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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 factorsandlengths

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.

The new dialog is an improvement of buckling and relative lengths in order to offer the user a better user
interface and also a better user experience. The settings have been grouped in a more logical order so that
the user can navigate seamlessly within the dialog.

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 for this buckling group (System lengths and buckling groups), the user can
check properties of this particular buckling group. With the option ‘Edit’, buckling system of the element
can be viewed and changed.

| B System lengths and buckling groups *

Al ek 9> & FEH A iy

BC1 Name BC2

BC2 Number of parts 2

BC3 Description

BC4 Member(s) material Steel, other

BCS ky factor Calculate -

BCE

BCT kz factor Calculate -

BCa Point of load application In shear center -
Mecr Calculated -
Bow imperfection ely no bow imperfection -
Bow imperfection el,z no bow imperfection -

VY 7

New Insert | Edit | Delete Close

Default the following option will appear:
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o9 AETEE. @R
Settings | Results

MName BC2

% Buckling span Deflection span
® Deflection y = -z -
= I T Deflectionz= |y ~
yz= |z T
LTB= |zz -

Active buckling constraints

h% Span settings

Buckling length factors Settings per span for y+ axis
o ky factor Calculate 2 Sway y-y

1 [«
Sway y Custom "

- 2 | [v

‘ Member imperfection in 2nd order analysis
4

B« Bow imperfection ey no bow imperfectit =

Save Cancel

System lengths and buckling settings can also 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.

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
e 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

e The system length will be taken as follows:
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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 slenderness
Linear calculation

lyz 1LTB

[m] [m]

B2 Cs1 1 |Yes 2,500] 3,08 | 0,054 78,22 | 5,000/ 5,000
Mo 5.000| 0,82 | 4.004| 54,78

B2 CS1 2 [Yes 2,500 | 3,00 | 7,506| 58,98 | 5,000 | 5,000
Mo 5.000| 0,82 | 4,004| 54,78

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

e 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 have 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

M|z rs s

P A JAs 00T

INew member - Polyline - Start point =

e There is also a graphical representation of the system lengths.
o Select column B2.

o Go to the properties menu and click on System lengths and buckling settings:

Buckling
System lengths and buck... BC2 - B
Material and no. of parts ~ Steel, other - 2

Secondary member
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Now the user can choose between the yy and the zz axis:

i System lengths and buckling settings

AP AEREEE. AR

Settings | Results
Name BC2
% Buckling span Deflection span
®yy ) Deflectiony = zz
Czz=| Tz~ () Deflectionz =y~
Oyz= |zz -~
QLTB= zz -~
[+ Active buckling constraints z
|% 4 Span settings
Buckling length factars Settings per span for y-y axis
ky factor Calculate o Sway y-y
1
Sway yy Custom -
2
Member imperfection in 2nd order analysis
Bow imperfection ey no bow imperfectic =
z L
i
X
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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 System lengths and buckling groups 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  ZZ

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 secondary beam properties to the element.

So select beam B17 and go to the properties menu of this 1D member:

Buckling
Systemn lengths and buck... Default L

Material and no. of parts ~ Steel, other - 2

|Secunda|1.r mermber W

It is possible to indicate that beam B17 is a secondary beam and should not be taken into account in
the system lengths:

Afterwards, a label will be displayed on beam B17, indicating that this beam consists of 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.

10
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Set view parameters for all

Cursor snap setting

E{ Print/ Preview table
lIIi Table to document

P | Table to Engineering report

Wiew L

Bl cCopy add data BB1
['[f Move add data BB
& Delete

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

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

|Name | B3
Type column (100] -
Analysis model Standard - yy ZZ
Cross-section C51 - HEA3DD e
Alpha [deg] 0,00
Member system-line at Centre - : } o
ey [mm] 0,00
ez [mm] 0,00
LCS standard -
LCS Rotation [deg] 0,00 N &
FEM type standard v
Layer Layerl - =
Buckling
System lengths and buck... | Default - |i...
Material and no. of parts ~ Steel, other - 2 1 } o ‘
Secondary member

It is also possible to change the buckling supports using the option graphical window in the ‘System
lengths and buckling settings’ menu an element. By clicking on the 3 dots, the System lengths and
buckling settings window will open.

