign *
Air BB 2= & =- a mAy;
o1 [Name o1 ~
Type of loads Combinations -
Combinations CO1-ULs -
Autodesign type Steel - Cross-section AutoDes
ltems count 4
Autodesign item Item 1 -

Autodesign item

Cross-section C51 - HEAZ20 -
Parameter HEAZ20
Use cross-section list v

MNew Inzert Edit Delete | Optim. Routine |M0design all | Caloulate Cloze

Now the user can choose for a maximum number of iteration steps:

o Determine automatically: the iteration process will stop if all the profiles are autodesigned
and no different result will be found in a certain iteration step. So no maximum of number of
iteration steps will be inputted.
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o  Limit number of iteration: maximum of number of iteration steps.

Input 5 iteration steps as limit number and click on “Start”.

Now the iteration process will start. The iteration process will stop after no difference will be found or
after 5 iteration steps. In this example SCIA Engineer will stop after 3 iteration steps, because all

profiles remain the same after the third step.

After this process an information window about this iteration will be displayed.

ITERATION STEP 1:

1. Routine step 1
1.1, 01

Cross-section Parameter Sort by | Original cross-section | Auicdesign of cross-seclion | Aulbdesign check

fl
C51 - HEA1604A HEA160.4 Height C51 - HEAZZ0 Cs1 HEAZ 00 0282
C52 - IPE20O0C IPE2Z00O0C Height CS2 - IPE140 CS2 - IPE200O 0,89
CS53 - HFLeg90x50x% [HFLeg®0xS0x5 |Height CS53 - HFLegéSx45x5 | C53 - HFLeglOxS0x3 054
C54 - IPE140A IPE140A Height CS4 - IPE100 C54 - IPE140AA 091

Changed profiles:

o CS1: HEA220 - > HEA200
o (CS2:IPE140 -> IPE2000O
o CS8: HFLeq45x45x5 -> HFLeq80x80x8
o CS4:IPE100 -> IPE140AA

ITERATION STEP 2:

2. Routine step 2

Cross-section Parameter Sort by | Original cross-section | Aulbdesign of cross-seclion | Auibdesign check

fl
C51 - HEA1604A HEA180 .4 Height CS1 - HEAZOO Cs1 HEA1 60 052
CS2 - IPE20O0OC IPE200O Height CS2 - IPE2000 CS2 - IPE200 0,99
C33 - HFLeg%0=x50xS |HFLeg%0xB0x% ([Height C53 - HFLeg80x&0=3 |[CS3 - HFLegS0xS0x5 0,a2
C54 - IPE140A IPE140A Height C54 - IPE140AA C54 - IPE140A 0,97

Changed profiles:

o CS1: HEA200 - > HEA160
o CS2:IPE2000O -> IPE200
o CS38: HFLeq80x80x8 -> HFLeq90x90x9
o CS4: IPE140AA -> IPE140A

ITERATION STEP 3:

3. Routine step 3

Cross-section Parameter Sot by | Original cross-section | Aulbdesign of cross-seclion | Auibdesign check
fl
C51 - HEA160A HEA160 .4 Height C51 - HEA180 Cs1 HEA1 60 0,76
CS2 - IPE20O0OC IPE200O Height C52 - IPE200 CS2 - IPE2000O 0,87
CS53 - HFLeg90x50x% [HFLeg®0=x%0x5% |Height CS3 - HFLeg90=80x5% | CS3 - HFLegS0xS0=9 0,99
C54 - IPE140A IPE140A Height C54 - IPE140A C54 - IPE140A 0,98

Changed profiles:

o CS2:IPE200 -> IPE2000O
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ITERATION STEP 4:

4, Routine step 4

Cross-section Parameter Sort by | Original cross-section | Aulpdesign of cross-secfion | Auibdesign check

fl
C51 - HEA160A HEA160 .4 Height C51 - HEA160 C51 - HEA1604 0,598
C52 - IPE20O0C IPE2Z00O0C Height CS2 - IPE200O CS2 - IPE200O 0,89
CS53 - HFLeg90x50x% [HFLeg®0xS0x5 |Height CS3 - HFLeg90x=S0x9 |[C33 - HFLegS0=S0x5 0,58
C54 - IPE140A IPE140A Height C54 - IPE140A C54 - IPE140A 0,98

Changed profiles:
o CS1: HEA160 - > HEA160A

ITERATION STEP 5:

5. Routine step S

Cross-section Parameter Sort by | Original cross-section | Aulbdesign of cross-seclion | Auibdesign check

fl
C51 - HEA1604A HEA180 .4 Height C51 - HEA180A CS51 - HEA1604 0,50
C52 - IPE20O0C IPE200O Height CS2 - IPE2000 CS2 - IPE200O 0,96
C53 - HFLeg90xS0x% |HFLeg®0x%0x% |Height CS3 - HFLeg90=80x5% | CS3 - HFLegS0xS0=9 0,99
C54 - IPE140A IPE140A Height C54 - IPE140A C54 - IPE140A 0,98

As a limit number we put 5 iteration steps so the iteration process is completed.

If earlier in the iteration process no profile had been adapted, the iteration process would stop then.

Arbitrary members

Since SCIA Engineer 17.0, there is a new setting available for performing the autodesign of arbitrary
members. This setting can be found in “Steel > Beams > Steel Setup”:

e

(- Standard EN Name Standard EN
=3 Sfeel Steel
+ Member check .
- Relative deformation Member check EN 1993-1-1
Fire resistance Fire resistance EM 1993-1-2
-~ Buckling defaults Cold Formed EM 1983-1-3
- Limit slenderness . _
Cold Formed Plated structural elements EN 1993-1-5
i Plated structural elements Limit slenderness EM 50341-1
“- Autodesign Buckling defaults
Relative deformation
|

Censider arbitrary members as prismatic for Autedesign | yes

Load default non-NA parameters Load default NA parameters oK Cancel

When this setting is activated (default setting), the member is considered as being prismatic (e.g.one
cross-section) during the autodesign calculation. This speeds up the calculation.
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2"9 order calculation and imperfections

Overview

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 adopted in all cases, while first-order theory may be used only when
the displacement effects on the structural behavior are negligible.

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

77 ¥
M(x) = Hx Mix)=Hx+P5+Pa x/L
M(L) = HL M(h)=HL+Pa
First Order Theorny mecond Order Theory

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

o 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 (aer > 10) will be explained in EN 1993-1-1 art. 5.2.1(3).

o In this overview 3 paths are defined:
= Path 1: In this path a first order calculation will be executed

= Path 2: In this path a second order calculation will be executed with global (and
bow) imperfections.

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

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

o 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 behavior are negligible.

o Inthe next paragraphs the rules in this overview will be explained.
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Structural Frame Stability

@

1% Order Analysis

5.2.2(3)c

I, based on a global
buckling mode

5.2.1(3)
o =10 X
es No 52.2(3)b 52.2(3)a| 5.3.2(11)
Global Imperfection ¢
5.3.2(6)
N Y
[ g |5220) 0 Neg > 25% N, R MNer
Q (member)
g if goinall
required members
() 2a 2b 3
2" Order Analysis
O )
Increase sway
effects with: . No Members Yes
1 D with eg
1
1-—
aCI’
5.2.2(7)b
I, taken equal to L
Stability Check in plane
5.2.2(7)a
Stability Check out of plane + LTB Check

Section Check

With:  ner
L
Ib
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Alpha critical — Not in concept edition

The calculation of alpha critical is done by a stability calculation in SCIA Engineer. For this calculation a
Professional or an Expert edition is necessary. The stability calculation has been inputted in module
esas.13.

According to the EN 1993-1-1, 15t Order analysis may be used for a structure, if the increase of the
relevant internal forces or moments or any other change of structural behaviour caused by
deformations can be neglected. This condition may be assumed to be fulfilled, if the following criterion
is satisfied:

_ Fer
Aer = F
Ed

= 10 for elastic analysis

With:  dcr: the factor by which the design loading has to be increased
to cause elastic instability in a global mode.

Fed: the design loading on the structure.

Fer: the elastic critical buckling load for global instability,
based on initial elastic stiffnesses.

If acr has a value lower then 10, a 2™ Order calculation needs to be executed. Depending on the type
of analysis, both Global and Local imperfections need to be considered.

EN1993-1-1 prescribes that 2" Order effects and imperfections may be accounted for both by the
global analysis or partially by the global analysis and partially through individual stability checks of
members.

Global frame imperfection ¢

The global frame imperfection will be inputted for the whole structure by an imperfection value ¢. This
value can be calculated with the following formula (EN 1993-1-1 art. 5.3.2(3)a):

1

? =500 % Am
=2 but  2<a,<10
ah \/H 3= ah = 4
1

Ay = 0,5 <1 + E)
With: h The height of the structure in meters

m The number of columns in a row including only those columns which carry a vertical

load Ned not less than 50% of the average value of the vertical load per column in
the plane considered.

The global imperfection can be inputted in SCIA Engineer in the nonlinear combinations as explained
by the example below.
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Example: Industrial Hall.esa

In this example, two global imperfections functions will be used: one according to global X-direction
and one according to the global Y direction. It is not necessary to combine both imperfections in the
same combination.

In SCIA Engineer the user can choose between five options for the global imperfection in the
nonlinear combinations:

B | Nonlinear combinations .
A BB == & a mRy;

NC1 Marne MNC1

NC2 Description

NC3 Type Ultimate -
NC4 Contents of combination

NCS LC1 - Self Weight [-] 1,35

:EE LC2 - Self Weight Cladding [-] 1,35

NCa LC3 - Maintenance [-] 1,50

NCS LC4 - Snow [-] 0,75

NC10 3DWnd10 - 180, + CPE, - CPI[-] 090

MNC11 Bow imperfection MNone -
MNC12 Buckling shape =
NC13 Stability Mone

s Figenshape N
NCTS Max deformation [mm] Deform. from loadcase

NCT16 Buckling shape

NC17

NC18

NC19

NC20

New from combination New Insert Edit Delete Close

o None: No global imperfection will be taken into account

o Simpleinclination: the user will input a deformation in the global X- or/and Y-direction as
the imperfection in mm per meter height in the global Z-direction [mm/m].

o Inclination functions: input a user inclination function or the inclination function of the EN
1993-1-1 (this option is explained below).

o Deformation from loadcase: with this option the user can choose for a calculated loadcase
and the deformation of that loadcase will be used as initial global imperfection.

o Buckling shape: the imperfection is derived from the buckling data.

In this example the option “inclination functions” has been chosen.

These inclination functions are entered through “Main -> Library -> Structure, Analysis -> Initial
deformations”:
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Libraries | Tools Modify

Tree  Plugins Setup Window Help

Subsoil, foundation k H"f Manlinear functions

B Materials - :l :I?T B
= v Y TP
Bl catalogue blocks
B wamed item

Structure, Analysis b E§ Cross-section list

Steel b 57 Fabricated Css, Product range

Loads k U Initial deformations
Fire heat r
Drawing tools k

@ Attributes definition

% System lengths and buckling groups

The Type is chosen as “EN 1993-1-1 art. 5.3.2(3)”, with a standard imperfection of 1/200.

