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1. Introduction
1.1 About PLATE-BUCKLING

B | The European standard Eurocode 3 (EN 1993-1-5:2010-12 + NA 2010-12) describes design and
| =+ CENEuropean Union construction of plate-like structural steel components used in the member states of the Euro-
fg;’;gsg:‘;pub“c pean Union. With the add-on module PLATE-BUCKLING, the DLUBAL company provides a pow-
1 1 UNI Iealy erful tool for designing plate-like structural components. Country-specific regulations are tak-
'I_-‘:E:Ejgniil:ands en into account by National Annexes (NA). In addition to the parameters included in the pro-

gram, you can define your own limit values or create new National Annexes.

PLATE-BUCKLING can be used as a stand-alone program or as an add-on module in RSTAB or
RFEM. In the add-on module, you can import design-relevant input data and internal forces
from the current RSTAB or RFEM model.

Finally, the design process can be documented in the global printout report, from input data
to design.

PLATE-BUCKLING performs all typical stability, stress, and deformation analyses as well as the
torsional buckling safety check for stiffeners. The Stability analysis is carried out according to
the method of stresses reduced by the interaction criterion. Furthermore, analytical equations
for calculation of critical buckling stresses from Annex A are implemented, thus allowing for a
calculation using the eigenvalue solution.

We hope you will enjoy working with PLATE-BUCKLING.

Your DLUBAL-Team
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1.3  Using the Manual

Topics like installation, graphical user interface, results evaluation, and printout are described
in detail in the manual of the main program RSTAB or RFEM. The present manual focuses on
typical features of the add-on module PLATE-BUCKLING.

The descriptions in this manual follow the sequence of the module's input and results windows
as well as their structure. The text of the manual shows the described buttons in square brack-
ets, for example [View mode]. At the same time, they are pictured on the left. Expressions ap-
pearing in dialog boxes, windows, and menus are set in jtalics to clarify the explanations.

At the end of the manual, you find the index. However, if you do not find what you are looking
for, please check our website www.dlubal.com where you can go through our comprehensive
FAQ pages by selecting particular criteria.

14  Opening the PLATE-BUCKLING Module

There are several possibilities to start the add-on module PLATE-BUCKLING.

Menu
To start the program in the RSTAB or RFEM menu bar, click
Add-on Modules — Design - Steel - PLATE-BUCKLING.

Add-on Modules | Window  Help

' > P17 @ e R e

EREREF G

Shape Properties 4 !l‘ - % | BT AT il e S E E
Design - Steel 4 fj STEEL General stress analysis of steel members
Design - Concrete LY - . .

E STEEL ECS Design of steel members according to Eurocode 3
Design - Timber L3 - . . .

K STEEL AISC Design of steel members according to AISC (LRFD or ASD)
Design - Aluminium LY - . .

ﬁ; STEEL IS Design of steel members according to IS
Dynamic LY = . .

ﬁ; STEEL SIA Design of steel members according to SIA
Connections - . )

K STEEL BS Design of steel members according to BS
Foundations L3 - . )

E STEEL GE Design of steel members according to GB
Stability g - _ )

K STEEL CS Design of steel members according to CS
Towers 3
Others » ”2‘ KAPPA Flexural buckling analysis

{9 LTB Lateral-torsional and torsional-flexural buckling analysis

@25 FE-LTE Lateral-torsional and torsional-flexural buckling analysis by FEM

I | EL-PL Elastic-plastic design

g C-TO-T Analysis of limit slenderness ratios (¢/t)

H PLATE-BUCKLING Plate buckling analysis

fﬁi VERBAND Design of wind bracings for roofs

Figure 1.1: Menu: Add-on Modules — Design - Steel — PLATE-BUCKLING
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Navigator
As an alternative, you can start the add-on module in the Data navigator by clicking

Add-on Modules — PLATE-BUCKLING.

Project Mavigator - Data *

- Loads -
- Results

-l Printout Reports

-| ) Guide Objects

= Add-on Modules

----- T SHAPE-THIN 7 - Design of thin-walled cross-sections

&8 SHAPE-MASSIVE - Design of massive cross-sections

----- L. STEEL - General stress analysis of steel members

----- Ee| STEEL EC3 - Design of steel members according to Eurocode 3

----- der STEEL AISC - Design of steel members according to AISC (LRFD or &
----- fs STEELIS - Design of steel members according to IS

----- Jin STEEL 5IA - Design of steel members according to SIA

----- 2= STEEL BS - Design of steel members according to BS

----- Zn STEEL GE - Design of steel members accerding to GB

----- #a STEEL C5 - Design of steel members according to C5

----- el ALUMINIUM - Design of aluminium members according to Eurocod|

m

KAPPA - Flexural buckling analysis
LTB - Lateral-torsional and torsional-flexural buckling analysis

FE-LTE - Lateral-torsional and torsional-flexural buckling analysis by
..... 2| EL-PL - Elastic-plastic design

----- £ C-TO-T - Analysis of limit slenderness ratios (c/t)

----- -

----- A| BRACING - Design of wind bracings for roofs

----- == COMCRETE - Design of concrete members

----- 1 CONCRETE Columns - Design of concrete columns %
4| m +

EQiData| [ Display & Views

Figure 1.2: Data navigator: Add-on Modules — PLATE-BUCKLING
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2. InputData

After you have opened the module, a new window appears with a navigator on the left show-
ing all selectable windows. Above the navigator, you see a drop-down list with the possibly al-
ready available design cases.

You can select a window either by clicking the corresponding entry in the PLATE-BUCKLING
navigator or by using the buttons shown on the left. You can also use the function keys to se-
lect the next [F2] or previous [F3] window.

The animated graphics in the info field help visualize your input. In addition to that, you can
click [Graphics] to visualize and manage your input data.

OK ] [ Cancel ] To save your specifications and exit PLATE-BUCKLING, click [OK]. If you click [Cancel], you exit
the module but without saving the data.
After you have entered all relevant data, click [Calculate] to generate the structural system de-

fined in PLATE-BUCKLING and to calculate it with RFEM or RSTAB and RF-STABILITY/RSBUCK.
Then, the results of the eigenvalue analysis are evaluated in PLATE-BUCKLING in order to carry
out the relevant designs and to show them in the input windows.

2.1 General Data

In the window General Data, you have to enter the plates to be analyzed, their geometry, the
material properties, and boundary conditions. Furthermore, you have to define the standard
according to which you want to perform the plate buckling analysis.

PLATE-BUCKLING - (Introductory Example EN 1993-1-5] e
File Settings Help
CA1 -Plate buckling snalysis  ~ | 1 General Data
‘”D“éData & WMaterial Aceording to Standard { National Annex
o eneral Data
L Sifeners Desciiption BN 199315~ ECEN  ~ (9]
£ Loads [stes! 5 185 [DIN EN 10025-2:200504) -]
et
Madulus of elastcity Poisson's ratic
E: 210000000 (Winm?] 0300 [ " ﬁ
Yield stress Refersnce stress
fylc: 175.000 [MAmm2] o 6407 [hinm2] u
Panel Dimensions Boundary Conditions 1 —
Panel sids Edge A8 w =
w0 5 - X
G
b 4647.012]] ] 9
Edge CO
a: g2 0 o M
Edge AC
t 270121 from) Plate buckling analysis
Edge BD: for stiffened plates
- according to
& ~EN 199315
- DIN 183800-3
using finite element
analysis
Comment

Figure 2.1: Window 1.1 General Data
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o EM 5 European Union

| <+ CEN European Union
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| CSN Czech Republic
I HUNI Italy
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== NEM Metherlands
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Material

This section allows you to select one of the materials stored in the program. You can select
from the steel materials that are allowed by the selected standard. The respective steel grades
and their properties are stored in the program's library. To access the library containing the
steel grades, click [Material Library]. To import the material to Window 1.1, select it and con-
firm the selection by clicking [OK].

When you have entered the panel dimensions g, b, and t, the Euler critical stress is computed.

According to EN 1993-1-5:
o = n E (1)2

£ 12.(-07) Wb

According to DIN 18800-3:
cp = n’ - (1)2

E2.0-02) b

Standard / National Annex

In the drop-down lists, you can select the standard and the National Annex (NA) for the design.
Both the standards EN 1993-1-5 and DIN 18800-3 are available.

If you choose to design according to EN 1993-1-5, you can select in the list the National Annex
whose parameters you want to apply for the design.

To check and, if necessary, adjust the preset parameters of the current National Annex or
standard, click the [Edit] button. Those parameters are mainly partial safety factors used for the
design.

To create a user-defined National Annex, click [New].

You can also delete a National Annex by clicking [Delete].

Panel Dimensions

In the dialog section Panel Dimensions, you can enter geometrical specifications for the respec-
tive surface. According to the sketch, you have to specify the length of Panel side g, b, and plate
thickness t. The side ratio « is determined from these input parameters.

a =a/b

Panel Dimensions.

Panel side
a: 4000.0F=+/| [mm]
b: 4647 0F» || [mm]

Side ratio
o 0.861 | H

Thickness
i: 2705 mm]

Figure 2.2: Panel Dimensions
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Boundary Conditions

This dialog section allows you to define the support of the buckling panel. You can select
Hinged, Built-in, Unsupported, or Hinged - Elastic.

The boundary conditions to be considered in this calculation depend on the characteristics of
the plate edges and are influenced by the connection of adjacent parts. Fully hinged or built-in
edges do not exist in practice, since the plates usually form flanges and webs of beams. Use
the option Hinged - Elastic to consider the real support by entering spring stiffness resulting
from the adjacent parts.

A common simplified assumption is that the plates have hinged supports along their edges.
With this assumption you are on the save side. In PLATE-BUCKLING, you have to specify these
geometric boundary conditions for displacement, rotation, and warping on the nodes of the
four plate edges of the entire plate. The following is assumed:

e Built-in edge (rotation restrained)

¢ Hinged edge (freedom of rotation)

e Free edge (rotation and displacement are possible perpendicular to the plate plane)
¢ Hinged elastic edge (rotation is partially restrained)

Boundary Conditions
Edge &-B:

Hirged x| |

Unzupported

Built-in
Hinged - Elastic

Edge &-C:
| Hinged - | o

Edgz B-D:
|Hinged vl o

Figure 2.3: Boundary Conditions

In case you perform a design according to DIN 18800-3, the following option is available:
e Uniform Edge Displacement u according to Table 1, row 5
With this option, you decide how to calculate the reduction factor x for buckling panels sup-

ported on three sides.

Comment

In this input field, you can enter user-defined notes.

Comment
Design acc. to DIN EM 1993-1-9

Figure 2.4: Comment

10
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PLATE-BUCKLING - Introductory Example EN 1993-1-5] =5
File Settings Help

CA1 - Plate buckling analysis = | 1.2 Stiffeners

Input Data

Longitudinal Stiffeners
i A T & T ¢ 7 D
i Gliffeners Postion [om] Stffener
E)- Loads z X1 x2 Type Parameters [mm]
Lel 3098.00 0.00 4000.00 Flat plate 0030R = |

| »

B C_ | D [ E
Posion [om] Stffener
24 2 Type Parameters [mm]

m »

Cobulats | [ Detab. | [romRSTag Graphios

Figure 2.5: Window 1.2 Stiffeners

In this two-part input window, the upper part Longitudinal Stiffeners contains the stiffeners ar-
ranged in longitudinal direction and to be included in the calculation. The lower part offers the
same input possibilities for Transverse Stiffeners. Both tables are identical except for the men-
tioned difference and will therefore be described together.