In the graphical window, the full red lines are the fixed nodes (i.e. active restraint), the dot lines are the

free nodes (i.e. inactive restraint). By simply clicking on the triangles, the settings for free and fixed will
be changed:

11
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| g g
PP AERERE. @R,

B3

N
: N
ey 5‘\\\

e

Lo

‘ Qe 8 &

Settings | Results
MName BC3

Buckling span

| Active buckling constraints

Deflection span
Deflection y = -z v

Deflectionz= |y ~

¥y I -z

Span settings

llu wlelinn lenmth fartare

Settinne ner enan far var avis

Save Cancel

The user can do the same for the buckling span z-z. Also, in the previous window, it should be noticed
that besides graphical input, buckling constraints can be ticked off/on using the ‘Active buckling

constraints’.

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

12
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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
I

e For a sway structure:

with

the modulus of Young
the moment of inertia

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

4p1p, + 1’py
m2(py + 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 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.

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 a linear 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)

(o

The option ‘Sway’ or ‘Non sway’ can be chosen in the menu ‘Steel > Beams > Steel Setup’. These
settings apply to the whole structure:

14

*
=- S!:andard EN Mame Standard EM ~
B Steel Steel
Member check
Fire resistance Member check EN 1993-1-1
Cold Formed Classification EMN 1993-1-1: 5.2.2
P.IaL:ed structural elements Use Semi-Comp+ no
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 no
Torsion EN 1993-1-1: 6.2.7
Limit for torsion [-] 0,05
“ Default sway types ENT1993-1-1: &.3.1
¥y v yes
-z no
Buckling length ratios ky, kz EN T993-1-1: 6.3.1
Max. k ratio [-] 10,00
Max. slenderness [-] 200,00
2™ arder buckling ratios Acc. to input -
Lateral Torsional Buckling EN 1993-1-1: 6.3.2
Lateral torsicnal 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
Verify only section checks no
Flexural buckling accounted for by 2" order calculation no
Moments on columns in simple construction no W
Load default non-NA parameters Load default NA parameters 0K Cancel
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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.

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:
o My1=79,883 kNm
o ¢1="fiy=1,523 mrad
o Ci1=My/¢p1 =79,883 kNm /1,523 mrad = 52,451 kNm/mrad
=5,2451 x 10%*° Nmm/rad
o E =210 000 N/mm?2
o ly=162700000 mm*

10
ciL 5.2451-2 T:'dmm-4000mm
o p1=—-—"= N =6.141
El 210000—->162700000 mm*
4pypo+miPl  46,1410,0+7%6,141

=1.0

T m2(p1+p2)+8pips  m2(6,141+0,0)+8:6,141:0,0

o k=x|Z4+4=10]—"—+4=2368
p1x 6,141-1,0

m?El  m*210000N/mm?162700000 mm*
o Nyg=—73= 2 2
KL (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

aaﬁ\ﬂ‘@&x

£y
This can also be displayed in the preview:

Steel slenderness
Linear calculation

[0 . n ¥ . :

. F.
B1 £51 1 [Yes 4,000 2,36 | 9,459 63,23 | 4,000 4,000
Mo 4,000[ 0,70 | 2,800| 73,92

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

e Sway Yy (2): whether this member is considered sway or not sway.
e Ly (L2): 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 Ily=Ly*ky
e Lamy (Lam z): the slenderness of the element
e lyz : the torsional buckling length

e | LTB: the lateral torsional buckling length

16
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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 by using System lengths and buckling settings. Column B2 is used.

e System lengths and buckling settings

‘Property window of the selected member’.

Properties

- 1
Member (1) - B
&

Name B1

Type column (100) -
Analysis model Standard -
Cross-section CS1 - IPE360 -
Alpha [deg] 0,00

Member system-line at Centre -
ey [mm] 0,00

ez [mim] 0,00

LCS standard -
LC5 Rotation [deg] 0,00

FEM type standard -
Layer Layerl - |
Bucklin

Material and no. of parts ~ Steel, other - 1

Secondary member

By clicking on the three dots, the ‘System lengths and buckling settings’ window will open.
Here the sway type can be changed.