The height of the construction is 8.4m for both inclination functions.

There are 6 columns in the X-direction, but in the middle only 2 columns are inputted. Because a long

part of structure only has 2 columns in the X-direction, in this example the number of columns in this

direction has been inputted as “2”.

There are 11 columns in the Y-direction. But the columns at the end are smaller than the middle ones.
So in this example it is decided to input “9” columns in the Y-direction.

The inclination function for the x-direction (Def_X) in SCIA Engineer is displayed below:

AiaemBE o= & - a - 57
Def X

Def Y

Mame Def_X

Type EMN 1993-1-1 art. -

Basic imperfection ... 200,00
Height of structure... 8400

Mumber of column... 2

o

oy [-]
O ¢ [-]

New Insert Edit Close

In this example 5 nonlinear combinations are inputted:

o 1,35 x Self Weight + 1,35 x Self Weight Cladding + 1,5 x Maintenance

+ 0,75 x Snow + 0,9 x 3DWind10
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o 1,35 x Self Weight + 1,35 x Self Weight Cladding + 0,75 x Snow + 1,5 x 3DWind13
o 1,35 x Self Weight + 1,35 x Self Weight Cladding + 0,75 x Snow + 1,5 x 3DWind14
o 1,35 x Self Weight + 1,35 x Self Weight Cladding + 0,75 x Snow + 1,5 x 3DWind15
o 1,35 x Self Weight + 1,35 x Self Weight Cladding + 0,75 x Snow + 1,5 x 3DWind16

All combinations are entered four times:
o NC1-NC5: inclination in the positive X- direction
o NC6-NC10: inclination in the negative X- direction
o NC11-NC15: inclination in the positive Y- direction

o NC16-NC20: inclination in the negative Y- direction

[]
H2a ¢ BB <22 & a - Y

MNC2 Description

MC3 T}rpe Ultimate -

NCA Contents of combination

NS LC1 - Self Weight [-] 1,35

EEE L2 - Self Weight Cladding [-] 1,35

NCB L3 - Maintenance [-] 1,50

M LC4 - Snow [-] 0,75

MC10 30Wnd10 - 180, + CPE, - CPI[-] 0,80

MNCT Bow imperfection According to buckling data -

MNC12 Global imperfection Inclination functions -

MC13 dx inclination functions

MC14 7 Def X -

NCT5 Factor MNone -

MC16

NCIT Sense + -

NC13 Y None .

MC1G dy inclination functions

NC20 z None v
X MNone -
dz inclination functions
X MNone -
Y MNone -

MNew from combination MNew Insert Edit Delete Close

Tip: The nonlinear combinations can be copied from the linear combinations using the button “New
from linear combinations”. If code or envelope combinations were used to perform the linear
calculation, these combinations first need to be exploded to linear combinations before it is possible to
copy them to nonlinear combinations.

Bow imperfection

NEed > 25% Necr

The relative initial local bow imperfections of members for flexural buckling is given as the value:
eol/L.
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This bow imperfection does not have to be applied on each member as given in EN 1993-1-1 art.
5.3.2(6):

The bow imperfection has to be applied when the normal force Neq in @ member is higher than 25% of
the member’s critical load Ncr:

When performing the global analysis for determining end forces and end moments to be used in
member checks according to 6.3 local imperfections may be neglected. However for frames sensitive
to second order effects local bow imperfections of members additionally to global sway imperfections
should be introduced in the structural analysis of the frame of each compressed member where the
following conditions are met:

. At least one moment resistant joint at one member end
° A>0,5 Aty
NEa

And 1= A%
Ner

Thus: /ﬂ > 0,5 fﬁ
Ner NEa

1 1
— > 0,25 —
Ncr NEd

Ngg > 0,25N,,

Bow imperfection eo

The initial bow imperfection is given by:

AN Buckling curve | elastic analysis | plastic analysis
acc. to Table 6.1 e/ L € /L
o 1/350 1/300
a 1/300 1/250
b 1/250 1/200
c 1/200 1/150
d 1/150 1/100

Where L is the member length.

As explained in the previous chapter, the bow imperfection has to be

applied when the normal force Neq in a member is higher than 25% of
the member’s critical buckling load Ner. If Ned < 25% Ner, the user can

choose to apply this bow imperfection or not.

The buckling curve used for calculation of the imperfection is the curve inputted in the cross-section
library. For standard sections, the curve according to the code is automatically used, for non-
standard cross sections (as general cross sections) the user needs to input the buckling curve
manually.
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Example: Industrial hall.esa

In SCIA Engineer the user can choose between three options for the bow imperfection in the
nonlinear combinations:

B | Monlinear combinations X
A eBB 2> & a - Y
NC1 Mame MC1
MNC2 Description
NC3 T}rpe Ukimate -
NC4 Contents of combination
:EZ LC1 - Self Weight [-] 1,35
NCT LC2 - Self Weight Cladding [-] 1,35
NCe LC3 - Maintenance [-] 1,50
NCo LC4 - Snow [-] 0,75
NC10 3DWnd10- 180, + CPE, - CPI[-] 090
NC11 According to buckling data =
NC12 Global imperfection MNone
MNIC13 PR Ta— - Simple curvature
dxinclination functions According to buckling data
NC14 > e
NC15 v None .
NC16
dy inclination functions
NC17 . "
NC18 one :
NC19 X None -
NC20 dz inclination functions
X Mone -
b Mone -
MNew from combination New Insert Edit Delete Close
o None: No bow imperfection will be taken into account
o Simple curvature: the user will input a deformation “f” or “1/f” for all the members, where
“1/f” corresponds with the value “e0/L” as explained earlier.
o According to buckling data: with this option the user can choose for a local imperfection as

defined in the buckling data, so for each member following his own buckling curve (this
option is explained below).

In this example the option “According to buckling data” has been chosen.

The buckling data can be inputted via “Steel -> Beams -> System lengths and buckling groups
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B ' System lengths and buckling groups *

AaesmBE 9= & - 4 mRY;

BC1 ~ | Mame BC1
BC2 Mumber of parts
BC3
BC4
BC3
BCE

BCT
BCE Point of load application In shear center -

o

Description

Member(s) matenal Steel, other

ky factor Calculate -
kz factor Calculate -

BCS Mer Calculated .

BC10 Bow imperfection e,y EM 1993-1-1 Table 5.1 - elastic

BC11 Bow imperfection el,z
BC12 EM 1983-1-1 Table 3.1 - plastic

EM 1993-1-1 Table 3.1 - elastic - if required
BC13 EN 1993-1-1 Table 5.1 - plastic — if required
BC14 manual input of bow imperfection
BC15 no bow imperfection

BC16
BC17 Yy ZZ
BC18
BC19
BC20
BC21
BC22
BC23
BC24
BC25
BC26 v

New Insert Edit Delete Close

s A s A A

The user can choose between 6 options:

o EN1993-1-1 Table 5.1 — elastic: the elastic value following the buckling curve of the cross
section will be used.

o EN 1993-1-1 Table 5.1 — plastic: the plastic value following the buckling curve of the cross
section will be used.

o EN1993-1-1 Table 5.1 — elastic — if required: the elastic value following the buckling curve
of the cross section will be used if Ned > 25% Ncr.

o EN1993-1-1 Table 5.1 — plastic — if required: the plastic value following the buckling curve
of the cross section will be used if Ned > 25% Ncr

o Manual input of bow imperfection: the user can input manually a value for this bow
imperfection.

o No bow imperfection: no bow imperfection is taken into account for the member.

In this example on all beams the bow imperfection “According to code — elastic” has been inputted.
Except for the diagonals no bow imperfection has been inputted in this example.

Buckling shape as imperfection - ner — Not in concept edition

The calculation of alpha critical is done by a stability calculation in SCIA Engineer. For this calculation a
Professional or an Expert edition is necessary. The stability calculation has been inputted in module
esas.13.
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As an alternative the global and bow imperfection can be replaced by the buckling shape as
imperfection (path 3 from the global diagram).

To input geometrical imperfections, the functionality Nonlinearity > Initial imperfections and Stability
must be activated.

Project data X

Basic data | Functionality | Actions Unit S5et  Protection

Property modifiers Nonlineanty

Parametric input Beam local nonlinearity v
Climatic leads Support nenlinearity/basic soil sp...
Mobile loads |Ini‘tia| imperfections | |

Dwnamics Geometrical nonlinearity v
General plasticity

|

Monlinearity =] Cables

Structural medel & Friction support/Soil spring
IFC properties Sequential analysis
Prestressing Subsoil

Bridge design Steel

Excel checks Plastic hinge analysis
Document Fire resistance checks

Steel connections
Scaffolding
TDoF 2nd order analysis for LTB

Girders with sinusoidal webs

Cancel

So first the stability calculation (linear or nonlinear) is calculated. Afterwards in the nonlinear
combinations, the user can choose the buckling shape he/she wants to take into account. So first
he/she can choose for the stability combination and just below for the calculated mode:

L] e X
A eBEE <= & a miy)
NCT [Name NCT

NC2 Description

NC3 Type Ultimate -
NC4 Contents of combination

NC3 LC1 - Self Weight [-] 135

:Eg LC2 - Self Weight Cladding [-] 1,33

NCE LC3 - Maintenance [-] 1,50

NCS LC4 - Snow [-] 0,75

NC10 3DWnd10- 180, + CPE, - CPI 0,90

MNC11 Bow imperfection MNone -
NC12 Global imperfection Buckling shape -
NC13 Stability 51 -
NC14 Eigen shape 1

NC15 Max deformation [mm] 10,0

NC16

NC17

NC18

NC1%

NC20

New from combination New Insert Edit Delete Close
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The last option that has to be inputted is a value for the maximum deformation. This is the deformation
of the node which has the biggest deformation of the construction. SCIA Engineer will recalculate all
the displacement of the other nodes using this maximal deformation.

Since the buckling shape is dimensionless, EN 1993-1-1 gives the formula to calculate the amplitude
ninit Of the imperfection. In example below this calculation is given for a simple example.

Example: Buckling Shape.esa
In this example, the procedure to calculate a buckling shape is illustrated for a column.

The column has a cross-section of type IPE 300, is fabricated from S235 and has the following relevant
properties:

v E = 210.000 N/mm?
fy = 235 N/mm?2
ym1 = 1.00
L =5000 mm
A =5380 mm?
ly = 83560000mm4
Wiy = 628400 mm3

Calculation of the buckling shape

First a Stability calculation is done using a load of 1kN. This way, the elastic critical buckling load Ner
is obtained.

In order to obtain precise results, the Number of 1D elements is set to 10. This can be done in “Setup
-> Mesh”. In addition, the Shear Force Deformation is neglected so the result can be checked by a
manual calculation.