The various additional functions facilitate the work in this window. The buttons are reserved
for the following functions:

.2 Input Data _I_/ AN

Button Description Function

. . Distributes the existing stiffeners over the buckling
Regular stiffener positions .
panel depth uniformly

Copy row Copies the currently selected row to the next row

Delete row Deletes the selected row

Export to Excel Exports the current table to MS Excel

Import from Excel Imports the existing input from MS Excel

Enter the Position of the longitudinal and transverse stiffeners in the columns A to C. According
to EN 1993-1-5, these are the positions z x1,x2 or x, y1, y2 and according to DIN 18800-3, the
positions y, x1,x2 or x, y1, y.

I Program PLATE-BUCKLING © 2015 Dlubal Software GmbH
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In column D Stiffener Type, specify the cross-section of the stiffeners. You can choose from the
following stiffener types.

Flat plate:

Bulb Fat Steel
Angle

T-Stiffener
Trapezoidal stiffener
Rolled L-section
Rolled T-section
Rolled C-section

Figure 2.6: Stiffener Types

After you have selected the type, you can enter the cross-section parameters in a dialog box.

Angle Stiffener [-Ehj

Stiffener Material
Steel 5 355 JR [EN 10025-22004-11)

Stiffener Parameters

Dimensions

t.
h: a0.0 [mm] L o | "
b 80,0 [mrm] :1
% 120 [mm]
b 10.0 [rom] lh hl

Pozition
z 3098.00 [mm]

Amrangement:
@ Short leg
() Lang leg

() Closed

@ Upward
) Downward -
) Left

© Fight

@ Both sides

OK ] [ Cancel

Figure 2.7: Angle Stiffener

“

In this dialog box, you can specify the type and orientation of the stiffeners. PLATE-BUCKLING
allows you to define various materials for the stiffeners and buckling panel. You can select one
of the materials that depend on the selected standard and are stored in the program's material
list. The corresponding steel grades and their properties are stored in the library. To open the
data base containing the steel grades, click [Library]. When you have selected a material, click
[OK] to transfer it to Window 1.2.

To receive information on the cross-section values of the selected stiffener, click [Info].

12

Program PLATE-BUCKLING © 2015 Dlubal Software GmbH



.2 Input Data _I_/ AN

Dlubal

To save the specified data in a stiffener data base, click [Save]. The data can be reimported by
clicking [Load].
rUser—Deﬁned Stiffener Library M‘
Stiffener Type Stiffener

Flat plate

m

L]

=

LY
[ ak. ]’ Cancel ]

L 4

Figure 2.8: User-Defined Stiffener Library

To transfer a saved stiffener to the dialog box Flat Plate Stiffener and, if necessary, modify it,
double-click the relevant stiffener in the library.

] [ Cancel ] Click [OK] to exit the Flat Plate Stiffener dialog box and to transfer the stiffener to the PLATE-
BUCKLING input Window 1.2. If you do not want to transfer the stiffener to the input table,
click [Cancell.

_I In column E Parameters of Window 1.2, the properties of the specified stiffener are displayed.

To edit the input data, click the button [...].

When you have defined the loads in Window 1.3 Loads, the layout in Window 1.2 Stiffeners
changes as follows.

-
PLATE-BUCKLING - [Introductory Example EN 1993-1-5] [
File Settings Help
CAl - Plate buekling analysis v | 1.2 Stiffeners
Input Data Longitudinal Stiffeners
- General Data A B [ C ] F [ G [ H [ 1 J -
- Sliffeners Stifener Posttion [mm] Stiffener Stifener Efiective Flange Widths [mm] | Nomal Stress ||
Bl Loads No z x1 x2 Type Parameters [mm] b1 bz b1 bz | ox[N/mm2] |’
Lot 1 |30980] 0.0[40000 Fatpiate |300/30R 3627 | 8701 111.033
Z
4
5
3
7
8
9
10
1
12
13 a2
ED[ES)
Transverse Stiffeners
A B [ C D E F [ G [ H [ 1 J -
Stiffene Postion [mm] Stiffener Stiffener Effeciive Fange Widihs [nm] | Normal Stress |;
No. | x | 21 | 22 Type Perameters [nm] b1 | bz | br | bz | oczlNmm?] =
[
=
8
El
70
11
12 -
Calculate effective flange widihs Effective widths for load case:
scoording to EN 193315, Tab. 4 -
PIES

Figure 2.9: Window 1.2 Stiffeners
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Effective flange widths

This table part is shown only after you have entered the loading in Window 1.3.

The effective flange widths of the stiffeners are used to determine the critical buckling stresses
and calculate the critical buckling stress of the stiffeners.

You have to specify whether or not to calculate the effective width according to the standard
(EN 1993-1-5 or DIN 18800). When you have cleared the check box, you can define the effec-
tive flange widths in columns F to | manually.

According to EN 1993-1-5, the Table 4.1 or 4.2 is used, according to DIN 18800-3, chapter (4).
Note that you have to consider the Boundary Conditions defined in Window 1.1 General Data.

Moreover, the respective normal stress resulting from the provided loads is displayed for the
respective stiffener under the normal stresses.

If several load cases are defined, the effective flange widths are calculated and displayed sepa-
rately. Then you can use the drop-down list to choose the individual load cases.

2.3 Loads

In this window, you can specify the loads (stresses) on the buckling panel.

PLATE-BUCKLING - [Introductory Example EN 1993-1-5] e
File Settings Help
| a1 -Plate buckling analysis + | 1.3 Loads
Input Data Load Case
i Generdl Data
" Sifeners No - Desciption AL 4 S8y
= Loads 1 == - O5,A—. . —Osp
] Lo
Boundary Stresses i
Mormal stresses in w-direction | dg J
o | 2621002 )] pumm) 4
= w881 | I
a1 297,600+ 2| thumm?) o3 ] e Tliete
Shear stress Gl Mmoo e e o o o
% 11950032 ihmm?) =
Normal stressss in 2 disction i
oa: 0.0002 || rumm2] of
= v k|
cq 0.0002 ||| amm?2] \
A B 4
oA 00002 ||| (mm?] 56,8 00002 | (Himm?2]
G2
a0 0.0 fm) 5.5 SR
csa 0.0 fm) e SR
aBAL 0,000 ramm?] 6.8 0,000 | (Mimm?]
A 0.0 fm) 8.8 SR
coa 0.0 jmm] 6.8 Q0] [mm]
Compressive stress : postive magniude
(&)
EIREIEY Calculate Detai.. | o FST28 Graphics Cancel

Figure 2.10: Window 1.3 Loads

Load Case

Assign a No. to the new load case and enter a Description. To show the descriptions already
used, click [¥]. To create a new load case No., click [New]. To delete a current load case, click
[Delete].

Boundary Stresses

In this dialog section you have to specify the effective normal stresses (Normal stresses in x-
direction), shear stresses, and transverse stresses (Normal stresses in z-direction). Compressive
stresses are specified as positive, tensile stresses as negative, and shear stresses as positive.

Program PLATE-BUCKLING © 2015 Dlubal Software GmbH
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Note on Normal stresses in z-direction

In PLATE-BUCKLING, you can combine transverse stresses and local transverse stresses. The
superposition principle is used here. Thus, the stress resulting from the superposition is the
governing loading of the buckling panel.

Import stresses from RSTAB or RFEM

Click [from RSTAB]/[from RFEM] to import the buckling panel stresses from RSTAB resp. RFEM.
A dialog box opens where you can select the Member, the c/t-Part, and the relevant Load Cases.

Impaort panel from RSTAB [&J

Import Geometry from IPE 360

tember Mo Pozition of plate in member
44 ‘.\3 Start %1 0,001+ [cm]
End Xz B27.405 »|| [zm]
c/A-Part Mo
5 -

Import Loads from Load Case
| Import

e o e oo e e
Load cases

CO11 - Swbes+wm+p+imp [char. val...
CO12 - Swt+z+lmp [char. values]
CO13 - Swt+ww+lmp [char. values) [
CO74 - Swt+p+mp [char. values)
CO15 - Swt+wind lifting+mp [char....
CO16 - Swt+wp+lmp [char. values)
CO17 - Swtewl-p)+imp [char. values)
CO18 - Swtes+mp+p+imp [char, val..
CO19 - Swteg+wl-y)+p+Hmp [char, ...
| RC1 - Extreme design values

-

m

| AC2Z - Extreme charactenstic values
RC3 - Fire —

- &
2] oK |

“ 4

Cancel |

Figure 2.11: Import panel from RSTAB

To select a member in the work window graphically by clicking it, use the button [X\].

Single Selection
Select Members

Cancel

Figure 2.12: Graphical selection of members

Immediately after you have selected a member by clicking it, the number of the member is en-
tered in the dialog box. Furthermore, when exiting the dialog box, a query appears as to
whether or not you want to adjust the panel dimensions in Window 1.1 General Data to the
geometrical conditions of the member.

The relevant panel can be selected from the list ¢/t-Part No. or in the cross-section graphic.
Thus you can adjust the geometrical parameters of the panel in Window 1.1 General Data.

Program PLATE-BUCKLING © 2015 Dlubal Software GmbH
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To receive further information on the buckling panel data, click [Details about c/t-parts].

c/t-Parts of IPE 360 | DIN 1025-5:1994 =
B [ € [ D0 E [ F [ 6 [ H | 1 [ J IPE 360
cA-Pat | Restrained < t chA Coordinates Start Coordinates End Average Statical Moments
Mo Shape [mm] [mm] [ ¥ [mm] z [mm] ¥ [mm] z [mm] Qy fem?¥] Qzfem?]
Gn 0 630 127 496 220 -180.0 -85.0 -180.0 69.47 2560
2 630 127 496 220 -180.0 85.0 -180.0 69.47 2560
3 |One Side 63.0 127 496 220 180.0 -85.0 180.0 69.47 2560
4 [One Side 630 127 4.96 220 130.0 85.0 130.0 69.47 2560 .
5 | Both Sides 2986 80 3713 0.0 1433 0.0 1493 48028 0.00 L ]
,,,,,,, »
e
¢
=
X

Figure 2.13: ¢/t-parts

In the dialog section Import Loads from Load Case in the dialog box Import panel from RSTAB
(see Figure 2.11), you can select the loading of the panel from all RSTAB load cases.

After exiting the dialog box Import panel from RSTAB by clicking [OK], the RSTAB calculation of
the load cases not calculated yet is started automatically. To close the dialog box without im-

porting the data, click [Cancel].

Graphic window
To select the view mode of the graphic, click [Show figure or rendering]. In addition to the
panel figure with the stress graphics, 3D rendering of the panel is possible.

