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Introduction

This course will explain the principles and the use of system lengths in SCIA Engineer. The buckling
parameters and the related buckling lengths will be discussed, in combination with the relative
deformation of 1D elements.

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

For some functionality an extra module (or edition) is required, but this will always be indicated in those
paragraphs.
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Buckling factors and lengths

Automatic placement of buckling supports

SCIA Engineer will automatically recognize every nodal support, beam connection, ... for the
placements of buckling supports.

Example: Buckling supports.esa

In this example, several beams are connected to the columns. A buckling support is automatically
placed at every location of a connection between the members.

Note: Buckling supports can only be placed in structural nodes.

Consider column B2. This column has 3 nodes: N3, N16 and N4. The local X direction goes from the
bottom to the top of the column, so internal for SCIA Engineer N3 is the first node of this column and
N4 is the last one.

In the properties window of this column, the user can choose for ‘Buckling and relative lengths’. With
this option, the buckling system of the element can be viewed and changed. Default the following
option will appear:

A g Bl &M Numberofpats-2 - ———i
BC1 Name BC2
Number of parts 2

Member{s) material Steel, other

vy  ZZ

[New | oot | Eat | et | 3

Explanation of the system lengths:

e The first node (according to the local x-axis) is node N3, the last one is node N4.
e yydirection:
o This means around the local y-axis. So the column will deform in the local z-direction.

o Around the y-axis, node N3 is supported. In node N16 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 N16. Also in node N4 a horizontal beam in the local z-direction can be found and
the column will also be supported around the local y-axis (yy) in node N4. This is
indicated with the triangles in this window:



= Supported in node N3
= Supported in node N16
= Supported in node N4
zz directions:
o This means around the local z-axis. So the column will deform in the y-direction.

o Around the z-axis, node N3 is supported. In node N16 no beam can be found in the
local y-direction in this point, thus column B2 is not supported around the z-axis in
node N16. In node N4 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 N4. This is indicated with
the triangles in this window:

= Supported in node N3
= Not supported in node N16
= Supported in node N4

The system length will be taken as follows:

o Around the y-axis: the length between node N3 and node N16 for the first part of the
column (2,5m) and the length between node N16 and node N4 for the second part of
the column (2,5m).

o Around the z-axis: the length between node N3 and node N4, so 5m.

o This can also be found in the menu ‘Steel > Beams > Steel slenderness’:

Steel slendemess

Linear calculation

Member CS Name Part Sway y Ly Ky ly Lam y lyz 1 LTB
[m] ] [m] [ [m] [m]
Sway z Lz kz Iz Lam z
[m] L] [m] []
B2 CS1 1] Yes 2,500 398| 9054| 7822| 5000] 5,000
No 5,000 082| 4004| 5478
B2 cS1 2 |Yes 2,500 300| 7506| 5898| 5000 5,000
No 5,000 082| 4094| 5478

o Inthis window, the user can easily check the system length (Ly and Lz), the buckling
factors (ky and kz) and also the buckling length (ly = ky x Lyand Iz = kz X Lz)

Compare column B2 and columns B18 and B19 with each other. They should have exactly the
same system lengths. The only difference between those columns is that column B2 was
inputted as one element of 5m and columns B18+B19 are divided into two parts of 2,5m. SCIA
Engineer will consider those two columns also as one buckling system:

o If the local axis are exactly in the same direction.
o If no hinges has been inputted between the two columns.

= Note: If members are inserted as a Polyline, the direction of the members
may be different. The complete polyline is seen as one buckling system.

Command line

t@ Brcoicoo

|New member - Pohdine - Starnt point =

There is also a graphical representation of the system lengths.

o Select column B2.
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o Go to the actions menu and click on Graphical input of system length:

Actions

Buckling data EE
Buckling coefficient

Graphical input of system length r
Table edit geometny i

o Now the user can choose between the yy and the zz axis:

Name ECZ

—Buckling systems relation

a- [

—Relative deformation systems relation

defz = IW LI defy = Izz d

—Input type
> ¥y
frd

(el
(ol
~ defz
€ defy

_>I_-I

< _
PP AEESE. b e AAAQ @A

= | |'cap| Num| SR

Cancel




Manual placement of buckling supports

Since a buckling support (triangle) is placed at every structural node where there is a nodal support or
a connecting member, it can be necessary to manually change this configuration.

Select column B3 and open the buckling data window to have a look at the buckling system. The

system lengths are as follows (as expected, because there is a horizontal beam in the local z-direction
on each node):

vy 7z

When looking at the rendered view of the structure, it is clear that beam B17 is too weak to have an
influence on the system length of column B3. In SCIA Engineer, there is a possibility to exclude a beam
from a buckling system. This can be done by inputting Member buckling data to the element.

So select beam B17 and go in the Actions menu to Buckling data:

Actions

Buckling data

Buckling coefficient

Graphical input of system length
Table edit geometny

In this menu, it is possible to indicate that beam B17 is a secondary beam and should not be taken into
account in the system lengths:
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Name BE1
Mumber of parts 1
Member B17
Edit buckling
Member|s) material Steel, other
Buckling ky, kz coefficients orbuc...  default from LIB manager
All other and LTE coefficients default from LIE manager
= Buckling systems relation
zz
yz
It

v

= coefficient
ky factor Calculate
kz factor Calculate

Sway yy acc. to Steel=Beams=Setup
Sway zz acc. to Steel:Beams>Setup
Influence of load position Nomal

Mer Calculated

Afterwards, a label will be displayed on beam B17, indicating that this beam consists some buckling
data. This buckling data is Additional data and can be copied to other members in the structure.

This can be done by selecting the label, click with the right mouse button in the screen and choose the
option Copy add data BB1.

5et view parameters for all
— i
Cursar snap setting

|3 Print/ Preview table
m Table to document
ﬁ Table to Engineering report

Wiew L4

B copy add data BB

Move add data BB1

B
E Delete

If the additional data (secondary member) is inserted, the buckling system of column B3 can be
changed.

