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1. Introduction
1.1 Add-on Module RF-STABILITY

The add-on module RF-STABILITY of the main program RFEM is used for the calculation of
critical load factors and corresponding buckling modes at member and surface structures.
The results then form a basis for the stability design of members stressed by compression,
that is usually carried out for a structure together with the general stress design.

The critical load factor of the whole structure determines the rate of system stability threat.
The corresponding buckling mode predicates a region in a static model where the risk of
stability violation exists. The RF-STABILITY module enables to design several buckling modes
at the same time. Hence the user views the governing failure modes of a designed member
or surface sorted according to the critical load factor.

The graphic display of buckling modes is useful to identify threatened regions in a structure
and to make out possible structural arrangements targeted to prevent this failure. Hence
the RF-STABILITY module presents a very useful tool for the design of structures endangered
by buckling, e.g. slender girders and thin-walled shells. On the basis of the determined criti-
cal load factor it is firstly possible to design whether the structural stability is threatened
(design of buckling, lateral buckling and plate buckling). Secondly, possible imperfections
can be derived from the determined critical (lowest) buckling modes.

RF-STABILITY functional characteristics are:

e Determination of several buckling modes simultaneously in one calculation cycle.

e Automatic transfer of axial forces from a load case or load group entered in the main
program RFEM.

e Possiblity to consider relieving actions of tension forces.

e Option to take into account actions of axial forces from a certain load case or load
group in RFEM as the initial prestress.

o Effective equation methods for calculation of eigenvalues: the subspace iteration me-
thod for standard cases or the ICG (incomplete conjugate gradient) method that is
applied in case of extensive structures with high RAM demands, at great bandwidth
or in case of a large number of determined eigenmodes.

e Tabular display of the critical load factors and corresponding buckling modes.

e Graphic representation of a buckling mode using isosurfaces and isolines in the RFEM
graphic interface.

e Integration into the RFEM printout report where all changes are updated automati-
cally.

e Possibility to use the buckling modes in the add-on modules RF-IMP, RF-KAPPA and
RF-TIMBER Pro.

e Direct data export to MS Excel.

We wish you much success and delight when working with our module RF-STABILITY.

Your DLUBAL ENGINEERING SOFTWARE team.
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1.2 RF-STABILITY Team

The following people participated in the development of the RF-STABILITY module:

Program Coordinators

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

Programmers

Doc. Dr.-Ing. Ilvan Némec Ing. Rostislav Totzauer
Dr.-Ing. Radoslav Rusina Ing. Petr Horak

Ing. Jifi Dolezal Dr. Zbynék VIk

Ing. Michal Balvon Ing. Roman Svoboda

Design of Program, Dialogs and Icons

Dipl.-Ing. Georg Dlubal Ing. Jan Milér
Testing
Ing. Martin Vasek Ing. Vaclav Rek

Manuals, Documentation and Translations

Dipl.-Ing. Frank Faulstich Ing. Ladislav Kabrt
Dipl.-Ing. (FH) Robert Vogl Mgr. Petra Pokorna
Ing. Dmitry Bystrov Mgr. Michaela Kryskova

Technical Support and Final Control

Dipl.-Ing. (FH) André Bergholz Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. (FH) Matthias Entenmann Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. Frank Faulstich M. Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) René Flori Dipl.-Ing. (FH) Christian Stautner
M.Sc. Dipl.-Ing. Frank Lobisch Dipl.-Ing. (FH) Robert Vogl
Dipl.-Ing. (FH) Alexander Meierhofer Dipl.-Ing. (FH) Anke Voggenreiter

1.3 Note to Manual

All general topics such as installation, user interface, evaluation of results and output are
described in detail in the RFEM manual, hence we omit them in this manual. On the con-
trary, we focus concentration on typical features of the add-on module RF-STABILITY.

During the description of RF-STABILITY, we use the sequence and structure of the input and
output masks. We feature the described icons (buttons) in square brackets, e.g. [Details].
The buttons are simultaneously displayed on the left margin. The names of dialogs, masks
and particular menus are marked in jtalics in the text so that they can be easily found in the
program.

We also put into this manual the index for fast finding of some terms. If you should not
find the requested ones, please use the search function on our website www.dlubal.com
to browse the FAQ list.
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In RFEM, it is possible to initialize the add-on module RF-STABILITY in several ways.

Main Menu

You can call up RF-STABILITY by the command from the main menu of the RFEM program

Additional Modules — Stability — RF-STABILITY

Mlﬂin—dow Help
: B o g g W (] )
Stresses MEEE O 4- 7= |,
Shape Properties 3
Design - Steel 3
Design - Concrete 3
Design - Timber 3
Drynarnic 3
Conneckions 3
Foundations 4
Skability >|Ty‘ RE-STABILITY . Analysis of Stabiliy |
Others 3 )

Figure 1.1: Main menu of RFEM: Additional Modules — Stability — RF-STABILITY

Navigator

Further, it is possible to start RF-STABILITY from the Data navigator by clicking the item

Additional Modules — RF-STABILITY.

Project Navigator x

ET RFEM
=¥ Hall Stability
+-|_) Structural Data
+-|_Jl Loads
I Resulks
+- | Sections
)l Printout Reparts
+-|_J Guide Objects
=4 Additional Madules
T SHAPE & - Section Properties of Thin-walled Sections
=0 SHAPE-MASSIVE - Section Properties of Thick-walled Sections
RF-STEEL Surfaces - General Stress Analysis For Surfaces
RF-STEEL Members - General Stress Analysis for Steel Members
RF-STEEL EC3 - Steel Design of Members and Sets of Members
RF-KAPPA - Buckling Analysis for Compression Members
YERBAMD - Wind Bracings with Stabilisation Loads
RF-COMCRETE Surfaces - Reinfarced Concrete Design of Surfaces
RF-COMCRETE Members - Concrete Design of Members
RF-PUMCH - Punching Shear Design of Surfaces
RF-DYMAM 2007 - Dynamical Analysis
RF-D¥MAM - Dynarnical Analysis
ST-FUSS - Design of Column Footings
¢ A

9| =2 2250 (5| 0

el g

-

M

7

RF-IMP - Generation of Imperfections or Pre-deformed Initial Structures
¥ RF-COMBI 2006 - Gererating Load Groups or Load Combinations

e

EB®Dnata | ™ isplay

Figure 1.2: Data navigator : Additional Modules — RF-STABILITY
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Panel

RF-STABILITY CAL- Lnear 5tz 7] @ > 4 1 If results from RF-STABILITY are already available in a certain RFEM case, you can set the
LE1 - Pemansnt Load given case from this module in the list of load cases. The buckling modes can be displayed

LC2Z - wind + ¥ [vanable)
LE3 - Wind +1 [variable] on the model in the graphics using the [Results on/off] button.

