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1. Introduction
1.1 Add-on Module RSBUCK

The RSTAB add-on module RSBUCK determines the critical load factors and corresponding
buckling shapes for frameworks. They represent the basis for the stability analysis, which
must often be performed in addition to the general stress design, for structural parts sub-
jected to compression.

The critical load factor (bifurcation load factor of the entire structure) is a value indicating
the stability risk of the structural system. The respective buckling mode gives you informa-
tion about the risk-bearing area in the structural model. With the add-on module RSBUCK
you can analyze several buckling shapes simultaneously. The decisive failure modes of the
calculated structural component are shown in the results output, sorted by the critical load
factor.

Due to the graphical representation of buckling shapes you can easily detect the areas bear-
ing instability risks and, if necessary, derive structural measures in order to deal with those
modes of failure. Therefore, RSBUCK is a useful tool for the analysis of structures with a
high risk for buckling, in particular slender beams and space frames: On the one hand, you
can use the critical load factor to evaluate if the system is generally prone to instability risks
(buckling and lateral-torsional buckling). On the other hand, once the critical (lowest) buck-
ling shapes are determined, you can derive imperfection loads.

RSBUCK provides the following specific features:

¢ Simultaneous determination of several buckling shapes in one calculation run
e Automatic import of axial forces of a load case or group from RSTAB
e Option to take into account favorable effects due to tension

o Efficient equation solver for eigenvalue analysis according to subspace iteration me-
thod with user-definable parameters

e Tabular output of critical buckling load factors and corresponding buckling modes

e Visualization of buckling shapes with animation option in the RSTAB graphical user
interface

e Integration in RSTAB printout report with automatic update of all modifications
e Option to use buckling modes in the add-on modules RSIMP, KAPPA and TIMBER Pro
e Data export to MS Excel and OpenOffice.org Calc or as a CSV file

We hope you will enjoy working with RSBUCK.

Your team from ING.-SOFTWARE DLUBAL
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1.2 RSBUCK Team

The following people were involved in the development of RSBUCK:

Program coordination

Dipl.-Ing. Georg Dlubal
Dipl.-Ing. (FH) Younes El Frem

Programming

Dr.-Ing. Jaroslav Lain Ing. Roman Svoboda
Ing. Michal Balvon

Program design
Dipl.-Ing. Georg Dlubal Ing. Jan Milé¥

Program supervision
Ing. Martin Vasek Ing. Vaclav Rek

Manual, help system and translation

Dipl.-Ing. Frank Faulstich Mgr. Michaela Kryskova
Dipl.-Ing. (FH) Robert Vogl Dipl.-U. Gundel Pietzcker
Ing. Ladislav Kabrt Mgr. Petra Pokorna

Technical support and quality management

Dipl.-Ing. (BA) Markus Baumgartel Dipl.-Ing. (FH) Bastian Kuhn

Dipl.-Ing. (BA) Sandy Baumgartel M.Sc. Dipl.-Ing. Frank Lobisch

Dipl.-Ing. (FH) Steffen ClauB Dipl.-Ing. (FH) Alexander Meierhofer
Dipl.-Ing. (FH) Matthias Entenmann M.Eng. Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. Frank Faulstich M.Eng. Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) René Flori M.Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) Stefan Frenzel Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. (FH) Walter Fréhlich Dipl.-Ing. (FH) Robert Vogl

Dipl.-Ing. (FH) Andreas Horold Dipl.-Ing. (FH) Andreas Wopperer

1.3 Using the Manual

Topics like installation, graphical user interface, results evaluation and printout are de-
scribed in detail in the manual of the main program RSTAB. The present manual focuses on
typical features of the RSBUCK add-on module.

The descriptions in this manual follow the sequence of the module's input and results tables
as well as their structure. The text of the manual shows the described buttons in square
brackets, for example [New]. At the same time, they are pictured on the left. In addition,
expressions used in dialog boxes, tables and menus are set in italics to clarify the explana-
tions.

Finally, you find an index at the end of the manual. However, if you don’t find what you are
looking for, please check our website www.dlubal.com where you can go through our FAQ

pages.
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1.4 Open the Add-on Module RSBUCK

RSTAB provides the following options to start the add-on module RSBUCK.

Menu

To start the program in the menu bar,

point to Stability on the Additional Modules menu, and then select RSBUCK.

[ additional Modules | Window  Help

’ LR e R R
Shape Properties 4 b M= | 2 " W W
Design - Steel 4
Design - Concrete 4
Design - Timber 4

Design - Composite  »

Dynamic 4
Connections 4
Foundations 4
Stability L4 M RSBUCK Analysis of Stability
Towers 4
Others 4

Figure 1.1: Menu: Additional Modules — Stability — RSBUCK

Navigator
To start RSBUCK in the Data navigator,

select RSBUCK in the Additional Modules folder.

Project Navigator x

ET™ RSTAB ~
B @ Steel Structure™

: - Structural Data

- Loads

-] Results

- Printout Reparts

- Guide Objects

=4 Additional Modules

----- T SHAPE-THIN 7 - Section Properties of Thin-walled Sections
&8 SHAPE-MASSIVE - Section Properties of Thick-walled Sections
STEEL - General Stress Analysis for Steel Members

STEEL EC3 - Design according to Eurocode 3

KAPPA - Buckling Analysis for Compression Members

LTB - Lateral Tersional Buckling Analysis
FE-LTE - Lateral Torsional Buckling Check with Finite Members
EL-PL - Elastic-plastic Design
C-TO-T - Limiting Width-Thickness Ratio Check (c/t)
PLATE-BUCKLING - FEM Plate Buckling Analysis
----- A] VERBAND - Wind Bracings with Stabilisation Loads
=7| ASD - Steel Design according to US-Norm AISC ASD
CRAMNEWAY - Crane Girder Analysis
= COMNCRETE - Cencrete Design of Members
COMCRETE Columns - Cencrete Design of Columns
----- & TIMBER Pro - Design of Timber Members
..... k] RSBUCK - Analysis of Stability
DEFORM - Deformation Analysis
RSMOVE Members - Generation of Moving Loads
RSIMP - Generation of Imperfections or Pre-deformed Initial Struc

RSCOMEBI 2006 - Generating Load Groups or Load Combinations =
¢ [ 1 | b

m

E®Data M pisplay 4 B

Figure 1.2: Data navigator: Additional Modules — RSBUCK
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Panel
RSBUCK CAL - With tensio|[®] @ 5 4 In case RSBUCK results are already available in the RSTAB structure, you can set the relevant
tg;-aeﬁﬂlveigm b RSBUCK case in the load case list of the RSTAB toolbar. Activate the button [Results on/off]
= Lve loa
LC3 - Line load on upper chord to display the stability mode graphically in the model.
CO1 - Full load
_mensi When the results display is activated, the panel appears showing the button [RSBUCK]
— — which you can use to open the add-on module.
|| [
r‘ r_d
- T Panel x
Diizplay
Factors

Buckling Shape
2-829 -

Display Factar:

1 =

=H

Figure 1.3: Panel button [RSBUCK]
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When you have started RSBUCK, a new window opens where a navigator is displayed on
the left, managing all input and results tables that can be selected currently. The pull-down
list above the navigator contains the stability cases that are already available (see chapter

7.1, page 27).

If you open RSBUCK in an RSTAB structure for the first time, the module will import the

created load cases and load groups automatically.

To select a table, click the corresponding entry in the RSBUCK navigator or page through
the tables by using the buttons shown on the left. You can also use the function keys [F2]
and [F3] to select the previous or subsequent table.

To save the defined settings and quit the module, click [OK]. When you click [Cancel], you
quit the module but without saving the data.

Usually, it is sufficient to enter all input data required for the definition of stability cases in

the first input table.

2.1

General Data

In table 1.1 General Data, you define the parameters for the buckling analysis.

