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Topic Training — Buckling lengths for steel




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 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):

* For a non sway structure:

— (p1p2+5p1 + 5p5 + 24) (p1py + 4py + 4p, + 12)2
(2p1pz + 11ps + 5p; +24)(2p1p2 + 5p1 + 11p, + 24)

71.2
k=x|—+4
p1x

the buckling factor
the system length

the modulus of Young

. For a sway structure:

with

the moment of inertia
the stiffness in node i
the moment in node i
the rotation in node i

8 20—~ mMmrx

Y= 4pip, + TP,
n?(py + p2) + 8p1p2

_GL
pi = El
¢ =M
gy

The values for M; and @ 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:
0 on the 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:
0 on the 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.

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:

* 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)

<

Y

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 Nams Standard EN
B Steel o G5
oo, &l [Member check EN 195311
- Fire resistance . .
Cold Formed =/ Shear BN 199371.626
Plated structural elemants Use Ay, Az instead of elastic shear no
- Buckling defaults = Torsion EM195931-1-627

-~ Relative deformation 0

EN 1993-1-1.6.31

|yes
no
. T
Max. k ratio [] 10,00
Max. slendemess [ 200,00
2"6 order buckling ratios Acc. to input -
= Lateral Torsional Buckling EN 1983-+1:63:2
Lateral torsional buckling curves General case -
Method for C1C2C3 ECCS 119/Galea 5
Method for ke EM 1353-1-1table 6.6 hé
= General settings
Elastic verfication “Ine
Verify only section checks “Ino
Flesural buckling accounted for by 2™ order calculation no
Moments on columns in simple construction no
= Fire resistance EN 199372
5 Cold Formed EN 1393-13
& Plated structural elements EN 133315
& Buckling defaults
&l Relative deformation
Load default non-HA parameters Load default NA parameters l oK | 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
- Setas sway
- InnodeN1:My=0kNm=>C,=p,=0.0
- This node N1 defines p, because p; is always the smaller of the two.
- Innode N2 for Load case LC1:
0 My =79,883 kNm
o @ =fiy=1,523 mrad
0 Ci=Mp/@ =79,883 kNm/ 1,523 mrad = 52,451 kNm/mrad
= 5,2451 x 10'° Nmm/rad
o E=210000 N/mm?
o ly=162700000 mm*

10
L 5.2451-%-4000mm
0 p1=—= N 4=6.141
EI 210000 +162700000 mm

mm?2

4p1p2+m?Pl  4-6,141-0,0+7%-6,141 -10

0 x= = =
w2(p1+p2)+8p1p2  12(6,141+0,0)+86,141:0,0

2 2
o) k=x\/:—x+4=1,0J r 4+ 4=2368
1

6,141-1,0

o N. = m?El _ m*210000N/mm?162700000 mm*
e k22 (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 k, will be found:



236 T N

2,35\H¥{_2%

] £y

-

ﬂmNB

]
e
This can also be displayed in the preview:
Steel slenderness
Linear calaulation
Member CS5 Name Part Sway y Ly Ky ly Lam y lyz | LTB
[m] 1 [m] [-1 [m] [m]
Sway z Lz kz Iz Lam z
[m] [-] [m] [
B1 CS1 Yes 4,000 2,35 9,459 63,23 4,000 4,000
No 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 y (2): whether this member is considered sway or not sway.

* L, (L)): the system length of the member. This is the distance between the buckling supports.

*  ky(ky): the buckling ratio. This factor is calculated automatically by SCIA Engineer or can be
inserted manually.

* Iy (l): the buckling length.

(0]

ly =L, *ky

e Lamy (Lam z): the slenderness of the element

* |y, : the torsional buckling length

e | LTB: the lateral torsional buckling length
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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 in two ways with different priority. Column B2 is used.

e Member Buckling Data.

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

Name BE1

Edit buckling

M S

Buckding ky. kz coefficients or buckling lengths user input * I

1= Buckling systems relation

2z 2z *

¥z z =
Secondary member

=l coefficient
ey factor Calculate -

ace.to SieehBeams>Setip F

Sway 2z acc. fo Steel>Beams>Setup
Yes

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 1 x
Member (1) [TV
\’. ®
Mame B2 A
Type column (100} -
Analysis model Standard -
CrossSection C51-IPE36D -
Alpha [deg] 0,00
Member systemdine at ~ centre ~
ey [mm] 0,00
ez [mm] 0,00
LCS standard -
LCS Rotation [deg] 0,00
Buckling and relative |... .
= 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.