B Systern lengths and buckling settings

[m| *
T - = =
Settings | Results
} Name BC1
Buckling span Deflection span
o) yy Deflectiony = | zz =~

zz= ZI T Deflectionz = |yy

yz= Iz T

LTB= zz ~

‘\ Active buckling constraints o

Span settings

Buckling length factors Settings per span for y4 axis

= ky factor Calculate - Sway y-y
1 v

Sway vy Custom

lember imperfection Al sway

All non-sway
Bow imperfection € Custom
z
W
* -
Save Cancel

The same can be done for Sway z-z by changing Buckling span to z-z.

17
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|87 System lengths and buckling settings

m] *
o P A REE. CAHA
sl
;- Settings | Results
Name BC1
Buckling span Deflection span
() Deflectiony=  zz -
() Deflectionz = yy ~
<& _ _ _
I [~ Active buckling constraints —
4 Span settings
Buckling length factors Settings per span for z-z axis
0 kz factor Calculate = Sway z-z
1.0
Sway 2z Custom o [ ——
. M Fromsetup |
Pember imperfection Al sway
. . All non-sway
Bow imperfection ¢ Custom
z
ks
A3 -
| Save | | Cancel |

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.

18
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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.

IPEI0D ) ) IPE200 ) . IPE305 ) . IPES00 ) ) IPESGD ) . IPE300

2 2 2 2 g g 2 2 2 2 2 2
1] 1] m m L] ) b bl 5] 5] o m
& & & & & & b 5 ] ] o &
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 [ vl | | 13e[] | o [ 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 il
2,00 p—

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.

L 0 e
[l Standard EN Name Standard EM A~
= SFEEI Steel
Member check [ -
| check EN 1993-1-1
Classification EN1993-1-1: 5.2.2
Buckling defaults Plastic analysis Elastic Stresses -
Relative deformation 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
[ Default sway types EN 1993-1-1: 6.3.1
Yy ol yes
-z no
Buckling length ratios 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 -
Methed for C1 C2 C3 ECC5 119/ Galea -
Method for k. EM 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
Moments on columns in simple construction no W
Load default non-MA parameters Load default NA parameters oK Cancel

20
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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 System lengths and buckling groups.
‘Steel > Beams > System lengths and buckling groups.

Column B4 will be used to explain this option.
Select member B4 and choose System lengths and buckling groups.

B System lengths and buckling groups *

A eBE 0 & FE miv;
BC1 Mame BC3

BC2 MNumber of parts

BC3
BC4
BCS
BCH

BC7
BCE Point of load application

Description

Member(s) material Steel, other

Calculate @

kz factor

Factor
Length

Mcr L= ed -

Bow imperfection el,y no bow imperfection -

Bow imperfection e0,z no bow imperfection -
Yy ZZ

D1 d
prd
2R

New Insert Edit Delete Close

For the ky factor and the kz 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 should be used and window

System lengths and buckling settings will be opened for this column. In this window, the
buckling ratio ky or the buckling length ly can be inputted.

21
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22

[ Systemn lengths and buckling settings O X
‘PP AEESE. AR,
Settings | Results
N8
B Name BC8
Buckling span Deflection span
"1 Deflection y = zz T
COzz= 22~ () Deflectionz = yy ~
Oyz= 2z~
OLTB= zz ~
[ Active buckling constraints .
u N14 4 Span settings
Buckling length factors Settings per span for y-+ axis
| ky factor Factor = [ ky [-] Sway y-y
1 00
Sway yy Custom ~ | Sl =
R =S L
Member imperfection in 2nd order analysis
. Bow imperfection ey no bow imperfectit *
y Ll 1
. I nmn
¥ N7
F O -
Qe 2 u
Save | ‘ Cancel

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. Besides this, it is possible to insert a different buckling ratio for

each part of the column, in this example both parts of the element, (1) and (2), have the same
ky factor.

The user can insert the buckling length ly manually as well.