RSBUCK - [Steel Structure] (5|
File Settings Help
1 - Skability Aralysis ~| L1 General Data \
Input Diata General teration Optiens
- General Data
Mumber of kinimum Buckling Shapes - b arimal Mumber of
[Eigenvalues) to be Calculated 0= Iterations: 1001
Reduction of Stiffness by Partial Break Off Limit 0.00001
Safety Factor v
Axial Forces Internal Member Partition for U
@ Import from RSTAE LC, LG, CO: Members of Tppe
LG1 - Stifiness (1) (14°LF1) ~[BeEm 2 -
- Truss: 1%
Define Manualy in Table m
Members with m
. Tapering or Elastic
In Case of Non-constant Axial Farce in a Member. Foundations: - :
Wwhich should be imported from RSTAB? LS =
@ Mean Value
bost Unfavourable Y alue Parameters for Sub-space Dimension
Increment (Increass) 105 Mmgﬁm
/| Consider Tension Force Effect B".‘!d'"g ey
Marimal Mumber of < Critical ""_ad ez
Inerements: 154 and Buckling Shapes
Comment
Buckling analysis for frame posts
I
? ? @ Caleulation Check Graphic Cancel

Figure 2.1: Table 1.1 General Data

General

Number of Buckling Shapes

RSBUCK determines the most unfavorable buckling shapes of a structure. With the number
entered in the input field you specify how many shapes will be determined. On principle,
the upper limit is defined by 10,000 of the lowest eigenvalues of a structure, provided that
it is allowed by the number of possible degrees of freedom in the model as well as by the

RAM capacity.
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LCZ - Live load
LC3 - Line load on upper chord
COT - Full load
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Generally, the theory forming the calculation method's basis does not allow for an exclusion
of the low eigenvalues from the analysis in order to determine only the higher eigenvalues
at the same time.

If negative bifurcation load factors are displayed subsequent to the analysis, it is recom-
mended to increase the parameters of the subspace dimension accordingly (see below).
When the increments are too small, it is not possible to hide the negative stability modes to
represent only the positive, realistic results.

Reduction of Stiffness

By ticking the check box you decide to apply the partial safety factors of the used materials
in the eigenvalue analysis. Those factors lead to a corresponding reduction of stiffness. If
you want to determine the stability modes as a "characteristic" property of the structure,
you do not need to take into account the vy,, values of the respective materials.

Iteration Options

The buckling shapes are determined by means of the eigenvalue of the entire structure. The
program uses an iterative equation solver for the determination. Normally, you have to spe-
cify two break-off limits for iterative calculation methods because you can only try to ap-
proach an exact solution but never reach it completely.

The Maximal Number of Iterations indicates the iteration step after which the calculation
will break off, no matter if the problem is converging, i.e. a useful solution is found. There
will never be a solution for divergence problems.

In case of convergence problems, the Break Off Limit defines the moment when an approx-
imate solution can be considered as an exact result.

Axial Forces

In the list you can select a load case or a load group whose axial forces you want to take in-
to account for the determination of the buckling shape. The LC or LG should be calculated
according to the linear static analysis.

In case any results of the selected load case or group are not yet available, the case or
group will be calculated automatically previous to the stability analysis.

Alternatively, you can use the option Define Manually in Table to define the acting axial
forces manually for the determination of buckling shapes. If you select this option, RSBUCK
creates an additional input table, 1.2 Axial Forces (see chapter 2.2, page 11), where you can
define the axial forces that are acting on the members.

The selection of loads plays an important role in the determination of buckling modes and
thus of buckling lengths because the buckling values depend not only on the structure but
also on the ratio of the axial forces and the N,. A reasonable selection would be the one of
a load case with complete vertical loading (without wind) so that the majority of members
is stressed by compression forces. For members free of compression forces it is not possible
to determine any buckling lengths. In addition, it also depends on how the loading is distri-
buted in the entire structure.

Non-constant Axial Force

The distribution of the axial force along the member is not always constant, for example
due to self-weight or a concentrated load. The two options allow you to decide if the Mean
Value or the Most Unfavourable Value of the axial forces occurring on the individual mem-
bers is taken into account for the buckling analysis. The second option applies the respec-
tive maximum compression forces to be running continuously along the member, which
may lead to lower stability modes.

I Program RSBUCK © 2011 Ing.-Software Dlubal
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Consider Tension Force Effect

If the check box is ticked, the axial tension forces acting in the structure will also be taken
into account for the determination of stability modes. Normally, those forces result in a
structural stabilization.

Internal Member Partition

In order to get a better approximate solution, it may be required to define more member
partitions. You can specify partitions separately for Beam and Truss type members as well as
for Members with Tapering or Elastic Foundations. Due to the partition, the member's imag-
ing accuracy is increased, which may be required especially for tapered or foundation
members. When you enter a value higher than 1, the program will divide the member.

When you specify 7 for the member partition of a spatially defined single-span beam, the
program calculates at most the six lowest eigenvalues. If the partition value 2 is entered to
define a simple member division, you can already determine the 12 lowest stability modes.

Parameters for Sub-space Dimension

In case the program taking into account the specified number of iterations does not find
enough positive eigenvalues, the dimension of the subspace (that means the number of
stability modes) will be increased automatically per Increment and a new number of buck-
ling shapes will be calculated. This procedure continues until either the number of required
positive eigenvalues or the Maximal Number of Increments is reached.

As this method of calculation is converging against the minimum absolute values of the
stability modes, it may happen that the program, due to tension forces, determines for ex-
ample only six negative eigenvalues whose absolute values represent the minima. Now, by
increasing the subspace, you are able to determine the lowest positive eigenvalue.

Comment

In this input field, you can enter user-defined notes describing in detail, for example, the
current RSBUCK case. These notes will also appear in the printout.

10
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2.2 Axial Forces

This table is displayed when you have selected a manual definition of axial forces in table
1.1 General Data. You can enter the member axial forces directly into the table.

RSBUCK - [Demo-5] ==
File Settings Help
lCm - Stability Analpsis v] h..Z Axial Forces ‘
Input Data B [ = [~
- General Data ) #odal Force
. R o No Members No. (2.g. 1-5.20) N [kN] Comment
[ N | -78.198 | Additional loads
2 31,33.3537 -33.556
3 66-69 -57.930
4 45 -21.225
5 32 8.7
6 3 -6.313
7
8
9
10
i !
12 3
13
14
15
16
17
18
19
20
21
22
23
24
25 <
lﬂ EJ E] Calculation Check Graphic Cancel

Figure 2.2: Table 1.2 Axial Forces

Members No.

In this column, you specify the numbers of the members for which you want to assign re-
spectively the axial forces entered in column B.

You can select the members also graphically. Click into the corresponding input field in col-
umn A (see Figure 2.2) to enable the selection function. Use the button [...] or the function
key [F7] to jump into the RSTAB user interface where you can select the relevant members
one after the other.

Multiple Selection
Fick Members
Selected:
[19.48.101 |
Clear oK Cancel

" -

Figure 2.3: Dialog box for graphical member selection
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Axial Force
In this column, you enter the member axial forces that should be taken into account.

The button [Import Axial Forces from one RSTAB Load Case] below the table allows for the
import of axial forces. In this way, it is possible to transfer automatically all members
stressed by axial forces contained in a particular load case including corresponding forces.

Import Axial Forces from RSTAB @
Import
From Load Case: | LC1 - Pemanent loads - |
“with Factar: 1.000
? [ ak. ] | Cancel |

Figure 2.4: Dialog box Import Axial Forces from RSTAB

Comment

In this input field, you can enter user-defined notes describing in detail, for example, the
specified axial forces. These notes will also appear in the printout.

3. Calculation

To start the calculation, click the [Calculation] button. The stability analysis is carried out by
taking into account the axial forces defined in table 1.1.

3.1 Check

Before you start the calculation, it is recommended to quickly check the input data for cor-
rectness. You start the data verification with the [Check] button.

A warning appears with detailed information when a mismatch is detected.