The stability calculation gives the following result:

Critical load coefficients

N f

- (1

Stability combination : S1
1 6927,50

2 27714,23

3 62404,64

4 111170,55

This can be verified with Euler’s formula using the member length as the buckling length:

m?El 3 m? - 210000N /mm? - 8,3560 - 10" mm*

N. =
N & (5000mm)?

= 6927,51 kN

The following picture shows the mesh nodes of the column and the corresponding buckling shape:
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Displacement of nodes

Stability calculation, Extreme : No
Selection : All
Stability combinations : 51/1 - 6927,50

Buckling shapes are dimensionless, units are printed for consistency purposes.
Node of mesh Case Ux Uz Fiy
[mm] | [mm] | [mrad]
1 51/1 - 6927,50 0,0 0,0 628,3
11 51/1 - 6927,50 309,0 0,0 597,6
3 51/1 - 6927,50 587,8 0,0 508,3
4 51/1 - 6927,50 809,0 0,0 369,3
5 51/1 - 6927,50 951,1 0,0 1942
3 51/1-6927,50 | 1000,0 0,0 0,0
7 51/1 - 6927,50 951,1 0,0 -194,2
8 51/1 - 6927,50 809,0 0,0 -369,3
9 51/1 - 6927,50 557,8 0,0 -508,3
10 51/1 - 6927,50 309,0 0,0 =597,6
2 51/1 - 6927,50 0,0 00| -6283

Using for example an Excel worksheet, the buckling shape can be approximated by a 4t grade
polynomial.

1200

1000

800

600

400
/{= 5.72E-12x* - 5.72E-08x3 + 1.89E-05x? + 6.21E-01x \.\
200
0 / T T T T \

0 1000 2000 3000 4000 5000

A polynomial has the advantage that the second derivative can easily be calculated.

S Mo =572-10"12-x* = 572-107% - x3 + 1,89 - 1075 - x2 + 6,21 1071 - x
S Nepmax = 68610711 x2 —3,43-1077 - x + 3,78+ 1075

Calculation of eg

Ngy = f, A =235 5380 mm? = 1264300 N

N
mm?2

Mgy = f, - Wy = 235 - 628400 mm? = 147674000 Nmm (class2)

N
mm?

X = /Ngi/ N, = /1264300N /6885280N = 0,43

a = 0,21 for buckling curve a
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1

B 0,5[1+a(2—0,2)+(i)2]2+\/(0,5[1+a(2—0.2)+(7)2])2—(7)2

= 0,945

These intermediate results can be verified through SCIA Engineer when performing a Steel Code
Check on the column:

Buckling parameters vy zz
Sway type sway non-sway
System length L 5,000 5,000 m
Buckling factor k 1,00 1,00
Buckling length Ler 5,000 5,000 m
Critical Euler load Mcr 6927,51 |500,58 kN
Slenderness Lambda 40,12 149,25
Relative slenderness Lambda,rel  |0,43 1,59
Limit slenderness Lambda,rel,0 0,20 0,20
2@
7 MRk YM1 7 MRk
= — - — LRk, YM1_ _ . — . —Rk
eo=a-(1-102) wme = (1-02) o
= ey = 0.21(0.43 — 0.2) - 2NN _ 5 573 mm

1264300 N

The required parameters have now been calculated so in the final step the amplitude of the
imperfection can be determined.

Calculation of #init
The mid section of the column is decisive = x = 2500

N at mid section = 1000,31

Nermax @t Mid section =-3,912 - 107* - 1/mm?

N,
I:> ., = e . + .
Ninit 0 E'Iy"”lcr,max Ner
6885280 N
= Nini¢ = 5642 mm -1000

210000N /mm*83560000 mm*-3,912 -10~*-1/mm?

= Ninit = 5, 629 mm

This value can now be inputted as amplitude of the buckling shape for imperfection.
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'} MNonlinear combinations

Aie BB <22 & A

NC1

|Name

Description
Type
“ Contents of combination

LCT[-]

Bow imperfection

Global imperfection

Stability

Eigen shape

Max deformation [mim]

MNC1

Ultimate

1,00

MNone

Buckling shape
51

1
5.6

3

” New || Insert ” Edit || Delete |

Close
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15t or 2" order analysis — Overview paths acc. to EN1993: overview

[ Structural Frame Stability ]

5.21(3)

@

- = 10 ™,
N A

No

A

5.2.2(3)b

52.2(%a

53.2(11)

Global Imperfection ¢

5.3.2(6)

Olee

@

- N/
>3 | 5.22(5) °\ Neo > 25% N,

Yes

e
/

(member)

e if epin all
required members
2a b | 3 I
2% Order Analysis
P Ne / Members
h with e,
52.2(T)h

1, taken equal to L

1% Order Analysis
¢ ™
Increase sway
effects with:
1
1

1——

{ICJ'
5.2.2(3)c —I—
lx based on a global
buckling mode

Stability Check in plane

522(Ta

Stability Check out of plane + LTB Check

Section Check
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Examples:

Example Overview Paths.esa
Example Overview Paths_path la.esa
Example Overview Paths_path 1b.esa
Example Overview Paths_path 2a.esa
Example Overview Paths_path 2b.esa
Example Overview Paths_path 2c.esa
Example Overview Paths_path 3.esa

Example Overview

1 load case, containing 3 point loads of 600 kN.

—&00,00

L —

—&00.00

—EB00.00

(N
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Path 1a

1) Functionalities

15t order analysis

Project data

Basic data | Functionality | Actions Unit Set  Protection

2) Linear calculation

Setup of buckling properties

- buckling factor k: calculated by default by SCIA Engineer (only valid for simple structures!)
- sway/non-sway property: proposition of SCIA Engineer to be checked by user

- system length of member: proposition of SCIA Engineer to be checked by user

Property modifiers | y, 2
Parametric input Beam local nonlinearity I
Climatic loads Support nonlinearity/basic soil.. [
Mobile loads Initial imperfections
Dynamics Geometrical nonlinearity
Stability General plasticity
Menlinearity Cables
Structural model Friction support/5oil spring
IFC properties Sequential analysis
Prestressing Subsoil
Bridge design Pile Design [NEM method]
Excel checks Pad foundation check
Document Steel
Plastic hinge analysis
Fire resistance checks
Steel connections
Scaffolding v
Cancel

Alternative: input of buckling factor k or buckling length | by user

Unity check for ULS

-> Flexural buckling check is decisive

—

.95 -‘

=—> X

3) Nonlinear calculation

Same setup of buckling properties as for linear calculation.

0.60
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The only difference is the ‘tension only’ property that has been added to the wind bracings. This means
we are still dealing with a 15t order calculation, but a nonlinear calculation has to be executed to take
the local nonlinearity ‘tension only’ into account.

Attention: It is necessary to execute both linear and nonlinear calculation/analysis, because the
buckling properties are calculated only during the linear calculation! In calculation dialog for version 16
and earlier the user would choose Batch analysis (linear and nonlinear analysis).

Calculations Mesh setup
- - Average number of tiles of 1d element 1
.| Linear analysis
Load cases: 1 Average size of 2d element/curved ele,.. 1,000
| Nonlinear analysis Advanced mesh settings

Monlinear combinations: 1
Solver setup

Other processes
Test input of data

Specify load cases for linear calculation
Specify combinations for nonlinear ca..

Advanced solver settings

Calculate

Unity check for ULS
- Flexural buckling check is decisive

—1

£

b =
)
\

"N

o JLﬁ}X /:a) 0.6z p)
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Path 1b 15t order analysis

1) Functionalities

Basic data | Functionality | Actions Unit et Protection

Property modifiers

Parametric input
Climatic loads
Mobile loads

Dynamics

Stability
Monlinearity

Structural model
IFC properties
Prestressing
Bridge design
Excel checks

Document

|Nnnlinea|ity | ~

|Beam local nonlinearity o |

Support nonlinearity/basic soil..
|Initia| imperfections = |
Geometrical nonlinearity

General plasticity

Cables

Friction support/Soil spring

Sequential analysis
Subsoil

Pile Design [MEN method]
Pad foundation check
Steel

Plastic hinge analysis

Fire resistance checks
Steel connections
Scaffolding

Cancel

2) Stability calculation

The stability calculation will be performed to determine the critical alpha coefficient. As mentioned in
the chapter “Buckling shape as imperfection”, the Average number of tiles of 1d element is set to 10.

®

n e
MName MeshSetup1
Average size of 2d element/curved element [m] 1,000
Advanced mesh settings
General mesh settings
Minimal distance between definition point and line [m] 0,001
Definition of mesh element size for panels Automatic -
Average size of panel element [m] 1,000
Elastic mesh
Hanging nodes for prestressing o
1D elements
Minimal length of beam element [m] 0,100
Maximal length of beam element [m] 100,000
Average size of cables, tendons, elements on subsoil, nonlinear soil spring [m] 1,000
Generation of nedes in connections of beam elements ]
Generation of nedes under concentrated loads on beam elements ]
Generation of eccentric elements on members with variable height
Division on haunches and arbitrary members 5
Division for 2D-10 upgrade 50
Mesh refinement following the beam type MNone -
= @ B Cancel

The critical alpha value has to be higher than 3 to be able to use path b of the structural frame stability

scheme. In this example, the critical load coefficient is equal to 7,03 (which is in between 3 and 10).
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Critical load coefficients

N f

- [l

Stability combination : 51
1 7,03

2 22,78

3 27,07

4 35,01

3) Global imperfection

The next step is to insert the global imperfection. This will be done using “Libraries > Structure,
Analysis > Initial deformations”.

Libraries | Tools Modify Tree Plugins Setup ‘Window Help
M materials hs - 1= 4 1= ,8.
g e | o8 8 & o0 o | 4 & T %
M} Catalogue blocks
Bl nameditem T

Structure, Analysis L4 EE Cross-section list

Steel * 5 Fabricated Css, Product range

Subsoil, foundation k f'F Monlinear functions

Loads r [j Initial deformations

Drawing tools k [H; System lengths and buckling groups
@ Attributes definition |

Since this example is made in a 2D-environment, one initial deformation for the x-direction is sufficient.
If the project was made in a 3D-environment, it would be needed to create two initial deformations (one
in x-direction and one in y-direction).

]
BiremE 9= & - A Ry
IDef X
Name | IDef X
Type EM 1993-1-1 art. 5. ~
Basic imperfection value: 1/[-] 200,00
Height of structure : [m] 6,000
Mumber of columns per plane: 3
O 0,00333300
oy [-] 0,82
Ot [-] 0,82
New Insert Edit Close
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This global imperfection can now be inserted into the nonlinear combination. Once in the positive x-
direction and once in the negative x-direction.

A BB 9> & a mRY;
NC1 Mame NC1
NC2 Description
Type Ultimate -
Contents of combination
BG1[-] 1,00
Bow imperfection None -
Global imperfection Inclination functions -

dx inclination functions

Sense + -

New from combination Mew Insert Edit Delete Close

4) Linear combination

The inserted imperfections have to be used during the linear calculation. This can be done by referring
to the correct nonlinear combination in the linear combination window.