LGT-LFG1-1.35g+ 083wl
LG2-LFG 2-1.35 0+ 0.83 w2
LG3-LFG3-1.0g+0.83wl
LG4 -LFG4-1.0g+0.83 w2
|RF-DYNARM 2007 CAT - Dynamics
b= ; : e

The [RF-STABILITY] button to access RF-STABILITY is now available in the panel.

Dn[ef]orrnatinns

ol

?i‘ E“T 1.00
0.9
0.8z
0.73
0.64
0.55
0.45
0.36
0.27
018
0.09
0.00

[RE-STABILITY near Stabiliby & B
RF-STABILITY CAZ - Mon-Linear Stability Analyzis
RF-IMP CA1

Max : 1.00
Min : 0.00

—

B @ 4

Figure 1.3: Panel: [RF-STABILITY] button
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2. Input Data

All data to define stability cases is entered in a single input mask.

After initialization of the RF-STABILITY module a new window is displayed. In its left part
you can see the navigator for access to all currently accessible input and output masks. The
roll-out list of all possibly entered stability cases is located above the navigator (see Chapter
7.1, page 26).

If RF-STABILITY is started in a given case in RFEM for the first time, then already created load
cases and load groups are automatically loaded in the add-on module.

You save entered data by the [OK] button and close the RF-STABILITY module, while by the
[Cancel] button you terminate the module without data saving.

2.1 General Data

In the mask 1.1 General Data all the parameters for stability design are set.

RF-STABILITY - [Circular Plate] X
File Settings Help
41 - Stahility Analysis - E S
Input Data General Eigenvalue Calculation Method
General Data
Humber of Minimum Buckling Shapes = (%) Sub Space Iteration Method
[Eigenvalues] to be Calculated s e
() ICG-iteration Method -—
Beduction of 5liffness by Partial \ d
Safety Factor yu ]
Axial Forces Mon-linear Analysis <
Import &usial Forces from RFEM: [ Activate = I
LC1 v "
1
[[] Consider Axial Farces as Prestress m
Stability Analysis
by Eigenvalue
Method
Comment
L
.

Figure 2.1: Mask 1.1 General Data

General

Number of Eigenvalues

RF-STABILITY calculates the least favourable structural stability modes. Their number is de-
termined in this input field. At present, it is possible to calculate the 999 lowest eigenvalues
of a structure.

The calculation theory generally does not permit to omit lower buckling shapes during the
analysis and simultaneously calculate higher eigenvalues.
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LC1 - Permanent Load v

d
-Wind + [variable]
LC3 -Wind +¥ [variable]
LGT-LFG1-1.35g+ 083wl
LG2-LFG 2-1.35 g+ 083 w2
LG3-LFG 3-1.0g+0.83wl
LG4-LFG4-1.0g+083 w2

LC1 - Permanent Load v
| LC1 - Permanent Load
LC2 - Wind +2 [variable]
LC3 - Wwind +¥ [wariable]
LG1-LFG1-135 g+ 083wl
LGZ-LFG2-1.35 0+ 083 w2
LG3-LFG3-1.0g+ 083wl

LG4-LFG4-1.00+ 083w

Dlubal

If negative critical load factors make the design result, the number of determined stability
shapes should be increased adequately. In case that the entered number is too small, it is
not possible to discard negative eigenvalues and to display only positive, realistic results. If
you want to avoid negative critical load factors, you can alternatively use the method of
conjugate gradients for analysis (later in this manual).

Stiffness Reduction

Using this check box you can determine whether the safety factors of used materials will be
considered during the eigenvalue analysis. You can obtain the corresponding stiffness re-
duction by these factors. If you want to calculate eigenvalues as "characteristic" structural
feature, it is not necessary to consider y,, values of relevant materials.

Eigenvalue Calculation Method

You can use two calculation methods for the stability design.

Sub Space Iteration Method

During the subspace iteration method the stiffness matrix is saved in the computer RAM
memory. When it is full, data are saved on the hard disk. Hence the computer is markedly
slowed down. Therefore this method is not suitable for extensive structures.

An advantage of this method is that all eigenvalues are calculated in one step. The band-
width of stiffness matrix has considerable influence on calculation duration.

This method should be applied in case of small and medium size structures, at which a
large number of eigenvalues is necessary to calculate. At the same time you must realize
that also negative critical load factors can form the calculation result.

ICG-iteration Method

The method of conjugate gradients ICG (Incomplete Conjugate Gradient) does not impose
high requirements on RAM. Only stiffness matrix coefficients that are not equal to zero are
saved.

A disadvantage is that eigenvalues are calculated in sequence. The bandwidth has no influ-
ence on calculation duration.

This method should be applied in case of extensive structures, at which a smaller number of
eigenvalues is determined. Negative critical load factors are not displayed after the calcula-

tion by this method, because the iteration proceeds until the prescribed number of positive
eigenvalues is reached.

Axial Forces

You can select a load case or load group whose axial forces should be considered during
the calculation of the eigenmode. This load case or load group should be calculated accord-
ing to linear first order theory.

If you do not have available results for a given load case or load group, these are calculated
automatically before the proper stability design.

Consider Tension Force Effect

If you tick this box, also axial tension forces acting in a structure are considered during the
calculation. Tension forces generally stabilize a structure.

Consider Axial Forces as Prestress

If you tick this box, you can select a load case or load group whose axial forces should be
used as initial deformation. This option makes it for instance possible to consider the stabi-
lizing influence of another load case (i.e. different from the load case entered earlier in the
Axial Forces section) during the eigenvalue calculation.