. )

RSTAB
Error Ho. 1036

Mizzing member axal forces
in table 1.21

N J

Figure 3.1: Result of the plausibility check

12
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3.2 Start Calculation

To start the calculation, click the [Calculation] button.

First, RSBUCK searches for the axial forces to be taken into account. In case no results are
available for the load case or the load group, the RSTAB calculation will start automatically
to determine the corresponding axial forces. In this determination process, the calculation
parameters preset in RSTAB are applied.

You can also start the calculation of RSBUCK results out of the RSTAB user interface. The
add-on modules are listed in the dialog box To Calculate like load cases or load groups. To
open the dialog box in RSTAB,

select To Calculate on the Calculate menu.

To Calculate @
Not Calculated Selected for Calculation
Frogram / Module Mo, Description - Frogram / Module Mo, Description -
RSTAR LC2 | Live load RSBUCK. cal Stability &nalyzis
RSTAB LC3 Line load on upper chord
RSTAB “LC4 | 'wind
RSTAB “LCH | Imperfections
RSTAR LG1 13501 + 1.5°LC3 + 1.5°LC24
RSTAR LG2 | 1.5%C2 + 1.5:C3
RSTAR “LG3 | 1.5°LC4 + 1.5°LCH
RSTAR CO1 | Fullload

RSTAB CO2 [ 1.35°LC1/P + 1.5°LC2 + 1.5°LC

RSBUCK. |ca2 | without tensio

&[]

- -

Show Additional Modules
Calculate ] [ Cancel

Figure 3.2: Dialog box To Calculate

If the RSBUCK design cases are missing in the Not Calculated list, tick the check box Show
Additional Modules.

To transfer the selected RSBUCK cases to the list on the right, use the button [»]. Start the
calculation by using the [Calculate] button.

To calculate a stability case directly, use the list in the RSTAB toolbar. Select the relevant

RSBUCK case in the toolbar list and click the button [Results on/off].

le Options Additional Modules Window  Help
¥4 RSBUCK CAL -Stability Ani ~ & 3 3 07|85 | 6f B g @ 0 &% 4O 50

% @ q = ﬁ Iz 'L"_D I__li‘rrl 4 - g 7 |E§ML Mr My Mz Py

Figure 3.3: Direct calculation of a RSBUCK design case in RSTAB
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Subsequently, you can observe the calculation process in a separate dialog box.

Calculation... @

Running
RSTAE - Calculation
RSBUCE. Calculation

Fartial Steps
Buckling Shapes Mumber of Buckling Shape: 10
— | Reading System Data... Approximation 2
v - | Initialization. .. Truss 1
- |Optimization of Band width Tapeting or Elast. Found. B
. | Building Main Matris... M ax. Mumber of lterations 100
Iteration Break OFf Limit 0.00001

— | Marginal Conditions. ..

RS-SOLVER

- | Scaling kain batrix...

- | Cholesky D ecompozition. ..

I
I

Cancel

Figure 3.4: RSBUCK calculation

For the calculation according to the subspace iteration, as shown in the figure above, the
program runs the so-called Cholesky Decomposition. It is used for solving equations during
the iterative calculation in order to make new assumptions for eigenvalues and eigen-
modes.

4. Results

Table 2.1 Buckling Lengths and Loads is displayed immediately after the calculation. The re-
sults tables 2.1 to 2.3 list the results including descriptions. Each results table can be se-
lected and accessed in the RSBUCK navigator. You can also use the two buttons shown on
the left or the function keys [F2] and [F3] to select the previous or subsequent table.

Click [OK] to save the results and quit the add-on module RSBUCK.

In the following, the different results tables are described in sequence. Evaluating and
checking results is described in chapter 5 Results Evaluation on page 20.

14
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4.1 Buckling Lengths and Loads

RSBUCK - [Steel Structure] ==
File Settings Help
| C&1 - Stability Analpsis - | P.l Buckling Lengths and Loads ‘
Input Data B[ c [T o [ & [ F 1] G [ H [ I | -
- General Data Member Mode Na. Length Shape Buckling Length [m] Buckling Length Coefficient [] Buckling Load
Flesuts No. | Stat | End Lim] No. Ly Lz Ky Kz Nt (kN]
ex8 Buckling Lengths and 12 5.000 1 40.782 10.984 8.156 2197 7215
- Buckling Shapes 2 35088 9.453 7.020 1.891 9742 2
- Critical Load Factars 3 35.097 9.453 7.019 1.891 57.42 |~
4 25671 6.914 5134 1383 182.10
16 13 23 2500 1 27323 7.359 10.929 25944 160.74
2 23515 6.333 5.406 2533 217.02
3 23515 6.333 5.406 2533 217.03
4 17.13% 4632 6.880 1.853 405.67
i 12 17 4.008 1 109.309 29.550 27424 7373 1434
2 94.590 25431 23.602 6.345 19.36
3 94.588 25.430 23601 6.345 19.36
4 69.185 18.601 17.263 4641 36.18
18 15 13 4.008 1 114.306 30.732 28521 7668 1325
2 98.375 26.443 24546 6.599 17.90
3 58.372 26.448 24545 6.599 17.50
4 71.953 19.345 17.953 4.827 3345
19 17 15 4.008 1 161.212 43.343 40.224 10.815 6.66
2 138.743 37.302 34618 5.307 5.00
3 138733 37.301 34617 5.307 5.00
4 101.479 27.283 25.320 6.808 16.82
20 7 12 5.000 1 Tension Force in Member -+ No Calculation
2 Tension Force in Member -> No Calculation
3 Tension Force in Member - No Calculation
4 Tension Force in Member -> No Calculation
Fil 19 14 4.008 1 50.967 24457 22698 6.102 2093 |~
Iﬁ/ lEI E‘ Graphic Cancel

Figure 4.1: Table 2.1 Buckling Lengths and Loads

The results for buckling lengths and loads are listed by members. You can display the results
of a particular member quickly in the table by clicking the corresponding entry in the navi-
gator: Just open the list on the left and select the relevant Member No. The table display
jumps to the member and shows its results in the first table row.

Member No.

The results of the buckling analysis are shown for all members of the structure. Failed
members and members that are free of compression forces are described by corresponding
notes indicated in the subsequent table columns.

Node No. Start / End

Each member is defined by a start and an end node whose numbers are listed in both col-
umns.

Length |

This column indicates the geometric length of each member so that you can check the val-
ues.

Shape No.

The results are listed by buckling shapes. Details on the stability modes including corres-
ponding buckling shapes can be found in chapter 4.2.

Buckling Length L,/ L,

The buckling length L, or L, refers to the buckling behavior perpendicular to the "strong"
member axis y or u for unsymmetric cross-sections. Accordingly, L, or L, refers to the deflec-
tion perpendicular to the "weak" member axis z or v.

The buckling lengths L result from the member-specific buckling loads shown in the final
table column. These loads are related to the respective critical load of the total structure.

I Program RSBUCK © 2011 Ing.-Software Dlubal
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For simple cases we know the buckling lengths as the EuLer buckling modes 1 to 4. Thus,
the buckling lengths relates to the ratio of the member axial forces and the total critical
load.

Particular cases may occur where the most unfavorable buckling load equals the critical
load of an isolated member in the system, which means a hinge-connected beam. Please
find an example described in chapter 8.3 on page 38. It becomes clear in the graphic of the
corresponding buckling shape because a sinusoidal wave is available only on this single
member. This means that the structure shows a so-called local instability. As the buckling
lengths of all remaining members cannot be used for this case of failure, they must be tak-
en from a "higher" buckling shape. The total structure fails only there.

Buckling Length Coefficient K, / K,

The buckling length coefficients relating to the local member axes y and z or u and v de-
scribe the ratio of buckling and member length.