£ Y 4 3 2 & Input combinations .
o MName col
£oz Description

Type Linear - ultimate

Amplified Sway Morment meth no
Contents of combination
BG1[-] 1,00

MNew Insert Edit Delete Close

The Amplified Sway Moment method may only be used, if the actual normal force Neq is smaller than
25% of the critical Euler force Ncr. Both values are printed in the detailed output of the steel code
check. For column S1:

The critical check is on position 0.000 m
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Buckling parameters YY
Sway type non-sway
System length L 3,000
Buckling factor k 0,60
.M’ir‘: I‘““":H" il - h
Critical Euler load Ncr 23558,43
Slenderness Lambda 21,76
Relative slenderness Lambda,rel 0,23
Limit slenderness Lambda,rel,0 0,20
Buckling curve b
Imperfection Alpha 0,34
Reduction factor Chi 0,99
Buckling resistance Nb,Rd 1250,09

Next the Amplified Sway Moment Method can be activated in the linear combinations and the critical

alpha value has to be inserted:

e 4B ) * & Input combinations .
o Name o
coz Description
Type Linear - ultimate
Monlinear combination NC1 -
| Contents of combination
BG1[-] 117
I+ Amplified Sway Moment m...
e ] 7,03
Amplification factor [-] 117
BG1 v yes
New Insert Edit Cloze

Delete

5) Linear calculation

The buckling lengths are taken equal to the system lengths. This can be done by inserting buckling
ratios equal to 1 manually in ‘System lengths and buckling settings’:

Settings | Results

Name BC1

Buckling span Deflection span

vy Deflectiony= zz =
2= |12 ~ Deflection z = yy
yz= |1z ~
LTB= zz -

Active buckling constraints
Span settings

Buckling length factors Settings per span for y axis

ky factor Factor - ky [-] Sway y-y
1 1,00

Sway yy Custom M
2 1,00 !

Member imperfection in 2nd order analysis

Bow imperfection el.y no bow imperfectic ~

Settings | Results

Name BC1
Buckling span Deflection span
¥y Deflection y = zz -

Deflectionz= y¥y ~

Active buckling constraints
Span settings

Settings per span for z-z axis
| kel
1 1,00

Buckling length factors
kz factor

Factaor 2 Sway z-z

Sway 2z Custom -
Member imperfection in 2nd order analysis

Bow imperfection el,z no bow imperfectic ~

In the next step, the calculation can be performed. Since the global imperfections are inserted in the
non-linear combination, the linear as well as the nonlinear calculation need to be performed.
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B FE analysis

Calculations

Linear analysis
Load cases: 1

Nonlinear analysis
Monlinear combinations: 1

+ |Mesh setup

Average number of tiles of 1d element 1
Average size of 2d element/curved ele... 1,000
I Advanced mesh settings
“ Solver setup

Other processes
[7] Testinput of data

Calculate

Specify load cases for linear calculation [
Specify combinations for nonlinear ca... [
I Advanced solver settings

Unity check for ULS

- Flexural buckling check is decisive

116 —>X

0.59
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Path 2a 2"d order analysis — Global imperfection (initial inclination)

1) Functionalities

Project data X

Basic data | Functionality | Actions Unit Set  Protection

Property modifiers Nonlinearity | ~
Parametric input Beam local nenlinearity = |
Climatic loads Support nonlinearity/basic soil...

Mobile loads Initial imperfections

Dynamics Geometrical nonlinearity v

Stability General plasticity

No y td Cables

Structural model Friction support/Soil spring

IFC properties Sequential analysis

Prestressing Subsoil

Bridge design Pile Design [MEN method]

Excel checks Pad foundation check '
Document Steel |

Plastic hinge analysis
Fire resistance checks
Steel connections

Scaffolding

Cancel

2) Global imperfection

See previous chapter.

3) Steel setup

The whole structure can be considered as non-sway, which means that | < L (or conservatively | = L).
SCIA Engineer will execute the flexural buckling check with k = 1.

B Steel setup *
[=)- Standaard EN MName Standaard EN -
=- S:teel Steel
- Member check
- Fire resistance Member check EN 1993-1-1
Cold Formed Classification EN 1993-1-1: 5.2.2
- Plated structural elements Shear EN 1893-1
-Limit slenderness ~ : .
- Buckling defaults Torsion EM 1993-1-1: 6.2.7
- Relative defarmation Default sway types EN 1993-1-1: 6.3.1
- Autodesign ¥y 7 yes
-z no
Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Max. k ratio [-] 10,00
Maz. slenderness [-] 200,00
| 2™ order buckling ratios I=L - I
Lateral Torsional Buckling ENT993-T-1:6.3.2
Lateral torsional buckling curves General case -
Method for C1 C2 C3 ECC5119/Galea -
Method for k, EN 1593-1-1 table 6.6 -
General settings
Fire resistance EN 1993-1-2
Cold Formed EN 1993-1-3
Plated structural elements EN 1993-1-5 w

Reference: EM 1993-1-1 article 5.2 2(7)b

Description: Setting for buckling ratios in case of 2nd order analysis.

Application: In case of 2nd crder analysis this setting is used to determine the buckling ratios:
- According to input: the buckling ratios are the same as for a linear analysis

- All non-sway: Calculated buckling ratios are recalculated using the non-sway setting

- I = L: The buckling length equals the system length

Load default non-NA parameters Load default NA parameters oK Cancel
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Unity check for ULS

- Combined compression and bending check is decisive

0,81

0,21
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Path 2c 2"d order analysis — Global imperfection (initial inclination) + local
imperfection (curvature)

1) Functionalities

Project data >
W Actions  Unit Set  Protection
Property modifiers O -~ |Nonlinearity | -
Parametric input O Beam local nonlinearity
Climatic loads O Support nonlinearity/basic soil... [
Mobile loads O Initial imperfections
Dynamics O Geometrical nonlinearity
Stability O General plasticity |
0
Structural model O Friction support/Soil spring O
IFC properties O Sequential analysis O
Prestressing O 4 Subsoil
Bridge design O Pile Design [NEN method] O
Excel checks O Pad foundation check O
Document O 4 Steel
Plastic hinge analysis O
Fire resistance checks O
Steel connections O
Scaffolding O y
0K | | Cancel

2) Global imperfection

See previous chapters.

3) Bow imperfection

The bow imperfection €0 is inserted in the ‘System lengths and buckling groups’.

W7 System lengths and buckling groups >
AreBER oo & SH Y
BC2 Mumber of parts 2
Description
Member(s) material Steel, other
ky factor Calculate -
kz factor Calculate -
Peint of load application In shear center -
Mer Calculated -
Bow imperfection ey EN 1993-1-1 Table 5.1 - elastic -
Bow imperfection ellz EN 1993-1-1 Table 5.1 - elastic -

| New " Insert " Edit " Delete ‘ Close
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And in the nonlinear combination, a reference is made to this inserted buckling data:

] onlinea -
A g BB 9> & a mRY;
NL BG1 [Narme NL BG1
MLEBGZ Description
Type Uttimate
Contents of combination
BG1[-] 1,00

Bow imperfection

According to buckling data

Global imperfection

dx inclination functions

Inchination functions

Z IDef X
Sense +
Mew Insert Edit Delete Close

4) Steel setup

According to the Eurocode, it is not necessary anymore to execute the flexural buckling check.
SCIA Engineer will execute the flexural buckling check with k = 0,001, so that it will not be decisive.

- Standaard EM
[=I- Steel
i~ Member check

i Fire resistance
i~ Cold Formed

Verify only section checks

MName Standaard EN
Steel
Member check EN 1993-1-1

EN 1993-1-1: 5.2.2

Classification
; Plated structural elements Shear EN 1993-1-1: 6.2.6
- Limit slenderness
Buekling defaults UsaAy,A1 instead of elastic shear no
i Relative deformation Torsion EN1993-1-1:6.2.7
*- Autodesign Default sway types EN 1993-1-1: 6.3.1
Buckling length ratios ky, kz EN 1993-1 1
Lateral Torsional Buckling EN 1993-1-1: 6.3.2
General settings
Elastic verification no

no

Limit slenderness
Buckling defaults
Relative deformation
Autodesian

Flexural buckling accounted for by 2™ order calculation vl yes

Moments on columns in simple construction no
Fire resistance EN 1993-1-2
Cold Formed -3
Plated structural elements -5

Unity check for ULS

Reference: EN 1993-1-1 article 5.2.2 (7)a

Description: Setting for neglecting flexural buckling checks.

Application: When this setting is activated, flexural buckling is neglected, This setting is typically used in case 2nd order effects and
imperfections for flexural buckling are accounted for in the global analysis but torsional and lateral tersional buckling still have to be
verified.

Load default non-NA parameters Load default NA parameters oK Cancel

-> Combined compression and bending check is decisive
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a.57
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Path 3 2"d order analysis — Buckling form replacing both global + local

imperfection

1) Functionalities

Basic data | Functionality | Actions  Unit Set  Protection
Property modifiers Nonlineanty | )
Parametric input Beam local nenlinearity v
Climatic loads Suppert nonlinearity/basic soil...
Muobile loads Initial imperfections
Dynamics Geometrical nonlinearity &
Stability General plasticity
Manlinearity Cables

Structural model
IFC properties
Prestressing
Bridge design
Excel checks

Docurmnent

| JES

Friction support/Soil spring
Sequential analysis
Subsoil

Pile Design [NEN method]
Pad foundation check
Steel

Plastic hinge analysis

Fire resistance checks

Steel connections
Scaffolding

2) Stability calculation

See previous chapters.

The first buckling mode looks like this:

Cancel

I x

Calculation of nint = To be filled in as ‘max. deformation’ (see ‘Nonlinear combinations’ window)

.
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d
-V
NL BG1 [Mame NL BG1
NL BG2 Description
Type Ultimate -
Contents of combination
BG1[-] 1,00
Bow imperfection Mone -
Global imperfection Buckling shape -
Stability 51 -
Eigen shape 1
Max deformation [rmm] 188,0
New Insert Edit Delete Close

3) Steel setup

According to the Eurocode

, it is not necessary anymore to execute the flexural buckling check.

SCIA Engineer will execute the flexural buckling check with k = 0,001, so that it will not be decisive.

L] hs
[=- Standaard EN MName Standaard EN ~
= SFeeI Steel
Member check -
re resistance Member check EM 1993-1-1
Cold Formed Classification EN 1993-1-1: 5.2.2
- Plated structural elements Shear EN 1993-1-1: 6.2.6
-Limit slenderness
- Buckling defaults Use A, A; instead of elastic shear no
- Relative deformation Torsion EN 1993-1-1: 6.2.7
-Autodesign Default sway types EN 1993-1-1: 6.3.1
Buckling length ratios ky, kz EMN 1993-1-1: 63.1
Lateral Torsional Buckling EN 1993-1-1: 6.3.2
General settings
Elastic verification no
Verify only section checks no
) W] yes |‘
Moments on columns in simple construction no
Fire resistance EN 1993-1-2
Cold Formed EN 1993-1-3
Plated structural elements EN 1993-1-5
Limit slendemness EN 50341-1
Buckling defaults
Relative deformation
Autodesian v
Reference: EN 1993-1-1 article 5.2.2 (7)a
Description: Setting for neglecting flexural buckling checks.
Application: When this setting is activated, flexural buckling is neglected. This setting is typically used in case 2nd order effects and
imperfections for flexural buckling are accounted for in the global analysis but torsional and lateral torsional buckling still have to be
verified.
Load default non-MA parameters Load default MA parameters oK Cancel
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Unity check for ULS

- Combined compression and bending check is decisive

0.658

—

3T
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SLS Check

Nodal displacement

The nodal displacement defines the maximum global deflections in the vertical and horizontal
directions.
The following values are controlled in the example below:

o Limit for horizontal deflections & is h/150

o Limit for vertical deflection 8max is L/200

Example: Industrial Hall.esa
Look at “Results -> Displacement of nodes” and look at the combination CO2 — SLS.
Horizontal deformation

The maximum displacement in the X direction is 26,1mm on a height of 6.9m.
And in the Y-direction 28,0mm on a height of 8.1m.