Program RF-STABILITY © 2009 by Dlubal Engineering Software
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Non-linear Analysis

If the stability design should run on the basis of the non-linear analysis, it is necessary to
tick this box. By doing this, the button [Edit Calculation Parameters...] becomes accessible
and you can open the following dialog:

Analysis Options E|
Method of Analysis Options for Mon-Linear Analysis

LConsider the favaorable effects
due to tension forces

(%) Large Defarmation Analysis [Nor-inear, Newtan-Faphzon) | [ Divide results back by LC or

LG Factar
Maon-linear Effects Reactivation of Failed Membersf2D-glements
Al Check defarmation of failed O

Members/2D-elements and
reactivate where appropriate

Max Mumber of

I ~
Reactivations:

Further Options
Matiix Solver (%) Direct Nurnber of Diivisions for — Bending () Mindiin
Method: () lterative tember Resuilts: 10 Theory: (3 Kirchhoff
MNumber of Member Divisions for
:\:;_zt?;ﬁrsqber of 100 = Internal Cable, Elastic Foundation Precision of Canvergence
’ = or Tapered Members: 10 % Criteria of Mon-linear
Calculation:
mﬂ:‘;’ﬁ;ﬁfs!‘oad 1= Refer Internal Forces to =
) ad Deformed Stucture 1] .10
Subdivigions of
FE tesh far [] Activate Shear Stiffness [4-y,
Graphical Results: ns A-2) of Members

0K ] [ Cancel

Figure 2.2: The Analysis Options dialog

The large deformation analysis according to NEWTON-RAPHSON is set by default and you can
not change this option. Other parameters in this dialog are described in Chapter 8.3 Calcu-
lation Parameters in the manual to the main program RFEM on page 258.

In this method, the load is gradually increased instead of the linear eigenvalue analysis. The
structure looses stability at a certain load. The critical load factor is determined in this way.
In the instant of stability loss the linear analysis of eigenvalues is carried out on the struc-
ture to determine the eigenmode.

An advantage of this procedure is that you can exactly consider all non-linear elements
(failed members or foundation etc.) during the calculation of the critical load factor. How-
ever, a disadvantage of this method is that you can always calculate exactly only the lowest
eigenvalue. Moreover, the calculation lasts longer than for a linear analysis.

Comment

In this entry field you can write down your own remark, e.g. a detailed description of a cur-
rent RF-STABILITY case. This comment is also shown in the printout report.

10
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3. Calculation

Run the calulation by clicking the [Calculate] button. The stability design is carried out and
axial forces entered in the mask 1.1 are taken into account.

3.1 Check

Before starting the calculation we recommend to quickly check the plausibility of all input
data. You start the control using the [Check] button.

In case the program does not find any inconsistency, the relevant notification is displayed.
RF-STABILITY
! E Information No.

415
Flavzibility check OF!

Figure 3.1: The result of plausibility check

3.2 Calculation Start

Start the calculation using the [Calculate] button.

RF-STABILITY firstly finds axial forces that should be considered. If there are no results for a
given load case or load group available, the calculation of the corresponding axial forces is
run automatically, based on the calculation parameters entered in RFEM.

The calculation of RF-STABILITY results can be also started from the user interface of the
main program RFEM. Cases entered in add-on modules are displayed in the dialog To Calcu-
late similar to load cases or load groups. You open this dialog in RFEM by the command
from the main menu

Calculate — To Calculate....

To Calculate g|
Mot Calculated Selected for Calculation
Program / Mod... Ma. Description -~ Program / Mod... Mo. [rescription el
RFE L1 Permanent Load RF-STABILITY Cal Linear Stability &nalysiz
RFERM LCZ2 Wind + 4 [variable]
RFEM LC3  |Edge'wind
RFEM LG1  [LFG1-1.35g+0.83 wl
RFEM LG2 [LFG2-1.35g+0.83 w2
RFEM LG3 |LFG3-1.0g+083wl
RFEM LG4 [LFG4-1.0g+083w2
RF-DYMAk 2007 | Cal Diynamics
s CAZ | Mon-Linear Stability Analyziz

(][]

Show Additional Modules
Lalculate ] [ Cancel

Figure 3.2: Dialog To Calculate

I Program RF-STABILITY © 2009 by Dlubal Engineering Software
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If the RF-STABILITY cases are missing in the list Not Calculated, it is necessary to tick the box
Show Ad(ditional Modules.

You transfer selected stability cases to the list on the right by the [P] button. The calcula-
tion is then started using the [Calculate] button.

The calculation of a certain RF-STABILITY case can be also run directly from the toolbar. You
set the required stability case in the list and then click the button [Results on/off].

Results Tools Table Ciptions Additional Modules irdo Help

il |:| ¥y RF-STABILITY CAl - Stahity & v < 3y B ‘!k o B
imiE-9-6 Y anBY- B BEA Nkl

Figure 3.3: Direct calculation of a RF-STABILITY case in RFEM

The dialog where you can see the progress of the stability design is displayed consequently.

FE-Calculation... &|

Fiunning
RFEM - Caleulation by FEM [ [TTTT) |
RFE-STABILITY - Analysiz of Stability

Partial Steps
Iteration Mo. 1 Murnber of 30 Elements 0 A
- Mumber of 20 Elements Fic]
~ | Processing Input Diata... Murnber of 10 Elements 20
- | Global Stiffness Matrix for 30-Elements... Mumber of Modes 755
- - Mumber of Equationz 4530
- | Global Stiffness Matrix for 20-Elements... Murnber of Eigerrealues 4

~ | [Global Stiffness Matrix for 10-Elements...
~ | Creating Right Hand Side...
~ | Sub space-iteration. ..

- | Sturm Sequence Test...

- FE-SOLVER

- | Determining 20-Element Internal Forces. ..

- | Determining 10-Element Internal Forces...

i

Cancel

Figure 3.4: Calculation in RF-STABILITY

During the calculation via the subspace iteration method, the so-called Sturm Sequence
Test proceeds, as you can see in the preceding picture. This test verifies whether some ei-
genvalue was not omitted in a certain interval. The diagonal matrix from the Gauss decom-
position is used, where the number of negative diagonal matrix elements corresponds to
the number of eigenvalues within the relevant interval. The Sturm test is thus carried out for
the given limits of the interval. Then the difference is determined.

12
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4. Results

The mask 2.1 Critical Load Factors is displayed immediately after the calculation is over. In
the result masks 2.1 to 2.5 the summary of particular analyses is shown together with
comments. All masks are accessible from the RF-STABILITY navigator. To browse among
separate masks you can also use the buttons displayed on the left or functional keys [F2]
and [F3].

You save the results by the [OK] button and close the RF-STABILITY module.

We describe in this chapter the individual masks gradually in their sequence. The check and
interpretation of results is treated in Chapter 5 Evaluation of Results on page 20.