K-t
L

Equation 4.1: Buckling length coefficient K

Buckling Load N_;

This table column shows for each member the critical axial force N, that was determined in
relation to the respective eigenmode. This means that the individual buckling loads and the
corresponding buckling lengths must always be seen in the context of the respective critical
load of the entire structure.

4.2 Buckling Shapes

RSBUCK - [Steel Structure] (5|
File Settings Help
41 - Stabilty Analysis ~| B.2 Buckling Shapes \
Input Data B o [ D [ E [ F [ G [ H | -
- General Data Member| Mode | Shape Scaled Buckling Shape []
Fesults i No. Mo ux uy uz oK LA 9z
- Buckling Lengths and Losds FEHEE 012117 0.16459 -0.00004 0.00193 0.04189 000216
o 2 0.00053 -0.00008 0.00000 0.00000 0.00019 0.00000
.- Critieal Load Factors 3 -0.00408 0.00569 0.00000 0.00003 0.00143 -0.00008
4 0.01018 0.00722 0.00000 0.00018 000370 0.00009
4] 1 013875 0.01785 -0.00008 -0.08358 0.01517 0.00432
2 0.00088 0.00002 0.00000 0.00005 -0.00009 0.00000
3 -0.00679 0.00054 0.00000 000313 0.00068 -0.00015
4 0.01744 0.00023 0.00001 0.00418 000188 0.00018
32 351 0.00000 0.00000 0.00000 0.08521 003575 0.00000
2 0.00000 0.00000 0.00000 -0.00004 0.00027 0.00000
3 0.00000 0.00000 0.00000 0.00314 0.00347 0.00000
4 0.00000 0.00000 0.00000 -0.00433 0.00702 0.00000
2] 1 D577 014409 -0.00004 000015 0.04085 D.00168
2 0.00060 -D.00006 0.00000 0.00001 000018 0.00000
3 -0.00680 0.004% 0.00000 -0.00006 0.00137 -0.00006
4 0.01417 -0.00615 0.00000 0.00047 -0.00345 0.00006
33 15 1 0.19870 0.00901 -0.00003 0.00583 .00675 0.00136
2 0.00028 0.00004 0.00000 -0.00006 0.00001 -0.00001
3 -0.00679 0.00023 0.00000 0.00026 0.00020 0.00005
4 0.01746 0.00030 0.00000 000111 0.00024 -0.00013
27| 1 -0.20267 0.01252 0.02622 0.03040 002006 000102
2 0.00083 0.00003 000010 -0.00003 -0.00001 0.00000
3 -0.00692 0.00035 0.00090 0.00103 -0.00068 -0.00003
4 00177 0.00011 000227 0.00074 0.00064 -0.00001
S 27| 1 0.20267 0.01252 0.02622 0.03040 0.02006 000102 ~

Figure 4.2: Table 2.2 Buckling Shapes

For each buckling shape the table shows the displacements and rotations of the structure
nodes.
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Node No.

The buckling shapes are listed for the structural objects defined in the RSTAB table 1.1
Nodes. Thus, you cannot access any results of member division points in the table.

Shape No.

The deformations are displayed for each calculated eigenmode.

Scaled Buckling Shape u, / uy,/ u,/ oy / @y/ @,

The displacements listed in the columns C to E refer to the axes of the global coordinate
system and are scaled respectively to the extreme value 7 for each direction.

The columns F to H list the node rotations related to the scaled displacements.

In case the table shows only zero values for the scaled displacements of a member struc-
ture, the reason is often to be found in large torsions within the member itself (see figure
below). As these effects do not affect the displacements of the member ends, the given
buckling lengths and critical loads are of little relevance for these members.

Panel

Display
Factors

Buckling Shape
1-15.07 -

Diizplay Factor:

1 =

BE o 4

Figure 4.3: Torsion of a thin-walled rectangular column
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4.3 Critical Load Factors

The final results table contains information concerning the bifurcation load factors of the
structure.

RSBUCK - [Steel Structure] ==
File Settings Help
1 - Stabilty Analysis ~| B3 Critical Load Factors \
Input Data [ A | B
- General Data Shape Critical Magrification
Fesults 3 Factor .
+- Buckling Lengths and Loads -E 1.201
+)- Buckling Shapes 2 8.059 1.142
Critical Load Factors 3 3060 1.142
4 15.065 1.071
5 15.068 1.0A
6 16.366 1.065
7 19.836 1.083
8 2544 1.041
9 25435 1.041
10 25.086 1.036
11 36.979 1.028
12 37.120 1.028
13 42419 1.024
14 42419 1.024
15 47545 1.021
16 47.552 1.021
i 48.049 1.021
18 48.080 1.021
19 50.183 1.020
20 53.569 1.019
2EE

Figure 4.4: Table 2.3 Critical Load Factors

Shape No.

For each stability mode the table shows the critical load as well as the magnification fac-
tors. The result rows are sorted by buckling shape numbers in an ascending order.

Critical Load Factor

The critical load factor n, is displayed for each eigenvalue. A factor less than 1.00 means
that the structural system is unstable. A factor higher than 1.00 means that the loading due
to the available axial forces multiplied with this factor results in the structure's buckling fail-
ure.

A buckling load factor less than 10 requires the calculation according to the second-order
analysis in accordance with DIN 18800, part 2.

If the table output contains a negative bifurcation load factor, no stability failure occurs be-
cause of the tension forces in the model, and it is not possible to say something about the
buckling behavior that is expected.

18
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Magnification Factor
The magnification factor a is determined according to the following equation:

1

- v

Ner

o=

Equation 4.2: Magnification factor

The magnification factor gives us information about the relation between the moments ac-
cording to the linear-static and the second-order analysis.

M|| =0 - Ml
where M' Moment according to linear static analysis, but considering the equiva-
lent load for the deformation
M" Moment according to second-order analysis

Equation 4.3: Relation of moments

This equation is only valid in case the bending line under the loading is similar to the buck-
ling shape, and if n, is higher than 1.00.

' Ing. Software
Dlubal
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5. Results Evaluation

When the stability analysis is complete, several options for results evaluation are available.
Moreover, you can use the RSTAB work window to evaluate the results graphically.

5.1 Results Tables

First you should have a look at the buckling load factors displayed in table 2.3 Critical Load
Factors.

A negative critical load factor indicates that no buckling failure could have been detected
because of the axial tension forces. We can interpret this fact in such a way that a buckling
failure would arise when the loading's direction of action (inverse signs) is reverse. If neces-
sary, a remedy can be found by increasing the determined buckling shapes.

Critical load factors less than 1.00, however, are an indicator for the system's instability.

|2.3 Critical Load Factors

[ A B

Shape Critical Magnification
No. Load Factor Factor o
0.000
2 0.899 0.000
3 D0.984 0.000
4 1.038 27.034
5 1.166 7.042
[ 1.210 5.753

Figure 5.1: Unstable structural system

Only a positive buckling load factor that is higher than 1.00 permits to say that the loading
due to the given axial forces, multiplied with this factor, leads to the buckling failure of the
stable structural system.

In table 2.1, different buckling length coefficients K appear per buckling shape for the
members.

IZ.l Buckling Lengths and Loads

[ A - & [ D ] E | F [ G [ H [

Member Mode Mo. Length Shape Buckling Length [m] Buckling Length Coefficient [ Buckling Load
No. Start End L [m] Na. Ly Lz Ky Kz M gt feN]
EE 27 5 3000 1 11.089 11.089 3690 3690 35.686
2 10,533 10,533 3511 3511 39.405
3 10.066 10.066 3.355 3.355 43150
4 9.798 9.798 3.266 3.266 45538

Figure 5.2: Buckling length coefficients K

During the analysis, the program increases the axial forces iteratively until the critical load
case occurs. The critical load is determined from this critical load factor. In turn, the critical
load enables conclusions regarding the buckling lengths and buckling length coefficients.

For example, if you want to show the governing buckling length coefficient K, for the def-
lection perpendicular to the "strong" member axis y, you normally have to calculate several
buckling shapes. Only for square cross-sections you get the same buckling lengths and
buckling length coefficients.