You can control the rendering view of the panel selected for analysis by using the buttons
shown on the left. If your pointer is in the graphic window, you can use the zoom and rotation
functions. For more information, see [3], chapter 3.4.9.
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3. Calculation

Before you start the [Calculation], it is recommended to check the design details. The corre-
sponding dialog box can be accessed in all windows of PLATE-BUCKLING by clicking [Details].

3.1 Details DIN 18800

Details - DIN 18800-3:2008-11 ==

FE-Model for Stiffeners FE-Discretization
@ 3D using surfface elements Number of finite elements

2D using members (without eccentricity) = Total minimum: 327

3D using members {with eccentricity) + Total madmum: 10000
Eigenvalues = Minimum on the plate =

depth: 8=

Solver method:

@ Method by Lanczos Curment number of finite

elements: 26 x 13 = 338
Rloots of the characteristic polynomial
Subspace iteration method Mumber of buckling modes to

calculate: 8

ICG teration method

Calculation for all sigenvalues Determination of Buckling Value
@ Calculate buckling values for unstiffened plates according
Solver version to standard formulas if possible
(DIN 4114 -1, Tab.
32-bit ) 8
Abways calculate using finite element analysis
@ s4bi = . =

Critical Global Buckling Stress with Regard to Local Buckling Effects.
Consider buckling effects according to Paragraph (503), Eg. (13)

2) Buckling perpe: Buckling perpendicular to axis z
(about the major ads) {about the minor ads)
Effective length 0.00 0.00
Radius of gyration 0.00 0.00
Buckling curve a a
@) ok | [ Cancel

"

Figure 3.1: Dialog box Details - DIN 18800-3

FE-Model for Stiffeners

In this dialog section, you have to specify according to which conventions the stiffeners are to
be considered in the calculation of the buckling shape. In the settings 3D using surface elements
and 3D using members, the real stiffnesses of the stiffeners are included in the calculation. The
option 2D using members considers the stiffener only in relation to the centroid as a line ele-
ment with increased stiffnesses in the plate plane. Thus, the advantages of the stiffener's ec-
centric connection are lost. Use the 3D options in order to better consider the effectiveness of
the cross-section in the design ratio. If, however, you use the 2D using members option, the cal-
culation time will be reduced significantly.

Eigenvalues

The determination of a buckling shape of a plate is performed as an eigenvalue calculation of
the buckling panel. Here, the program calculates the ideal plate buckling values oy, oy, T as well
as the ideal buckling value for the simultaneous occurrence of all stress components. To do
this, you can use one of the three direct solver methods (Method by Lanczos, Roots of the char-
acteristic polynomial, Subspace iteration method) or the iterative solver (ICG iteration method).

Program PLATE-BUCKLING © 2015 Dlubal Software GmbH
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The direct solver methods are recommended for small and medium-sized models. However,
the RAM memory should be large enough for the files of the triangular decomposition, or else
this method will result in longer computing times. The method by Lanczos is preset because it
is suited for most models. For further information on that method, see
http://en.wikipedia.org/wiki/Lanczos_algorithm.

The ICG iteration method should be applied if none of the direct methods is successful, or if it
takes really much time to calculate large models. The advantages of that method are minimum
requirements for the size of RAM memory as well as the output of accurate results in case of
poorly convergent models, that is, systems that are close to instability.

To perform the plate buckling analysis for each selected eigenmode and its eigenvalues, select
the option Calculation for all eigenvalues. If the check box is cleared, the first eigenmode is con-
sidered as governing.

Solver Version

This dialog section controls whether the 32-bit or 64-bit solver method is to be applied.

FE-Discretization

The fields Number of finite elements control the degree of refinement of the FE mesh. To obtain
a good approximation solution, it might be necessary to increase the number of elements of
the FE mesh. However, a large number of finite elements requires a longer computing time.

To carry out the calculation, at least four elements must be created Minimum on the plate depth.

PLATE-BUCKLING determines the most unfavorable buckling shapes, whereby the lowest
buckling shape corresponds with the governing buckling shape. A large Number of buckling
modes to calculate will affect the computing time.

Determination of Buckling Value

In this dialog section, you decide which method to use for the computation of buckling values:
analytically according to standard formulas or according to the finite element method. If there
are stiffeners in the model, FE-BEUL uses the option Always calculate using finite element analy-
sis to calculate the buckling value. The applied calculation method is documented in the result
window.

Critical Local Buckling Stresses with Regard to Global Buckling Effects

If a buckling analysis is required for the structural component containing the buckling panel,
select the check box Consider Buckling Effects according to Paragraph (503), Eq. (13). This is the
case if the buckling panel is, for example, part of a compression member. Thereby, a reciprocal
influence of plate buckling and local buckling is given: If single cross-section elements of the
compression member buckle before the critical compressive force is reached, a reduction of
stiffness will be the result for the compression member. The bearable compressive force falls
to a value smaller than the critical compression force.

If you select the check box, the fields below become available for the input of the parameters.

To use the cross-section library from RSTAB or RFEM, click [Library]. To import the cross-section
properties and the length of a member from the work window in RSTAB or RFEM, use the [\]
button. The parameters for Buckling perpendicular to axis y are then entered automatically. The
cross-section's effective length, radius of gyration, and buckling curve can be defined manual-
ly, too.
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3 Calculation

3.2 Details EN 1993-1-5

Details - EN 1993-1-5:2006

General | Used Standards

FEM-Model for Stiffeners
@ Surface elements
() Beam elements (without eccentricity)

() Beam elements (with eccentricity)

Eigenvalue Solver Method

Solver method:

(@ Method by Lanczos

() Roots of the characteristic polynomial
(7 Subspace iteration method

() ICG iteration method

[T Calculation for all eigenvalues

Loading on Longitudinal Stiffeners.

[ Longitudinal stiffeners subject to direct stresses
Conservation of internal forces (M,N)
Simplified critical buckling load factor method

Determination of Buckling Curve Shape

(@) Various buckling curves

() Generalized buckling curve

Critical Plate Buckling Stresses for Stiffened Plates
(@ Eigenvalue analysis
() According to Annex (A.1; A.2; A.3)

Solver Version
(©) 32-bit
@) 64-bit

FEM-Discretization

Mumber of finite elements

o Total minimum: 10
o Total maximum: 10000

« Minimum on the plate
depth: 8=

Current number of finite
elements: 40 x 20 = 800

Mumber of budking modes to
calculate: 3
Determination of Reduction Factors
Contribution from the web w acc. to Tab. 5.1
(@ Rigid end post
() Non-igid end post
Help values acc. to Tab. B.1
@ Welded or cold formed
() Hot rolled
Determination of Buckling Value
Calculate budkling values for unstiffened plates according
to standard formulas if possible
(Tab. 4.10r Tab. 4.2)

@ Always calculate using finite element analysis

Distance Between Stiffeners

oK ] [ Cancel

"

Figure 3.2: Dialog box Details - EN 1993-1-5

0, 1
2
Op3 l=——=33
3
4
Uas =25
5
L6
Os

Loading on Longitudinal Stiffeners

If the Longitudinal stiffeners subject to direct stresses box is checked, the stresses defined in the
longitudinal direction are also applied to the longitudinal stiffeners and will be considered in
the calculation of the eigenvalues. If not, the stresses act on the panel only.

T, 1

=13

p———o15

Ty 6 X

Figure 3.3: Longitudinal stresses applied to panel and stiffeners (left) or panel only (right)

The dialog sections FEM-Model for Stiffeners, Eigenvalue Solver Method, Solver Version,
FEM-Discretization, and Determination of Buckling Value are described in chapter 3.1.
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Longitudinal stiffeners subject to direct stresses

If the Longitudinal stiffeners subject to direct stresses check box is selected, the stress is distribut-
ed along the stiffeners according to the stresses defined in Window 1.3 Loads.

Loading on Longitudinal Stiffeners
| Longitudinal stiffeners subject to direct stresses
Conservation of internal forces (M,N)

Simplified critical buckling load factor method

J, 01
2

T4 =K
4

Uas =F
g 6

Figure 3.4: Stress distributed along the stiffeners

Loading on stiffeners with conservation of internal forces

Loading on Longitudinal Stiffeners
| Longitudinal stiffeners subject to direct siresses
| Conservation of internal forces (M,M)

Simplified critical budkling load factor method

je

2
K]

W

—=K

Ts
Figure 3.5: Stress distributed according to Conservation of internal forces (M, N)

In order to maintain the original internal forces (M, N) in the cross-section, the stress must be
recalculated. Only in this way is it possible to observe the relationship between external load-
ing and internal forces of the initial model where the stiffeners have not yet been implemented.
Adding stiffeners to the panel without recalculating the stress will result in an imbalance be-
tween the external loads and the internal forces.

20
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To recalculate the stress, a linear stress distribution is considered as shown in Figure 3.5, using
the following equations.

§()f ~folapa=n
§ (a) da= §a aMla-z=M

Loading on stiffeners with simplified critical buckling load factor method

Leading on Longitudinal Stiffeners

Longitudinal stiffeners subject to direct stresses
[] conservation of internal forces (M,N)
Simplified critical budkling load factor method

2 —
0, 44— Ft —> »-Z-E:s 0y \\ ]

T

L
-

— "
o, .1 1 s . o e d_F_F_,_F\
A r— D N
= |’ |
- —
o‘s = L6 6‘_H_FF

Figure 3.6: Stress distributed according to Simplified critical buckling load factor method

With this method, the horizontal stresses are completely concentrated in the stiffeners. An ad-
vantage of this method is that only few local extremes of the buckling modes have to be calcu-
lated. The stress in the stiffener corresponds to a proportional part of the length of the panel
adjacent to the stiffener. This method is described in [18] at page 65.

1,02

F = ja(x)tdz + Ay 1O
L/2 B
1,/2

F, = ja(x)tdz + Agpr 20
L,/2 -

2223:]:1/‘45%‘;1

izi:Fz/Asrmgz

Itis possible to combine the Simplified critical buckling load factor and the Conservation of
internal forces methods.
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Determination of Buckling Curve Shape

For the interaction formula and the reductions factors, EN 1993-1-5 provides the possibility
either to use a Generalized buckling curve for the entire analysis or Various buckling curves for
each existing stress.

Critical Plate Buckling Stresses for Stiffened Plates
The Annex to EN 1993-1-5 provides analytical methods for the determination of critical plate
buckling stresses. The following variants are included in the standard:

e one or two stiffeners in the compression area of the buckling panel

o three or more stresses in the buckling area

If the check box According to Annex is selected, PLATE-BUCKLING analyzes the stiffeners and
load situation and calculates the critical plate buckling stress according to the governing vari-
ant. If the required restrictions are not met, the buckling values are determined according to
the Eigenvalue analysis (FE method), thus computing the buckling stress.

Determination of Reduction Factors

According to Table 5.1 of EN 1993-1-5, you can select a rigid end-post or non-rigid end-post to
determine xw (web contribution). To make use of the standard's possibilities, choose between
the two options.