Select member B3 and change the Buckling and relative lengths back to ‘Default’. Afterwards, beam
B17 will not be included in the system lengths:

10



Properties B o=

Member (1) He Y 7
\."f X
Name B2 F
Type column (100) -
Analysis model Standard = y’y ZZ
CrossSection C51 - HEAZDD L
Alpha [deq] 0.00
Member systemdine at  centre - N ’ @
ey [mm] 0.00
&z [mm] 0.00
LCS standard -
LCS Rotation [deg] 0.00
FEM type z ]
Buckling and relative ...
Layer
=l Geometry
Length [m] 5.000 ] ’ & ‘
Shape Line v

It is also possible to change the buckling supports using the option ‘Buckling and relative lengths’ in the
property window of an element. By clicking on the 3 dots, the Buckling data window will open.

After clicking on Edit, and using the second tab Buckling data, the user can chose whether the nodes
should be fixed or free by ticking on or off the options for yy and zz:

Base settings Buckling data |
ly | Sway yy | e0 dy [mm] z kz Sway 2z | 20 dz [mm] | lyz | kelt k low
acc.to Bz ~ Fixed acc.to Bz = 1.00 1.00 1.00 1.00
[ Free
| Free
Refresh
ok | cancel | ppp |

These settings will be stored in the buckling system BC*. This buckling system can be used for other
elements, but only of these elements do have the same amount of structural nodes.

11
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The last option to change the settings for fixed or free buckling supports, is to use the Graphical input
of system length in the action window:

Actions

Buckling data

Graphical input of system length o
Table edit geometry

The full red lines are the fixed nodes, the dot lines are the free nodes. By simply clicking on the
triangles, the settings for free and fixed will be changed.

Name ECE

—Buckling systems relation
7 = IE vl
Y = Izz vl
It = I vl

Fra

—Relative deformation systems relation

defz = m defy = m

- Input type
= yy
=
oz
(O[3
" defz
€ defy

&l _ S i |
g lalElEEE. b e AARRLEA

LReady || cap| NUM| SCRL

Cancel
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Automatic calculation of buckling ratios

By default, the buckling ratios are calculated by SCIA Engineer. For this, 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 (or equal) than 1):

e For a non sway structure:

_ (p1p2 + 5p1 + 5p2 + 24) (p1ps2 + 4py + 4p, +12)2
(2p1p2 + 11p; + 5p; + 24)(2p1p; + 5p1 + 11p; + 24)

7."_2
k=x|—+4
p1x

k the buckling factor
L the system length
E

the modulus of Young
| the moment of inertia

e For a sway structure:

with

Ci the stiffness in node i
Mi the moment in node i
i the rotation in node i

o et m°py
n?(p; + p2) +8p1p;

Gl
Pi—EI
¢ =M
gy

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

The calculation of the k ratios is automatically done when calculating the structure linearly. For this, two
additional load cases are calculated in the background:

e 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.

e 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.

Since these load cases, and thus the buckling ratios, are calculated during the linear calculation, it is
necessary to always perform a linear calculation of the structure. So when calculating non linear, the
user should also perform alinear calculation otherwise no buckling factors are calculated and
no steel code check can be performed.

13
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Note: 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.

Since the formulas are different for sway and non sway structure, it is important that the correct options
are chosen for the two local directions:

e y-y: buckling around the local y-axis (so deformation in the direction of the local z-axis)

e z-z: 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’. These
settings apply to the whole structure:

[ Standard EN
=] S_tee\

ire resistance

Cold Formed

i Plated structural elements
Buckling defaults

- Relative deformation

Name
=l Steel

Standard EN

=) [Member check

| EN 199311

= Shear
Use Ay, A instead of elastic shear
El Torsion

EN 1993-1-1: 626
no

EN 1853-1-1: 627

0

EN 1993-1-1:6.3.1

V| yes
no
T
Max. k ratio [ 10,00
Max. slendemess [] 200,00
Z"d order buckling ratios Acc. to input -
= Lateral Torsional Buckling EN 1993-1-1: 632
Lateral torsional buckling curves General case i
Method for C1C2C3 ECCS 119/Galea -

Method for k.
= General settings
Blastic verfication
Verfy only section checks
Flexural buckling accounted for by 2"‘1 order calculation
Moments on columns in simple construction
Fire resistance

EN 1993-1-1table 6.6

EN 1393-1-2

Cold Formed EN 1993-1-3
Plated struciural elements EN 1993-1-5
Buckling defaults
Relative deformation
Load default non-MA parameters Load default MA parameters | oK I Cancel |

Example: Buckling Factor.esa

In this example, a simple steel frame is used to calculate the buckling ratios. The structure is loaded by
the two additional load cases as described on the previous page.

14



Consider Column B1:

L =4000mm

Set as sway

In node N1: My =0 kNm =>Cz =p2=0.0

This node N1 defines p2 because p2 is always the smaller of the two.
In node N2 for Load case LC1:

(¢]

(¢]

(¢]

My1 = 79,883 kNm

¢1 = fiy = 1,523 mrad

C1=Myt/ ¢p1 =79,883 kNm /1,523 mrad = 52,451 kNm/mrad
=5,2451 x 10%*° Nmm/rad

E =210 000 N/mmz2

ly = 162700000 mm*

10
ciL 5.2451-2 T:dmm-4000mm
p1=—= =6.141
El 210000—5162700000 mm*
mm
4p1po+miPl  46,1410,0+7%6,141

1.0

2(p1+p2)+8p1pz  w2(6,141+0,0)+86,141-0,0

w2 2
k=x|—+4=10 + 4 = 2.368
p1Xx 6,141:1,0

_ mEl _ m*210000N/mm*162700000 mm*
T gz T (2,368)2(4000)?

= 3754765N = 3754,8 kN

This calculated buckling ratio can also be found in SCIA Engineer.