The buckling length coefficients for continuous members cannot be determined directly
with the RSBUCK add-on module. It is only possible to evaluate the results of the individual
members. The member with the lowest buckling load N, displayed in the output can be
considered as governing for the entire set of members. Then the K values can be deter-
mined from the buckling length of this member and the total length of the set of members.

20
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Graphic

)

i

5.2 Results Graphic

The possibility to represent the various buckling shapes graphically helps you to value the
stability behavior of the structural system. To evaluate the analysis results graphically, use
the RSTAB work window. Click the [Graphic] button to quit the RSBUCK module. The buck-
ling shapes are displayed graphically in the RSTAB work window like the deformations of a
load case.

The current RSBUCK case is preset. The display shows a changed Results navigator.

Project Navigator Ll
=[] 7 Deformaticns

@ u

O u-X

O Fl u-Y

O u-Z

O Phi-X

O Phi-¥

L OF Phi-Z

E®pata M Display |~ Results 4 b

Figure 5.3: Results navigator for RSBUCK

The Deformations of all buckling shapes are available as graphical results. It is possible to
display specifically every global portion of displacement or rotation.

To turn the display of buckling shapes on or off, use the button [Results on/off] shown on
the left.

As the RSTAB tables are of no relevance for the evaluation of RSBUCK results, you may deac-
tivate them.

Like the navigator the control panel is aligned with the add-on module RSBUCK. The panel's
default functions are described in detail in the RSTAB manual, chapter 4.4.6, page 67. The
first tab with the color spectrum appears when the members' deformations are represented
with the display option Cross-sections Colored (see Figure 5.6, page 23).

' Ing. Software
Dlubal
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Panel X

Drefarmations
ul]

1.00

[ 0

naz2

073
064
055
0.45
0.36
027
nig
n.og
0.0

Max : 1.00
Min : 0.00

RSBUCK

=]
bs.

Figure 5.4: Panel for RSBUCK

In the Factors tab of the panel, you can select the buckling shapes.

Panel X

Dizplay
Factors

Buckling Shape

gz 4

Figure 5.5: Selection of buckling shapes in the Factors tab

In complex structural systems, it is often difficult to detect buckling members immediately.
To facilitate the detection, you can increase the deformation's Display Factors in the Factors
tab. The animation of deformations represents another help function that can be activated
by means of the button shown on the left.

The display of member results is set in the Results navigator under Results — Deformation
— Members. By default, buckling shapes are shown as single-colored Lines. The two re-
maining options can also be used to represent the buckling behavior.
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Panel x

Deformations
ul]

1.00
[ 031

n.gz
073
ne4
055
0.45
0.36
027
nig
n.og
n.oa

Max : 1.00
Min : 0.00

& 4

| 2 ||

Project Mavigator x

(w8 Structure

BIZ‘E Results

@-[1[ Result Values

..... [ TitleInfo

----- [ Max/Min Info

[—]IEE Deformation

BIE‘E Members

O Lines

O[F Cross-sections
O
I Show Extremes
[ Supports

[ MNodal Displacements

-[3] [ Members
-[B] 5 Guide Objects
- [A] &Y General

-] Numbering
[#-[E]p Rendering
@[] % Additional Modules

EData 9 Display  +—Results 4 Pk

2

Figure 5.6: Display navigator: Results — Deformation - Members — Cross-sections Colored

page 26).

It is always possible to return to the RSBUCK add-on module by clicking the button
[RSBUCK] in the panel.

5.3 Filter for Results

In addition to the RSBUCK results tables which already allow for a particular selection ac-

in the RSTAB manual to evaluate the RSBUCK analysis results graphically.

nual, chapter 9.8.6, page 209) used to group objects appropriately.

On the other hand, you can use the scaled deformations in the RSTAB workspace as filter

are described in the RSTAB manual, chapter 4.4.6, page 67.

If you use a colored results display, you can use the panel to define for example that only
scaled deformations larger than 0.55 are displayed, which may facilitate the detection of
members with a risk for buckling in huge models.

Filtering members

be found in the RSTAB manual, chapter 9.8.6, page 209.

Unlike the partial view function, the structure is now displayed completely in the graphic.

All graphics can be transferred like RSTAB graphics to the printout report (see chapter 6.2,

cording to certain criteria because of their structure, you can use the filter options described

On the one hand, you can take advantage of already defined partial views (see RSTAB ma-

criteria. The filter settings for results defined in the Color Spectrum tab of the control panel

In the Filter tab of the control panel, you can specify the numbers of the members whose
deformations should be shown exclusively in the graphic. A description of this function can

' Ing. Software
Dlubal
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5.4 Non-linear RSTAB Calculation

Also RSTAB provides the possibility to determine the critical load factor of a load case or a
load group. You find the corresponding setting in the Calculation Parameters tab of the di-
alog box Edit Load Case - General Data.

Edit Load Case - General Data @
LC No. Load Case Description LC Factor
1 Self-weight - 1.00 -

General | Calculation Parameters

S ETT T Calculation Parameters for Critical Load Factor @
© Li Static Analysi
_ neE ic Analysis Calculation Parameters
@ Second-Order Analysis (Nondinear)
() Large Deformation Analysis (Nondinear, Newton-Raphson) g:ttol;oad W =
(7 Postcritical Analysis L
oa
Increment: 01005

Options for Non-Linear Analysis
Consider Favorable Effects Reduction of Stiffness by

due to Tension Partial Factor 7u
[ Divide Results Back by [¥] Caleulate Critical Load Ok ] [ Cancel

LC Factor Factor...

&)
[ (] 8 ] [ Cancel ]

Figure 5.7: Dialog box Edit Load Case, option Calculate Critical Load Factor

Click the button [Settings for Analysis of Critical Load Factor] to open another dialog box
managing the parameters for the calculation of the buckling load factor. It is recommended
to define the Start Load Factor by a value that is not too high in order to ensure that also
the first eigenmode is determined.

The determination of the critical load factor according to the second-order analysis is per-
formed necessarily according to a non-linear method of calculation. Instead of a linear ei-
genvalue analysis, the loading is gradually increased during the determination process.
When a particular load increment is reached, the structural system becomes unstable. Thus,
the critical load factor is found and shown in the RSTAB table 3.0 Summary together with
the origin of instability and the number of iterations.

3.0 Summary x
I E = 9€ | = [ | - sefweight Sle e || A B e
B [ C ] D -
Description Value Uit Comment
Method of analysis 2nd Order Second-Order Analysis (Mon-inear)
Consider favorable effects due to tension forces (=]
Divide Results Back by LC Factor a =
Reduction of stiffness by partial factor Gamma-M (]
Number of terations H
B Calculate critical load factor ]
Initial load facter 1.000
Load factor increment 0.100
__________ ERED)
netability in node no. / degree of freedom B/ ux
Number of iterations for critical load facter calculatio 198 -
« [ 1 - »
Summary | Members - Intemal Forces | Set of Members - Intemal Forces |Cross Sections - Intemal Forces | Nodes - Support Forces | 14 < [ # [m1

Figure 5.8: RSTAB table 3.0 Summary

The advantage of this procedure is that all non-linear elements (failing members, supports
etc.) can be accurately taken into account when the critical load factor is determined. How-
ever, with this approach you can only find the lowest stability mode. Furthermore, the
computing time is often higher than the time needed for a linear analysis.
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Hence, with regard to the RSBUCK results, minor deviations cannot be excluded in any case
because of the different calculation theories.

In case the critical load factor calculated according to the second-order analysis deviates
significantly from the RSBUCK analysis, it is recommended to check first of all whether the
calculation parameters, which are

o the favorable effect due to tension forces and

e the reduction of stiffness by partial safety factor y,,
have been taken into account in the same way in both cases.