[0 System lengths and buckling settings [m} X

P A EEE RA

Settings | Results
B\ ne
Name BC8

Buckling span Deflection span

(0 Deflectiony = zz -

-z - () Deflection z = vy -
QOyz= |zz -
COLTB= zz -
I+ Active buckling constraints -
N Ni4 4 Span settings
Buckling length factars Settings per span for y-y axis
ky factor Length - [ ly [r] Sway y-y
1 3,000
Custom | =
2 3,000

Swayyy
‘ Member imperfection in 2nd order analysis
| ' Bow imperfection eDy no bow imperfectic =

LRI

v N7, S
io‘ ® 3 &

Save Cancel

If the same wants to be done for kz and |z, the buckling span should be switched to z-z.
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@@ AEEEE.  EH.

N

]

N

L

L O

-

1""“%

AR A

kA

Pl

Settings | Results

Name BC3

Buckling span Deflection span
L Deflection y =

(9 zz= |zz ~ Deflection z =
yz= 12 ~
LTB= zz -

Active buckling constraints
Span settings
Buckling length factors

kz factor Factor o

Sway 7z Custom i
Member imperfection in 2nd order analysis

Bow imperfection ell.z no bow imperfectic ~

[m}
z -
¥y -
-
Settings per span for z-z axis
ez [-] Sway z-2
1 1,00
2 1,00
=
Save Cancel

This buckling data is again additional data which can be copied to other elements.

System lengths and buckling settings.

‘Property window of the element’ B4.

The same window explained in previous example can be directly accessed via Property
window of the element B4.

Properties - 0 x
Member (1) EERT: T
& x
Mame B4 ~
Type column (100) -
Analysis model Standard -
Cross-section C51 - HEA3DD -
Alpha [deg] 0,00
Member system-line at Centre -
gy [mm] 0,00
ez [mm] 0,00
LCS standard -
LC5 Rotation [deg) 0,00
FEM type standard -
Layer Layerl -
Buckling
System lengths and buck... [i€] -
Material and no. of parts ~ Steel, other - 2
Secondary member

You can check ky factors for column B4 in the steel menu: ‘Steel > Beams > Steel slenderness’

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

23
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NG

300

200 N14

Nl

300 N7

24
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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:

(=~ 5tandard EN Mame Standard EN ~
(= Steel Steel
IMember check .
ire resistance Member check EN 1993-1-1
old Formed Classification EMN 1993-1-1:5.2.2
lated structural elements Use Semi-Comp+ no
imit slenderness .
uckling defaults Plastic analysis Elastic Stresses -
i Relative deformation Shear EM 1993-1-1: 6.2.6
- Autodesign Use A, A; instead of elastic shear no
Torsion EN1993-1-1: 6.2.7
Limit for torsion [-] 0,05
Default sway types EN 1993-1-1: 6.3.1
¥y | yes
-z no
Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Max. k ratic [-] 10,00
Max. slenderness [-] 200,00
2™ order buckling ratios Ace. to input -
Lateral Torsional Buckling EM 1993-1-1: 6.3.2
Lateral torsional buckling curves General case -
Method for C1 C2 C3 ECCS119/Galea -
Method for k. EM 1593-1-1 table 6.6 -
General settings
Elastic verification no
Verify only section checks no
|Fle:(ulal buckling accounted for by 2" order calculation | yes
Moments on columns in simple construction no v

Reference: EM 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 NA parameters oK 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 N—Ed < 0.04 the buckling effects may be ignored and only cross

sectional checks apply.

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
Bucklng factor k 4,36 0,84

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

Relative slenderness Ael |2,80 0,90

Limit slenderness Arelo 0,20 0,20

Note: 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).

- 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.

N, Lk My.Ed + a'1\’13;_&1 Lk Mz,Ed +AM, ¢4 <1
% Nue 7 Mg 7 My
XiT -
T Ywi T
NEd n k My,Ed. + &My,Ed. i k Mz,Ed + AMZ_Ed < 1
Xz NRk = M}',Rk = Mz,Rk
XLt -
Tw v FEY!

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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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 ratios in SCIA Engineer.