Limit for Limit for horizontal deflection & is h/150
= 6900/150 = 46 mm — 26,1mm < 46 mm — OK
= 8100/150 = 54 mm — 28,0mm < 54mm — OK

Vertical deformation
The maximum displacement in the Z direction is 59,0 mm

Limit for Limit for vertical deflection & is L/200
= 30000/200 = 150 mm — 59,0 mm <150 mm — OK

Displacement of nodes

Linear calculation
Combination: CO2

Extreme: Global

Selection: All

Name | Case Ux Uy U: Oy Oy 0 Utotal

[mm] | [mm] | [mm] | [mrad] | [mrad] | [mrad] | [mm]

N113 |CO2/1 | -26.1 -0.5 -0.1 -1.4 0.3 0.0 26.1
Ni14 |C02/2 26.1 -0.5 -0.1 -1.4 -0.3 0.0 26.1
N70 C02/3 0.0| -28.0 0.0 1.5 0.0 1.3 28.0
NGO C02/4 0.0 28.0 0.0 -1.5 0.0 1.3 28.0
N109 C02/5 13.1 0.1] -59.0 -0.1 -0.3 0.0 60.4
N82 C02/6 9.9 -0.3 14.5 -26.8 -0.2 1.9 19.8
N80 C02/6 0.6| -10.3 0.0 -29.7 0.0 1.3 14.1
N179 |C0O2/7 -0.6 10.3 0.0 29.7 0.0 1.3 14.1
Nil6 |CO2/8 -0.6 -0.1] -21.5 -0.4 -5.9 0.0 23.6
N112 |CO2/5 0.6 -0.1| -21.5 -0.4 5.9 0.0 23.6
N95 C02/7 -9.6 -9.5 0.0 -27.7 0.0 -4.3 13.6
N87 C02/6 9.6 -9.5 0.0 -27.7 0.0 4.3 13.6

Relative deformation

For each beam type, limiting values for the relative deflections are set, using the menu “Steel -> Beams
-> Steel Setup -> Relative deformation”:
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B Steel setup

(- standard EN
(- Steel

- Member check
- Relative deformation
- Fire resistance

Buckling defaults

-~ Limit slenderness
- Cold Formed
- Plated structural elements

Autodesign

MName
Steel
Member check
Fire resistance
Cold Formed
Plated structural elements
Limit slenderness
Buckling defaults

Relative deformation

General [-]

Beam [-]
Column [-]
Gable column [-]
Secondary column [-]
Rafter [-]

Purlin [-]

Roof bracing [-]
‘Wall bracing [-]
Girt [-]

Truss chord [-]
Truss diagonal [-]
Plate rib [-]
Autodesign

Standard EN

EN 50341-1

200,00
200,00
200,00
200,00
200,00
200,00
200,00
200,00
200,00
200,00
200,00
200,00
200,00

Load default non-MA parameters

Load default MA parameters QK Cancel

With the option “Steel -> Beams -> SLS Checks - Relative deformation”, the relative deformations can
be checked. The relative deformations are given as absolute value, relative value related to the span,
or as unity check related to the limit for the relative value to the span.

The span is defined in the menu “System lengths and buckling groups”.

Two options for this span are possible and explained below:

2 nodes supported

When two nodes are supported in this menu as shown below, the deformation is taken as the
maximum deflection of the beam in comparison with a line connecting the two end nodes:

BC1D
BCT1
BC12
BC13
BC14
BC15
BC16
BC17
BC18
BC19
BC20
BC21
BC22
BC23
BC24
BC25
BC26

A || Name

BC2

Number of parts
Description

Member(s) material

ky factor

ke factor

Paint of load application
Mer

Bow imperfection €0y

Bow imperfection €0,z

v

New

Insert

Edit Delete

1

Steel, other

Calculate

Calculate

In shear center

Calculated

EN 1993-1-1 Table 5.1 - elastic
EN 1993-1-1 Table 3.1 - elastic

Yy 7=z

25
22

Close

444

In below an example on this principle:

Fix

Fix
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//,
)/

554

=1

-11.883

@".5* )
iy
$2
*’c

Calculation for this relative deformation:

Deformation in the beginning of the beam = 5,967mm and at the end = 11,863mm.

Maximum deformation is at 0,979m from the beginning at the beam.
So this point has already displaced 9,5mm (see blue line at the picture):

0,979m
*

UZpue line;0,079m = 2,967mm + 1,632m

And Uz, relative = 10,2mm — 9,5mm = 0,7mm

And suppose the length of this beam = 1632mm:

o reluz =222 = 1/2236
1632mm

1 node supported and the other free

This is the case if one end node is free:

AEeHB 9= & - 4 BRY
BC49 ~ || Name BC66
BCS0 Number of parts 1

BCS1 Description

Bes2 Member(s) material Steel, other
BC33

BCS4
BCSS
BCS6
BCST Mer
BCs8 Bow imperfection elly EM 1203-1-1 Table 5.1 - clastic
BC59 Bow imperfection &0,z EM 1203-1-1 Table 5.1 - clastic
BC60
BC6
BC62
BC63
BC64 vy 7z
BCES
BCE6
BC67 )
BC68
BC69
BCT0
BCT1
BC72 ’ ‘ .
BCT3 F:
BC74 b IX
New | imset | Edt | Deiete Close

ky factor Calculate
kz factor Calculate F r'ee
Paint of load application In shear center

Calculated

ala|afa]a]a

In below an example on this principle:
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No the maximal relative deformation is taken as the deformation minus the deformation of the fixed

node.

864 ,/H

EAZ00

And Uz, relative = 12,057mm — 0,355mm = 11,7mm

And suppose the length of this beam = 1632mm:

= reluz =

11,7mm
1632mm

=1/139

Now this principle is shown at the example of the industrial hall.

Example: Industrial hall

Consider beam B10.

Relative deformation

Linear calculation, Extreme : Global, System : Principal
Selection : B10
Combinations : CO2

Member dx Case - combination uy Rel uy uz Rel uz | Checkuy | Check uz
[m] [mm] | [1/xx] | [mm] | [1/xx] -] [-]
B10 15.075 | C0O2/1 -0.2| 1/3095 -28.4 1/531 0.06 0.38
B10 15.075|C02/2 0.2| 1/3161 10.0 1/1505 0.06 0.13
B10 13.751 | C0O2/3 0.0| 1/10000| -59.0 1/255 0.00 0.78
B10 12.029 | CO2/4 0.0 1/10000 13.8| 1/1092 0.00 0.18

Around the y-y axis (in the z-direction), only the first node has been supported:

Yy

4

&Hh H H H A b

Length = 15,075 m

Deformation uz = 59,0 mm (and 0 mm at the beginning of the beam)

UZrelative = 59,0 mm — 0.0 mm = 59,0 mm

UZrelative / Length = 59,0 mm / 15075 mm = 1/255

1/255
1/200

Check =

0,78
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Fire resistance Check - Not in concept edition

For the fire resistance calculation a Professional or an Expert edition is necessary. The fire resistance
check has been inputted in module esasd.05.xx (esasd.05.01 for the EC-EN).

General

The fire resistance check in SCIA Engineer has been inputted following the EN 1993-1-2 — simple
calculation model.

For a selected temperature curve, the temperature in the material after a required period is calculated.
And with this material temperature, the material characteristics are adapted.
The required levels of fire safety depend on factors such as:

- type of occupancy

- height and size of the building

- effectiveness of fire brigade action

- active measures such as vents and sprinklers

Temperature time curves

The user can choose between 4 nominal temperature-time curves in SCIA Engineer:

1400

1200

1000

800

— |50 834

= === External fire

600

Temperature [°C]

~— = Hydrocarbon

400 _——————————— smoldering fire

200 |£

0
0 30 60 90 1200 150 180 210 240 270 300 330 360

Time (min)

Standard temperature-time curve: 0, = 20 + 345 log;,(8t + 1) [°C]
o, = 25 W/m?K

External fire curve: 0, = 660 (1 — 0,687 e~ %*?t — 0,313 e738%) + 20 [°C]
a. = 25 W/m?K

Hydrocarbon curve : 0, = 1080 (1 — 0,325~ %1¢7¢ — 0,675 e >°") + 20 [°C]
a. = 50 W/m?K

Smoldering fire: 0, = 1543/t + 20 [°C]
During 20 minutes followed by the standard 1SO 834 curve
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This can be set in “Steel -> Beams -> Steel Setup”:

B Steel setup X
(=) Standard EN Mame Standard EM
) Steel Steel
- Member check .
- Relative deformation Member check EN 1993-1-1
-- Fire resistance Fire resistance EN 1993-1-2
~Buckling defauits Requirement EN1993-1-2: 25
- Limit slenderness ) . ) )
- Cold Formed Required fire resistance R [min] 30,00
i Plated structural elements Net heat flux EN 1993-1-2: 3.1
-+ Autadesign Emissivity related to the fire compartment g; [-] 1,00
Ernissivity related to the surface material g, [-] 0,70
Configuration factor ¢ for radiative heat flux [-] 1,00
Temperature-time curve EN 1993-1-2: 3.2
p 150 834 curve -

Coefficient of heat transfer by convection o, [W/m*2K] 4
External fire curve

Structural fire design Hydrocarbon curve

Analysis type Smoldering fire

Use adaptation factor for shadow effect kg, User-defined curve
Cold Formed EN 1993-1-3
Plated structural elements EN 1993-1-5

Limit slenderness EN 50341-1
Buckling defaults

Relative deformation

Autodesign

Reference: EN 1891-1-2 article 3.2
Description: Setting to select the nominal temperature-time curve.
Application: Used for determining the gas temperature at a given time.

Load default non-MA parameters Load default MA parameters Cancel

This is the temperature of the air during the time.