Under ‘Steel > Beams > Steel slenderness’, the buckling factor ky will be found:

15
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236 N2

asaw&x

This can also be displayed in the preview:

Steel slenderness

Linear calaulation

N3
A

Member | CS Name Part Sway y Ly ky ly Lam y Iyz | LTE
[m] ] [m] [-1 [m] [m]
Sway z Lz kz Iz Lam z
[-]
B1 C51 1] Yes 63,23 4.000 4,000
Mo 73,92

With the option Steel slenderness, all parameters can be shown graphically and numerically in the

preview.

e Sway Y (2): whether this member is considered sway or not sway.

e Ly (Lz): the system length of the member. This is the distance between the buckling supports.

e ky(kz): the buckling ratio. This factor is calculated automatically by SCIA Engineer or can be

inserted manually.
e ly(Iz): the buckling length.
o ly=Ly*ky
e Lamy (Lam z): the slenderness of the element
e ly;: the torsional buckling length

e | LTB: the lateral torsional buckling length

16




The type ‘sway or not sway’ in the steel setup applies for the whole structure. It is also possible to
change these (overrule) these settings for each member (or selection of members) separately.

This can be done in two ways with different priority. Column B2 is used.

e Member Buckling Data.

‘Steel > Beams > Member Check data > Member Buckling Data’.

-~ Name BB1
Edit buckling
Buckding ky, kz coefficients or buckling lengths user input - I
= Buckling systems relation
L Dz Dy 2z 2z -
Y Ly L
2 ¥Z iz ™)
Lith Secondary member
1= coefficient
Iy factor Calculate -
acc.fo Stecl>Beams>Setup B
Sway 1z acc. to Steel:Eeams:-Setu

The option ‘Buckling ky, kz coefficients or buckling lengths’ has to be set to ‘user input’.
In the ‘Coefficient’ menu, the type for Sway yy and zz can be changed manually.

When Member Buckling Data is added to a member, a new label will appear on this member.
Since this data is Additional data, this can be copied to other members.

e Buckling and relative lengths.

‘Property window of the selected member’.

Properties o x
Member (1) [ERAY: VA
\f- x
Name B2 A
Type column (100) -
Analysis model Standard -
CrossSection C51-1PE36D S
Alpha [deq] 0,00
Member systemdine at ~ centre -
ey [mm] 0,00
ez [mm] 0.00
LCS standard -
LCS Rotation [deg] 0.00
Buckding and relative |...
E Geometry
Length [m] 4,000 v

By clicking on the three dots, the ‘Buckling data’ window will open. After clicking on ‘Edit’, the
sway type can be changed.

17
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Base settings | Buckling data |
-~ MName |BC1 MNumber of parts |1
.\ Buckling systems relation
Zz= Izz vl ky factor ICan.l\aie ;I
vz= Izz -I kz factor |Calculate =
k- [ - acc. to Steel=Beams=Setup
L Dz Dy acc. to Steel>Beams>Setup
14 L
Lyz
Litb
.\ Mo |Calcuiated =l
Bow imperfi 1
2o dy Inn bow imperfection ;I
eodz Ino bow imperfection ;I
Relative deformation systems relation
’7 defz= IW vl defy= |3z -
™ Warping check
™ X diagonals Buckling system Standard method ;I
oK | Cancdl | ey |

These settings are stored in the ‘Buckling system’ BC1. This system can be used for other
members, if these members have the same amount of construction nodes.

e The Member Buckling Data has a higher priority than the Buckling and relative lengths.

18



Example: Several frames.esa

In this example, several steel frames are modeled.
In each frame, the same type of column is used, but the beams are adapted. The connection between
the columns is fixed. Only in the last frame, this connection is made hinged.

IPEI00 ) . IPE20Q ) . IP£300 ) . IPES00 ) . IPESO0 ) ) IPE300

2 2 2 3 8 2 2 3 2 3 8 3
= a a 3 g 3 3 3 2 g 8 3
] & & i i & 3 3 & & i i
I I I I I I I I I I I I

T
|

Since the structure is considered as ‘sway’ for y-y, it is expected to have a ky factor between 1 and 2 for
the columns.

With a smaller beam, the ky factor will be almost 2. With a bigger beam, the ky factor will be almost 1.

196 | | | 1z | | e[ [ e

In the frame with the hinged connection between the beams and the columns, the ky factor of the
columns will be equal to 2.

i Falin)
2,00 o

2,00 |

19
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Note: If the buckling ratios are calculated automatically, by default a maximum value of 10 is used.
This limitation can be adapted in the Steel setup.

El- Standard EN Name Standard EN
(- Steel = Steel
Membe.r :h“k Fl Member check EN 1993-1-1
ire resistance 5 Shear EN 1993-1-1:626

Cold Formed
Plated structural elements Use Ay, Azinstead of elastic shear o

Buckling defaults = Torsion EN 1993-1-1: 627
i Relative deformation Limit for torsion [] 0.05
= Default sway types EN 1993-1-1: 6.3.1
¥y Viyes
22 no

Max_k ratio [

2" order buckling ratios Acc. to input -

=l Lateral Torsional Buckling EN 1993-1-1:6.3.2
Lateral torsional buckling curves General case -
Method for C1 C2C3 ECCS 119/Galea -
Method for k. EN 1593-1-1table 6.6 -

[l General settings

Elastic verification no
Verfy only section checks "no
Flexural buckling accounted for by 2"‘1 order calculation Tne
Moments on columns in simple construction ne

Fire resistance EN 1993-1-2

Cold Formed EN 1993-1-3

Plated structural elements EN 1993-1-5

=

Buckling defaults
Relative deformation

=

Reference: EN 1993-1-1 article 6.3.1.3
Description: Limit for the buckling ratios for flexural buclding.
Application: Value which serves as a limit for the calculated buckling ratios. The buckling ratios are ‘capped” at this value.

Load default non-MNA parameters Load default NA parameters | oK I Cancel |

20



Manual input of buckling ratios

As mentioned in a previous chapter, the buckling ratios are automatically calculated by SCIA Engineer
during the linear calculation. It is also possible to insert these buckling ratios manually.