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

Basic data | Functionality | Actions Unit Set  Protection

Property modifiers

Parametric input
Climatic loads
Maobile loads

Dynamics

Stability

Menlinearity
Structural model
IFC properties

Prestressing

Subsoil

Soil interaction

Pile Design [MEM method]
Pad foundation check
Steel

Fire resistance checks
Steel connections
Scaffelding

Girders with sinusoidal webs

Bridge design

|

|

|

TDoF 2nd order analysis for LTB !

|

|

Excel checks |
|

Document

Cancel

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

|
I BEE 9= & - o mRvY;
51 |Name 51
Contents of combination
| LC1[-] 1,00 |
Mew from linear combinations Mew Ingert Edit Delete Cloze
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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 "~
E iA\rerage number of tiles of 1d element 10 |
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 Automnatic -
Average size of panel element [m] 1,000
Elastic mesh
Hanging nodes for prestressing !
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 nodes in connections of heam elements e v

= Cancel

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

- ]
Mame SolverSetupl
Advanced solver settings
General
Effective width of plate nbs
Initial stress
|
Type of eigen value solver Lanczos -
Mumber of critical values 4 |
Soil
|
|
= & Cancel

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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Properties v 0 X
Displacement of nodes (1) -8y
& Selection All -
Type of loads Stability combinations -
Stahility combinations 5141 - 500,75 -
Filter No -
Values Deformed mesh -
Extreme Node -
[ R
B
S
r
- Wi 9 \‘w Actions
Refresh EE
-~ o e
LQ 8 -~ Q Table results EE
Preview S

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 =>Stability member
data”. It is important to emphasize that the correct stability combinations are selected for ky and kz
(i.e. these should induce major axis and minor axis buckling on this member).

|
Maormal force for ky, kz Average |
|Stabi|it_~,r combination for ky 51/4 - 6927,50 v|
Lirnit k y max 0
Stability combination for kz 51/1- 500,73 -
Limit k z max 10

Cancel

Once defined, a label SMD1 will appear on this 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):

or

o, = =10 for elastic analysis
Frg

29



Topic Training — Buckling Lengths for Steel

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.

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

Buckling curve
Buckling | S 233
Cross section Limits about 5273 | &
axis S 355 5 460
S 420
< yo¥ a o
~ t: < 40 mm Lz b 2
4 < s
g = | 0mm=t=100 | Y7 b |
E . Z-z c a
. o <100 mm y=y b 3
E & Z-z2 c a
Wl
= = V¥ d
b _l ty= 100 mm Lz d
g =t =t t < 40 mm y=y | bopb
g g z-z c £
5 g y - y ¥ Y
N = I
z z
> @ hot fimshed any a 1
22 N
= g '/— I
k\l& //' cold formed any c c
— L
t,
[ 1
2 — D genera]blgfl:;::;cept as any b b
£ Z
- h| - -y
s ¥ 1 T thick welds: a = 0, 5ts
= [ | ] bt = 30 any c C
| Z b | W't, =30
= % = R
33 i— §
= 2 — L any c €
g ||I %%
~ B v
2
g - any b b
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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.

Shape type Thick-walled ~
Initial shape Available
Z Parameters
Material 5235 L
H [mm] 190,00
B [mm] 200,00
ta [rmm] 10,00
s [mm] 6,50
ts [mm] 18,00
th [mm] 18,00
S 6- 5 0 % General
G‘;\ _ Diraw colour Mormal colour -
= o e Colour [
(a] = AutoDesign constraints
% OO‘“ : Fabrication general -
:—__'; th_ 1 8 0 Buckling curves
i — Edit buckling curves [
Lc N Flexural buckling y-y b -
ﬁ} Flexural buckling z-z C -
H:V'\ Y Lateral torsional buckling Default -
Initial shape
B 2010_00 Initial shape
- g Classification W
! 4 ST Picture | 51 Fibres | @ | do/dy | dop/dz | w| toy | Txz | oM | oMy | ok Expod Update Dooment |
Cross-section layout and dimensions Cancel
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Note: There have been some changes since SCIA Engineer version 2013.1.

32

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.

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 -
Ny ra

Where

e Ned is the design value of the compression force.

¢ Nbrd is the design buckling resistance of the buckling member.