Steel temperature

Afterwards the steel temperature will be calculated after a certain time with the following formulas. This
steel temperature will be assumed as a uniform temperature in the whole section:

Unprotected steel member:

AV ;
Aaa,t = kshmhnetAt

Protected steel member:

_ WpAp/V  Bgt=0ar . [ &
ABar = capa  rarn A (e"’ 1) ABy,

Where:
ko Correction factor for shadow effect
For I-sections under nominal fire actions: kg, = 0.9 [4,,/V]1y/[Am/V]
All other cases: kg, = [A1/V]p/[Am/V]
AV Section factor for unprotected steel members [1/m]
In table 4.2 (EN 1993-1-2) some section factors are calculated for unprotected steel
members.
[4./V1 the box value for the section factor
et the design value on the net heat flux per unit area [W/mZ]
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This value should be obtained from EN 1991-1-2 with & = 1,0 and em = 0,7.
CpP
¢ = idp A,V
A,V section factor — see also table 4.3. En 1993-1-2
And the netto heat flux can be calculated according EN 1991-1-2 article 3.1:
hnet = hnet,r + hnet,c

Pnet.c = heat transfer by convection
=a.(0, —0,) [W/m?3

hnet,r = heat transfer by radiation
=@ g0 [(0, +273)* — (0, +273)*]  [W/m?F
With

Oc Coefficient of heat transfer by convection [W/mz2K]

04 The gas temperature in the vicinity of the fire exposed member [°C]
This temperature may be adopted as nominal temperature-time curves as
given below

(O The surface temperature of the member [°C]
Stephan Boltzmann constant (=5,67 - 10~8 W/m2K#)

€m Surface emissivity of fire = 0,7 (EN 1993-1-2)

&f Emissivity of fire =1

() Configuration factor - ® = 1,0. A lower value may be chosen to take account
of so called position and shadow effects (calculation is given in EN 1991-1-2
—Annex G).

0, Is the effective radiation temperature of the fire environment [°C]

In case of fully fire engulfed members, the radiation temperature 0, may be
represented by the gas temperature 6, around that member.

All the parameters of the previous formulas can be adapted in the Steel setup:

[=)- Standard EM Name Standard EN
5 steel Steel
- Member check .
i Relative deformation Member check EN 1993-1-1
Buckling defaults Requirement EN 1993-1-2: 2.5
Limit slenderness
- Cold Formed Required fire resistance R [min] 30,00
i~ Plated structural elements Net heat flux EN 1993-1-Z 3.1
- Autodesign Emnissivity related to the fire compartment g; [-] 1,00
Emissivity related to the surface material =, [-] 070
Configuration facter ¢ for radiative heat flux [-] 1,00
Temperature-time curve EN 1993-1-2Z 3.2
Temperature-time curve 150 834 curve -

Coefficient of heat transfer by convection oy [W/m”*2K] 25,00

Structural fire design EN 1993-1-2: 4.2

Analysis type Resistance domain -
Use adaptation factor for shadow effect ko, no
Cold Formed EN 19

=
Plated structural elements EMN 5
Limit slenderness EM 50341-1
Buckling defaults

Relative deformation

Autodesign

Load default non-MNA parameters Load default NA parameters oK Cancel
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Steel properties

Most of the steel properties will change by a different temperature, so once the steel temperature is

known, the steel properties can be calculated. In below the properties for carbon steel from EN 1993-1-

2, art.3 are used. The properties for stainless steel can be found in EN 1993-1-2: 2005: Annex C.

Reduction factors

Effective yield strength, relative to yield strength at 20°C: kg = f, o /f,

Proportional limit, relative to yield strength at 20°C:

Slope of linear elastic range, relative to slope at 20°C:

kP,e = fP,e/fy
kE,G = Ea,G/Ea

Ko

N~

Eftactive vield strength
kK= f\_f.[!.l"fy

Slope of linear

NN
NI\

.

elastic range

kEn=Eazo/Ea

Froportional limit
kpo=fpalfy

N\

an

h

200

400 600

800 1000

1200
[°C]

Thermal elongation

The relative thermal elongation of steel Al/l should be determined from the following:

Relative Elongation Alfl [x107]

20

200

400

600

800 1000 1200

Temperature ["C]

For 20°C < 8, < 750°C:

Al

L
2,416 x 1074

For 750°C < 6, < 860°C:

Al
l

For 860°C < 6, < 1200°C:

Al
l

A —12x10756, + 0,4x 107862 —

—=11x10"2

—=2x10"%6,— 62x1073
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Specific heat

Specific heat [J / kg K]

5000
4500
4000
3500
3000
2500
2000
1500
1000

500 4=

0

0

200

400 600

Thermal conductivity

Thermal conductivity [ W/ mK]

60

50

40

30

20

Fire resistance properties in SCIA Engineer

800 1000 1200

Temperature [°C]

N

400 600

800 1000 1200
Temperature [°C ]

For 20°C < 6, < 600°C: ¢, = 425 + 7,73 x 10716, —
1,69 x 107362 + 2,22 x 10763 J/kgK
13002

For 600°C < 6, < 735°C: ¢, = 666 +
738—6,

J/kgK

17820

For 735°C < 6, < 900°C: ¢, = 545 + J/kgK

9a—731

For 900°C < 6, < 1200°C: ¢, = 650 J/kgK

For 20°C < 6, < 800°C:
Ao =54—3,33x10726, W/mK

For 800°C < 6, < 1200°C:
Ao =273 W/mK

In SCIA Engineer the user can input fire resistance properties on a steel member by “Steel -> Beams -
> Member Check data -> Fire resistance”:

General settings

Ignore check

Requirement

Required fire resistance
Required fire resistance R [min]
Temperature-time curve

Temperature-time curve

Coefficient of heat transfer by convection

Compression members

Modify buckling lengths during fire

Beams
Fire exposure

Covered flange

Adaptation factor for cross-section

Adaptation factor for beam

Adaptation factor for bearm w;

devel
Steel perature P
Protection
Insulation

Thickness [mm]

no

Input -
30,00
According to setup -

25 00
23,00

no

3 sides -
Top flange -
0,85

Statically indeterminate beam -
0,85

v] yes

Fibre board -
10,00

Cancel
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Where:

Required fire resistance: Inputted by the user or according to the steel setup

Required fire resistance R: Specifies the required resistance (input).

Temperature-time curve: According to the steel setup, or overruled for the selected member.
Coefficient of heat transfer by convection ac: Can only be changed by a user defined

temperature time curve.

Modified buckling lengths during fire: The buckling ratios can be inputted manually for
the fire resistance check.

Fire exposure: The section may be exposed to fire on all or only three sides.
Covered flange: When a section is exposed to fire on only three sides, the covered

flange can be chosen here.

Adaption factor for cross-section Kui: This parameters is the adaptation factor for non-uniform
temperature distribution across a cross-section. This factor
k1 is used for the check on the design moment resistance

Mii, 6Rd.
Adaption factor for beam: At the supports of a statically indeterminate beam or all other cases.
Adaption factor for beam ko: This parameters is the adaptation factor for non-uniform

temperature distribution along the beam. This factor k2 is used for
the check on the design moment resistance M grd.

Protection: Yes or no.

Insulation: Here the insulation properties can be inputted.

AleBi o & FeE A -V
Fibre board

Encaseme... Hollow -
Insulation ... Boardp - ]
Unit mass ... 130,0
Thermal c... 2,0000e-
Specific h...  1,2000e
Default val... 10,00

New Insert Edit oK
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Thickness [mm]:

Resistance domain

Thickness of the insulation.

In SCIA Engineer 3 calculation methods are implemented:

- Resistance domain

- Time domain

- Temperature domain (iterative).

The choice between those analysis types can be made in “Steel -> Beams -> Steel setup”:

Use adaptation factor for shadow effect kg,
Cold Formed
Plated structural elements
Limit slendermness
Buckling defaults
Relative deformation
Autodesign

B Steel setup X
(= Standard EN Mame Standard EM
[=)- Steel Steel
- Member check
- Relative defarmation Member check -1
- Fire resistance Fire resistance -2
Buckling defaults Requirement EN 1993-1-2: 2.5
- Limit slenderness X X i i
- Cold Formed Required fire resistance R [min] 30,00
- Plated structural elements Net heat flux EN1993-1-2: 3.1
“ Autodesign Emissivity related to the fire compartment g; [-] 1,00
Emissivity related to the surface material g, [-] 0,70
Configuration factor o for radiative heat flux [-] 1,00
Temperature-time curve EN 1993-1-2: 3.2
Temperature-time curve 150 834 curve -
Coefficient of heat transfer by convection g [W/m*2K] 25,00
Structural fire design EN1993-1-2: 4.2
. p Resistance domain -

d
Time domain
Temperature domain (lterative)

2l i 4

EN 50341-1

Reference: EM 1991-1-2 article 2.5(2) and EMN 1993-1-2 article 4.2.1
Description: Analysis type for the verification of the fire resistance.

Application: The verification of the fire resistance can be executed in the resistance domain, the time domain or the temperature

domain.

Load default non-NA parameters

Cancel

Load default MA parameters

In this chapter the fire resistance check following the Resistance domain will be explained.

Principle

The user will choose the used temperature time curve and will input a required fire resistance time.
After this time the temperature of the gas and afterwards of the steel will be calculated.

With this steel temperature the reduced properties will be calculated and a fire resistance check
according to EN 1993-1-2, art. 4 will be executed with those adapted steel properties. This check will
result in a unity check, which is the fire resistance check for the resistance domain.

Example in SCIA Engineer

This principle is explained with an example in SCIA Engineer.

Example: Industrial hall.esa

Consider member B28:
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Following fire resistance properties are inputted on this column:

Properties + 0 X

Member (1)

: - \f
WA E L

|Geneml settings ~

Ignore check no

Requirement

4

Required fire resistance Input
Required fire resistance R... 30,00
Temperature-time c...
Temperature-time curve  According to setup -
Coefficient of heat transfer 25,00

Compression memb

Madify buckling lengths ... || no

Beams

Fire exposure All sides -
Adaptation factor for cross 1,00

Adaptation factor for be  Statically indeterminate -

-
oo
LN

Adaptation factor for bearr

Steel temperature de...

Protection v yES
Insulation Fibre board L
Thickness [mm] 5,00 W

So the fire resistance will be checked after 30 minutes (= 1800 seconds) with a fibre board protection

and the buckling factors are taken equal as the buckling factors of the normal steel code check.

The fire resistance check is executed via “Steel -> Beams -> ULS check - EC-EN 1993 Steel Check
Fire” for this column and for combination “CO3 - Fire”, resulting in a unity check of 1,11:

Mo
2

When looking at the detailed output, this calculation is given by SCIA Engineer:

First the partial safety factors are given:
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Partial safety factors

ymo for resistance of cross-sections | 1.00
ym1 for resistance to instability 1.00
ymz for resistance of net sections 1.25
ym,fi for resistance to fire 1.00

Afterwards the material properties (not adapted by the temperature) are given:

Material
Yield strength fy 235.0 |MPa
Ultimate strength fu,  |360.0 |MPa
Fabrication Rolled

And the fire resistance properties as inputted in SCIA Engineer. Here is also indicated that the fire
resistance check has been executed after 30 minutes of fire.