This can be done using:

e Member buckling data.

‘Steel > Beams > Member Check data > Member buckling data’.
Column B4 will be used to explain this option.

Select member B4 and double click on Member Buckling data.

-

.

Ly Lg

,..
N

Litb

Mame
Edit buckling

EE2

—_—

Buckling ky, kz coefficients or buckling lengths
&r an coefficients

= Bucking systems relation

z

yz

Secondary member

user input

aUit from manager

P coctcient
Iy factor

Calculate

kz factor alculate
Factor
Swayyy Length

OK

.

.::I

First of all, the Buckling ky, kz coefficients or buckling lengths has to be set to user input.

Next for the ky factor, there are three possibilities:
o Calculate: use the buckling ratio calculated by SCIA Engineer
o Factor: insert manually the buckling factor ky.

o Length: insert manually the buckling length ly.

To be able to insert these factors manually, the option Edit buckling should be used:

oG d d
Buckling ky, kz coefficients or buckling lengths
All other and LTE coefficients

= Rucldinn evetame melatinon

user input

default from LIE manager

In the next window, the buckling ratio ky or the buckling length ly can be inputted.

Edit buckling R B

Pr——
| ky M wm [ wml [ Swayw kz [ Lml | kW | Swyz

acc. to Base se ~ 1.000 1.000 1.000 acc. to Base se ~

1 l 1,000 I 1.000 1,000

21
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ky [ ym by [m] Sway yy kz [ Lm [ kM [ Swayz | kyz \
1 1.000 1.000 1.000 cc.to Base se 1.000 1.000 1,000 acc.to Base se ~ 1.000

For this column B4, a ky ratio of 3 will be inserted manually. After inputting this value, a new
label will appear on this column. This Member buckling data is again additional data which
can be copied to other elements.

e Buckling and relative lengths.
‘Property window of the element’ B4.

By clicking on Edit in the Buckling data window, in the tab ‘Base settings’, it is also possible to
chose to insert a buckling ratio ky or the buckling length ly manually.

o
Name IBCS Number of parts IZ

Buckling systems relation

= Izz VI ky factar ICaIcuIate
2z hd
2z hd

yi= I l kz factor ate
b= lﬁ ey vy = =

Sway 2z Iacc. to Steel>Beams>Setup

Influence of load position INon'naI

Mer |Calculated

Bow imperfection
eo dy Ino bow imperfection

eodz Ino bow imperfection

"Helati\re deformation systems relation

[~ Warping check

[~ X diagonals Buckling system Standard method

In the second tab ‘Buckling data’, these values can be inserted.

Base settings  Buckling data

¥ Sway yy | eo dy [mm] | iz kz Sway 2z | eo dz [mm] | kyz | kel k lew
1 |V Ficed cc.to Ba: ~ | Fixed acc.to Ba ~ 1.00 1,00 1.00 1.00
"2 |V Fixed ce.to Bar - V| Foced acc.to Ba - 1,00 1,00 1,00 1,00
"3 |[¥] Fixed 7 Fixed

With this option, it is possible to insert a different buckling ratio for each part of the column.
For this column, a value of 2 will be inserted for ky for both parts of the element.

¢ Note: The two discussed options to insert the buckling ratios (lengths) manually do not have
the same priority. The values entered by the Member buckling data will have a higher priority
than the values inserted by the Buckling an relative lengths.

This can be easily checked by showing the ky factors for column B4 in the steel menu: ‘Steel >
Beams > Steel slenderness’

For column B4, the ky ratio of 3 is used:

22
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Buckling ratios using second order analysis

As mentioned in the previous chapters, the buckling ratios are automatically calculated by SCIA
Engineer during the linear calculation. The second option for the user is to manually input the buckling

ratios.

The third option is performing a second order analysis.

According to EN1993-1-1 chapter 5.2.2 (7) a), no individual stability check for the members according
to 6.3 (= Buckling resistance of members) is necessary, if second order effects in individual members
and relevant member imperfections are totally accounted for in the global analysis of the structure.

This particular article of the Eurocode is also implemented in SCIA Engineer. The user can activate this
option in the general Steel setup in the Steel service:

B Steel setup X
[=)- Standard EN = Torsion EM 1993-1-1: 6.2.7 [l
B S!:eel Limit for torsion [-] 0,05
- Member check - R
- Fire resistance = Default sway types EN 1993-1-1: 6.3.1
- Cold Formed y-y V| yes
- Plated structural elements 2z no
Limit slenderness " ~ g e
- Buckling defaults = Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Relative deformation Max. k ratio [-] 10,00
- Autodesign Max. slenderness [-] 200,00
2™ order buckling ratios Acc.toinput -
= Lateral Torsional Buckling EM 1993-1-1: 6.3.2
Lateral torsional buckling curves General case -
Method for C1C2 C3 ECCS 119/Galea -
Method for k,, EM 1993-1-1 table 6.6 =
= General settings
Elastic verification no
Vet ool s becl n
Flexural buckling accounted for by 7™ order calculation V| yes
oments on columns in simple construction no
Fire resistance
Cold Formed
Plated structural elements
Limit slenderness EM 502341-1
A
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-NA parameters Load default NA parameters Cancel

By activating this option, SCIA Engineer will take the buckling ratios ky and kz equal to 0,001. This
neglectable buckling ratios will influence the following two stability checks which are described in

EN1993-1-1:

- Flexural buckling check

The use of a buckling ratio equal to 0,001 will ensure the fact that one or both conditions mentioned in
EN1993-1-1 article 6.3.1.2 (4) are met:

- N
(4) For slenderness A <0.2 or for —% < 0.04 the buckling effects may be ignored and only cross

sectional checks apply.

cr

This remark will also be printed below the results table of the Flexural buckling check in the detailed

output:
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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 non-sway
System length L 5,000 5,000 m
Bucking factor k 4,36 0,84

Bucking length Lo 21,813 [4,201 m
Critical Euler load Ng 160,74 |1573,58 kN
Slenderness A 263,38 [84,18

Relative slenderness Ael 2,80 0,90

Limit slenderness Arel,o 0,20 0,20

Note: The slenderness or compression force is such that Flexural Bucking effects may be ignored
according to EN 1993-1-1 artide 6.3.1.2(4).