When you determine the reduction factors for the plate buckling, the program, according to
EN 1993-1-5, Annex B.1, Table B.1, distinguishes between welded or cold-formed and hot-rolled
products. Use the check boxes to select one of these variants.
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4. Results

Immediately after the calculation, the Window 2.1 Governing Load Case appears. The Windows
2.1 to 2.5 display the designs including the explanations for each structural component. Every
window can be opened from the PLATE-BUCKLING navigator. As an alternative, you can use
the function keys to select the next [F2] or previous [F3] window.

Click [OK] to save the results. Thus you exit PLATE-BUCKLING and return to the RSTAB or RFEM
work window.

Chapter 4 Results describes the results windows one by one. Evaluating and controlling results
is described in chapter 5 Results Evaluation, page 27 ff.

4.1  Governing Load Case

PLATE-BUCKLING - [Introductory Example EN 1993-1-5] [
File Settings Help

LA - Plate buckling analysis v | 21 Governing Load Case

Input Data [ A | B [ € [ b [EJ E

i General Data Load Egenvalue|  Design

o Stiffeners No Case Description Mo Ratio Design According to Formula
=) Loads [ C7 |loadCass 1 1 1777 >1 | 104) Interaction according to Ch. 10, Eq. 105

L1 - Load Cave 1
S LE2-Load Case 2
Plate Buckling Analysis
*- Goverring Load Case
- Design by Load Case
i Design by Eigenvalues
i Design by al
“.. Citical Buckling Load Factars

Max T > 1@ Bl

Details: Load Case LC1 - Eigenvalue Nod - Fermula 104

Material - Steel 5 355 -
Panel dimensions

Edge Stresses

1 Desian Fistio

Stress ratia 0881 [1], Tab. 4.1

Stress ratia 0000 [1]. Tab. 4.1

Bucking load factor 1.910 Determined using FEM

Buckling load factor 1514 Determined using FEM

Citical load factor 1178 Determined anaitically

Bucking coeficiert 58,691 Determined using FEM

Buckling coeficient 23278 Determined using FEM E

Citical plate bucking stress 568.276 | Njmm? Determined by FEM

Crtical plats bucking stress 180.867 | Nimm? Annex A (A1)

Cical plate bucking stress 2083.110 | Némm? [:Ch 4530)

Equivslent Stress Mses 362.500 | Njmm? [M}Ea. 0.3

Load amplfier 0952 [11Ea. 10.3

Plate slendemess 083 [11Ea. 102

Flate slendemess for shear 0838 [M}Ea. 10.2

Plate bucking reduction factor po 0,988 21 |[1.Ch 44@

Reduction factor du to column bucking | 70, 0583 [:Ch 6312

Shear bucking reduction factor L 0923 [1]:Tab. 5.1 o

Reduction factor o 0.583 [1}Eq. 413 - &9 (B3 ¢
2 & B Caloulste Detals Graphics Cancel

Figure 4.1: Window 2.1 Governing Load Case

Description

This column provides information on the description of load cases, load combinations, and
result combinations governing for the respective designs.

Eigenvalue No.

For each designed load case, load combination, and result combination, the number of the
eigenvalue (buckling shape) with the highest design ratio is displayed.
Design

For each type of design as well as for each load case or load combination and result combina-
tion, the design conditions are displayed according to EN 1993-1-5 or DIN 18800.

The colored scales visualize the ratios due to individual load cases.
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Design According to Formula

This column lists the code's equations by which the designs have been performed.

Details

In the lower dialog section Details, the intermediate result for the performed designs are
shown in a comprehensible form with references to the selected standard.

Graphic window

|ﬁ||ﬁ||ﬁllg| The graphic window shows the designed panel using 3D rendering. The different view modes
X can be controlled by using the buttons bellow the graphic window. For more information, see
[3], chapter 3.4.9.

4.2  Design by Load Case

PLATE-BUCKLING - [Introductory Example EN 1993-1-5] ===
File Settings Help

CA1 - Plate buckling analysis v | 2.2 Design by Load Case

hectbats A | B [ c [ b [EJ E
& Beneral Data Load Eigenvalue|  Design
& Sitiffeners HNo Case Description No. Ratio Design According to Formula
= Loads Load Case 1 1 1777 >1 | 104) Interaction acconding to Ch. 10, Eq. 105
{LE7 -Load Case 1 Load Case 2 0.932 | £1 | 107) Torsional buckling of stiffeners ace. to Ch. 9.2.1 (8)

i LC2 - Load Case 2
Plate Buckling Analysis
i Goverring Load Case
* Design by Load Case
- Design by Figenvalues
& Diesign by Al
L Citical Buckling Load Factors

Max 177 >1 8 @

Details: Load Case LC1 - Eigenvalue No.l - Formula 104

Material - Steel 5 355 -
Panel dimensions

Edge Stresses

5 Design Ratio
Stress ratio 0.881 [1]. Tab.4.1
Siress ratio 0000 [1].Tab. 41
Bucking load faclor 1510 Detemmined using FEM
Buckiing load Factor 1514 Detemmined using FEM
Critical load factor 1.178 Determined analytically
Bucking coefficiert 82691 Determined usng FEM
Bucking coefficiert 23.228 Determined using FEM E
Crtioal plate bucking strsss 568,276 | N/mm? Determined by FEM
Crtical plate bucking siress 180,857 N/nm? Arnex AR T)
Crtical plate bucking stress 2093.110 | Nimm? [1:Ch 453()
Equivslert Stress Mises 32500 Nimm? [1}Eq. 103
Load amplifier 0.952 [1}Eg. 103
Plate slendemess 085 [1]Eq. 102
Plate slerdemess for shear 0858 [1}Eq. 102
Plate bucking reduction factor Po 0968 =1 [[11:Ch. 44
Reduction factor due to column buckling | 1.0.x 0.583 [21:Ch. 6312
Shear buckling reduction factor 1w 1523 [1]Tab. 5.1 o
Reduction factor o 0583 [1:Eq. 413 - [RIENEEEIRE

k)
1

@] Caleulate Detals.. Giaphics

o
=

Cancel

Figure 4.2: Window 2.2 Design by Load Case

This window lists the maximum ratios and the corresponding governing designs of all load
cases, load combinations, and result combinations defined for the design.
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Calculation for all eigenvalues

4.3

Design by Eigenvalues

PLATE-BUCKLING - [Introductory Example EN 1993-1-5]

File Seftings Help
CAl - Plate buckling analysis 23 Design by Eigenvalues
Input Data B [ c [ o [E] 3
Genersl Data Eigenvalus Load Design
- Stifferers No No. Description Case Ratio Design According to Formula
= Loads B[ 7 ]loadCasel o] 1.777 | >1 | 104) Interaction according to Ch. 10, Eg. 105
LCT -Load Case 1 2 2 1.719|>1 | 104) Interaction according to Ch_ 10, Eg. 105
~LE2-Load Case 2 3 3 1.391 | >1 | 104) Interaction according to Ch_ 10, Eg. 105
Plats Buckling Analysis 4 4 1.340 | >1 | 104) Interaction according to Ch_ 10, Eg. 105
Goverming Load Case 5 5 1.289 | >1 | 104) Interaction according to Ch. 10, Ea. 105
Design by Load Case 3 3 1223 >1 | 104) Interaction according to Ch. 10. Eg. 105
Desian by Eigenvalues 7 7 1.097 > 1 | 104) Interaction according to Ch. 10, Eg. 10.5.
- Design by All £ 8 1.097 >1 | 104) Interaction according te Ch. 10, Eg. 10.5
Ciltical Buckling Load Factors
hax 197 [ >1 @
Details: Load Case LC1 - Eigenvalue No.l - Formula 104
Material - Steel S 355 A
Fanel dmensions
Edge Stresses
3 Design Ratio
Stress ratio Vx -0.881 [1]. Tab. 4.1
Siress ratio vz 0.000 [1.Tab. 4.1
Bucking load factor dorx 1.910 Detemined using FEM
Buckling load factor dorx 1514 Detemined using FEM
Crtical load factor cor 1.178 Detemined analytically
Buckiing coefficient ox 88.691 Determined using FEM
Bucking coefficient kt 28.228 Determined using FEM =
Citical plate buckling stress Copx | 568.276 | NAmm? Detemined by FEM
Crical plate buckling stress Gorpr | 180867 | NAmm? Annex AAT)
Crtical plate buckling stress 2093.110 | Némm?2 [1LCh. 453 )
Equivalent Stress Mises 362.500 | N/mm?2 [1:Ea. 103
Load amplfier 0.952 [1)}Ea. 103
Plate slendemess 0.893 [1)}Eq. 102
Plate slendemess for shear 0.893 [1}Eq. 102
Plate buckling reduction factor Pox 0.968 <1 [1ECh.44()
Reduction factor due to column buckling | 10.x 0.583 [2:Ch.6.3.12
Shear buckling reduction factor tn 0.523 [1):Tab. 5.1 —
Reduction factor o 0583 [1}Eq 413 - SN EREIRE)

Figure 4.3: Window 2.3 Design by Eigenvalues

This results window will be shown if you select the check box Calculation for all eigenvalues in

the dialog box Details (see Figure 3.2, page 19). PLATE-BUCKLING calculates the designs for the

selected amount of eigenmodes. Then, the governing load case with the respective design is

displayed in Window 2.3.

44  Design by All

PLATE-BUCKLING - [Introductory Example EN 1993-1-5]

Calculate

File Settings Help
CA1 - Plate buckling analysi 24 Design by All
Input Data B [ c [ D0 TET F
General Data Eigenvalue, Design
Stitfeners Description No. Ratio Design According to Formula
= Loads Load Case 1 1 1.777 | >1 | 104) Interaction according to Ch_ 10, Eg. 105
LC1 -Load Case 1 0.32| =1 | 107) Torsional buckling of stffeners acc. to Ch. 9.2.1(8)
LC2 -Load Case 2 2 1.719 > 1 | 104) Interaction according to Ch. 10, Eq. 105
Plate Buckling Analysis 0932 |1 | 107) Torsional buckiing of stiffeners acc. to Ch. 9.2.1 (8)
- Goverring Load Case 3 1.391 |>1 | 104) Interaction according to Ch_ 10, Eg 105
Design by Load Case 0932 | <1 | 107) Torsional buckling of stiffeners acc. to Ch. 9.2.1(8)
Design by Eigenvalues 4 1.340 | > 1 | 104) Interaction according to Ch. 10. Eg. 10.5.
Desian by Al 0532 |1 | 107) Torsional buckiing of stiffeners acc. to Ch. 8.2.1(8)
- Critical Buckling Load Factors 5 1.289 |>1 | 104) Interaction according to Ch_ 10, Eg 105
0.532 £1 | 107) Torsioral buckiing of stifeners acc. to Ch. 9.2.1(8)
Max 1777 [ >1 8@
Details: Load Case LC1 - Eigenvalue No.1 - Formula 104
Material - Steel § 355 A
Panel dimensions
i INEEEEE
] Design Ratio
Stress ratio -0.881 [1]. Tab. 4.1
Stress ratio 0.000 [1). Tab. 4.1
Buckling load factor 1.910 Determined using FEM
Buckling load factor 1514 Detemined using FEM
Ciiical load factor 1.178 Detemined anaftically
Buckling coefficient 83.691 Detemined using FEM
Buckling coefficient 28228 Detemined using FEM =
Gitical plate buckiing stress 568.276 | N/mm? Detemined by FEM
Critical plate buckling stress 180.867 | Nfmm?2 Annex A (A1)
Crtical plate bucking stress 2093.110 | Nfmm? [1:Cn.4533)
Equivalent Stress Mises 362.500 | N/mm?2 [1}Eq. 103
Load amplfier 0.952 [1}Ea. 103
Plate slendemess 0.899 [1}Ea. 102
Plate slendemess for shear 0.893 [1}Eq. 102
Plate buckling reduction factor Pox 0.968 21 |[1ECh.44(2)
Reduction factor due ta column bucklng | 7.z, 0.583 [21:Ch. 6312
Shear buckling reduction factor I 0.923 [1):Tab. 5.1 e
Reduction factor o 0.583 [1)}Eq. 413 - N0

&

ok [ omea |

Cancel

Figure 4.4: Window 2.4 Design by All
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This window displays an overview of all results with reference to EN 1993-1-5, EN 1993-1-1 and
Design of Plated Structures ISBN (ECCS Design Manual): 978-92-9147-100-3 for European
Standards or DIN 18800-3 for the German Standard.