Base settings | Bucking daa |

Name IBC1 Number of parts |1

- Buckling systems relation ———

kyfactor [Calouiate =l

kz factor |Calculate

z= Izz 'I
yz= Iu vI

acc. to Steel>Beams>Set

Mer [Calculated x|
1~ Bow imperf n
cody lnn bow imperfection Ll
eodz Inn bow imperfection j
- Relative 1 systems relation
defz= I‘D‘ vI defy= |z -
I~ Waring check
I™ Xdiagonals ftickde syt | Stendard method =

0K | Cancel | Apaly |

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.

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

IPE100 ) . IPE200 ) IPE300 . i IPESOC . . IPEECD ) . IPE300

HEA300
HEA300
HEA3CO
HEA3C0
HEA300
HEA300
HEA3CD
HEA300
HEA3CD
HEA300
HEA3CO

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

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

HEA3C0

196 1wl ] | 13| R RN

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

ain) il
2,00 ]

2,00 |




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.

= Standard EN
[ Steel
Member check
Fire resistance
i Cold Formed
Plated structural elements
Buckling defaults
i~ Relative deformation

Name
= Steel
= Member check
=l Shear
Use Ay Azinstead of elastic shear
=l Torsion

Limit for torsion [

Cl Default sway lypes
¥y
22

2" order buckling ratios
=l Lateral Torsional Buckling
Lateral torsional buckling curves
Method for C1 C2C3
Methed for k¢
C General seftings
Blastic verification
Verify only section checks
Flexural buckling accounted for by 2'“i order calculation
Moments on columns in simple construction
# Fire resistance
# Cold Formed
# Plated structural elements
Buckiing defaults
Relative deformation

Max. k ratia F] 10,00

Standard EN

EN 1853-1-1
EN19831-T:626
Tno
EN1593-1-1. 627
005

EN 1993-1-1: 631
|¥] yes

M no

Ffisiad

Acc. toinput
EN1883-1-1:6.32
General case

ECCS 113/Galea

EN 1993-1-1table 6.5

Tino
no
no
Mo
EN 1993-1-2
EN 1993-1-3
EN 1953-1-5

Reference: EN 1953-1-1 article 6.3.1.3
Description: Limit for the buckling ratios for flexural buckling.

Application: Value which serves as a limit for the calculated buckling ratios. The buckling ratios are ‘capped’ at this valus.

Load default non-NA parameters

Load default NA parameters I oK I Cancel |
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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:

Alce £ BB ) | &= | Numberof pats-2 - ___i
BC1 Name | Bcz
Number of parts 2
Member{s) material Steel, other
YY 77z

13X

»

13X
3

[ew | oot | Edt ] Dees |

2 |

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

0 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:
0 This means around the local z-axis. So the column will deform in the y-direction.

0 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:

0 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).

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

o0 This can also be found in the menu ‘Steel > Beams > Steel slenderness’:

Steel slenderness

Linear calculation

Member CS Name Part Sway y Ly Ky ly Lam y lyz | LTB
[m] [-1 [m] [-1 [m] [m]
Sway z Lz kz Iz Lam z
[m] [-] [m] [
B2 C51 1|Yes 2,500 398 9,954 78,22 5,000 5,000
No 5,000 0,62 4,094 54,78
B2 CS1 2 |Yes 2,500 3,00 7,506 58,98 5,000 5,000
No 5,000 0,82 4,094 5478

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

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 Ifthe 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

% Brcccoo:

|New member - Polyline - Start point =

There is also a graphical representation of the system lengths.

o Select column B2.
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o0 Goto the actions menu and click on Graphical input of system length:

Actions
Buckling data s
Buckling coefficient
Graphical input of system length EE
Table edit geometry EE