- Combined bending and axial compression check

This check is executed according to formulas 6.61 and 6.62 of EN1993-1-1 article 6.3.3. Within this
course, this check will not be discussed in detail since this a part of the Advanced Steel code check
training, but the influence of the buckling ratios for this check will be explained.

Ngq Lk M gy + AM ¢4 Lk M,g +AM, ¢y <1
Ly Ny, 7 Y }..z M, gy N
XLt - -
Y Y 1aY!
Ng, K I\{[},,E{1 + ”—\My,Ed Lk I\JIZ’E‘_,1 +AM ., -1
Xz NRk ? M}Rk = Mz,Rk
165 — -
Y Vv T

If the buckling ratios are taken equal to 0.001, this will have a positive influence on the combined
bending and axial compression check.

- Xyand Xz become equal to 1 => no reduction on the compression force check

- Kyy, Kyz, kzy and kzz will be reduced => positive influence on the bending check
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Topic Training — Buckling lengths for steel

Buckling ratios using stability analysis

As mentioned in the previous chapters, the buckling ratios are automatically calculated by SCIA
Engineer during the linear calculation. The second option for the user is to manually input the buckling
ratios and the third option is to ignore the flexural buckling check when performing a second order

analysis.

As a final option, the results of a stability analysis (buckling shape analysis) can be used to determine
the buckling ratios. This type off analysis will be explained step by step in this chapter.

Example: Buckling Shape.esa

Open the example Buckling Shape. In this example, an IPE300 column is loaded with a unit
compression force of 1kN. The following steps will explain how the stability analysis can be used to
determine the buckling ratio’s in SCIA Engineer.

1) Activate the Functionality Stability within the Project data window:

Functionality | Actions Unit 5et  Protection

Dynamics
Initial stress
Subsoil

. )

EXT I

Cloads
Prestressing

Pipelines

Structural model

BIM properties

Parameters

Mebile loads

Automated GA drawings
LTA - load cases

External application checks
Property modifiers

Bridge design

= |Steel

Fire resistance

Frame rigid connections
Frame pinned connections
Grid pinned coennections
Belted diagonal cennections
Hellow section joints
Expert system

Connection monodrawings
Scaffolding

LTE Znd Order
ArcelorMittal

Girders with sinusoidal webs

|| Cancel |

2) Create a Stability combination. This can be done in the service Load cases, Combinations =>

26
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Stability combinations

E’é! SRl == Input

=)

LCT[-] 1,00

| 51

Stability combinations. In this example, the combination factor is kept equal to 1 with the
consequence that the calculated critical load factor acr will be equal to the critical Euler force Ner.
This will be explained in one of the following steps.



3) Increase the number of mesh nodes along the column to be able to calculate the buckling shape in
an accurate way (a minimum of 4 is recommended). In this example value is taken equal to 10.

MeshSetupl

Average number of tiles of 1d element 10

Average size of 2d element/curved element [m] 1,000

{ |= Advanced mesh settings

4) Determine the number of critical values to be calculated. In other words, determine how many
theoretical buckling shapes have to be calculated. Since the buckling shapes are dependent on the
stiffness of the elements in both local y and z direction, in this example we asked for 4 critical
values. Also the type of eigen value solver can be chosen. More info about the different options
can be found in the SCIA Engineer online help page: help.scia.net

MName SolverSetupl
= Advanced solver settings
General
Effective width of plate ribs
=] ility
Type of eigen value solver Lanczos
Mumber of critical values 4

5) Run the Stability analysis

6) When the analysis is finished, the buckling shapes can be shown in the results service using
“Displacements of nodes” asking for the “Deformed mesh” for the 4 calculated critical values.
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Topic Training — Buckling lengths for steel

~  Properties 3 =
Displacement of nodes (1) |-\
g x
MName Displacement of nodes
wainn M -
Type of loads Stability combinations ~
Stability combinations 51/1 - 500,75 -
Filter Mo -
Values |Deformed mesh -
Extreme Node -

The result clearly shows that the first buckling mode is a buckling mode around the weak z-axis (as
expected). As a consequence, this buckling mode can be used for the calculation of the buckling ratio
kz. The same can be done for the buckling ratio ky. In this particular example, the forth buckling mode is
the decisive one for the strong y-axis buckling.

7) Inthe Steel service, the calculated buckling shapes can be inserted as data for the calculation of
the buckling ratio’s. This can be done under “Steel => Member Check data => Member buckling

data”.
8" Buckling data
= Mame EB1
11\ Member(s) material Steel, other
Buckling ky, kz coefficients or buckling lengths ~ from stability analysis
= Stability
Mormal force for ky, kz Average
DZ D}’ Stability combination for ky 51/4 - 6927,50
Ly LzLyz Limit k y max 10
i
1‘\ Limit k z max 10
s All other and LTE coefficients default from LIB manager
Secondary member

Remark: As mentioned in Step 2) the stability analysis calculates the critical load factor acr. This
value can be used to determine if a structure can be designed with a first order analysis or need to
be designed using a second order analysis taking into account global and or local imperfections as
described in EN1993-1-1 article 5.2.1(3):
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or

=10 for elastic analysis
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Buckling curves

SCIA Engineer will use the buckling curves according to the code. If the Eurocode is chosen, table 6.2
of EN 1993-1-1 [1] will be used to determine which buckling curve has to be used.