According to DIN 18800-3, the calculation results are displayed separately for the actions of
only one edge stress and to an action due to simultaneous occurrence of all edge stresses.

The designs according to EN 71993-1-5 include the interaction design of the buckling panel and
the other designs that are required for the possibly existing stiffeners.

4.5  Critical Buckling Load Factors

PLATE-BUCKLING - [Introductory Example EN 1393-1-5]

File Settings Help

C41 - Plate buckling analysis | 2.5 Critical Buckling Load Factors

Input Data Eigenvalue Critical Buckling Load Factors for
(G enerelDats Load Case No. ax[ 1 oz Total []
: ESZZ?“ 1-Load Case 1 1 150852 151353 161016
2 191622 1.70366 1.83806
[relE e G 3 254880 537226 247366
+- L2 -Load Case 2 4 3.19128 544548 28953
Plate Bucking Andlysis 5 399269 567572 320805
i+ Govaring Load Case 6 646244 814101 386984
b esioabllondEase 7 1376030 14.76870 3.84697
-~ Design by Eigenvalues 1466430 1640570 641515
2 - Load Case 2 81.56790 180.86700 46.98000 2939140
86.02140| 20358700 9230830 5271350
14601400 641.98500| 15803000 87.10280

270.04500 650.73500 188.62100 100.56500
34025500 747 74500 196.91300 132 86800
36142800 97285100 27139500 142 05800
435.34000 |  1764.86000 301.76200 184.69100
467.82400 |  1960.48000 43270000 19815300

oo b | 2o

o

Caloulste Detais Graphics Cancel

L)
1

@

Figure 4.5: Window 2.5 Critical Buckling Load Factors

The last result window displays the critical buckling load factors resulting from oy, T and o: (o))
for all load cases. They are listed by action for all buckling shapes.
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5. Results Evaluation

You can evaluate the design results in various manners.

5.1 Results Windows

The buttons at the end of the upper table facilitate the evaluation in the results windows.

PLATE-BUCKLING - [Introductory Example EN 1993-1-5] =)

File Settings Help

CA1 - Plate buckling analpsis | 21 Governing Load Case

ectbats [ B [ c [ b TEJ 2

i Generdl Data Load Eigenvalue Design

i Stiffeners No Case Description Ho Ratio Design According to Formula
Rlas Load Case 1 1 1.777 > 1 | 104 Intsraction aceording to Ch 10, Eq. 105

i LC1 -Load Case 1
4 LC2-Load Case 2
Plate Buckling Andlysis
i Governing Load Case
. Design by Load Case
i Design by Eigerwalues
- Design by All
‘.. Ciical Buekling Load Factors

Max LT[ >18

Details: Load Case LCL - Eigenvalue Mol - Formula 104

Materal - Stee! 5 355 a
Fanel dimensions

Edge Stresses

£1 Design Ratio
Siress ratio 0.881 [1]. Tab. 4.1
Siress ratio 0.000 [1], Tab. 4.1
Bucking load factor 1510 Determined using FEM
Bucking load factor 1514 Determined using FEM
Citical load factor 1.178 Determined analytically
Bucking coefficiert 88631 Determined using FEM
Bucking coefficiert 28.228 Determined using FEM E
Citical plate buckling stress 568.276 | N/mm? Determined by FEM
Crtical plate buckling stress 180.867 | N/mm?2 Annex A (A1)
Critical plate buckling stress 2093.110 | N/mm2 []:Ch.453(3)
Equivalent Stress Mises 362.500 | N/mm2 [1Eq. 10.3
Load ampifier 0.952 [1]Eq. 103
Flste slendemess 0.893 [1]:Eq. 102
Plate slendemess for shear 0.839 [1LEg. 102
Plate buckling reduction factar Pox 0.968 <1 |[1.Ch.44@
Reduction factor due to column buclding | ycx 0.583 [2:Ch.63.1.2
Shear buckling reduction factor Aw 0523 [11Tab. 5.1 ey =
Reduction factor Pox 0.583 [1Ea 413 - [HIENEEIRE

B
(0
@

Calculate Detailz.. Graphics K

!
|

Cancel

Figure 5.1: Buttons for results evaluation

The buttons are reserved for the following functions:

Button Description Function

Turns on and off the colored reference scales in the results

é Show Color Bars tables

. Displays only the rows where the ratio is greater than 1,
*
lil Exceeding and thus the design is failed

Table 5.1: Buttons in results windows 2.1 to 2.5
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5.2 Visualization of Buckling Shapes

To display the buckling shapes graphically, click [Graphics]. To this end, a PLATE-BUCKLING
window opens.

= Graphic buckling mode { B &J
File Tools View

S| Q& ERE R Lo

Buckling mode from: |Sigma_x oecuning only v| Mode Mo ‘W| Factor 1.00% ;@f

NUM

Figure 5.2: Graphic Buckling mode

In this window, you can visualize different actions on the panel, different load cases and buck-
ling shapes. For load cases that are not calculated yet, the loads on the panel are shown. The
graphical representation allows for a quick check of the buckling shapes and load data.

The graphic can be controlled by using the drop-down menu or the functions of the toolbar.
The buttons shown on the left allow you to view the buckling panel from different angles.

The grab button is a special feature: By left-clicking and pressing the [Shift] key simultaneously
while moving the mouse up or down, you can zoom the view in or out. By left-clicking and
pressing the [Ctrl] key at the same time, you can rotate the view. You can "play" with this func-
tion in order to better understand how it works.

The field [Factor] allows you to show small deformations as elevated.

The [Animation] of the buckling shapes often helps to understand the buckling behavior of the
stiffened plates.
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6. Printout

6.1

First, the program generates a printout report for the PLATE-BUCKLING results, to which
graphics and descriptions can be added. In the printout report, you can select the data to be
included in the printout.

Printout report

The printout report is described in detail in the RSTAB or RFEM manual [3]. In particular, chap-
ter 10.1.3.4 Selecting Data of Add-on Modules provides information on the selection of input
and output data in add-on modules for the printout.

For large structural systems with many design cases, it is recommended to split the data into
several printout reports, thus allowing for a clearly-arranged printout.

6.2  PLATE-BUCKLING Graphic Printout

In PLATE-BUCKLING, every picture that is displayed in the program's work window can be
transferred to the printout report or sent directly to a printer.

Printing graphics is described in [3], chapter 10.2.

PLATE-BUCKLING model with loads
To print the current PLATE-BUCKLING graphic, click
File > Print Graphic

or the respective button in the toolbar.

= Graphic buckling mode L@ﬁ
'_aLm\ QAR E RE RO F([F)EE Lt *]
v prin (Ctri+P)
I e = A= A= = A= A= = A
4—‘;' 162.000 153.000\—P
| t \\
- * 1 \\ -
| t
\\
} t :
i 1 \
A A
| 1 \\
/ 1 \
f \
181 DDD“;—F 1—“" 181000
—_ = = = = = = = —»
: [m]
MNUM

Figure 6.1: Button Print in the toolbar of the main window
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Remove from Printout Report

Start with New Page

Selection...
Properties... %

The following dialog box appears:

r N
Graphic Printout @

General | Options

Graphic Picture Window To Print Graphic Size

() Directly to a printer... = (@ Curment only @ As screen view

(@ To a printout report: FR1 = More. .. () Windaw filing

() To the Clipboard Mass prirt Toscale 1: 100
Graphic Picture Size and Rotation Options

Use whole page width Show results for selected xocation in result

diagram
() Use whole page height
@ Height: 50 == [% of page]

[ Lock graphic picture {without update)

Rotation: DEH 1

Header of Graphic Picture

Panel with Edge Stresses|

[ ok I+] [ cancel

\

Figure 6.2: Dialog box Graphic Printout, tab General

and Color Spectrum tab.

function.

box Graphic Printout, offering various options for adjustment.

Graphic Printout @

Properties | Options | Color Spectrum

Header

Panel with Edge Stresses

Additional Comment
Show

Graphic Picture Size Options
Use whole page width [ Lock graphic picture (without update)

Height: 50| [% of page] Rotation: 0 1

[ ok |+][ cancel

L%

Figure 6.3: Dialog box Graphic Printout, tab Options

Dlubal

This dialog box is described in [3], chapter 10.2. The RSTAB manual also describes the Options

A graphic can be moved anywhere within the printout report by using the drag-and-drop

To adjust a graphic subsequently in the printout report, right-click the relevant entry in the
navigator of the printout report. The option Properties in the context menu opens the dialog
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7. General Functions

The final chapter describes useful menu functions as well as export options for the designs.

7.1 Design Cases

With the design cases you can, for example, group the buckling panels from the model or
check variants.

Create a New Design Case
To create a new design case, use the PLATE-BUCKLING menu and click

File — New Case.

The following dialog box appears:

Mew PLATE-BUCKLING-Case o e
No. Description
I Flate buckling analysiz -

\z’ af ] | Cancel

Figure 7.1: Dialog box New PLATE-BUCKLING-Case

In this dialog box, enter a No. (one that is still available) for the new design case. The corre-
sponding Description will make the selection in the load case list easier.

Click [OK] to open the PLATE-BUCKLING Window 1.1 General Data where you can enter the de-

sign data.

Rename a Design Case
To change the description of a design case, use the PLATE-BUCKLING menu and click

File - Rename Case.

The following dialog box appears:

Rename PLATE-BUCKLING-Case ot e
No. Description
1 Plate buckling analysis -

@ ak ] | Cancel

Figure 7.2: Dialog box Rename PLATE-BUCKLING-Case

In this dialog box, you can define a different Description as well as a different No. for the design
case.
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Copy a Design Case
To copy the input data of the current design case, use the PLATE-BUCKLING menu and click

File —> Copy Case.