6. Printout
6.1 Printout Report

The creation of printouts is similar to the procedure in RSTAB. First, the program generates
a printout report for the RSBUCK results. Graphics and descriptions can be added. In addi-
tion, you can use the print preview to specify the stability analysis results that will finally
appear in the printout.

When your structure is quite extensive, it is advisable to split the data into several small re-
ports. If you create a separate printout report only for the data from RSBUCK, this printout
report will be generated relatively quickly.

The printout report is described in detail in the RSTAB manual. In particular, chapter
10.1.3.4 Selecting Data of Add-on Modules on page 227 provides information concerning
the selection of input and output data in add-on modules.

File Edit View Insert Settings Help

02 2[4 <> xr 30 (R EFR AR L PLaA

=28 RSTAB =
i [T General Data

) Structure
2 Loads A Engineering Office Bavaria Constructions
[ Load groups #5 Joseph-Street 111, 98765 Rainbow Valley
T Tek: OB T/ITI0- Fax: 05873 IO
7] Load combinations ®
| -8 Results - Load Cases, Load Groups
: Project: Structure Dema’s Date: 03152011

1 30 Resuls - Summary 5D Sieet hall aco. o Code
-[] 32 Sets of elements - Internal Forces

- [T] 33 Cross sections - Intemal Forces
1 7T] 34 Nodes - Support Forces
- 7] 37 Members - Deformations Mo | Members o R |
* -2 Results - Load Combinations 2
=85 RSBUCK
58 CAL - Stability Analysis

[ General Data CRITICAL LOAD

Aial Forces

g E Results.

.. Critical Load Factors

L@ RSBUCK - Deformations U, CAL}
3 CA2 - Without tension forces

Page: 47148
Sheet: 1

RSBUCK

AXIAL FORCES

e
et
o
=
|

7
R

RSBUCK - DEFORMATION S U, CA1

RSBUCKCAT Isometric
Buckling Shape No. 3 - 3.34343

u

SREREBIREE

Maxu: 1.00, Winu: 0.00 -]
Factor ofdeformations: 1.00

Number of Pages: 48 Page 47

Figure 6.1: Print preview in printout report
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6.2 Print RSBUCK Graphics

The design graphics can be either integrated in the printout report or sent directly to the
printer. Printing graphics is described in detail in the RSTAB manual, chapter 10.2.

Every picture that is displayed in the graphic window of the main program RSTAB can be in-
cluded in the printout report. In the same way, you can integrate result diagrams of mem-
bers into the report by using the [Print] button.
To print the RSBUCK graphic that is currently displayed in the RSTAB work window,
select Print on the File menu
or use the toolbar button shown on the left.
#
E File Edit View Insert (Calculate PBesults Tools Tabl
K IRIEE E Y Yyl =] =
S DA RR LFP—T;’E e - 73 -

Figure 6.2: Button Print in the toolbar of the main window

£l Result Diagram on Member
|E|%% | RSBUCK CAL - Stabilityar = € & |;;-;1'|\E & & &L= ©
Navigator o x 0.000 -:1.5:1145‘— 1.000 1.500 2.000 2.500 3000
J A ™ snnllnnnollonnnllnnnnflonnallnnnnflnnnallnnonlonnnllon
—— 2ME0s

=) [B] Deformations
lu Deformations - u [-]

Figure 6.3: Button Print in the toolbar of the Result Diagram window

The following dialog box opens:

Graphic Printout @

General | Options | Color Spectrum

Graphic Picture Window To Print Graphic Size

(*) Direct to Printer... | [ (@) Cument Only (7) As Screen View

(@ In Printout Report: Al (@ Window Filing

() To Clipboard 1 ToScale 1: 100
Graphic Picture Size Options

Use Whole Page Width Show Printout Report on

[7] Use Whale Page Height [OK)

— | ror Show Results for Selected x-Location in

[ Height: B0~ [% of Page] the Resutt Diagram

Rotation: 0| 1 [] Lock Graphic Picture (without Update)

Header of Graphic Picture

RSBUCK - Deformations u, CA1

[ok ][ cancel

Figure 6.4: Dialog box Graphic Printout, tab General

This dialog box is described in detail in the RSTAB manual, chapter 10.2, page 243. The
RSTAB manual also describes the Options and Color Spectrum tab.

An RSBUCK graphic that has been integrated in the printout report can be moved anywhere
within the report by using the drag-and-drop function. In addition, it is possible to adjust
imported graphics subsequently: Right-click the relevant entry in the navigator of the prin-
tout report and select Properties in the context menu. The dialog box Graphic Printout
opens again, offering different options for modification.
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RSBUCK CA1 - With tensio 'h QA > 4
LCT - Seff-weight [

LC2 - Live load

LC3 - Line load on upper chord

CO1 - Full load

RSBLCK CA1 - With tension force effects
RSBUCK CAZ - Without tension forces
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Graphic Printout @
Properties | Options |Co|or Spectrum I Factors|
Script Symbols Frame
Propartional @ Proportional @ None
@ Constant Constant Framed
Factor: 15 Factor: 165 Title Box...
Print Quality Color
'@ Standard {maoc 1000 1000 Pixels) Greyscale
Mazdmal {maoe 5000 x 5000 Pixels) Texts and Lines in Black
User Defined rrE @) All Colored
(@] [ ok ][ Ccancel

Figure 6.5: Dialog box Graphic Printout, tab Options

7. General Functions

This chapter presents some general menu functions as well as export options for analysis re-
sults.

7.1 RSBUCK Analysis Cases

It is possible to analyze the structural system in different stability cases. In this way, you can
check for example the axial force influence of different load cases or load groups with or
without prestress.

The RSBUCK cases are available in the RSTAB workspace and can be displayed like a load
case or load group by means of the toolbar list.
Create a new RSBUCK case
To create a new stability case,
select New Case on the File menu in the RSBUCK add-on module.

The following dialog box appears.

New RSBUCK-Case (=23
No. Description
2 Analyziz of Stability -
j [ ak. ] | Cancel

Figure 7.1: Dialog box New RSBUCK-Case

In this dialog box, enter a No. (which is not yet assigned) and a Description for the new
analysis case. Click [OK] to display the RSBUCK table 1.1 General Data where you can enter
the new calculation parameters.

Program RSBUCK © 2011 Ing.-Software Dlubal
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Rename an RSBUCK case

To change the description of an analysis case subsequently,
select Rename Case on the File menu in the RSBUCK add-on module.

The dialog box Rename RSBUCK-Case appears.

Rename RSBUCK-Case @
No. Description
2 Mew Description -
()3 ] I Cancel

Figure 7.2: Dialog box Rename RSBUCK-Case

Copy an RSBUCK case

To copy the input data of the current stability case,

select Copy Case on the File menu in the RSBUCK add-on module.

- —
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The dialog box Copy RSBUCK-Case appears where you can specify the number and descrip-

tion of the new case.

Copy RSBUCK-Case

Copy from Caze
CAZ - New Description v]

Mew Caze

Mo.: Dezcription:

3 Copy of Caze 2 -

==l

(0] 8 ] I Cancel

Figure 7.3: Dialog box Copy RSBUCK-Case

Delete an RSBUCK case

To delete an analysis case,

select Delete Case on the File menu in the RSBUCK add-on module.

In the dialog box Delete Cases, you can select the relevant stability case in the Available
Cases list to delete it by clicking [OK].

Delete Cases @
Available Cases
M. Description *
1 Stability analysiz
Mew Diegcoription
3 Copy of Caze 2
[ ()3 ] I Cancel I

Figure 7.4: Dialog box Delete Cases
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7.2 Units and Decimal Places

The units and decimal places for RSTAB and all add-on modules are managed in one global
dialog box. In the add-on module RSBUCK, you can use the menu to define the units. To
open the corresponding dialog box,

select Units and Decimal Places on the Settings menu.

The program opens the following dialog box that you already know from RSTAB. The add-
on module RSBUCK is already preset.