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

=
% Name ECZ'
- Buckling systems relation
z= [FIN~
yz= 4 -
we L =

—Relative deformation systems refation ——

_| defz= [y, | defy= lzz ,l

S

ol
7 defz
 defy

4] e v | M I
00 |AEEBE. 58 s RARQNL AR,

Ready

|| 2] numi sy

oK 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):

yY 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 geometry

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 BEB1

Mumber of parts 1

Member B17

Edit buckling

Member{s) material Steel, other

Buckding ky, kz coefficients orbuc... default from LIB manager

All other and LTB coefficients default from LIB manager
Izl Buckling systems relation

2z 22

73 z
ft frd
&
1= coefficient
ey factor Calculate
kz factor Calculzte

Sway yy acc. to Steel=Beams>Setup
Sway zz acc. to Steel>Beams=Setup
Influence of load postion MNormal

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.

Set view parameters for all

Cursor snap setting

E& Print/ Preview table

m Table to document

fawa i 3

{iol  Table to Engineering report

View i

Copy add data BB1

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:



Properties o x

Member (1) ST TG
\"" X
Mame B3 ~
Type column (100) -
Analysis model Standard - y’y 77
CrossSection C51-HEADD .
Alpha [deg] 0,00
Member systemdine st centre " 3 ’ @
ey [mm] 0,00
ez [mm] 0.00
LCS standard v
LCS Rotation [deg] 0,00
FEM type 2 2 L
Buckling and relative |...
Layer
= 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.

Atfter 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 |

¥ |I ky | Sway yy | eo dy [mm] iz kz Sway zz | eo dz [mm] | kyz | ket k low
acc.to Bz ~ Fixed acc.to Bz 1.00 1.00 1,00 1.00

Refresh

ok | Cacel | ey |

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.
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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 3
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.

Z% Mame ECE
- Buckling systems relation
. E

w3

~Relative deformation systems relation ——

defz = IW LI defy = Izz ;I

~ Input type
& yy

oz
iz
(gl s
" def =
" def y

« srsess s o |
gollalEEEE. b s AARAQN L BHA

[Ready | [ cAR] NUMI SCRE

oK | Cancel




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.

(@ ] ®
Name EB2
Edit buckling
Buckding ky, kz coefficients or buckding lengths userinput .
T arn coefficients ault from LID manager >
= Buckling systems relation
L y Dz z 2z -
¥z -
Secondary member [l
s icient
ley factor Calculate rﬁ
kz factor alct
Factor
Sway yy Lexis
————rT

—of o 1o}

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:

0 Calculate: use the buckling ratio calculated by SCIA Engineer
o Factor: insert manually the buckling factor ky.
0 Length: insert manually the buckling length ly.

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

Edit buckling R B

e S == o
Buckling ky. kz coefficients or buckling lengths user input -
All ather and LTE coefficients default from LIE manager -

' Rascldinn eveteme relatinn

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

P—
| ky N wm [ ty [m] [ Swayyy kz [ Lz [m] [ Iz m] [ osweym ] kyz |

1 1.000 1,000 1,000 acc.to Basese ~ 1,000 1.000 1,000 acc.to Base se = 1,000
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Ly [m]

Iz [m]

| Sway 72 |

1,000

by [m] Sway vy kz |
1.000 cc. to Base se ~ 1,000

1,000

acc. to Basese -

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.

Base settings | b

Mame |BCE
— Buckling systems relation

Mumber of parts

—

2z= |z ey factor

vi= [z kz factor

I=

Sway zz

Influence of load position

Mer

lCa\cuIate
Caloulate

Iacc to Steel:Beams>Setup

|Non'r|al

Ll Lef L4

|Caleuated

~ Bow imperfection

eody Ino bow imperfection

eodz !no baw imperfection

L] L

~ Relative deformation systems relation

‘ defz= m defy =

izz -

I~ Warping check

I X diagonals Buckiing system Standard method

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

Base settings Buckling data

b3 Sway vy | eo dy [mm] | 1z kz Sway 2z | eo dz [mm] | keyz | ket k how
1 |V Fixed cc.to Ba: ~ | Foced acc.to Ba - 1.00 1.00 1.00 1.00
"2 | Fieed oo to Ba: 7 Fixed acc 1o 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:



N1

N7

~r 7

300

300

300
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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.