The following dialog box appears:

. \
Copy PLATE-BUCKLING-Case S

Copy from Case

CA1 - Plate buckling analysiz v]

New Case

Mo Degcription:

2 -

QK ] [ Cancel

L v

Figure 7.3: Dialog box Copy PLATE-BUCKLING-Case

Define the No. and, if necessary, a Description for the new case.

Delete a Design Case
To delete design cases, use the PLATE-BUCKLING menu and click

File — Delete Case.

The following dialog box appears:

Delete Cases

Available Cases

Mo, D ezcription

Plate buckling analpsis

-

0K ] ’ Cancel

L 4

Figure 7.4: Dialog box Delete Case

The design case can be selected in the list Available Cases. To delete the selected case, click
[OK].
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7.2  Units and Decimal Places

Units and Decimal Places are managed in one dialog box for RFEM/RSTAB and the add-on
modules. In PLATE-BUCKLING, you can use the menu to define the units. To open the corre-
sponding dialog box, click on the menu

Settings — Units and Decimal Places.

The program opens the following dialog box that you already know from RSTAB or RFEM. The
module PLATE-BUCKLING is preset.

Units and Decimal Places &J
Program / Module PLATE-BUCKLING

- RSTAB -
.. STEEL Stresses Critical Buckling Load Factor

- STEEL EC3 Lnit Dec. places Unit Dec. places
géét gsc Stresses: N/mm™2 v 2/ Factors: =
- STEEL 514 Stress ratios:
- STEEL BS
- STEEL GB
- STEELCS
- ALUMINILIM Panels:
. KAPPA
- LTE
- FE-LTB
. EL-PL Elastic Foundations
- C-TOT
..CONCRETE Lengths for moments:
- CONCRETE Columns Lengths:
- TIMBER Pro
.. TIMBER Angles:
- DYNAM

JOINTS
- FRAME-JOINT Pro
- FRAME-JOINT
- DOWEL
- FOUNDATION
- FOUNDATION Pro
- RSBUCK
- DEFORM i

I

Dimensions Stiffener Values

Cross-sectional area: mm”™2 - 1

Second moment of area: 2
Warping constant 2

Al | 4]

Cross-sections:

Alv| (4w | (|l

m

Forces:

Alw | [l | [ | |o]e

[T R ot

LD O0 B

=4 OK ][ Cancel

L 4

Figure 7.5: Dialog box Units and Decimal Places

The settings can be saved as user profile und reused in other models. These functions are de-
scribed in [3], chapter 11.1.3.

7.3  Export of Results

The PLATE-BUCKLING results can also be used in other programs.

Clipboard

To copy cells selected in the results tables to the Clipboard, press the keys [Ctrl]+[C]. To insert
the cells, for example in a word-processing program, press [Ctrl]+[V]. The headers of the table
columns will not be transferred.

Printout report

The data of the PLATE-BUCKLING add-on module can be printed into the global printout re-
port (see chapter 6.1, page 29) to export them subsequently. Then, in the printout report, click

File —> Export to RTF.

This function is described in [3], chapter 10.1.11.
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Excel / OpenOffice

PLATE-BUCKLING provides a function for the direct data export to MS Excel, OpenOffice.org
Calc, or the file format CSV. To open the corresponding dialog box, click

File —> Export Tables.

The following export dialog box appears.

Export - MS Excel l&]

Table Parameters Application

‘with table header @ Microsoft Excel

[ Only marked raws OpenOffice.arg Cale:
() TSV file format

Transfer Parameters

[ Export table to active waorkbook
Export table to active workshest
Rewrite existing work sheet

Selected Tables
@) Active table [] Expart tables with details
) Al tables

Imput tables

Fesult tables

[ kK ] ’ Cancel

" 4

Figure 7.6: Dialog box Export - MS Excel

When you have selected the relevant parameters, you can start the export by clicking [OK]. Ex-
cel or OpenOffice will be started automatically, that is, the programs do not have to be opened
first.

A B C D E F G
Load Eigenvalue Design

MNao. Case Description No. Ratio Design According to Formula

1 LC1 1 0,881 (=1 104] Interaction according to Ch. 10, Eg. 10.5

2 0,932(%1 107) Tarsional buckling of stiffeners scc. to Ch. 2.2.1 (2}
3 2 0,977(=1 104 Interaction according to Ch. 10, Eg. 10.5

4 0,832 (=1 107) Torsional buckling of stiffeners acc. to Ch. 9.2.1 (B}
5 3 0,877(=1 104 Interaction according to Ch. 10, Eg. 10.5

& 0,932(=1 107) Torsional buckling of stiffeners acc. to Ch. 8.2.1 (8)
7 4 0,828(=1 104] Interaction according to Ch. 10, Eg. 10.5

] 0,932(=1 107) Torsional buckling of stiffeners acc. to Ch. 9.2.1 (8}
9 5 0,788 £1 104] Interaction according to Ch. 10, Eg. 10.5

10 0,932(=1 107) Tarsienal buckling of stiffeners acc. to Ch. 8.2.1 (8}
11 & 0,728(=1 104 Interaction according to Ch. 10, Eg. 10.5

Figure 7.7: Result in Excel
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8. Theoretical Background
8.1  DIN 18800-3

Buckling means that plane thin-walled plates whose plate thickness t is significantly smaller
than the surface geometry a - b and that are subjected to normal and shear stresses deflect
perpendicular to the plate plane. Rectangular plates prone to buckling are called buckling
panels.

When you analyze a buckling problem, you must consider the plate's states of stress and de-
formation. For this, you have to consider the following parameters:

e Position of the web and flange zones most prone to buckling

¢ Dimensions of the buckling panels

e Supports of the buckling panel edges

e Loading in the form of the stresses acting upon the edge surfaces
The program PLATE-BUCKLING is based on the finite element method and can be used to de-
termine critical buckling load factors. The following is assumed for the calculation (linear buck-
ling analysis):

e Atthe beginning of the loading, the plate is completely plane.

e The buckling deformations rectangular to the plate plane are small.

e Theloading acts only on the plate's center plane.

e The material is assumed to behave in an ideal linear elastic way.
With these assumptions for plate buckling, a bifurcation problem arises. Linear buckling analy-

sis is only used to determine a plate slenderness ratio. The reduction factors x required for
plate buckling analysis depend on the plate slenderness.

8.1.1 Terms and Definitions

Critical plate buckling stress

Under this loading, the plate can still remain in its original position. If the loading is increased
further, the plate buckles.

o,pi =ko, *op Critical buckling stress with sole action of edge stresses ox
n*-E t) s
o = V= Euler's critical stress
12-f-p?) (b

With these input values, you can determine the critical plate buckling stress for the sole action
of o), oxand 1. The smallest critical plate buckling stress and, therefore, the smallest buckling
value are governing for buckling. The buckling value and thus the critical plate buckling stress
depend on the following influences:

e Boundary conditions (support conditions)
e Type of action

e Sideratioa

e Type and position of stiffeners

In PLATE-BUCKLING, the buckling values are usually determined by using the FE method, solv-
ing the eigenvalue problem.
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Critical plate buckling stress

With reference to the linear buckling analysis, the reduction factors « for the critical plate buck-
ling stress are determined in relation to the panel dimensions, the support and load condi-
tions, as well as the plate slenderness ratio. The following factors also influence the calculation
of the critical plate buckling stress:

e Structural components without local buckling effects (pure bending)

e Structural components with local buckling effects (bending beams with compressive
force/compression columns with bending moments)

e Plates without local buckling behavior

e Plates with local buckling behavior

Critical plate buckling stress without buckling effects

The critical plate buckling stresses are determined according to the following equations.
OxpRd = Kx ‘fy,k /Ym
Oyprd = Ky fyk/Tm
Tprd = Ko fy /(\E'YM)

Critical plate buckling stresses with buckling effects

If the buckling panel is part of a compression member, the reciprocal influence of plate buck-
ling and local buckling must be considered. This is achieved by reducing the critical plate
buckling stress with the reduction factor kx for local buckling.

Oxprd =Kk Ky Ty /7w
To determine kk see DIN 18 800 part 2, el. (304) equation (4a) - (4c).

Critical plate buckling stress with local buckling behavior

Local buckling behavior is found in a plate which is pushed in longitudinal direction and that
has too small a side ratio. Then, a support of the central plate zones on the plate edges is not
given. Thus, the plate, like buckling members - has no more supercritical load capacity and has
to be classified between the failure modes global buckling and local buckling. This is done by
using the weighting factor p. If weighting factor p > 0, the critical plate buckling stress must be
determined by using the reduction factor ke« .

_ A —0ypi / Ok >0

A-1

In PLATE-BUCKLING, ox is determined analytically. It is the Euler buckling stress of the buckling
panel with unsupported longitudinal edges. For the reduction factor for local buckling behav-
ior, according to DIN 18 800, part 3, element (603):

KPK:(1—PZ)‘KG+PZ Kk

The reduction factor kx is determined according to DIN 18 800 part 2, Eq. (4a), (4b), or (4c) ac-
cording to buckling curve b.

The critical plate buckling stresses are calculated according to DIN 18 800, part 3, element (502)

as follows.
Kpk 'fy,k
Oprd =——— =1
™
K, -f,
_ Bilyk
TPRd = <1

YM'\/§
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Interaction condition

If several stress components oy, 0x, and T act simultaneously, you must perform the interaction
design. These are always stresses that are assigned to each other.

Deviating from this provision, the maximum value is imported from every stress type when
you import these stresses from RSTAB or RFEM,

e1:1+1<5x4

e2:1+1<5y4
2

ez =T+K, Ko, Ke

6
V=(x, -xy)
€2
jou| )" |GV| ©x "’y| )’
+ -V + <1
OxPR.d GypR.d OxPR,d "OyPR,d TpRd

8.2 EN1993-1-5

For every plate buckling analysis according to EN 1993-1-5, the reduced stresses are imple-
mented in PLATE-BUCKLING. The Eurocode offers two methods for the plate buckling analysis.

e Effective width method (EN 1993-1-5, chapter 4-7)

e Reduced stress method (EN 1993-1-5, chapter 10)
The method of reduced stresses compares the stresses acting on the buckling panel with a lim-
it stress condition reduced accounted for the VON MisEs yield condition. The plate buckling
analysis is performed on the basis of the entire stress field. This approach corresponds with the
one from DIN 18800-3, however, with the significant difference that in EN 1993-1-5 a single
global slenderness ratio is determined on the basis of the entire stress field. Thus, the analysis
of the single loading and the subsequent merging via the interaction criterion is omitted.

As the determination of buckling values is based on numerical calculation in EN 1993-1-5, in
PLATE-BUCKLING the input parameters can easily be determined by using the eigenvalue
method.