4.1 Critical Load Factors

RE-STABILITY - [Mast Stability] El
File Settings Help
L& - Stability analysis ~ E S
Input Data | — B | T
General Data Wector Critical hagnification Meszage
Results No. Load Factor Factar
Critical Load Factors 0.920
Buckling lengths and loads 2 0572
Eigenvectors by node 3 0.380
Eigenvectors by member 4 1.051 20.545
Eigerwvectors by surface a 1.109 10.214
B 1160 7.255
7 1.224 5.464
g 1.297 4.362
E] 1.346 3.889
10 1.397 3519

Figure 4.1: Mask 2.1 Critical Load Factors

The first result mask informs about critical load factors of a given structure. Values are
ranked according to eigenvalues.

Vector No.

Critical load factors and magnification factors are displayed for each eigenvalue. Results are
ranked upwardly according to the stability shape number.

Critical Load Factor

The critical load factor n; is shown in the mask for every eigenvalue. A factor lower than
1.00 implies structural instability. Any factor greater than 1.00 means that the load due to
entered axial forces multiplied by this factor leads to failure of the structure due to buckling
or plate buckling.

According to DIN 18800, part 2, critical load factors lower than 10 require the calculation
after non-linear second order theory.

I Program RF-STABILITY © 2009 by Dlubal Engineering Software 1 3
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RF-STABILITY
1\ Warning No. 1053
From the required 30 eigenvalues only 7 modes were calculated
with pogitive critical load factors.

Tip:
Increase the number of eigervalues to be calculated in mask 1.1
or gelect the ICG calculation method.

" -

Figure 4.2: Warning after the calculation in case of negative eigenvalues

If the calculation proceeded via the subspace iteration method, negative critical load factors
may be issued. Hence for the given eigenvalues no stability problem occurs due to tension
forces and it is not possible to evaluate the plate buckling or buckling behavior.

Magnification Factor

The magnification factor a is calculated using the following equation:

1

-

Nki

Equation 4.1: Magnification factor

o=

This magnification factor expresses the relation between the moments according to linear
first order and non-linear second order theory.

M=o - M
where M moment according to first order theory, but equivalent load for
deformation is considered

M moment according to second order theory

Equation 4.2: Moment ratio

This equation is valid only in case that the bending line during load application is getting
near the buckling shape and that n; is greater than 1.00.

Message

Under certain circumstances, a message appears in column C that a negative critical load
factor was calculated. This means: If the entered loads act in the opposite direction (oppo-
site sign), failure due to buckling or plate buckling would occur.

This problem can be eliminated by increasing the number of determined eigenvalues or by
applying the conjugate gradient method.

14
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4.2 Buckling Lengths and Loads

!

RE-STABILITY - [Mast Stability]

File Settings Help
CAT - Linear Stability Analysis F ﬂ
Input Data wwwm e [ C | D [ E | F | H | | -~
General Data Wector | Member Mode Mo, hdember Length Buckling Length [m] Buckling Coefficient [-] | Buckling Load
Besults No. Mo, | Stat | End I m] Sority sert2 By Bz Nerit [kN]
Critical Load Factors 11 109 283 2190 Tensile force in member -» Mo calculation
Buckling lengths and loads 12 280 282 2130 Tensile force in member - No calculation
Eigenvectars by node 13 282 2m 2190 Tensile force in member -» No caloulation
Eigenvectars by member 14 283 280 2190 Tensile force in member -» Mo caloulation
Eigenvectars by surface 15 23 284 11.030 Tensile force in member -» Mo calculation
16 152 304 2130 20170 5.0 3210 4110 1810.48
17 an 303 2130 21.109 9635 9.633 4.427 1437.91
18 lik] a0z 21490 22,355 10.267 10.208 4.688 1335.50
13 304 am 21490 21.002 9.372 9.630 4.279 1669.98
20 302 305 11.030 9455 9.435 0.861 0.861 501.24
21 J1z 316 2130 21.234 9.502 a7 4.333 1624.43
22 313 il 21490 22,680 10.417 10.356 4.756 1287.50
23 318 34 21490 24101 11.069 11.005 5.055 114899
24 il 3 2190 22470 10,027 10.260 4579 1458.89
25 314 a7 11.030 10.383 10.383 0.942 0.942 75273
26 241 327 21490 Tensile force in member » No calculation
27 324 326 21490 Tensile force in member -» No calculation
28 326 325 2190 Tensile force in member > Mo calculation
29 327 324 2190 Tensile farce in member -» No calculation
a0 325 328 11.030 Tensile force in member » No calculation
50 152 el 2191 Tensile force in member -» No calculation
59 304 e 219 Tensile force in member > Mo calculation
=11 3m N3 2191 Tensile farce in member -» No calculation
E1 lik] il 2191 E2171 39.269 28,378 17.524 5.03
B2 a0z 34 2191 Tensile force in member -» No calculation v
Sort accarding tor - O Member Numbering - @ Eigenyvectr Numbering

Figure 4.3: Mask 2.2 Buckling Lengths and Loads

This result mask is displayed if the structure contains members. Buckling lengths and critical
loads can be listed according to Member Numbering or Eigenvector Numbering.

Member No.

The results of buckling design are displayed for all members in the structure.

Node No. - Start / End

Every member is defined by its start and end node. Their numbers are shown in two corres-
ponding columns.

Member Length |

The geometric length of every member is displayed in this column for checking purposes.

Buckling Length s, / s .

The buckling lengths s, are related to the critical forces N;, of each member as stated in
the last table column. These forces also depend on the corresponding critical load of the
entire model. In simple cases, the buckling lengths represent the EuLER cases 1 to 4. There-
fore the buckling lengths are related to the ratio of axial forces in the member and the total
critical load.

The buckling length s, is related to the buckling perpendicularly to the "principal" mem-
ber axis y, whereas s, , is related to the buckling perpendicularly to "secondary" member
axis z.

Buckling Coefficient B, / B,

The buckling length coefficients express the ratio between the buckling length and member
length with respect to the local member axes y and z.

Program RF-STABILITY © 2009 by Dlubal Engineering Software
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Equation 4.3: Buckling lenght coefficient B

B =

Buckling Load N_;,

In this column the critical axial force N, is shown that was calculated with respect to the
corresponding eigenmode. It means that all critical loads and corresponding buckling
lengths must be always considered in context of the given critical load of the whole model.