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

Buckling curve
Buckling | § 235
_ . . e
Cross section Limits aat_rg:t : ;: S 460
5420
- t- < 40 mm y=y = -
- e z—-z b ay
2 e .
2 2| 0mm=t<100 | ¥V b a
E: Z—Z e a
E < 100 mm ¥y o 3
= ik R Z—Z e a
B —_
W
= 2| te100mm | YTV | 2| €
| b _l = Z—Z d -
- B *, t <40 mm 0 L
§ g g Z—Z c c
E——y vy——v
r E | t:= 40 mm ¥y-¥ 2 >
; Z—Z d d
z Fi
> @ hot fimished any a g
5= g
= - ﬁx l
= 3 IIIT I ] 1d formed
I\l\‘\:_____j'f/" \ \ cold forme any c c
1= ' L
[ P generally (except as :
g y | below) e b ®
- = - | —
g8 hj ¥ ¥
a g i b thick welds: a = 0_5t;
= [ | - bity= 30 ANy c £
I z | hit, =30
- E = T = |-\|
g = Tl \
= - -
= ;_‘3 1 f J%bﬁ;‘ - any c c
'3 ) N
T__j - amy b b




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

«  Profile Library

e Haunch

*  Sheet welded

e Build-in beams

e Thin-walled geometric

* 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
* 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 c around the z axis. This way, the same curves are used as for the HEA200 profile.
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[Name |cs3
Type Igh
Detailed 150,00; 200.00; 10.00; ...
Shape type Thick-walled
= Parameters
Material 5235
H fmm] 190,00
B [mm] 200,00
ta fmm] 10,00
3 [mm] 650
ts [mm] 18,00
th [mm] 18,00
General
Draw colour Nermal colour

Colour
AutoDesign constraints

Buckling curves
Edit buckling curves
Flescural buckling y+

ta 10,00

Flexural buckling z-z

Fibres and Parts
Fibre text zoom

Edit named items

2D FEM analysis
Use 2D FEM analysis

4 . T Picture | TI Fibres | Prandtl | dF/dy | dFfdz | Warping | T.. — |

Cross-gection layout and dimensions l

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.



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,
B -
Np ra

Where

¢ Ngq is the design value of the compression force.

* Nprq is the design buckling resistance of the buckling member.

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

XA f .
e Nppa= 2 For class 1, 2 or 3 cross sections
! YMm1
XAefff; .
« N =20y For class 4 cross sections
b,Rd Y

The reduction factor x will be calculated as follows:

1

= —_— butx<1,0
X D+ D?-22 Xs
With
P 0,5[1+ a(1-02)+2?]
- Afy .
A o For class 1, 2 or 3 cross-sections
cr
A .
deirly For class 4 cross-sections
Ner
a Imperfection depending on the buckling curves:

Table €.1: Imperfection factors for buckling curves

Buckling curve ap a b c d
Imperfection factor o 0,13 0.21 034 0.4% 0,76

Ner Critical normal force (Euler force)
?El
Ner = Sz

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 Check > Check'.

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

Properties o ox
Check of steel (1) [=] %8 %

Selection Curment -
Type of loads Load cases -
Load cases LC1 -
Fitter Mo -
Values un.check -
Extreme Member -
Cutput 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.

* 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 i
Sway type sway non-sway
System Length L 5.000 5.000 m
Buckling factor k 4.37 0.82
Buckling length Ler 21847 4.081 m
Critical Euler load Mcr 160.24 1667.78 kN
Slendemess 263.79 81.77
Relative slenderness Lambda 2.81 0.87
Limit slerdemess Lambda 0 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:

Nea _ 340 _ 021 < 0,04
N, ~ 160,24 =

e Forload LC2 (surface load):



Flexural Buckling Check

According to article EN 1993-1-1:6.3.1.1_ and formula (6.46)

Buckling parameters Wy prd
Sway type sway non-sway
System Length L 5.000 5.000
Buckling factor k 4 37 082
Buckling length Lcr 21.847 4.081
Critical Euler load Ncr 160.24 1667 78
Slendemess 263.79 8177
Relative slenderness Lambda 2.81 087
Limit slendemess Lambda0 0.20 0.20
Buckling curve b C
Imperfection Alpha 0.34 0.49
Reduction factor Chi 0.1 0.62
Buckling resistance Nb,Rd 14223 781.28
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 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.