Fire resistance
Verification in Resistance domain according to EN 1993-1-2article 4.2.3

Fire resistance

Temperature-time curve 150 834 curve

Coefficient of heat transfer by convection ac | 25.00 W/m2K
Emissivity related to fire compartment ¢ 1.00

Emissivity related to surface material gm 0.70

Configuration factor for radiation heat fluxp |[1.00

Required fire resistance R 30.00 min

Gas temperature Bg 841.80 eC

Material temperature Ba,t 600.06 °C

Beam exposure All sides

Adaptation factor for cross-section k1 1.00

Adaptation factor for beam k2 0.85

Reduction factor for the 0.2% proof strength | 0.47

ko.op,8

Reduction factor for the E modulus keg 0.31

Insulation properties

Name Fibre board

Encasement type Hollow encasement
Insulation type Board

Thickness dp 5.00 mm
Unit mass pp 150.0 kg/m?
Thermal conductivity A 2.0000e-01 W/mK
Specific heat o 1.2000e+00 1/gK
Section factor for insulated steel members A/V  |1.0830e-01 1/mm

And now a graph is shown with the gas temperature (in this example follow the ISO 834 curve), the
steel temperature calculated with a protection and the reduction of the yield strength.
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250
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0 2 4 6 & 10 12 14 16 18 20 22 26 28 30 min

Yield strength
Gas temperature

Steel tem perature
And after all the unity check is shown with the reduced properties:

-.:1SECTION CHECK::...

The critical check is on position 6.900 m

Internal forces |Calculated |Unit
Nf,ed -60.55 kN
My, fi.Ed -0.01 kN
Vz,fi,Ed -34.98 kN
Tti,Ed 0.00 kNm
My, fi,Ed -241.35 kNm
Mz, fi,Ed -0.05 kNm

Classification for cross-section design
Classification according to EN 1993-1-2 article 4.2.2
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

Id |Type |c t o1 a2 w ke |a c/t |[Class 1 |Class 2 |Class 3 |Class
[mm] |[[mm] [[kN/m 2] [kN/m 2] -1 (-1 |[-1 II-1 Limit Limit Limit
-] -] -]

1 50 108.90 |17.00 56728.614 56823.237 1.0 0.4 |1.0 |6.4 7.6 8.5 11.7 1

3 50 108.90 |17.00 56687.602 56592.980 1.0 0.4 |1.0 |6.4 7.6 8.5 11.7 1

- I 685.00 [13.20 53002.386 -46543.485 |-0.9 0.5 |51.9 [59.2 68.2 93.9 1

5 50 108.90 |17.00 -50269.713 |-50364.335

7 50 108.90 |17.00 -50228.701 |-50134.079

The cross-section is dassified as Class 1

Compression check

According to EN 1993-1-2 article 4.2.3.2 and formula (4.5)

A 1.8800e+04 |mm?2
Nfi,t,Rd 2075.86 kN
Unity check |[0.03 -
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Bending moment check for My

According to EN 1993-1-2 article 4.2.3.3 and formula (4.10)

Woly 5.1100e+06 |mm?3
M ply,Rd 1200.85 kNm
My, fi.6,Rd 564.24 kNm
My, fit.Rd 663.81 kNm
Unity check |0.36 -

Bending moment check for Mz

According to EN 1993-1-2 article 4.2.3.3 and formula (4.10)

Wolz 6.3100e+05 |mm?3
Mplz,Rd 148.28 kNm
M. fi.6.Rd 69.67 kNm
Mz fit,Rd 81.97 kNm
Unity check |0.00 -

Shear check for Vy

According to EN 1993-1-2 article 4.2.3.3 and formula (4.16)

n 1.20
Ay 9.4086e+03 |mm?2
Vpl,y,Rd 1276.54 kN
Wy, fi.t,Rd 599.80 kN
Unity check |0.00 -

Shear check for Vz
According to EN 1993-1-2 article 4.2.3.3 and formula (4.16)

n 1.20

Ay 1.1389+04 |mm?
Vplz,Rd 1545.22 kN
Vz,fit,Rd 726.05 kN
Unity check |[0.05 -

Combined bending, axial force and shear force check
According to EN 1993-1-2 article 4.2.3
According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

Myftrd | 663.81 |kNm
a 2.00
Mzfitrd |81.97 kNm
£ 1.00

Unity check (4.9) = 0.13 + 0.00 = 0.13 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)

its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.
WHSTABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 0.000 m

Classification according to EN 1993-1-2 article 4.2.2

Classification of Internal and Qutstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2
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Id |Type |c t a1 a2 W ko |a ¢/t |Class 1 |Class 2 |Class 3 |Class
[mm] |[[mm] |[kN/m?Z] |[kN/mZ2] |[-1 [[-1 I[-1 I[-] Limit Limit Limit
[-] [-] [-]
1 S0 108.90 |17.00 |3762.225 |3762.225 |1.0 |04 |1.0 |64 7.6 8.5 11.9 1
3 S0 108.90 |17.00 3762.225 |3762.225 (1.0 |04 |1.0 (6.4 7.6 8.5 11.9 1
4 I 685.00 [13.20 3762.225 |3762.225 |[1.0 1.0 [51.9 [28.0 32.3 35.7 4
5 50 108.90 |17.00 |3762.225 |3762.225 |1.0 |04 |1.0 |64 7.6 8.5 11.9 i
7 S0 108.90 |17.00 |3762.225 |3762.225 |1.0 |04 |1.0 |64 7.6 8.5 11.9 1
The cross-section is classified as Class 4
Effective section N-
Effective width calculation
According to EN 1993-1-5 article 4.4
Id |Type |bp o1 02 1] ke |Ap |p be be1 be2
[mm] |[kN/m 2] [kN/m 2] [-1 (-1 [[-]1 |[-] [[mm] |[mm] |[mm]
1 S0 108.90 |235000.000 |235000.000 |1.0 (0.4 |0.3 |1.0 |108.90
3 50 108.90 |235000.000 |235000.000 (1.0 [0.4 |0.3 |1.0 |108.90
L I 685.00 |235000.000 |[235000.000 |1.0 (4.0 |0.9 |0.8 |569.22 |284.61 |284.61
5 50 108.90 |235000.000 |235000.000 |1.0 |0.4 |0.3 |1.0 [108.90
7 S0 108.90 |235000.000 |235000.000 |1.0 |0.4 |0.3 |1.0 |108.90
Effective section My-
Effective width calculation
According to EN 1993-1-5 article 4.4
Id |Type |bp o1 02 W ko A |p be be1 be2
[mm] | [kN/m 2] [kN/m 2] -1 |I-1 |[-1 |[-] |[mm] [[mm] |[mm]
1 S0 108.90 |235000.000 235000.000 1.0 0.4 0.3 [1.0 |108.90
3 50 108.90 |235000.000 235000.000 1.0 0.4 0.3 |1.0 |108.90
- I 685.00 |218716.033 -218716.033 |-1.0 |23.9 |0.4 |1.0 |342.50 [137.00 |205.50
5 50 108.90 |-235000.000 |-235000.000
7 S0 108.90 |-235000.000 |-235000.000
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Effective section Mz-
Effective width calculation

According to EN 1993-1-5 article 4.4

Flexural Buckling check

According to EN 1993-1-2 article 4.2.3.2 & Annex E and formula (4.5)

Buckling parameters Yy 7z

Sway type sway non-sway
System length L 6.900 6.900 m
Buckling factor k 3.35 0.99

Buckling length L 23.123 6.811 m
Critical Euler load Ncr 6438.53 |2362.99 kN
Slenderness A 77.79 128.41
Relative slenderness Arel 0.79 1.31

Relative slenderness Arel,f 0.98 1.61
Imperfection a 0.65 0.65
Reduction factor g 0.47 0.25

Buckling resistance Nb,fit,rd |B887.42 476.10 kN
Flexural Buckling verification

Cross-section effective area Aes |1.7222e+04 |mm?2
Buckling resistance Nb,fit Rd 476.10 kN

Unity check 0.13 -

Torsional(-Flexural) Buckling check
According to EN 1993-1-2 article 4.2.3.2 & Annex E and formula (4.5)
Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.

Lateral Torsional Buckling check
According to EN 1993-1-2 article 4.2.3.4 & Annex E and formula (4.19)

LTB parameters

Effective section modulus Wefy 4.4111e+06 |mm?
Elastic critical moment Mer 1785.02 kNm
Relative slenderness AwelLT 0.76

Relative slenderness ArelLT,8 0.94

Imperfection art 0.65

Reduction factor 1.4 0.48

Design buckling resistance Mpfitrd |236.01 kNm
Unity check 1.02 =
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Id |Type |bp o1 02 w |ke |Ap |p be be1 bez
[mm] |[kN/m 2] [kN/m 2] [-1 |[-1 [[-] [[-] |[mm] |[mm] |[mm]

1 SO 108.90 |235000.000 |41856.604 0.2 |05 (0.3 |1.0 |108.90

3 50 108.90 |-41856.604 |-235000.000

4 I 685.00 |0.000 0.000

5 SO 108.90 |-41856.604 |-235000.000

7 50 108.90 | 235000.000 |41856.604 0.2 |0.5 |0.3 [1.0 [108.90

Effective properties

Effective area Ac 1.7222e+04 |mm?2

Effective second |Ieffy [1.6608e+09 |[mm* |Iefz |5.2895e+07 |mm*

moment of area

Effective section |Weffy [4.4111e+06 |[mm3 |Wefz |3.9920e+05 |mm3

modulus

Shift of the e,y 0.00 mm eNz 0.00 mm

centroid




Mcr parameters

LTB length L 6.900 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor Cy 1.77

LTB moment factor Cz 0.00

LTB moment factor Cz3 1.00

Shear center distance d: 0.00 mm
Distance of load application zq |0.00 mm
Mono-symmetry constant [y 0.00 mim
Mono-symmetry constant z; 0.00 mm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.

Bending and axial compression check

According to EN 1993-1-2 artidle 4.2.3.5 & Annex E and formula (4.21c),(4.21d)

Bending and axial compression check

parameters

Cross-section effective area Aef |1.7222e+04 |mm?
Effective section modulus Wefy |4.4111e+06 |mm?
Effective section modulus Wefz |3.9920e+05 |mm?3
Design compression force Nfeq |60.55 kN
Design bending moment My fed |-241.35 kNm
Design bending moment Mzfed [-0.05 kNm
Reduction factor ¥min,fi 0.25

Reduction factor yzf 0.25

Reduction factor ¥Lt. 0.48

Equivalent moment factor fmy |1.80

Factor py -0.28

Interaction factor ky 1.02

Equivalent moment factor Pm,z 1.80

Factor pz -0.37

Interaction factor kz 1.05

Equivalent moment factor fmot |1.80

Factor pLt 0.29

Interaction factor kit 0.96

Unity check (4.21¢) = 0.13 + 0.51 + 0.00 = 0.63 -
Unity check (4.21d) = 0.13 + 0.99 + 0.00 = 1.11 -

Shear Buckling check

According to EN 1993-1-2 article 4.2.3

According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Buckling field length a 6.900 m
Web unstiffened

End post non-rigid

Web height hw 719.00 mm
Web thickness t 13.20 mm
Yield strength fyw 235.0 MPa
Flange width br 265.00 mm
Flange thickness tr 17.00 mm
Yield strength fir 235.0 MPa
Material coefficient ¢ 0.85

Shear correction factor n |1.20
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Shear Buckling verification

Web slenderness hu/t 54.47

Web slenderness limit 51.00

Plate slenderness Aw.f 0.78
Reduction factor ¥w,fi 1.07
Contribution of the web Vbwfitrd |646.91 |kN
Capacity of the flange Mg #trd 343.83 |kNm
Flange factor ¢ 1.849 m

Contribution of the flange Vbffitrd |2.32 kN
Maximum resistance Vb, fit Rd,limit 726.05 |kN

Resistance Vb fitRrd 649.23 |kN
Plastic resistance Moplfitrd 564.24 |kNm
Shear ratio n3bar 0.05

Unity check (5.10) = 0.05 -

Mote: The interaction between Bending and Shear Buckling does not need to be verified
because the shear ratio does not exceed 0.5.