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

XA fy )
. Nb,Rd = " 4 For class 1, 2 or 3 cross sections
M1
XA -f )
° Nb,Rd = —yeff 4 For class 4 cross sections
M1

The reduction factor y will be calculated as follows:

1

= buty<1,0
X D+ P22 =
With
P 0,5[1+ a(1-02)+ 27|
— A'fy )
A m For class 1, 2 or 3 cross-sections
cr
A .
/Lfy For class 4 cross-sections
Ncr
o Imperfection depending on the buckling curves:

Table 6.1: Imperfection factors for buckling curves

Buckling curve ag a b c d
Imperfection factor o 0,13 0.2 034 049 0,76

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

Note: For slenderness A < 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 Checks — EC — EN 1993 Steel Check ULS’.

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

Properties w I X
EC-EM 1993 Steel check ULS (1) SRR T
&
EC-EN 1993 Steel check ULS ~
Selection
Type of selection Current -
Filter Mo -
Results in sections All -
Result case
Type of load Load cases -
Load case LC1 -
Extreme 1D
Extreme 1D Glokbal -
Type of values Overall Unity Check -
Values Dwverall check -
Qutput settings
Output Detailed M.

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 EN 1993-1-1 article 6.3.1.1 and formulz (6.46)

Sway type SWay Non-sway
System length L 5,000 5,000 m
Buckling factor k 4,38 0,82

Buckling length L. 21,923 |4,081 m
Critical Euler load Ne 159,12 |1667,78 kM
Slenderness A 204,72 |81,77

Relative slenderness ha | 2,82 0,87

Limit slenderness Aag 0,20 0,20

Note: The slenderness or compression force is such that Flexural Buckling effects may be ignored
according to EM 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 EN 1993-1-1 article 6.3.1.1 and formula (6.48)

Buckling parameters yy 7z

Sway type sway non-sway
Systermn length L 5,000 5,000 m
Buckling factor k 4,38 0,82

Buckling length Le 21,923 |4,081 m
Critical Euler load M. 159,12 (166778 kN
Slenderness A 264,72 |81,77

Reltive slenderness hwa  |2,82 0,87

Limit slenderness hwg 0,20 0,20

Buckling curve b C

Imperfection a 0,34 0,49
Reduction factor ¥ 0,11 0,62

Buckling resistance Myas |141,30 |[781,28 kM

Warning: Slenderness 264,72 is larger than the limit value of 200,00,
Fexural Buckling wverification

Cross-section area A 5,3800e-02 [m?
Buckling resistance Musa [141,30 kM
Unity check 0,10 -

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=4,38*5=219m

This buckling length is used to calculate the critical normal force (Euler force)
kN _
m?El  T°El, m? % 2,1 108@ * 3,69 x 107> m*

N. = = = = 159,46 kN
N 5 L 21,9 m?
Slenderness
A= b __219m _ 264,44
i, 0082817m "

Relative slenderness

I A A 26444
A 933 9373

Limit slenderness

= 2,83

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 — 22
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And
®=05[1+a(1-02)+2%] =0,5[1+0,34(2,83—0,2) +2,83%] = 495155
Thus

1

1
® 4+ D2 — 12  4,95155 ++/4,951552 — 2,832
o Buckling resistance

X =0,1109

XA -fy _ 0,1109 * 0,00538 m? * 235000 kN/m2
Ym1 1

Npra = = 140,2109 kN

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

o The buckling check

Npq 13,53

L —0,09
Nyra 140,21

o 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
i Cold Formed
- Plated structural elements
imit slenderness
- Buckling defaults
i Relative deformation
5--Autodeswgﬂ

Mame

Steel
Member check
Classification
Use Semi-Comp+
Plastic analysis
Shear
Use A, A; instead of elastic shear
Torsion
Limit for torsion [-]
Default sway types
¥y
-z
Buckling length ratios ky, kz
Max. k ratio [-

2 order buckling ratios
Lateral Torsional Buckling
Lateral torsional buckling curves
Method for C1 C2C3

Method for k.