The buckling length = system length * buckling factor

|, =k, *L,=4,37*5=21,847m

This buckling length is used to calculate the critical normal force (Euler force)
kN
n?El  m?ElL m?*2,1 %108 —7%3,69 % 107> m*
TR L 21,847 m?

Slenderness

N,

= 160,2366 kN

Lo 2184Tm o
i, 0082817m T

Relative slenderness

P A2
“ A 933s 933

Limit slenderness

263,79
= = 2,82

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 x will be calculated as follows:

1
X=——
D+ D2 — 12

And
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®=05[1+a(1-02)+2%]=05[1+0,34 (2,81 —0,2) + 2,81%] = 4,89275
Thus

1

1
X — — — ——
@+ D2 — 12 489275 +/4,89275% — 2,812
0 Buckling resistance

=0,1124

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

= 142,1073 kN
Ym1 1

Nb,Rd =

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

Nga 1353

T — 09512
Nyra 142,23

0 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:

Method for k.
) General settings
Bastic verfication
Verfy orly section checks
Fiexural buckiing aceaunted for by 2™ order caleulation
Moments on columns in simple construction

- Standard EN Name Standard EN
- Steel o S
’;"""“’:”‘“" E! Member check EN 199311
- Fire resistance
. Cold Formed = Shear EN1993-1-1:626
i+ Plated structural elements Use Ay, Az instead of elastic shear no
- Buckling defaults El Torsion EN1993-1-1,627
“Relative deformation i for torsion 11 005
! Default sway types EN 1993-1-1:63.1
ted Yiyes
22 o
= Buckling length ratios ky. kz EN1993-1-1:63.
e, siendemess [} 200,00
Or0e BuCKiNg 208
=l Lateral Torsional Buckling EN 198311632
Lateral torsional buckling curves General case
Method for C1C2C3 ECCS 118/Galea

EN 1993-1-1table 6.6

Tlno
EN 1993-1-2

# Fire resistance
& Cold Formed EN 199313
# Plated structural elements EN 199315

Buckling defaults
¥ Relative deformation

Referencs: EN 1882-1-1 article 6.2.1.3
Desciiption; Limit for the slendemess for flexural buckling

Application: In case the slendemess for flexural buckling faround either axis) exceeds this imit & waming is shown on the output

Load default non-NA parameters

Load default NA parameters

o ] e




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 calculaion, Extreme : Global

Selection : All
Combinations : CO1
Node Case Ux Uy Uz Fix Fiy Fiz
[mm] [mm] [mm] [mrad] [mrad] [mrad]
NG CO1MM -37,0 0,0 -0.2 0,1 8,3 3,2
N8 CO1M1 371 0,0 0,2 0,3 82 32
MN16 COomM 370 0,0 02 0,1 8,3 32
N7 CO1M 0,1 00| -2238 -0,9 0,0 0,0
N1 CO1MM 0,0 0,0 0,0 1,0 -1 0 6,1
N3 CO1M1 0,0 0,0 -1040 657 0,0 01
N22 CO1MmM 0,0 0,01 -1040 65,7 0,0 -0.1
N10 CO1M 0,0 0,0 0,0 0,1 -15,0 8,2
M9 CO1M 0,0 0,0 0,0 0,0 15,0 96
MN19 CO1M1 0,0 0,0 0,0 0,0 15,0 96

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.

» 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
- Steel
i Member check

i Fire resistance

Cold Formed

Plated structural elements
Buckling defaults

B8 Relative deformation

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,

MName
= Steel

Standard EN

Member check EN 1993-1-1
Fire resistance EN 199312
Cold Formed EN 1993-1-3
Plated structural elements EN 1993-1-5
Buckling defaults
= [Relati i
General [] 200,00
Beam [-] 200,00
Column [] 200,00
Gable column [] 200.00
Secondary column [] 200.00
Rafter [ 200,00
Puriin [] 200,00
Foof bracing [ 200.00
Wall bracing [ 200.00
Girt [] 200,00
Truss chord [] 200,00
Truss diagonal [] 200.00
Plate rib [] 200.00