4.3 Eigenvectors by Node

File Settings Help
CAT - Linear Stability Analysis |+ F ﬂ
Input Data ] C [ ] [ E [ F [ G | ~
General Data Mode = Wector Displacements Ratations
Fiesuits Mo Mo ux uy uz e oy W=
Crfical Load Factors 1 000000 000000) 000000 O.01407) 000020 000073
Buckling lengths and loads 2 0.00000 0.00000 0.00000 0.00573| 000007 |  -0.00031
Eigenvectars by nods 3 0.00000 0.00000 000000 -0.00550 0.00008 0.00030
Eigenvectars by member 4 0.00000 0.00000 0.00000 .01 -0.00003 | -0.00054
Figenvectars by surface ] 0.00000 0.00000 0.00000 0.00354 | 000014 |  -0.00048
E 0.00000 0.00000 000000  -0.00728 0.00009 0.00037
7 0.00000 0.00000 000000 -0.01049 0.00017 0.00057
2 0.00000 0.00000 000000 -0.00874 0.00013 0.00045
] 0.00000 0.00000 0.00000 000328 -0.00015|  -0.00044
10 0.00000 0.00000 0.00000 0.00867| -0.00015| -0.00045
4 1 0.00000 0.00000 0.00000 0.00026 000020 -0.00043
2 0.00000 0.00000 0.00000 0.00003 000003 -0.00018
] 0.00000 0.00000 000000  -0.00010)  -0.0000% 0.00018
4 0.00000 0.00000 0.00000 0.00014 000019 -0.00033
5 0.00000 0.00000 0.00000 0.00014 0.00011 -0.00027
E 0.00000 0.00000 000000 -0.00011 -0.00013 0.00024
7 0.00000 0.00000 000000 00005 000015 0.00032
2 0.00000 0.00000 000000 -0.00011 -0.00013 0.00023
g 0.00000 0.00000 0.00000 0.00010 0.000712 -0.00027
10 0.00000 0.00000 0.00000 0.00010 000013 -0.00028
5 1 0.00000 0.00000 0.00000 0.00029 0.00374 | -0.00025
2 0.00000 0.00000 0.00000 0.00013 000338 -0.00013
3 0.00000 0.00000 0.00000 -0.00012 -0.00345 0.00010
4 0.00000 0.00000 0.00000 0.00023 000717 -0.00023
5 0.00000 0.00000 0.00000 0.00020 000568 | -0.00018 -
Sort according to: (3) Mode Mumbering () Eigenvector Mumbering

Figure 4.4: Mask 2.3 Eigenvectors by Node

The displacements and rotations of structural nodes are shown in this mask for every buck-
ling mode.
Node No.

The buckling shapes are displayed in the list for structural objects defined in the mask 1.1
Nodes in the main program RFEM. Therefore neither the results in FE nodes nor in member
division points are shown in the table.

Vector No.

The deformations are shown for every calculated eigenvector .

Displacements u, / u, / u,

The columns B to D contain lists of displacements that are related to the axes of the global
coordinate system. They are normed for every direction to the maximum 7.

Rotations ¢y / ¢y / ¢,

In the columns E to G the corresponding nodal rotations of the normed displacements are
displayed.
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The tabular data can be sorted according to Node Numbering or Eigenvector Numbering.

If only zero values are displayed in the column with normed displacements of the member
structure, it generally refers to considerable torsion in members themselves (cp. the follow-
ing picture). Because this phenomenon has no influence on the displacement of member
end nodes, neither displayed buckling lengths nor critical forces possess a great significance
for given members.

Panel
Dizplay
Factars
Eigen Shape:
1-16.18 w

D efarmation:
1 v

BE o 4

Figure 4.5: Torsion of the thin-walled column with a rectangular cross-section
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4.4  Eigenvectors by Member

File Settings Help
CAT - Linear Stability Analpsis % E j
Input Data & | C | D | E | F | G | H [ | | ~
General Data tdember Mode | Location | “ector Displacements Fiotations
Fesults Ho. Mo. ® [m] Mo % Uy Uz "3 Py e
Critical Load Factars 109 0.000 1 0.00000 0.00006 | -0.00008 0.00000 0.00000 0.00000
Buckling lengths and loads 2 0.00000 000003 -0.00003 0.00000 0.00000 0.00000
Eigenvectars by node 3 0.00000|  -0.00005 0.00005 0.00000 0.00000 0.00000
Eigenvectors by member 4 0.00000 0.00007 | -0.00007 0.00000 0.00000 0.00000
Eigenvectors by surface 5 0.00000 0.00006 | -0.00008 0.00000 0.00000 0.00000
B 0.00000|  -0.00007 0.00007 0.00000 0.00000 0.00000
7 0.00000|  -0.00009 0.00003 0.00000 0.00000 0.00000
g 0.00000|  -0.00010 0.00010 0.00000 0.00000 0.00000
3 0.00000 0.00003|  -0.00009 0.00001 0.00000 0.00000
1o 0.00000 000010 -0.00M0 0.00000 0.00000 0.00000
283 2180 1 0.00000 0.00006 | -0.00008 0.00000 0.00000 0.00000
2 0.00000 0.00003 | -0.00003 0.00000 0.00000 0.00000
3 0.00000|  -0.00005 0.00005 0.00000 0.00000 0.00000
4 0.00000 0.00007 | -0.00007 0.00000 0.00000 0.00000
5 0.00000 0.00007 | -0.00007 0.00000 0.00000 0.00000
B 0.00000|  -0.00008 0.00003 0.00000 0.00000 0.00000
7 0.00000|  -0.00009 0.00003 0.00000 0.00000 0.00000
8 0.00000 -0.000711 0.00010 0.00000 0.00000 0.00000
g 0.00000 000010 -0.00010 0.00001 0.00000 0.00000
10 0.00000 0.00011 -0.00011 0.00000 0.00000 0.00000
12 280 0.000 1 0.00000 0.00006 | -0.00008 0.00000 0.00000 0.00000
2 0.00000 0.00004 -0.00004 0.00000 0.00000 0.00000
3 0.00000|  -0.00005 0.00005 0.00000 0.00000 0.00000
4 0.00000 0.00007 | -0.00007 0.00000 0.00000 0.00000
5 0.00000 0.00007 | -0.00007 0.00000 0.00000 0.00000 -
Sart according to (3 Member Numbering () Eigenvector Mumbering
@

Figure 4.6: Mask 2.4 Eigenvectors by Member

This result mask is displayed if there are members in the structural model.