Units and Decimal Places - Metric * @

Program / Module RSBUCK

- STEEL AISC -
.. STEEL IS Input and Output Data

- STEEL SIA Unit Dec. Places
- STEEL BS Lengths: m - 3=

- KAPPA Forces: IkN_vI 3
- LTB :

.. FE-LTE Coefficients: 3
- ELPL Shape Factors: 5
- CTOT

- PLATE-BUCKLING
.. ASD

- CRANEWAY
--CONCRETE

- CONCRETE Columns
- TIMBER Pro

- TIMBER

- COMPOSITE-BEAM
- D'YNAM

- END-PLATE

- CONNECT

- FRAME-JOINT Pro
- FRAME-JOINT

- DSTV

- DOWEL

.. HS5

- DEFORM i

BB EE

m

@I o« IEHEIIE OK ]| Cancel

Figure 7.5: Dialog box Units and Decimal Places

The settings can be saved as user profile to reuse them in other structures. The correspond-
ing functions are described in the RSTAB manual, chapter 11.6.2, page 336.

7.3 Export of Results

The results of the stability analysis can be provided for other programs in several ways.

Clipboard
To copy cells selected in the RSBUCK results tables to the clipboard, use the keyboard keys

[Ctrl]+[C]. To insert the cells, for example in a word processing program, press [Ctrl]+[V].
The headers of the table columns won't be transferred.

Printout report

The data of the RSBUCK add-on module can be printed into the global printout report (see
chapter 6.1, page 25) to export them subsequently. Then, in the printout report,

select Export to RTF File or BauText on the File menu.

The function is described in detail in the RSTAB manual, chapter 10.1.11, page 239.
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RSBUCK 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,

select Export Tables on the File menu in the RSBUCK add-on module.

The following export dialog box appears.

Export - MS Excel (=]
Table Parameters Application

With Table Header
[ Oy Marked Fows

@ Microsaft Excel
() DpenDffice.org Calc
@ Csv

Transfer Parameters

Export Table to Active Warkboaok,
Export Table to Active Work sheet
Fewrite Existing “Worksheet

Selected Tables
() Active Table D Export T ables with
@ Al Tables Details

[ Irput Tables

Fiesult Tables

[ 0k ] [ Cancel

Figure 7.6: Dialog box Export - MS Excel

When you have selected the relevant parameters, start the export by clicking [OK]. It is not
necessary to run Excel in the background because it starts automatically before the export

will be carried out.

@l H9~-®-|= Sheetl - Microsoft Excel = B =
Haome Insert Page Layout Farmulas Data Review View Add-Ins & e o eP 2R
= Calibri -8 v = =|=Z¢ Number - A Selnsert~ X v 47~
P—aﬂ Bl ooy oy Syles F Delete - | [3]~ S~

- “9 %8 + | ElFormat~ | G~
Clipboard & Mumber P Cells Editing
14 - £ | 2,729 v
A B | C D E F G H 1 J e
1 Member NodeNo. Length Shape Buckling Length [m] Buckling Length Coefficient[-]|  Buckling Load E
2 No Start | End L[m] Na. L L Ky K. N [kN]
3 1 1 2 5,000 1 71,657 15,871 14,331 3,134 136,19
4 2 £1,670 13,745 12,334 2,749 183,87
5 3 61,669 13,744 12,334 2,749 183,88
6 4 45,107 10,0532 8,021 2,011 343,70
7 5 45,102 10,052 5,020 2,010 343,77
8 2 3 4 50000 1 71,663 15,972 14,333 3,134 136,17
9 2 £1,675 13,746 12,335 2,743 183,84
10 3 61,674 13,746 12,335 2,749 183,85
11 4 45,110 10,054 9,022 2,011 343,64
12 5 45,106 10,053 9,021 2,011 343,72
13 4 2 16 4,008 1 96,426 23,018 24,058 5,743 51,56
14 2 82,987 19,310 20,706 4,943 £3,61
15 3 82,984 19,309 20,706 4,943 £9,62
16 4 60,6528 14,485 15,145 3,615 130,12
17 5 £0,691 14,488 15,143 3,615 130,15 v
M 4 » ¥ | 2.1 Buckling Lengths and Loads 2.2 Buckling 9] 4 | M | ]y
Ready | |@Iﬁ|@ 100% (=) [} )

Figure 7.7: Result in Excel
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RSIMP
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If you want to use a stability mode in the add-on module RSIMP to generate equivalent im-
perfections or a pre-deformed initial structure, you do not need to export the data. RSIMP

enables you to select the relevant buckling shape No. as well as the RSBUCK Case directly in
the corresponding lists.

RSIMP - [Steel Structure]
File Settings Help

==

@ @B

cal v| h..]. General Data
Input Generate Imperfections according to Type of Generation
Dieformation from RSTAR Imperfections of Members for RSTAR
Table 2.

@ Pre-deformed Initial Stucture

Mazximal Ordinate of
Pre-defarmation:

Ca Buckling Shape from Module HSBUCK)
Eigen Vibration from Module DM AR

No.: Case:
1 |CA1 - Stability analysis v|

Generated Imperfection Load Case

Options.

Imperfection in +<

Comment
Transfer of buckling shape from RSBLICK.

Generate Details...

@) Governing Direction

Eath Local Directions

@) Overvrite

Graphic

Add

25005+ [mm] ‘\
\

IMP

Generating of
Equivalent Geometric
Imperfections and
Pre-deformed Initial
Structures

/1IN
—_—

Cancel

Figure 7.8: Selection of buckling shape and RSBUCK case in the add-on module RSIMP

KAPPA / TIMBER Pro

The add-on modules KAPPA and TIMBER Pro provide the option to apply the buckling
length coefficients from RSBUCK directly for the members that you want to design.

Buckling arcund Axis y

Select Buckling Length Coefficient

Buckling arcund Axis z

==l

Export Buckling Length
Coefficient

2

Export Buckling Length

kery 1.000- Coefficient

Shape No.: 215 T Shape No.: 1= T

kerz:

Rigid - Free t—-—-—— Riigid - Free t—-—-——
kery =20 ¥ 4 ’ kerz = 2.0 z H y ’
Hinged - Hinged Zz Hinged - Hinged ;" L
kery =1.0 z kerz =1.0 y
FRigid - Hinged h FRigid - Hinged h
kery =07 M kerz = 0.7 y
Rigid - Rigid ! 1 Rigid - Rigid ! 1
kery =05 z kerz =05 y
User-defined Ci—EI Uzer-defined Ci—EI
kery = ... 7 kerz = ... ¥

@) |mport from Additional Module RSBUCK, @) |mport from Additional Module RSBUCE
[Eigenvalue Analyziz] [Eigenvalue Analyziz]
RSBUCK-Caze: RSBUCK-Caze:
[ a1 - Stabily analysis - [ a1 - Stabily analysis -
Buckling Buckling

1.000 -

(0] 3 ] | Cancel

Figure 7.9: Selection of buckling length coefficient in the add-on module KAPPA
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8. Examples
8.1 Euler Buckling Mode 1
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The critical load of a restrained column must be determined. The model, due to its type of

loading and support conditions, corresponds to the Euler buckling mode 1.

N

v

10,00 m

/1 _ 0

Figure 8.1: Model for Euler buckling mode 1

Analytical solution

The lowest critical load N, is determined according to the following equation:

Equation 8.1

The cross-section, defined as rolled cross-section HE-B 300, has the following second mo-

ments of area:
l, = 25170 cm*
I, = 8560 cm*

Steel S235 is used as material.

E = 21000 kN/cm?

For a column that is restrained only at one end (Euler buckling mode 1) the buckling length

coefficient K = 2 is applied.

The buckling load for the deflection perpendicular to the z-axis is determined as follows:

~ 21000 - 8560 - 12

(2.1000)2 = 443.54 kN

cr
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Solution with RSTAB

The column is modeled as a 3D structure.