In EN 1993-1-5, chapter 9, the designs for the possibly existing stiffeners are still required. For
longitudinal and transverse stiffeners, the following analyses must be performed successfully:
o Elastic stress analysis with internal forces according to second order analysis
o Deformation analysis

e Torsional buckling analysis

The design procedure is described in detail in [18].
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8.2.1 Determination of Critical Plate Buckling Stresses

The Annex to EN 1993-1-5 provides analytical formulas for calculation of the critical buckling
stresses of unstiffened and stiffened buckling plates. In general, the following applies:

Sap = kcr,p *oe Annex A, (A.1)

For unstiffened buckling plates, the buckling values are computed according to Table 4.1 or
Table 4.2 based on the existing edge stress condition.

o Buckling plates supported on two sides Table 4.1

o Buckling plates supported on one side Table 4.2

For stiffened buckling plates, the following variants of the arrangement of the stiffeners
within the buckling plate are distinguished:

o Three or more longitudinal stiffeners in buckling panel Annexes (A.1),(A.3)
¢ One longitudinal stiffener in compression zone of buckling panel Annexes (A.1),(A.2.2.2),(A.3)

o Two longitudinal stiffeners in compression zone of buckling panel  Annexes (A.1),(A.2.2.1), (A.3)

These formulas or their application are bound to provisions that must be considered. If these
conditions are not met, PLATE-BUCKLING automatically calculates the critical plate buckling
stresses by using the eigenvalue method.

8.2.2 Interaction Design

The stresses acting on the buckling panel are compared with a limit stress state reduced taking
into account the voN Misks yield condition. In EN 1993-1-5, only a single global slenderness ra-
tio is determined on the basis of the entire stress field. The following parameters are relevant
for the interaction design:

Slenderness ratio of sheet metal plate

Ap = /% Eq.10.2
cr
2 2 2
1 _ Oy .Ed " Oz Ed _ Oy Ed . G2 Ed +3. TEd Eq 10.3
Cyltk fy fy fy fy fy

) 0,5
1 _ 1+‘V>( N 1+Wz +[[ 1+\|jx . 1+WZJ 4 1_Wx + 1_WZ + 1 } Eq 10.6

- 2 2 2
Ol¢p 4'0Lcr,x 4'(Xcr,z 4'0‘cr,x 4‘(1“,2 2:0%cax 2:0%cz O crt

Reduction factors p;

There are two possible approaches to determine the reduction factors: The individual factors
can be calculated for every existing stress component. Alternatively, a single reduction factor is
determined globally for all existing stresses. This approach is related to the selection of the
corresponding buckling curve.

For various buckling curves, the reduction factors are as follows:

Reduction factor for x-direction pxaccording to chapter 4.4 (2)
Reduction factor for z-direction pzaccording to Annex B.1
Reduction factor for shear buckling xwaccording to Table 5.1

If you use the generalized buckling curve:
Reduction factor piaccording to Annex B.1
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Interaction between plate and local buckling behavior

To obtain the final reduction factor of the respective direction, an interaction between plate
type and local buckling behavior must be determined.

pi=(p—xc)-&(2-8)+x according to Eq. 4.13
where:  ycaccording to chapter 4.5.3 (5)

¢ according to chapter 4.5.4 (1)

Interaction criterion according to Eq. 70.5:
2 2 2

(e} (e} (e} (e} T
x,Ed z,Ed x,Ed . z,Ed +3 Ed

px'fy/ pz'fy/ px'fy/ pz'V . Xw'fy/
Tm Tmi Tm Tmi Tmi

8.2.3 Elastic Stress Design of the Stiffeners

EN 1993-1-5 requires an elastic-elastic stress design for transverse stiffeners according to sec-
ond order analysis. Here, you must consider a precamber of the transversal stiffener, the skew
loads on the adjacent partial panels as well as the stress on the buckling panel. The existing
stresses may not exceed the yield stress fy/ywmi.

These formulas are mainly analytical. They are described in detail in [18].

8.2.4 Deformation Analysis of the Stiffeners

The maximum deformation of the stiffener is limited to the value b/300. Here, you have to con-
sider that the deformation results from the precamber and the actual deformation of the stiff-
ener.

These formulas are also described in [18].

8.2.5 Torsional Buckling Design

To avoid torsional buckling of transverse and longitudinal stiffeners with open cross-sections,
the following designs must be carried out successfully:

J fy
= > 53 - according to Eq. 9.3
p

where: J  St.Venant torsional constant stiffener cross-section

I, Polar moment of inertia

If the warping stiffness of the stiffener is considered, Eq. 9.3 or Eq. 9.4 should be satisfied.

O > 6-f, according to Eq. 9.4

where: 6 Factor used to ensure elastic behavior (6 = 6)

Program PLATE-BUCKLING © 2015 Dlubal Software GmbH

39



‘9 Examples 4&

Dlubal
9. Examples

9.1 DIN 18800

9.1.1 Unstiffened Buckling Panel with Local Buckling

Behavior
Material: Steel St 37
Yield strength f,x = 240 N/mm?
Partial safety factor: ym=1,1

Parameters of the structural system:

Length of the buckling panel a = 1000 mm
Width of the buckling panel b = 1200 mm
Plate thickness t = 10 mm
— Side ratio a= % = 1(2)% = 0.833

Governing stresses:

Axial compressive stress o = 80 N/mm?
Axial compressive stress o, = 80 N/mm?
Shear stress T = 12 N/mm?

Edge stress ratio related to the maximum compression stress:

% _80 4,
v [eF] 80

Euler critical stress:

n-E (tjz _3.14% 210000 ( 10

2
=—— || = . j =13.18N/mm?
12.(1-03%) \b 12-(1-0.3%) \ 1200

O

Calculation of the buckling values according to DIN 4114, Table 6, rows 3 and 5:

a=0.833<1 and wy=1

2 2
ks = oz+i 2 =(O.833+Lj el =44134
y+1.1 0.833 1+1.1

k. —4.00+23% 4004232

=11.69
a? 0.8332

Critical plate buckling stress if edge stresses ¢ according to DIN 18 800 part 3, EI. (113)
are effective:

op; =kg -0 =4.13-13.18 =54.43 N/mm?

Critical plate buckling stress if edge stresses 1 are effective:

tp; =k, -0 =11,69-13,18 =154.07N/mm?
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Reference slenderness ratio:

Ay=m- i=3.14-‘ 210000 =92.93
fy,k 240

Plate slenderness (axial stress):

Ap=m- i :3,14~‘,210000 =195.03

Plate slenderness (shear stress):

hp=m- |—E— =314. | 210000 _ggq3
V3 154.07-4/3

Plate slenderness ratio (axial stress) according to DIN 18 800 Part 3, El. (113):

_
xpz—pzwzzms
A, 9293

Plate slenderness ratio:

_ A
A P _ 88.13 =0.948
92.93

e

a

Reduction factor for plate buckling according to DIN 18 800 Part 3, Table 1:

Kg=C- _L—(l—zzz wherec=1.25-0.25-y, butc<1.25
}\,P A’P

c=1.25-0.25-1.0=1.00

KGZ'I.O( ! 0.22 j=0.427

2.098 20982
. :—0;84 :—0'84 =0.886
Ap 0948

Plate buckling with local buckling behavior according to DIN 18 800 Part 3, El. (602):

A—Gp /Gy —
_A=om/oki 5 g A=np?+05, but2<A<4
AT
opi /oy =k, -0® =4.134-0.833% =2.838

A=2.0982 +05=4902>4=>A=4

 4-2.868

=0.377

.9 Examples 4&
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According to DIN 18 800 Part 3, El. (603):
1

k=05- [1 +0.34-(hp —0.2)+ xpzj

Ap>02=xg =

k=0,5- [1 +0.34-(2.098-0,2)+2.098 ]: 3.023

1

(3.023 +4/3.0232 —2.0982 )

Kk =

=0.192

Reduction factor with local buckling behavior

Kpy = (1—p2).1<5 +p% Ky = (1—0.3772) 0.427+0.377-0.192=0.393

Calculation of critical plate buckling stresses according to DIN 18 800 Part 3, El. (502):

Kpk - f .
Cppg = Pk “Tyk _ 0.393-240 — 85.88N/mm?
Ym 1.1

K, -f, .
Tppd = — vk _0886-240 14 5N /mm?
3 1143

Analysis of the buckling panel according to DIN 18 800 Part 3, El. (501):

o __ 8 593141
GP,R,d 8588

T 12 107«
TP,R,d 11 15

Analysis for simultaneous occurrence of edge stresses (interaction) according to
DIN 18 800 Part 3, El. (504):

e, =1+xk,* =1+0393* =1.023

e3=T+K, -k, > =1+0.393-0.886% =1.308

€ €3
o T
+ <1
OpR.d TpRd

1,023 1,308
_80_ + 12 =0.984<1
85,82 11,5

The plate buckling safety is sufficient!
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9 Examples

9.1.2 Stiffened Panel

Dlubal

The following example is extracted from [11]. It describes the plate buckling analysis for a stiff-

ened buckling panel.

|
*—= ——
l \e5, Jl i
l
| |
g |
& | |
I !
1 :
a5
| 1
=R =
= 2500

Figure 9.1: Sketch of structural system including dimensions and loads

Material: Steel St 37

Yield strength f,« = 240 N/mm?

Partial safety factor: ym=1.1

Parameters of the structural system:

Length of the buckling panel a =
Width of the buckling panel b =
Plate thickness t =
— Side ratio a= a._ 2500 =1.29
b 1940

Stiffener:

Height: h =
Length: a =
Thickness: t =
Stiffener position: y =
Stiffener parameters:: lystiffener =
Aystiftener =
6=0.155
Y=99

We obtain from these initial values according to [13]:
Kox
ke

2500 mm
1940 mm

12 mm

150 mm

2500 mm

12 mm

485 mm (from upper edge)
3040 cm*

36 cm?

4~

acc. to DIN 18800, part 3, el. (114)

acc. to DIN 18800 part 3, el. (114)

84
12

Program PLATE-BUCKLING © 2015 Dlubal Software GmbH

43



‘9 Examples 4&

Dlubal

Governing stresses:

Axial compressive stress o = 130 N/mm?
Axial tensile stress o, = - 130 N/mm?
Shear stress T = 52N/mm?
Edge stress ratio related to maximum compressive stress:

v = Z—? = _1—133 =-1.0

Euler critical stress:

nE [t) 3.14%.210000 (1.2
op = _ 0090 (L2

2
= —| = > j =0.73kN/cm?
12-(1-0.3%) \b 12-(1-0.3%) \194

Calculation of the buckling values according to DIN 4114, Table 6, rows 3 and 5:

a=129>1 and y=-1

Critical plate buckling stress if edge stresses o according to DIN 18 800 Part 3, El. (113)
are effective:

Opi, =k, -Op =84-0.73=613kN/cm’

Critical plate buckling stress if edge stresses 1 are effective:
p; =k, -0 =12-0.73=8.8kN/cm?

Related slenderness ratio:

Ay =T |- =314 ‘/210000 =9293
ok 240

Plate slenderness ratio (axial stress):

hp, =m- | =314. |29 _5g1)
Ox Op;j 61.3

Plate slenderness ratio (shear stress):

hp =t |—E— =314 | 21090 44655
Tpi’\/g 8.8\/5

Relative plate slenderness ratio (axial stress) according to DIN 18 800 Part 3, El. (113):

— A
Ap =—= 3812 0.625
°x A, 9293

Relative plate slenderness ratio (shear stress):

_
T =2 11033 1554 138
h, 9293

a

44
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Reduction factor for plate buckling according to DIN 18 800 Part 3, Table 1:

K =c-(_——_'—2J wherec=1.25-0.25-y,butc<1.25

c=125-0.25--1.0=150==>1.25

Ky =125 —— 922 | 4506-—510
X 0625 0.625°

=284 _ 084 660
Ap 1255
Calculation of critical plate buckling stresses according to DIN 18 800 Part 3, El. (502):

K-fyx1.0-240
™

=218 N/mm?