The individual columns are explained in Chapter 4.3 on page 16. Additionally, the Location
x on the member is displayed where the corresponding start or end node is situated.

18
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4.5 Eigenvectors by Surface

File Settings Help
CAT - Linear Stability Analysis % F ﬂ
Input Data B [ € [ o [ E T F [ G [ H [ 1 [ J [ K |~
General Data Surface  Point Location [m] Wector Displacements Ratations
Results Ma. Ho. b Y Fd Ho. ux uy uz P Qv [oed
Critical Load Factors 1 0035 0035 E.000 1 000023 000000 000003 -000016 0.00002 -0.00309
Buckling lengths and loads 2 -0.00004 | -0.00004 | 000007 000022 0.00007 -0.05526
Eigenvectors by nade 3 n00onn| 000002 | 000002 -000nd43 000008 002399
Eigervectars by member 4 000021 000002 000002 000016 0.00003 -0.02830
Eigenvectars by surface ] 000020 000002 -0.00002 000043 0.00007 -0.01633
E -0.00035 |  0.00000| 000002 -0.00050 -0.00004 -0.0164E
7 -0.00062 | 0.00000| 000002 -000040 -0.00005) -0.03511
g -0.00069| 000000 -0.00003 -000045) -0.00003| -0.04526
] 000073 000002 000005 000023 000005 0.05312
10 000033 000000 000008 000028 000005  0.05683
2 0035 0035 5.500 1 000019 000002 000003 -000003 000002 -0.01107
2 -0.00003| -0.00003| 000001 000032 0000068 -0.04740
3 -0.00012 | -0.00001 000002 -0.00043 ) -0.00010| -0.00502
4 0.00027 | -0.00001 | 000000 000036 000003 -0.01064
] 000032 000001 | 000001 000053 000010 0.01582
E -0.00045 | -0.00002| 000001 000028 -0.00010) -0.04033
7 -0.00067 | -0.00002| -0.00006 -0.00022 -0.00010) -0.05305
8 -0.00074 | -0.00003| -0.00007 -0000M8 ) -0.00017 -0.06384
] 000072 000002 000011 000000 000012 0.05571
10 000024 000003 000014 000001 000013 0.08310
k] 0035 0035 5.000 1 000017 000002 000006 000005 000005 -0.01262
2 0.00007| 000000 000002 000053 000011 -0.01988
3 000018 -0.00002| 000000 -0000M6 ) -0.00006 -0.02446
4 000035 000000 000000 000047 000012 0.01503
] 000043 000002 000002 000036 000003 0.04428) »
Sort according to (3) Surface Numbering () Eigenvector Mumbering

Figure 4.7: Mask 2.5 Eigenvectors by Surface

This mask is displayed only in case that the structure contains surfaces. The eigenmodes in
the table can be sorted according to Surface Numbering or Eigenvector Numbering.
Point No.

The data are displayed for every surface grid point. Settings can be executed in the Grid reg-
ister in the Edit Surface dialog for every surface individually. The grid with spacing of 50 cm
among the points is set by default for the results.

Location X/Y/Z

In the columns B to D the location of grid points in the global coordinate system is defined.

Displacements u, / u, / u,

In the columns F to H is shown the list of displacements that are related to the axes of the
global coordinate system and normed for every direction to the maximum 7.

Rotations ¢, / ¢y / ¢,

In the columns | to K the corresponding nodal rotations of the normed displacements are
displayed.

I Program RF-STABILITY © 2009 by Dlubal Engineering Software

19



5 Evaluating Results

/I
I —

Ing. Software

5. Evaluating Results

Dlubal

As soon as the design ends, several possibilities for evaluation of results are offered. For
graphic interpretation you have the RFEM work window available.

5.1 Result Masks

At first after the calculation is displayed the mask 2.1 Critical Load Factors: negative critical
load factors indicate that due to tension axial forces it was impossible to determine struc-
tural failure via buckling of plate buckling. It means that in case of the same load action in
the opposite direction (opposite sign) failure via buckling or plate buckling would occur. A
high number of negative critical load factors implies that the structure is mainly stressed by

tension.

:

| & I

B . c |

Vector Critical M agnification

Ho. Load Factar

2083
-2.083
-2.004
-2.004
-1.984
-1.984
-1.980
-1.980
-1.937
-1.937

LDO:I"\.IU'JU'I&-LAJH—‘

—
=

Factor

Figure 5.1: Negative critical load factors

Critical factor iz negative.
Critical factar iz negative.
Critical factor iz negative.
Critical factor iz negative.
Critical factor is negative.
Critical factor iz negative.
Critical factor iz negative.
Critical factar iz negative.
Critical factar iz negative.
Critical factar iz negative.

Mezzage

This problem can be solved by increasing the number of determined eigenvalues or by ap-
plying the conjugate gradient method.

Any critical load factor lower than 1.00 means that the model is instable.

n

[ A | B
Yectaor Critical M agnification
No. Load Factor Factar

0.3z0
2 0.7z
] 0.350
4 1.051 20,545
5 1.109 10,214
g 1.180 7.255

Figure 5.2: Instable model

Only a positive critical load factor greater than 1.00 allows for the following conclusion: If
you multiply the load due to axial forces by this factor, failure of the stable structure due to
buckling or plate buckling occurs.

For members, different buckling length coefficients B are displayed for particular buckling

modes in the mask 2.2.

F"

LA [ C | D E | F G H |
Member Mode Mo, Length | “ector Buckling Length [m] Buckling Coefficient [-] Buckling Load
Mo Start End | [rm] Mo Ky Kz Py Bz Mt [kM]
El 12 3 3.500 1 20.450 5.497 5.843 1.571 414.315
2 20,450 5.457 5.843 1.571 414315
3 10.059 2704 2.874 0772 1712520
4 9.363 2517 2675 0719 1976.480

Figure 5.3: Buckling length coefficients for members
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During the analysis, axial forces are iteratively increased till the critical load case is reached.
From the given critical load factor the critical force is then calculated, which makes it possi-
ble to determine retroactively the buckling lenghts and buckling length coefficients.

If you want to find out the governing buckling length coefficient B, for buckling vertically to
the "strong" member axis, it is usually necessary to calculate several buckling shapes. Only
for square cross-sections the buckling lengths and buckling length coefficients are identical.