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 I Buckling data |

Y

—

Name |BC1
- Buckling systems relation

MNumber of parts

= |z key factor |Calculate

kz factor iCa]cuIate

Swayyy Iacc. to Steel=Beams=Setup

Sway 2z |acc:. to Steel=Beams=Setup

Influence of load position |Norrna|

Mcr  |Calculated

cFeirdi

Ll Lef L Led L e

~Bowi

n

o dy Ino bow imperfection

eodz Ino bow imperfection

fod 1o

-~ Relative deformation systems relation

&

defy=

™ Xdiagonals

™ Warping check

Buckling system




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 ———

7= - fey factor ICa|cuIate

kzfactor  |Calculate

Sway yy Iacc. to Steel=Beams=Setup

Swayzz |ace. to Steel>Beams>Setup

Influence of load position INon‘na!

Mer |Calculated

Led Lef Led L] Lo e

i~ Bow imperfecti

1
eody Ino bow imperfection

eodz |no bow imperfection

Led Lo

defz= (EEER 7] diys [ ]

I[ Relative deformation systems relation —§f

™ Wamping check

I~ X diagonals Buckling system Standard method

=

Apply

¥ | ley | Sway yy | eo dy [mm] | iz kz Sway 2z | eo dz [mm] | kyz | kel k lew | def z
1 |[V] Fixed acc.to B ~ | Fixed acc.to B ~ 1,00 1,00 1,00 1,00 [V] Fixed
2 | Free | Fixed [ Free

The same can be done using the ‘Graphical input of system length’.
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Mame ECl
~Buckling systems relation

ZE= IZZ VI

Y= Z hat

It = !ZZ YI

—Relative deformation systems relation

defz= [defz =] 9BF¥ = [dery +|

e

E

REE. El _ | D
Holel & ke B . s eme AAK/N L GAA

Lkead]r || AR NUM] SCRLA'

0K | 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.

Fix

Fix



Relative deformation

Linear calculation, Extreme : Global, System : Principal

Selection - B3

Combinations : CO1

Case - combination | Member dx uy Rel uy Check uy uz Rel uz | Check uz
[m] [mm] [1/xx] i1 [mm] [1/2] I

CO1M B3 0,000 0,0 0 0,00 0,0 0 0,00

CO1M B3 3,650 11,1 1/546 0,37 -759 1/80 250

CO1M B3 6,083 0,0 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

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

Check =

0,37

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 -{+++++++++++++++
Urel

I
1
1
1
1
I
|
I
1
1
1
I
I
I

Fix

Length = 6,083 m
Deformation uz = 105,3 mm (and 0 mm at the beginning of the beam)
UZrejative = 105,3 mm — 0.0 mm = 105,3 mm

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

/58 _ 3,46

Check = =
1/200
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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.

Command line

G
[%|£r —i —i —H

Ibfﬁﬁﬁfé}{}?|

INEW member - Palydine - Start point >

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

* 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
[0 Move NEHE SEaREIR: &

L2 Oio 03 ' 80 0 1 00 T B il &5 =
Multicopy
Rotate

Scale
stretch

Mirrar

Move vertexes/paoints
Trim

Extend

Enlarge by defined length
Break in defined points
Join

Break in intersections

CERFESREEEREE

Reverse orientation

Polyline edit B0 Edit polyline - insert node
urves edr a Edit polyline - delete node
Calculate member end-cuts ¥ j jne - i i

Divide surface I Join curves into polyline

Join surfaces

Connect members/nodes

Disconnect linked nodes

Delete

Copy attributes

Move attributes

HEMER EE BB

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.



-
_I Mame EU—

~Buckling systems relation
= [N
O

—Relative deformation systems relation

~Input type
* yy
T
i
e
' def
" defy
Z
ra
X
B i |
gl aleeEd bbbe AAARLGBHA,
L‘Ready |I'car) num| scrLl
oK Cancel
This results in the following check for the relative deformation.
Relative deformation
Linear calculation, Extreme : Global, System - Principal
Selection : B18
Combinations : CO1
Case - combination | Member dx uy Rel uy Check uy uz Rel uz | Check uz
[m] [mm] [ [ [mm] 1] [
co1n B18 8,516 117 1/519 0,39 -759 1/160 1,25
co1n B18 0,000 0,0 0 0,00 0,0 0 0,00
cOo1n B18 6,083 00| 1/10000 0,00| -1053 1116 1,73
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