30

Table 6.2: Selection of buckling curve for a cross-section

Buckling curve
Buckling | 5233
1 111 ;TS
Cross section Limits a;:;:i:t : ;55 S 460
S 420
e | 240 mm y—y : e
= Z—Z b ag
. = y
E =| omm-tz100 | YV | P a
3 Z-Z C a
2 | <2100 mm yoy b h
= o - c a
Wl
= te= 100 mm Y-y d €
E—Z d c
te < 40 mm vy b b
E E E—Z C C
=7 Y-y c c
— t: = 40 mm i q d
- hot finished any a ap
53
=z
- cold formed any c c
IE 1 L
— - generally (except as .
g . I below) Any b b
- B
2= v - Y
5 g I 1 thick welds: a > 0,5ty
= [ | bit; = 30 any C C
I Zb h/t, =30
iy RHa NN
= # | —§¥ any C c
22 || %
- L
j-_‘; - any b b




The automatic use of the correct buckling curve according to the code is supported for the following
cross section types:

e Profile Library

e Haunch

e Sheet welded

e Build-in beams

e Thin-walled geometric

e Fabricated

For all 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.

Example: Buckling curves.esa

Open the example Buckling curves. In this example, 3 columns are inserted with a fixed support and
loaded with a point force of -100 kN.

The following cross sections are used:

e Profile Library > HEA200
e Geometric shape > default buckling curves d
e Geometric shape > buckling curves manually changed
By default, the buckling curves d are used for both directions for the second and third cross section.

For the third cross section, this is manually changed into buckling curve b around the y axis and
buckling curve ¢ around the z axis. This way, the same curves are used as for the HEA200 profile.
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[Name cs3
Type I'gh
Detailed 190,00; 200,00, 10,00; ...
Shape type Thick-walled
= Parameters
Material 5235
H [mm] 150,00
B [mm] 200,00
ta [mm] 10.00
s [mm] 6,50
ts [mm] 18,00
th [mm] 18,00
General
Drraw colour Momal colour
Colour
AutoDesign constraints

bpeation

Buckling curves
Edit buckling curves
Flexural buckling y+

Flexural buckling z-z

Fibres and Parts
Fibre test zoom

Edit named items
2D FEM analysis
Use 20 FEM analysis

Export
q 98 Picture | T 1 Fibres | Prandtl | dF/dy | dF/dz | Warping | T.. I

Cross-section layout and dimensions | oK

Note: There has been made some changes since SCIA Engineer version 2013.1.

e SCIA Engineer 2013.0 or older.

In these versions, it is also possible to manually change the buckling curves for each cross
section type. However, if a cross section from the profile library is used, the buckling check will
always use the buckling curves according to table 6.2 of EN 1993-1-1 [1]. This means that for
these types of cross section, the user input for the buckling curves is neglected in the Steel
code check.

e SCIA Engineer 2013.1 or newer.
The manual modification of the buckling curves in the cross section properties, is always taken

into account by the buckling check in the steel menu, also for the cross sections from the
profile library.
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Buckling check

If the Eurocode is chosen, the flexural buckling check will be executed following EN 1993-1-1 art. 6.3.1.

(1]

The compression member should be checked against buckling as follows:

N
Ed 4
Np ra

Where

¢ Neq is the design value of the compression force.

e NbRrdis the design buckling resistance of the buckling member.

Note: In SCIA Engineer, a negative value of Neas means a compression force.

XA f .
. Nb'Rd = " 4 For class 1, 2 or 3 cross sections
M1
XAerff; .
e N =226/ For class 4 cross sections
b,Rd Ym

The reduction factor ¢ will be calculated as follows:

1

= — buty<1,0
X D+ P2-22 L=
With
P 0,5[1+a(1—-02)+ 2]
— A'fy .
A o For class 1, 2 or 3 cross-sections
cr
A .
/Lfy For class 4 cross-sections
NCT
o Imperfection depending on the buckling curves:

Table 6.1: Imperfection factors for buckling curves

Buckling curve ap a b c d
Imperfection factor o 0,13 0,21 034 049 0,76

Ner Critical normal force (Euler force)
m2El
Ne = L2

Note: For slenderness 1 < 2 or for % < 0,04 the buckling effects may be ignored and only the
cross sectional checks need to be applied.
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Example: Buckling check.esa

Open the example Buckling check. In this example, a simple steel hall is modelled. The structure is
loaded by the self weight and with a surface load of -1 kN/m2 on the roof.

After executing the linear calculation, the buckling check can be performed in the Steel menu.
‘Steel > Beams > ULS Check > Check’.

Select column B4. In the property window of the ULS check, the following properties are chosen:

Properties o x
Check of steel (1) BT
Selection Curmrent -
Type of loads Load caszes -
Load cases LC1 -
Fitter Mo T
Values un check i
Extreme Member M
Output Detailed -
Drawing setup 10

Section Al -

The selection is set to ‘Current’ to only see the results of the selected member (column B4).
The flexural buckling check will be performed in the Stability check and can be shown in the ‘Detailed’
output.

e Forload LC1 (self weight):

Flexural Buckling Check
According to article EN 1993-1-1:6.3.1.1. and formula (6.46)

Buckling parameters Yy 7z
Sway fype sway non-sway
System Length L 5.000 5.000 m
Buckling factor k 437 082
Buckling length Lcr 21847 4081 m
Critical Euler load Ncr 160.24 166778 kN
Slenderness 26379 81.77
Relative slenderness Lambda 2.81 0.87
Limit slendemess Lambda0 0.20 0.20

Warning: slenderness 263.79 is larger then 200.00 |
The slenderness or compression force is such that Flexural Buckling effects may be ignored according to EN 1993-1-1 article 6.3.1.2(4)

For load case LC1, the buckling check does not need to be performed since:

Ngg 3,40
N, 160,24

= 0,021 <£0,04

e Forload LC2 (surface load):
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Flexural Buckling Check
According to article EN 1993-1-1:6.3.1.1. and formula (6.46)

Buckling parameters vy z
Sway type sway non-sway
System Length L 5.000 5.000 m
Buckling factor k 437 0.862
Buckling length Lcr 21847 4.081 m
Critical Euler load Ncr 160.24 1667.78 kN
Slenderness 263.79 81.77
Relative slenderness Lambda 2.81 0.87
Limit slerdemess Lambda 0 0.20 0.20
Buckling curve b C
Imperfection Alpha 0.34 0.49
Reduction factor Chi 0.1 062
Buckling resistance Nb,Rd 142.23 781.28 kN
Warning: slenderness 263.79 is larger then 200.00 |

Table of values
A 5.3800e-03 m"2
Buckling resistance Nb,Rd 14223 kN
Unity check 010 -

For this load case, the buckling check needs to be performed.