The member does NOT satisfy the stability checkl

So in this example the Bending and axial compression check will result in a unity check of 1,11.

Time domain
In SCIA Engineer 3 calculation methods are implemented:
- Resistance domain
- Time domain

- Temperature domain (iterative).

The choice between those analysis types can be made in “Steel -> Beams -> Steel Setup”:
In this chapter the fire resistance check following the Time domain will be explained.

Principle

The user will choose the used temperature time curve and will input a required fire resistance time.
After this time the temperature of the gas and afterwards of the steel will be calculated.

Now also the critical steel temperature will be calculated. And the Fire resistance check according to
the time domain will be the ratio of the real steel temperature after a chosen time and the critical steel
temperature.

This critical steel temperature 0a,cr Will be calculated with a simple formula:

— s — 1|+ 482

Bucr = 39,19 In |-

Where po is the degree of utilization. This means the unity check following EN 1993-1-2 at time = Osec,
so without augmentation of the temperature.

NOTE

This simple formula is only valid if no stability phenomena or deformation criteria have to be taken into
account.

Example in SCIA Engineer

This principle is explained with an example in SCIA Engineer.
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Example: Industrial hall.esa
Consider member B28:
And change in “Steel -> Beams -> Steel Setup” the analysis type to “Time domain”.

The fire resistance check is executed via “Steel -> Beams -> ULS check -> Check - fire resistance” for
this column and for combination “CO3 - Fire”, resulting in a unity check of 1,00:

When looking at the detailed output, this calculation is given by SCIA Engineer:

The check results shown hereafter are given at time t = 0.00 min. These results have been used to determine
the degree of utilization for the critical temperature.

So the check following EN 1993-1-2 will be given at t = Omin, so 20°C, without any reduction of the
steel properties. This check will result in a low unity check, which is the degree of utilisation po:

In this example again the Bending and axial compression check will result in the highest unity check =
0.45 = po.
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Bending and axial compression check
According fo EN 1993-1-2 article 4.2.3.5 & Annex E and formula (4.21c),(4.21d)

Bending and axial compression check
parameters

Cross-section effective area Aef |1.7222e+04 |mm?
Effective section modulus Wesy |4.4111e+06 |mm?3
Effective section modulus Wefz |3.9920e+05 |mm?
Design compression force Ngeq |60.55 kN
Design bending moment My fied |-241.35 kNm
Design bending moment Mzfed |-0.05 kNm
Reduction factor ¥min,f 0.33

Reduction factor ¥z.f 0.33

Reduction factor y.7.f 0.57

Equivalent moment factor fm,y |1.80

Factor py -0.03

Interaction factor ky 1.00

Equivalent moment factor Pm,z 1.80

Factor pz -0.11

Interaction factor kz 1.00

Equivalent moment factor Bm,.r  [1.80

Factor pLt 0.20

Interaction factor kit 0.99

Unity check (4.21¢) = 0.04 + 0.23 + 0.00 = 0.28 -
Unity check (4.21d) = 0.04 + 0.40 + 0.00 = 0.45 -

This value is used in the simple formula for the critical steel temperature:

Oqcr = 39,19 ln[ L s—1|+482

0,9674 py
1

0,9674 (0.45)3-833

Bg.cr = 3919 In | — 1] +482 = 60248°C

And the steel temperature after 30 minutes is 600,06°C.

The unity check is: 222%°°C = 0,996 = 1,00
602,48°C

All those values are also given in the overview table in the preview of the fire resistance check:

152



Fire resistance

Temperature-time curve IS0 834 curve
Coefficient of heat transfer by convection ac [25.00 W/m2K
Emissivity related to fire compartment &ef 1.00

Emissivity related to surface material em 0.70

Configuration factor for radiation heat flux @ |[1.00

Required fire resistance R 30.00 min
Gas temperature g 841.80 °eC
Material temperature Bat 600.06 °C
Degree of utilization pg 0.45

Critical material temperature 83« 602.48 °C
Fire resistance ter 30.22 min
Beam exposure All sides

Adaptation factor for cross-section ki 1.00

Adaptation factor for beam ko 0.85

Reduction factor for the 0.2% proof strength |[1.00

Ko.20.6

Reduction factor for the E modulus kg 1.00

Unity check 1.00 =

And also the Fire resistance time is given in this table:
This member can resist fire for 30,22 minutes.

NOTE

As stated before, this simple calculation method can only be used if no stability phenomena have to be
taken into account. In this example the stability causes the highest unity check and is thus taken into
account, so this method is not correct and should not be used!

Temperature domain (iterative)
In SCIA Engineer 3 calculation methods are implemented:
- Resistance domain
- Time domain.
- Temperature domain (iterative).

The choice between those analysis types can be made in “Steel -> Beams -> Steel Setup”:
In this chapter the fire resistance check following the Temperature domain will be explained.

If this method is used, the critical steel temperature will be calculated with an iterative process. So first
an estimation of this critical temperature will be chosen and the unity check following EN 1993-1-2 will
be executed, if this check is lower than one, a higher critical temperature is chosen or when this check
is higher than one, a lower temperature is chosen. Now this unity check is recalculated just until the
moment this unity check gives a result for this critical steel temperature between 0,99 and 1.

This is a more accurate procedure to calculate the critical temperature and this method is also valid if
stability phenomena or deformation criteria have to be taken into account.

Example in SCIA Engineer

This principle is explained with an example in SCIA Engineer.

Example: Industrial hall.esa

Consider member B28:
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And change in “Steel -> Beams -> Steel setup” the analysis type to “Temperature domain (iterative)”.

The fire resistance check is executed via “Steel -> Beams -> ULS Checks -> EC-EN 1993 Steel Check
Fire” for this column and for combination “CO3 - Fire”, resulting in a unity check of 1,03:

/6\ - .':

<>
When looking at the detailed output, this calculation is given by SCIA Engineer:

The check results shown hereafter are given at the critical material temperature 8a,c = 584.65 °C. These results
have been used to determine the critical temperature i.e. the temperature at which the unity checks become near to 1.00.

So the check following EN 1993-1-2 will be given at 0a.cr = 584,65°C. This temperature is calculated
iterative resulting in a unity check following the EN 1993-1-2 equal to 1:

Bending and axial compression check
According to EN 1993-1-2 article 4.2.3.5 & Annex E and formula (4.21c),(4.21d)

Bending and axial compression check
parameters

Cross-section effective area Aerf |1.7222e+04 [mm?
Effective section modulus Wesy [4.4111e+06 |mm?3
Effective section modulus Wesz |3.9920e+05 |mm?
Design compression force Nfgg | 60.55 kN
Design bending moment My fed |[-241.35 kNm
Design bending moment Mzfed |-0.05 kNm
Reduction factor Xmin,fi 0.26

Reduction factor xzf 0.26

Reduction factor xL1,4 0.49

Equivalent moment factor Pumy |[1.80

Factor py -0.26

Interaction factor ky 1.02

Equivalent moment factor Pu,z 1.80

Factor pz -0.34

Interaction factor k: 1.04

Equivalent moment factor PmLr |1.80

Factor pLt 0.28

Interaction factor kit 0.97

Unity check (4.21c) = 0.11 + 0.46 + 0.00 = 0.57 -
Unity check (4.21d) = 0.11 + 0.88 + 0.00 = 1.00 -
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And indeed the highest unity check will be equal to 1.00 for this critical temperature.

600,06°C
584,65°C

So for this case the unity check is: 1.03

All those values are also given in the overview table in the preview of the fire resistance check:

Fire resistance
Verification in Temperature domain according to EN 1993-1-2 artide 4.2.4

Fire resistance

Temperature-time curve 150 834 curve
Coefficient of heat transfer by convection ac |25.00 W/m 2K
Emissivity related to fire compartment &f 1.00

Emissivity related to surface material £m 0.70

Configuration factor for radiation heat flux @ |1.00

Required fire resistance R 30.00 min
Gas temperature 8q 841.80 °C
Material temperature Bat 600.06 °C
Critical material temperature 0;,q 584.65 oC
Fire resistance fcr 28.57 min
Beam exposure All sides

Adaptation factor for cross-section k1 1.00

Adaptation factor for beam k2 0.85

Reduction factor for the 0.2% proof strength [0.52

kl:l.2|3,El

Redudtion factor for the E modulus keg 0.35

Unity check 1.03 -

And also the Fire resistance time is given in this table:
This member can resist fire for 28,57 minutes.
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Annex A: Classification in SCIA Engineer versions older than 17.0

As mentioned in the chapter Cross-sections, the new classification tool is only valid in SCIA Engineer
17.0 versions or newer. When using SCIA Engineer 16.1 or older, the following rules are applied.

The following sections are classified during the steel code checks. If another section is used which is
not mentioned in the list below, SCIA Engineer can’t perform the classification calculation and the
profile will be automatically classified as being class 3.

So as | profile only the indicated profiles are recognized. The other I-forms are not recognized as an I-
profile, and e.g. a classification cannot be executed for those forms.

| Symmetric | shape

from library

thin walled geometric

I
e
0

RHS Rectangular Hollow Section

from library ‘ :

thin walled geometric

CHS Circular Hollow Section

from library

thin walled geometric

L Angle Section

from library

thin walled geometric

U Channel Section

from library

T T Section

from library

thin walled geometric

sheet welded Tw

()
L
L
thin walled geometric E
L
T
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PPL Asymmetric | shape
from library ‘ I ‘
thin walled geometric I
sheet welded Iwn II!
z Z Section
from library HT
thin walled geometric 1
RS Rectangular Sections
from library ‘ n ‘
thin walled geometric
i
O Solid Tube
from library -
thin walled geometric O
) Cold formed sections
from library r— 1
pairs 2CFUo
JL
pairs 2CFUc
L]
pairs 2CFCo
AL
pairs 2CFCc
[
pairs 2CFLT
JL
General Cross Section: thin walled
NUM Numerical section
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Numerical section

COM all others

The standard profile sections (from library) have fixed sections properties and dimensions, which have
to be present in the profile library. The section properties and the required dimension properties are
described in the Theoretical Background (Ref.[32]).
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