General settings

Elastic verification

Verify only section checks

Flexural buckling accounted for by 2™ arder calculstion

Moments on celumns in simple construction

Fire resistance

Standard EM

EM 1993-1-1
EN 1993-1-1: 5.2.2
no
Elastic Stresses
EN 1993-1-1: 6.2.6
no
EN 1993-1-1: 62.7
0,05
EN 1993-1-1: £3.1
] yes
no
EN 1993-1-1: 63.1
10,00

Acc. toinput

EN 1993-1-1: £.3.2
General case

ECCS 119/Galea

EM 1993-1-1 table 6.6

no
no
no
no
EMN 1993-1-2

Reference: EN 1993-1-1 article 6.3.1.3
Description: Limit for the slenderness for flexural buckling.
Application: In case the slenderness for flexural buckling (around either axis) exceeds this limit a warning is shown on the output.

Load default non-NA parameters Load default NA parameters QK Cancel
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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 L Uy Uz Fix Ry Rz

[mm] [mm] [mm] [mrad] [mrad] [mrad]

e Co1/1 -36,9 0,0 -0,2 0.1 8,2 3,2
ME Co1/1 37,0 0.0 -0,2 0.3 -8,2 -3,2
MN1lG Co1/1 -36,9 0,0 -0,2 -0,1 8,2 -3,2
M7 Co1/1 0,1 00| -223,7 -0,9 0,0 0.0
M1 Co1/1 0,0 0.0 0,0 1,0 -7l 0,1
N3 Co1/1 0,0 0,0 -103,9 -65,7 0,0 0,1
MN22 Co1/1 0,0 00| -103,2 65,7 0,0 -0,1
N10 Co1/1 0,0 0,0 0,0 0,1 -15,0 8,2
NO Co1/1 0,0 0,0 0,0 0,0 15,0 9,6
N19  |CO1/1 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 37,0 mm.
h/150 = 5000mm/150 = 33,33 mm

37,0 mm > 33,33 mm so this is not ok.

e Vertical deformation
The maximal nodal displacement in the global Z direction is 223,7 mm.
L/200 = 12000/200 = 60 mm

223,7 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
=2 S:teel Steel
| i~ Member check .
- Fire resistance Member check Ll
old Formed Fire resistance EN 19
lated structural elements T Frar=] EN 19
i Limit slenderness .
- Buekling defaults Plated structural elements EN 19
i~ Relative deformation Limit slendemness EN 50341-1
- Autodesign Buckling defaults
| Relative deformation
| General [-] 200,00
Beam [-] 200,00
| Column [] 200,00
| Gable column [-] 200,00
|
Secendary column [-] 200,00 |
Rafter [-] 200,00
Purlin [-] 200,00
Roof bracing [-] 200,00
Wall bracing [-] 200,00
Girt[-] 200,00
Truss chord [-] 200,00
Truss diagonal [-] 200,00
Plate rib [-] 200,00
Autodesign

| Load default non-NA parameters Load default NA parameters oK Caneel | |

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 settings”, 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.
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w System lengths and buckling settings

O x
99 ArEmE. AR
Settings | Results
Name BC1
Buckling span Deflection span
= yy

() Deflectiony = | zz -

zz= zZ ~ ) Deflectionz = yy -
Jyz= | zI T
(OLTB= |zz -~
[~ Active buckling constraints &
4 Span settings
Buckling length factors Settings per span for y-y axis
ky factor Calculate 2 Sway y-y
1
Sway yy Custom

Member imperfection in 2nd order analysis

Bow imperfection ely

no bow imperfectic =

\; v \\\‘:‘3
A

Qs

Save | | Cancel
This can be changed to create a separate system for the relative deformation.
[ Systern lengths and buckling settings O X
P9 AEBBE. AA.
Settings | Results
Name BC1
Buckling span | Deflection span
() Deflectiony = yy -
- (") Deflectionz = zz -~
[~ Active buckling constraints &
4 Span settings
Buckling length factors Settings per span for yy axis
ky factor Calculate - Sway y-y
1
Sway yy Custom M
Member imperfection in 2nd order analysis
Bow imperfection ely no bow imperfectic ~
= [-_.-I_.r.( TR n‘\\;;
¥
3
[ | O -
LQ ﬁ S ¢
| Save | | Cancel