100.00 kN

Figure 8.2: RSTAB model and loading

Dlubal

The loading is represented by a concentrated load of 100 kN applied to the top column
node. The automatic self-weight is deactivated for the general data of the load case.

The RSBUCK input table is filled in as follows:

RSBUCK - [Steel Structure]
File Settings Help

CA1 - Stability analyzis

Input Data
- General Data

v] h..]. General Data

General
Mumnber af Minimurn Buckling Shapes
[Eigenvalues] to be Calculated:

D Reduction of Stiffness by Partial
Salety Factar v

Axial Forces
(@ Import friorm RSTAR LC, LG, CO:

LC1 - Avial force

() Defing Manually in Table

In Caze of Non-constant Axial Force in a Member.
Wwhich should be imported from RSTAB?

(@) Mean Yalug
() Most Unfavourable Yalue

[ Cansider Tension Farce Effect

Comment
Euler buckling mode 1

lteration Options.

Makimal Mumber of
Iterations: 100

Brreak. OFf Lirnit 0.00001

Internal Member Partition for

Members of Tppe

- Beam

- Truss: 1=
Mermnbers with

Tapering or Elastic <
Foundations: =

Parameters for Sub-space Dimension
Increment (Increase] 102

Marimal Mumber of —
Increments: 155

; RSBUCK

Lengths,
Buckling Loads,
Critical Load Factors
and Buckling Shapes.

Figure 8.3: RSBUCK table 1.1 General Data
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In the results output, RSBUCK shows a buckling load of 443.540 kN.

Dlubal

IZ.I Buckling Lengths and Loads

A | B C D E | F G | H
Member Node No. Length Shape Buckling Length [m] Buckling Length Coefficient [-] Buckling Load
No. | Stat | End L [m] No. Ly Lz Ky | Kz N erit [eN]
1] 2 10000 1 34295 | 20.000 3430 | 2.000 44354

Figure 8.4: RSBUCK table 2.1 Buckling Lengths and Loads

As the member partition has been increased accordingly, the value matches the analytical
solution completely.

RSBUCK determines the following buckling shape:

REBUCK CA1 - Stability analysis

Deformations u[-]

Figure 8.5: Buckling shape
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8.2 Frame with K-Bracing

Based on the 2D model shown in the figure below, we want to determine the buckling
length coefficients of the structure's frame posts. The example is taken from [1], page 395.

~o

Figure 8.6: Analysis model for steel frame

Analytical solution

The analytical solution is presented in [1], example 5.47. We assume to have a ratio of com-
pression forces in the posts that is D2/D1 = 0.8, this means the axial force in member 2 is
80 % of the axial force available in member 1.

For our planar structural system, the following buckling length coefficients are determined

in[1]:
Member Buckling length coeffi-
cient K
1 2.73
2 3.07

Table 8.1: Buckling length coefficients according to [1], page 397

Solution with RSTAB

A 2D system is created and the members are defined with the corresponding HE-B cross-
sections. The posts are defined as member type Beam, the horizontal and diagonal beams
are defined as Truss (only N).

Both support nodes are supported by hinged supports.

To get the axial force distribution in the posts that we want, the two topmost post nodes
are each stressed by a concentrated load of 100 kN. Further concentrated loads of 25 kN
are applied in the post centers to the connection nodes of the diagonals. The automatic
self-weight is not taken into account.

I Program RSBUCK © 2011 Ing.-Software Dlubal
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L
Internal Forces M [kM]

-100 kM

-125 kn

100 kM

-125 kM

N«4-LLLl-L%e
>
JJ-LLl-meo

Figure 8.7: Distribution of axial force in the RSTAB model

The RSBUCK input table is filled in as follows:

100 kM

28 kM

I
- —
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RSBUCK - [Steel Structure]
File Settings Help

CA1 - Stability analysis

Input Data
- General Data

F"I General Data

General

Mumber of kinimum Buckling Shapes
[Eigenvalues) to be Calculated

[7] Reduction of Stifness by Partial
Safety Factor v

Axial Forces

@ Import from RSTAE LC, LG, CO:

LCT - Avial force

() Define Manually in T able

In Caze of Non-constant Axial Force in a Member.
Wwhich should be imported from RSTAB?

Mean Value
) bogt Unfavourable Yalue

[ Cansider Tension Farce Effect

Comment

teration Optiens

Mawimal Mumber of
Iterations: 1005

Break OFf Limit 0.00001

Internal Member Partition for

Members of Type

- Beam B
- Truss: 1%
Mermnbers with

Tapering or Elastic —
Foundations: =

Parameters for Sub-space Dimension
Increment (Increass) 10

Mawimal Mumber of  ——
Increments: 1

Comparizon of buckling length coefficients with Petersen

RSBUCK

Effective Lengths.
Buckling Loads,
Critical Load Factors
and Buckling Shapes

Camn)

Figure 8.8: RSBUCK table 1.1 General Data
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In the results output RSBUCK shows the following buckling length coefficients K:

P_.l Buckling Lengths and Loads

Ing. Software

Dlubal

A B 1| C [ D E F [ G | H
Member Mode Mo, Length Shape Buckling Length [m] Buckling Length Coefficient [-]
Mo. | sta End L [m] MNa. Ly L= Ky Kz
[ 1 ] 1 2 5000 1 13.711 0.000 0.000
2 2 3 5.000 1 15.330 0.000 3.066 0.000
3 4 5 5.000 1 13.711 0.000 2742 0.000
4 ] & 5.000 1 15.330 0.000 3.066 0.000
5 2 5 4.000 1 Tension Force in Mamber -> No Calculation
6 3 7 2.000 1 0.000 0.000 0.000 0.000
7 7 6 2.000 1 Tension Force in Member -> No Calculation
8 2 7 5.385 1 Tension Force in Member -> No Calculation
9 5 7 5.385 1 0.000 0.000 0.000 0.000

Figure 8.9: RSBUCK table 2.1 Buckling Lengths and Loads

Thus, the results are matching the analytical solution very well.

RSBUCK determines the following buckling shape:

RSBUCK CA1T - Stability analysis
Defarmations u [-]

Figure 8.10: Buckling shape

Buckling Load
M it [k N]

2774.360
2219.890
2774.860
2219.850

0.000

0.000
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8.3 Frame with Hinged Column
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A planar framework structure as shown in Figure 8.11 is analyzed with regard to its buck-

ling behavior.

40 kN —12.767 KN/m

40 kN

A NN NN EEEE

68.371 kN/m

1

IPE 270

2.4 kN

T

BN

4,50

—

Figure 8.11: Framework structure and loads

v

— 4 2 IPE 360 IPE 360 3
I =4

E e

21— 6[«< 7

N w

el

Round Steel 20

3,50

o

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

2.7 kN/m

4,00

-

5,00

The lowest buckling load factor (stability mode) in this example appears on the uncoupled,
hinged member no. 7. This means that member 7 buckles first, the total structure fails only

in the second stability mode.

The buckling behavior is revealed by the two different buckling shapes as shown in the fig-

ures on the following page.

With an internal partition of 70 for beams, RSBUCK determines a critical load N, of 2080.94

kN for member 7.

P.l Buckling Lengths and Loads

A B 1 C [ D ] E [ F [ G H
Member Node Mo. Length Shape Buckling Length [m] Buckling Length Coefficient [-] Buckling Load
Mo. | Stat | End L [m] Mo. Ly Lz Ky Kz N it [N
7 2 5 5.000 1 5.000 0.000 1.000 0.000 2080.540
2 4254 0.000 0.851 0.000 2874.060

Figure 8.12: RSBUCK table 2.1 Buckling Lengths and Loads

A calculation as Euler buckling mode 2 verifies the value:

E-l-x® 210002510 2

Ner =2 5002

Equation 8.2

=2080.91kN
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Figure 8.13: First buckling shape - local failure

Figure 8.14: Second buckling shape - failure of entire structure
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