All the parameters needed to calculate the buckling resistance are shown in this table.
The buckling resistance is calculated for both the y and z direction. The smallest of these two
values is used to perform the check.

o

The buckling length = system length * buckling factor

ly=ky*Ly=4,37*5=21847 m

This buckling length is used to calculate the critical normal force (Euler force)

m2E] 7T2E1y %% 2,1%108 % % 3,60 *x 107> m*
Ner = = = = 160,2366 kN
TR P 21,847 m®
Slenderness
4 l, 21,847m _ 263798
i, 0082817m "

Relative slenderness

/T_/l_ A 263,79 282
A 933 933 7

Limit slenderness

The limit slenderness is by default taken from EN 1993-1-1, article 6.3.2.3

For flexural buckling, this is a constant value of 0,2.
The buckling curve b is used, and thus an imperfection factor a of 0,34.

The reduction factor y will be calculated as follows:

1

X = =
D+ D2 — )2
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36

And

®=05[1+a(1-02)+2*|=05[1+0,34(281—-0,2)+2,81%] = 489275

Thus

1

=0,1124

1
X: — =
D + D2 — )2

Buckling resistance

x-A-f, 01124 %0,00538 m? x 235000 kN /m?

4,89275 + /4,892752 — 2,812

= 142,1073 kN

Npra =
' 14781

1

The difference with the result in SCIA Engineer is caused by rounding errors.

The buckling check

Ngg 13,53
Npra 142,23

=0,9512

There is also a warning message printed in the output of the Flexural Buckling Check
about the slenderness of the member. In the steel setup, a maximal slenderness can
be inserted. If the real slenderness of the member is higher than this inserted

slenderness, this warning message will be printed.

In SCIA Engineer, by default the maximal slenderness is set to 200:

- Standard EN
) Steel
i Member check
- Fire resistance
Cold Formed

ated structural elements
uckling defaults
elative deformation

Buckling defaults
Relative deformation

Name Standard EN
E Steel
£l Member check EN 1993-1-1
= Shear EN 1993-1-1: 626
Use Ay, A instead of elastic shear no
= Torsion EN 1993-11: 627
Limitfor torsion [ 0.05
) Default sway types EN 1993-11:63.1
¥y Viyes
22 ne
£ Buckling length ratios ky. kz EN 1993-11:6.3.1
20000
EEE e
& Lateral Torsional Buckling EN 1993-11: 632
Lateral torsional buckling curves General case -
Method for C1C2C3 ECCS 119/Galea -
Method for ks EN 1393-1-1 table 6.6 -
) General settings
Blastic verfication no
Veriy only section checks ne
Flexural buckiing sceounted for by 2" order calculation no
Moments on columns in simple construction ne
Fire resistance EN 199312
Cold Formed EN 199313
Plated structural elements EN 199315

Reference: EN 1333-1-1 article 6.3.1.3
Description: Limit for the slendemess for flexural buckling

Load default non-NA parameters

Application: In case the slendemess for flexural buckiing (around either axis) exceeds this lmit a waming is shewn en the output

Load default NA parameters | oK I Can:ell




Relative deformation

Nodal displacements

First of all, a simple manual calculation can be done to check the nodal displacements in horizontal
vertical direction.

The following limits can be checked:
e h/150 for horizontal displacements
e L/200 for vertical displacements

These values are guidelines.

Example: Buckling check.esa

Open the example Buckling check. Since this steel hall is only loaded with the self weight of the
structure and a vertical surface load, the nodal displacements in the global Y direction are zero.
So only the nodal displacements in the global X and Z directions will be checked.

To check these values, the load combination CO1 is used.

Displacement of nodes

Linear calculation, Extreme - Global

Selection : All
Combinations : CO1
Node Case Ux Uy Uz Fix Fiy Fiz
[mm] [mm] [mm] | [mrad] | [mrad] | [mrad]
NG comn -37,0 0,0 -0,2 01 8,3 3.2
N8 co1mn 371 0,0 -0,2 0,3 82 -32
N16 comn -37,0 0,0 -0,2 01 8,3 3.2
N7 co1n 0.1 00 -2238 -09 0,0 0,0
N1 comn 0,0 0,0 0,0 1.0 70 6,1
N3 co1n 0,0 00 -1040 65,7 0,0 0,1
N22 comn 0,0 00| -1040 65,7 0,0 01
N10 co1n 0,0 0,0 0,0 0,1 -15,0 82
N9 comn 0,0 00 0,0 00 15,0 96
N19 co1n 0,0 0.0 0,0 0.0 15,0 9.6

e Horizontal deformation
The maximal nodal displacement in the global X direction is 37,1 mm.
h/150 = 5000mm/150 = 33,33 mm

37,1 mm > 33,33 mm so this is not ok.

e Vertical deformation
The maximal nodal displacement in the global Z direction is 223,8 mm.
L/200 = 12000/200 = 60 mm

223,8 mm > 60 mm so this is not ok.
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Relative deformation

For the relative deformation check, limiting values are inserted in the steel setup for each type of
member.

‘Steel > Beams > Steel setup > Relative deformation’.

[ Standard EN Name Standard EN
[ Steel = Steel
Member chedk Member check EN 153311
o reane Fire resistance EN 199312
Plated structural elements Cold Formed EN 139313
- Buckling defaults Plated structural elements EN 1993-1-5
ing dofouits
= [Relative i

General [ 200,00

Beam [] 200.00

Column [] 200,00

Gable column [] 200,00

Secondary column [-] 200,00

Rafter [] 200,00

Puriin [ 200.00

Roof bracing [-] 200,00

Wall bracing [-] 200,00

Girt [] 200.00

Truss chord [] 200,00

Truss diagonal [ 200.00

Plate b [ 200,00

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 “Buckling and relative lengths”, and is the distance between two
buckling supports.