Oxprd =

Ko fy _0669-240 _8aN/mm?

T =
PR, d YM.\/g 1.1~\/§

Analysis of the buckling panel according to DIN 18 800 Part 3, El. (501):

13
_Ox ___° _060<1
Oxprd 21

T 32 06241
TPRd

Analysis for simultaneous occurrence of edge stresses (interaction) according to
DIN 18 800 Part 3, El. (504):

e =l+x, F=1+1" =2

e3=T+K, K,  =141.0-0.669° =1447

The plate buckling safety is sufficient!
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9.2 EN1993-1-5

9.2.1 Unstiffened Buckling Panel with Local Buckling
Behavior

The following example is extracted from [6]. It describes the plate buckling analysis for an
unstiffened buckling panel.

“«— 4 «— T

MR vAT
t v

o M =12 mm [¥ g
¢ v | T
'?4~+-b¢: cal

% 1600 6"

Figure 9.2: Sketch of structural system including dimensions and loads

Material: Steel 5355
Yield strength f,« =355 N/mm?
Partial safety factor: ym=1.1

Parameters of the structural system:

Length of the buckling panel a = 600 mm
Width of the buckling panel b = 1000 mm
Plate thickness t = 12 mm
— Side ratio a= a_ 600 = 0.60
b 1000

Governing stresses:

Axial compressive stress o, = 100 N/mm?
Axial compressive stress o) = 100 N/mm?
Shear stress T = 50 N/mm?

Edge stress ratio related to the maximum compressive stress:

y = %2 2100 4,
o, 100

Euler critical stress:

n E (tj2_3.142 -210000_( 12

2
Cp=————| — : j =27.33 N/mm?
12-(1-0.32) 12-(1-0.32) (1000

b
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Calculation of buckling values according to EN 1993-1-5, Table 4 and Annex A.3/A.5:

a=06<1 and y=1

ks =4.0

c

k. =4.00 +¥=4.00 + >34
a 0

=18.83
602

Critical plate buckling stress if edge stresses o according to EN 1993-1-5, Annex A.1
are effective:

Cerpx =Kox -OF =4.0-27.33=109.32 N/mm’

Critical plate buckling stress if edge stresses 1 are effective:

T =k, -0 =18,83-27.33=514.75 N/mm?

Yield criterion according to EN 1993-1-5, Eq. (10.3):

fy 355

Y = =2.6835
Gyrg  132.29

Qe k =

where: 6,4 :\/oX’Ed2 13142 =4100% +3-50% =132.29 N/mm?

Eigenvalues of the stress components according to EN 1993-1-5, Eq. (10.6):

Gy = =1.0932
OxEd
514.75
Gy =~ = =10.295
Ted

Critical load factor according to EN 1993-1-5, Eq. (10.6):

2 2

2
L_ T+ yy + [1+\|}x] + T-y, 1
2 o

= +
Oler 4 Cerx 4"Occr/x *Qler x ot

Ol =1.081

Plate slenderness ratio according to EN 1993-1-5, Eq. (10.2):

T =Ty = [ LUtk =‘/2‘6835 =1.576
P ey, 1.081

.9 Examples 4&

Reduction factors for plate buckling according to EN 1993-1-5, section 4.4 and Table B.1

Check:

Ap =0.5+4/0.085—0.055 -y

1.576>0.673

_ 2 —0055(3+y)
p e
_1.576-0.055(3+1.0)

1.576°
pp =0.546<1.00

<1.00

<1.00

Pp
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Using Table 5.1 and the option "Non-rigid end post":

0,83 083

Ap 1.576

=0.527

w

Plate buckling with local buckling behavior according to EN 1993-1-5, section 4.5.4(1):

};:Gc_r'p_1 <1

GCr,C
2 2 2 2
where: o = T E2t 5= u 2100(2)0 12 5 =7592 N/mm?
12-(1-v2)-a2  12-(1-03%)-600
£=1932 1 _gasa<
75.92

The total buckling panel shows a local buckling behavior.

Reduction factor with local buckling behavior:
P = (pp —%e ) £-(2-¢,)+%c =(0.546 —0.342)-0.44 - (2 - 0.44)+ 0.342 = 0.482

1 = ! =0.342

A= —
[ep +,/ep2 —xpzj (1 886 ++/1.886° —1.5762)

where:

0,=05- (1 +0.21-(1.576 - 0.2)+1.576° ):1.886

p

Analysis (interaction condition) according to EN 1993-1-5, Eq. (10.5):
2 2

(&)
x,Ed +3. Ted <1
fy f

LY
Pc Yan Lw

Tm

2
100

2
50
+3. —0672<1
0.482~35%J 0.527-35%1

The plate buckling safety is sufficient!

Program PLATE-BUCKLING © 2015 Dlubal Software GmbH



.9 Examples 4&

9.2.2 Stiffened Buckling Panel

The following example is extracted from [18]. It describes the plate buckling analysis for a stiff-
ened buckling panel.

Ox Bdens =
Ty Ed tens tea™ 119.5 Nimmz - ;62‘“115 N/mmz

I :
l! )
i ' 3098

\ ! 4647
i 1 A

3 1 oma=
i 1; o 1549
bR [ t=27 ? N/mm B
N T T I T T T I T I T I I I IO II YT O ]

Ux.ﬁd.aomp cx.l-‘.‘d,comp =

J297.6 N/mm?

4000

Figure 9.3: Sketch of structural system including dimensions and loads

Material: Steel S355
Yield strength f,« = 345 N/mm? (for t = 30 mm)

Partial safety factor: ym=1.1

Parameters of the structural system:

Length of the buckling panel a = 4000 mm

Width of the buckling panel b = 4647 mm

Plate thickness t = 27 mm
— Side ratio a= % = % = 0.861

Stiffener:

Height: h = 300 mm

Length: a = 4000 mm

Thickness: t = 30 mm

Stiffener position: z = 3098 mm (from upper edge)

Governing stresses:

Axial compressive stress P} = 297.6 N/mm?
Normal shear stress o = -262.1 N/mm?
Shear stress T = 119.5 N/mm?
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Determination of critical plate buckling stresses according to EN 1993-1-5, Annex A:

For a longitudinal stiffener in the compression zone it follows according to Annex A.2.2:

Critical buckling stress o,

a-

Wy b
I~y 1
0.4 b,

Figure 9.4: Figure A.1, Annex A

e Determination of effective widths:

9 .
= S"1=H103=0.37320 — okay
o, 2976
b; =1549 mm
byinf _370373 4549 -_879.45mm
M 5-0373
9 .
by =3 1103 _ o5 76 mm
m  0.1204

basup =0/4-922.76 =369.10mm

=Agy;=42711mm’

=14,=2549-10° mm*

e according to Eq. (A.4), Annex A:

IsI1 'b12 'b22
== =12241mm > a=4000mm

a.=433-% 5
t -

n® E-ly, E-t?.b-a’
2’ + 2 2 2 2
Agr-a>  4-m2-(1-0?) Ag;-bi2 b,

Sersl =

n?-210000-2.549 *10° . 210000272 - 4647 - 4000
42711-4000° 4.72.(1-03%) 42711.15492 .30982

Sersl =

Ger st =796.1N/mm?

The critical buckling stress 0., is obtained by extrapolating the edge subjected to pressure:

O
Secrp =Ocrsl ° = N
sl,1

6.1- 297663 =2134.41 N/mm?

50
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Critical buckling stress t.-
e Determination of effective widths

According to EN 1993-1-5, Figure 5.3, the minimum widths are used for the effective widths.

minb=15-¢-t,,

minb=15- ‘/E -27=334.26 mm
345

= A, =2786-10* mm?

=14,=2315-10°mm*

e Determination of buckling value according to A.3, Eq. (A.6):

a:i:ﬂ:o'gm < 3
h 4647

w

6340189
t,> *h Iy
k., =41+ v W 4223 ———
2 3 %
( aj tw hw

2315%10°

63+0.18.- 22~ "~
3 *10°

k, =41+ 2774647 +2.2~3‘/2‘3315 107 1622
[4000] 277 * 4647

4647

The critical buckling stress 7., if edge stresses T are exerted is as follows:

T =k, -0p =16.22-

72 *210000 ( 27

2
=3 j =103.9 N/mm?
12-(1-032) | 4647

Yield criterion according to EN 1993-1-5, Eq. (10.3)

f
Otk v 3% g5
Gypq 3625

where: G gq =\/cXIEd2 +31g42 =4/297.62 +3-119.5? =362.5N/mm>

Eigenvalues of the stress components according to EN 1993-1-5, Eq. (10.6):

_ Oepx 213441
D oypq 2976
T, 1039

= =7 -0.869
Tty 1195

=7.172

a

o

Critical load factor according to EN 1993-1-5, Eq. (10.6):

2
1+ 1+ 1-
L \vx+[ WXJ+ Wx2+12
Oler 4’acr,x 4"()‘“cr,>< 2'acr,x Oler g
o =0.86
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Plate slenderness ratio according to EN 1993-1-5, Eq. (10.2):

— — o X
Ap=hy = /%:J%:msz
cr .

Reduction factors for plate buckling according to EN 1993-1-5, Eq.(4.2) and Table 5.1:

~262.1
— 1.052-0.055-| 3+
Ap—0.055-(3+ ( ( 297.6 D
=—F G+v) = =0.845

Pp = —
P sz 1.0522

According to Table 5.1, the contribution of the web in the case of a ridged end post is given by:

0.83 0.83

rp ©1.052

——F=0.789

Aw =

Buckling with local buckling behavior according to EN 1993-1-5, section 4.5.4, Eq.(1):

(&}
g_Cap o 213441 o0
o 2109.8

_mwEdlgy oy 7°-210000-2.549-10° 2976

e = > = > =2109.8N/mm’
T Agi-at Oy 42711-4000 111.03

where: c

The entire buckling field shows a local buckling behavior.

Reduction factor with local buckling behavior:

P = (pp —%e ) £-(2-¢,)+x =(0.845-0.496)-0.011-(2 - 0.011)+0.496 = 0.487

1

= =0.496
(9 +1/6, 2 2] (1.282+\/1.2822—1.0522j
where: 0, (1+(xe (1.052-0.2)+1.052 ) 1.282
Olg —a+—°09_049 009 =0.537

i/e 109
\/2.549 10 /29
42711

Analysis (interaction condition) according to EN 1993-1-5, Eq. (10.5):

2 2

Ox,Ed . TEd <

fy +3 fy <1
Pe Y1 Yo /Y

2 2

297.50 119.50
_E g3 —— 222 | 24501
0.487- 34% : 0.789- 34% :

The buckling safety is not sufficient!
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