It is not possible to directly calculate the buckling length coefficients for sets of members in
RF-STABILITY. You can analyze only results for individual members. The member at which
the minimum critical force N, is displayed can be considered as governing in a member set.
The values B can be then calculated from the buckling length of this member and from the
total length of the member set.

5.2 Graphic Display of Results

The stability behavior of a structure can be well observed on a graphic display of different
buckling shapes. The work window of the main program RFEM is used for the graphic eval-
uation of the eigenvalues. After clicking the [Graphic] button the RF-STABILITY module is
closed. The buckling shapes are then graphically displayed in the RFEM work window similar
to the deformations of a load case.

The current RF-STABILITY case is set by default. In the left part of the screen you see the
modified navigator Results.

Project Mavigator x

= [w] 1 Deformations
@M u
O u-x
O u-y
O uz
O Phi-z
O Phi-y
O Phi-2

[]#== Sections
+- [] 124 Yalues on Surfaces

B ata __-,JDispIay =—Results | 4 P

Figure 5.4: Results navigator for RF-STABILITY

The Deformations of stability modes can be displayed as results. You can also view a partic-
ular component of the total displacement or rotation.

The options Sections and Values on Surfaces can be also used for the graphic evaluation of
stability shapes. These functions are described in detail in the RFEM manual, Chapter 10.6
and 10.4 on page 319 and following.

As in case of the deformations for an RFEM load case you can activate or deactivate the
display of stability modes using the [Results on/off] button. Using the button on the right
[Show Result Values] you can set the display of result values in the picture.

Regarding the fact that RFEM tables are not important for the evaluation of RF-STABILITY
results, you can deactivate them using the button shown on the left.

Both navigator and control panel are adapted to the RF-STABILITY module. The panel stan-
dard functions are described in detail in the RFEM manual, Chapter 4.4.6 on page 77 and
following.

' Ing. Software
Dlubal
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In the second register of the control panel you can select particular eigenmodes.

Dizplay
Factors

Eigen Shape:
1-1.12 A

Sectiohs:

& ®

E a4

Figure 5.6: Selection of eigenshapes in the panel

At more complex structures it is often impossible to make out at first glance the buckling
members or surfaces. You discern them better if you increase the Deformation factor in the
second register of the control panel. Also can be helpful the animation of deformations

which is activated by clicking the button shown on the left.

The display of results on the member can be set in the Display navigator in the item
Results — Deformation — Members. The buckling shapes are displayed as Lines by default.
Two remaining options are used to view behavior of the stucture at buckling.

22
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Deformations
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[w] & Structure
[¥]4& Loads
[w]E@ FE Mesh
=[] [ Results
[#][F Result values
VI Title Infa
[V Maximin Info
= [m] [ Deformation
=-[m [ Members
O [F Lires
O cross-sections
@ [ Cross-sections Colored
[ show Extremes
1 supports
1[5 Modal Displacements
[ connecting Lines
[ outlines of Deformed Surfaces
= Members
[m[F surfaces
[m[F solids
[®[F5 Type of Display
[V1[F Ribs - EFfective Cooperation SurfaceMemnb
[ Results within Column Area
[EES support Reactions
[E]#= Sections
[E]5 Guide Objects
B4y General
= Mumbering “
[E]'Qp Rendering .
[5] % Additional Modules

E-E-EB-E-E

S ?

E®Data M Display | == Resuls EA

Figure 5.7: Display navigator: Results — Deformation — Cross-sections Colored
All graphic displays of results from RF-STABILITY can be integrated in the printout report,
just like the RFEM images (see Chapter 6.2, page 25).

You can again open the RF-STABILITY module by clicking the [RF-STABILITY] button in the
control panel.

5.3

Besides the RF-STABILITY tables, that enable to select results according to certain criteria
due to their structure, you can use for graphic evaluation of results the filtering functions,
which are described in the manual of the main program RFEM.

Filtering Results

Firstly, you can use already defined partial views (cp. the RFEM manual, Chapter 10.8.1,
page 333) that suitably group certain objects. Also existing or new sections can be used to
evaluate particular results (cp. the RFEM manual, Chapter 10.6, page 326).

Secondly, you can set standardized deformations as a criterion for filtering of results on the
RFEM workspace. The setting of filters that you can perform in the Color Spectrum register
is described in Chapter 4.4.6 of the RFEM manual on page 77.

In case of the colored display of results you can for example set in the panel to view only
standardized deformations greater than 0.55. Hence you can more easily distinguish in an
extensive structural model the surfaces and members endangered by stability loss.

Filtering of Surfaces and Members

In the Filters register of the control panel you can enter the numbers of members or surfac-
es whose deformations you wish to display in a graphic window. This function is described
in detail in the RFEM manual, Chapter 4.4.6 on page 80.

Contrary to the partial view function, the entire structure is displayed here.

Program RF-STABILITY © 2009 by Dlubal Engineering Software
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6. Output
6.1 Printout Report

Just like in the RFEM case, at first for RF-STABILITY data the printout report is created,
where you can insert graphic displays or your own comments. In the print preview you can
also choose which results of stability analyses are to be printed.

In case of extensive structures we recommend to create a few smaller printout reports in-
stead of one large protocol. If you create a separate protocol only for RF-STABILITY data,
the printout report can be processed relatively quickly.

The printout report is described in detail in the RFEM manual. Particularly important is
Chapter 11.1.3.4 Selection of Add-on Modules Data on page 350 that deals with selection
of input and output data in add-on modules.