In the tab ‘Active buckling constraints, the nodes can be fixed or free for the relative deformation.
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WY System
| g g
&P AFEEE. AL,
Settings | Results
MName BC1 l
| Buckling span Deflection span
ey Deflection y = vy T
z= |ZI ~ Deflectionz= zz ~
yz= |zz -~
2 LTB= zz - .
]
| L
Active buckling constraints -
Yy -z
N 1
2
N |
= 1
Or - ~
: OO
° Span settings
b !
| ] . . . - i
LQ @ 3 l:t Buirkelinn lmth famtars Cetinas mer aran far uas avie |
Save Cancel
The same can be done using the graphical window, for both spans, y-y and z-z.
| ] g g gs O X
# P AFEEEBEE.  AH.
Settings | Results
Name BC1
| Buckling span Deflection span
¥ (e Deflection y = yy T
2= ZZ T Deflectionz= zz -
yz= zZ T
LTB= zz -~
Active buckling constraints
¥y Iz
1 v ]
2
:' e -
z CONARAy
° Advanced settings
b
F oy 1
O
Qe 28
Save 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.

¢ 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.
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Fix

Fix

Relative deformation

Linear calculation, Extreme : Global, Systerm : Principal
Selection: B3
Combinations : CO1

Member dx Case - combination uy Rel uy uz Rel uz Check uy Check uz

[m] [mm] [1/xx] [mm] [1/x] [-1 [-]
B3 6,083 [C01/1 0,0 1/10000] 105,2| 1/58 0,00 3,46
B3 3,650 [CO1/1 11,1 1/547| 75,9 1/80 0,37 2,49
B3 0,000 [Co1/1 0,0 0 0,0 0 0,00 0,00

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 = 1/547

1/547 _

Check = =
1/200

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 105,2 mm.

Free l{+++++++++++++++
Urel

Fix

Length =6,083 m

Deformation uz = 105,2 mm (and 0 mm at the beginning of the beam)
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UZrelative = 105,2 mm — 0.0 mm = 105,2 mm

UZrelative / Length = 105,2 mm / 6083 mm = 1/58

Check = 258 — 346
1/200

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.

Command line

hl£Es - 2P A—srJHise e

|Na.-.r member - Polyline - Start point =

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

|70 Move

4|
A
Zm
4

0y Copy -
L o &3 %
g0 Multicopy

|0 Rotate

—4

MEedLTEEE

i scale

&0 stretch

fli wirrar

[4f Move vertexes/points
Trim

Extend

3

Enlarge by defined length

e B —

Break in defined points

==
—

Join

Break in intersections

Ir &

Reverse orientation

| Palyline edit 'll | Edit polyline - insert node

Curves edit

It e,

Edit polyline - delete node

-+

Calculate member end-cuts

Edit polyline - break into single curves

+
PN b

-
Eery P

Join curves into polyline

[ =]
o

Divide surface

el

Edit palyline - fillet

8

Join surfaces

+

Connect members/nodes

L

Disconnect linked nodes

B

)

e

T
el o=

Copy attributes

Move attributes

L

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

.

W System lengths and buckling settings

00 AEEZW. @A,

Settings | Results

Name BC3

(::: yz= iz -

OLTB= |zz -~

- Active buckling constraints
4 Span settings

Buckling length factors
ky factor Calculate
Sway yy From setup

Member imperfection in 2nd order analysis

Bow imperfection ely no bow imperfectic =

Buckling span Deflection span
®yy () Deflectiony = zz -

Ozz= |zz2 (") Deflectionz =y ~

Settings per span for y-y axis

Sway y-y
]

Save | | Cancel

This results in the following check for the relative deformation.

Relative deformation

Linear calculation, Extreme: Global, System : Principal
Selection: B18

Combinations : CO1

Member dx  Case- combination uy Rel uy uz Rel uz Checkuy Check uz
[m] [mm] [1/xx] [mm] [1/3xx] [-] [-]

B18 0,000 [CO1/1 0,0 0 0,0 1] 0,00 0,00

B18 6,083 |CO1/1 0,0 0] -105,2| 1/116 0,00 1,73
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