Select beam B3.

For the ‘systems’ of the relative deformation, by default a reference is made to the buckling system yy
and zz.

Base settings Buckling data I

Name IBC1 Mumber of parts I‘I

Buckling systems relation

Z= Izz vl ley factor ICaIcuIate
yz= Izz ,l kz factor ICaIcuIate
k= lﬁ Sway yy Iacc. to Steel=Beams:Setup

Sway zz Iacc. to Steel=Beams:>Setup

Influence of load position INorrnaI

Led Lef Led Laf Lol Lo

Mer |Calculated

Bow imperfection
eody Ino bow imperfection

Led

no bow imperdection

"F{elati\re deformation systems relation

[~ Warping check

[~ X diagonals Buckling system Standard method
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This can be changed to create a separate system for the relative deformation.

Base settings | Buckling data I

Name [BC1 Number of parts |1

Buckling systems relation
Z= |2z ko factor ICaIcuIate

y2= [z kz factor ICaIcuIate

b= [ Sway yy Iacc. to Steel=Beams:»Setup

Sway 2z Iacc. to Steel=Beams:Setup

Influence of load position INorrnaI

Lod Lol Led Lol Lo f Lo

Mor |Calculated

Bow imperfection
eo dy Ino bow imperfection

Led L

4

eo dz Ino bow imperfection

Relative deformation systems relation
defy =

[~ Warping check

[ ¥ diagonals Buckling system IStandard method

Base settings  Buckling data I

W | ley | Sway vy | eo dy [mm] | 2z kz Sway 2z | en dz [mm] | leyz | ket k low | def z
1 |[V] Fixed acc.to B ~ | Fixed acc.to B ~ 1,00 1,00 1.00 1.00 [V] Fioed
2 || Free /| Fixed | Free

The same can be done using the ‘Graphical input of system length’.
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MName ECl

Buckling systems relation

IZ = Izz vl

Relative deformation systems relation

defz = IdEFZLI defy = Idefyj

o | I
plell 2 E . Lbbs AARQNBH,

LReady |'|"CAP| NUM|'SCRL

Cancel

The relative deformation is always regarded according to the local axis of the member. For the
deformation in the y direction of the member, there are two supporting nodes for member B3. The
distance between these nodes is 6,083m.

e Relative deformation in the y direction (around the z axis).

In this direction, there are 2 supported nodes. The deformation at the begin and end node is
0,0 mm. The maximal deformation for this beam is 11,1 mm.

Fix

Fix
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Relative deformation

Linear calculation, Extreme : Glaobal, System : Principal

Selection : B3

Combinations : CO1

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

comn B3 0,000 0,0 0 0,00 0,0 0 0,00

co1n B3 3,650 11,1 1/546 0,37 759 1/80 2,50

co1n B3 6,083 00| 1/10000 0,00 -1053 1/58 3,46

Length =6,083 m

Deformation uy = 11,1 mm (and 0 mm at the beginning of the beam and 0 mm at the end of

the beam)

UYrelative = 11,1 mm — 0.0 mm = 11,1 mm

UYrelative / Length = 11,1 mm / 6083 mm = 1/546

1/548
1/200

Check =

0,37

Relative deformation in the z direction (around the y axis).

In this direction, there is one supported node. The deformation at the begin node is 0,0 mm
and at the end node is 105,3 mm.

Free

Fix

Length = 6,083 m

el L T ey —

{+++++++++++++++

Urel

Deformation uz = 105,3 mm (and 0 mm at the beginning of the beam)

UZrelative = 105,3 mm — 0.0 mm = 105,3 mm

UZrelative / Length = 105,3 mm / 6083 mm = 1/58

1/58
1/200

Check =

= 3,46
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The relative deformation of these members is now calculated with the length of the beam (distance
between the buckling nodes). It is also possible to perform the relative deformation check for the
complete span of the roof. This can be done by using polylines.

e Draw the members as polylines.

|br‘*dﬁ5@@?|

INEW member - Pohdine - Start point =

Command line

hl&gstsmm

This can only be done if the elements are modeled using the option Member in the Structure
menu.

e Merging elements to a polyline.

Select beam B17 and B18. Through the option ‘Join curves into polyline’, these 2 beams will
become 1 beam.

Modify §Tree Plugins Setup Window Help
i 0] Move BERESELESD,. ®
SR 00 03 o'F 610 0ii 1 51 T i -l o =
Multicopy
Rotate

Scale
Stretch

Mirrar

GESFEEREEEREE

Maove vertexes/points
Trim

Extend

Enlarge by defined length
Break in defined points
Jain

Break in intersections

Reverse arientation

Polyline edit HED | Edit polyline - insert node
urves adi a Edit polyline - delete node
Calculate member end-cuts  # i ing i

Divide surface I Join curves into polyline

Join surfaces

Connect members/nodes

Disconnect linked nodes

Delete

Copy attributes

Maove attributes

HEMER BE @8

Since this has an influence on the results, the project needs to be recalculated.

By looking at the buckling system of the new member B18, it is clear that the two elements are
taken as one for buckling and relative deformation.
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Name EC?—

r—Buckling systems relation

IZ = ZZ &7

Iz

¥z = Izz v|
It = I vl

—Relative deformation systems relation

defz = m defy = Iﬂ

Input type
& yy
2z
(] WE
(a3
" def z
 defy

_'I_-I

_
ole 2 e emE hhbd AARAQLLGEH

LReady

This results in the following check for the relative deformation.

Relative deformation

Linear calculaion, Extreme : Global, System - Principal

Selection - B18

Combinations : CO1

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

Cco1n B18 8,516 117 1/519 0,39 -759 1/160 1,25

co1/1 B18 0,000 0,0 0 0,00 0,0 0 0,00

CO1M B18 6,083 0,0 1/10000 0,00 -1053 1/116 1,73
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