Bi. Printout Report - D1 - Input and reduced result data®

Fle Edit View Insert Settings Help

0D B [dl<> v m Qg @= @] 7 L8

F Conkents ~
=& EFEM mat: DAOERE | Project Strctire: Squars Pk Page: 13
(23 Struckure RF-STABIL Stest: 1
3 Loots FaRaRcnbsiplsl 1
53 Results - Load Cases, Load Groups RESTABILITY GEMERAL DATA
{2 Results - Load Combinations Ca e o ek g e T
=85 RE-STABLITY | Slinmae Yemairees mperes rom 1
(=1 CAL - Stability analysis Censierirg he tesrable eTeck due b nsin o
£ General Data Wemalfrcs el has been actvakd o
= Resuts S teraten e roa B
[ Critical Load Factors ©ClEraion me ra g
[ Eigenvectors by Surface oot . g
@ Stabilty analysis
CRITICAL LOAD FACTORS
veckr | cnical | wanicaten ‘ ‘
V. | tom Fakr ot
T 50ess| T 1
EIGENVE CTORS BY SURFACE
Sz | o Lecakninl eckr Bisiacement [T
P e I i R u |u L
o oi=[ orS| oon| 1 | oo oooos| Gooo| oo | -oomess| oo
2 | 0ss| ois| ooo| 1 | oooooo| docoo| ooocco| 3issss| oooos| ooo
3| 3| SiE| 58| | | ofooon| Saoo| oo| abwees| oess| oo
SRR m‘ mH .,m‘
: | oa=| o&s| oom| 1 | oooooo| dpoooo| 1omoom| ooooro| mess| oo
§ | 3| o&| Go@| i | ofmom| Som| ooom| oowe| Sies| oowm
§ SIE| R SRS 1| Soe| S5on| Sonm|-ohwn:| -Aieee| oo
& | 0ss| 13=| oomo| 1 | oooooo| docoo| oooeco| -3issss| oooms| ooom
s ¥Rl WE|l S| 1 | S5om| Sam| ooos| aiems| oawmss| oo
STABILITY ANALYSIS
Emmn mate - 408 e
v
MNumber of Pages: & Page B CaP NUM SCRL

Figure 6.1: Print preview of the printout report
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6.2 Printing RF-STABILITY Graphics

Graphic displays of performed analyses can be integrated in the printout report or sent di-
rectly to the printer. The printing of graphics is described in detail in Chapter 11.2 of the
RFEM manual.

Every picture that is displayed in the RFEM graphic window can be inserted to the printout
report. Also the sections or result diagrams on members can be transferred to the protocol
by clicking the [Print] button in the respective window.

The current graphic display from RF-STABILITY in the RFEM work window can be printed by
the command from the main menu
File — Print ...

or by clicking the corresponding button in the toolbar.

# RFEM 4.01 - [Hall Stability]

P™ File  Edit  Wiew  Insert

WEERT R
ALY g

Calculate

vl

Figure 6.2: Print button in the main window toolbar

< Result Diagram in Section
||'?‘.@j RF-STABILITY CA1 - Stabil % < :51'{ B & =L [E sedion

0.000 i:‘ﬁ_l 5.000
+ L Printp PR

= [B] Deformations =
E‘ u Deformations - u [-]

Figure 6.3: Print button in the toolbar in the window with result diagrams

Mavigator

The following dialog opens:

Graphic Printout

X

General |Dpti0ns Color Spectmum

Graphic Picture T Print Wyincow Graphic Size

() Direct to Printer... = () Current Only () As Screen View

(%) I Printout Report: ) wéindaw Filling

() Ta Clipbaard (O ToScale 1: (100w
Graphic Picture Size Options

Usze whole Page Width

[]Use whale Page Height

O Height: [% of Page]

Fiotation: [] [ Lock Graphic Picture [without Update)

Header of Graphic Picture
| Stability nalysis |

l

Figure 6.4: Graphic Printout dialog, the General register

This dialog is described in detail in Chapter 11.2 on page 368 in the RFEM manual. The oth-
er two registers Options and Color Spectrum are explained there as well.

The graphic display from RF-STABILITY in the printout report can be moved to a different
position using the Drag&Drop function. Inserted pictures can be modified subsequently:
you right-click the corresponding item in the protocol navigator and select Properties. The
Graphic Printout dialog is again displayed where you can set possible changes.
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Graphic Printout g|
General | Options | Color Spectum
Script Symbols Frame
() Proportional (%) Proportional ® ]
(%) Constant () Constant O Framed
Factar: 118 Factar: 118 [ Title Box...
Print Guality Colar
(%) Standard [max 1000 » 1000 Pizels) (O Lines and Text Black
() Maimal [max 5000 % 5000 Pixels) @ Al Colored
() User Defined
[ Ok ] [ Cancel

Figure 6.5: The Graphic Printout dialog, the Options register

7. General Functions

In this chapter are described commonly used functions from the main menu and also op-
tions for export of design results.

7.1 Cases in RF-STABILITY

You can design the structure in different stability cases. For example, you can analyze influ-
ence of axial forces from various load cases or load groups as initial prestress or without

prestress.
RF-STABILITY CAL- Linear Ste] =] @ > 4 1 The cases created in RF-STABILITY are included in the list of load cases and load groups in
LC1 - Permanent Load H g
L2 Wind 5 fvarabl] the toolbar in the RFEM work window.

LC3 - 'wind + [variable]
LG1-LFG1-1.35g+ 083wl
LG2-LFG2-1.35g+ 083 w2 Create New RF-STABILITY Case
LG3-LFG3-1.0g0+ 083wl
LG4-LFG4-1.0g+ 083 w2
B 8302

A new stability case can be created by the command from the RF-STABILITY main menu

RF-IMP CA File > New Case ...

The following dialog opens:

New RE-STABILITY -Case

Mo, Diescription

2 Plate Buckling Design CO2 E"

Figure 7.1: New RF-STABILITY Case dialog

In this dialog you need to fill in the No. (not used so far) and Description of a new case. Af-
ter closing the dialog by clicking the [OK] button, the RF-STABILITY mask 1.1 General Data is
displayed where you define new data for the stability analysis.
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Rename RF-STABILITY Case

The description of the stability case can be altered by the command from the RF-STABILITY
main menu

File - Rename Case ...

The dialog Rename RF-STABILITY Case opens.

Rename RF-STABILITY -Case

Mo
[3

Figure 7.2: Rename RF-STABILITY Case dialog

Description

| |New Stability Analysis 3

Copy RF-STABILITY Case

The input data of the current stability case can be copied by the command from the
RF-STABILITY main menu

File - Copy Case ...

The dialog Copy RF-STABILITY Case opens where you can specify the number and descrip-
tion of the new case to which the selected case is copied.

X

Copy RE-STABILITY -Case

LCopy fram Caze

| Cat - Stabilty Analysis

Mew Case

Mo
[4

Description:
| |E0py of C&1 Casze

¥

[1]:8 Cancel I

J |

Figure 7.3: Copy RF-STABILITY Case dialog

Delete RF-STABILITY Case
You can delete stability cases by the command from the RF-STABILITY main menu
File — Delete Case ...

In the Delete Cases dialog you select a certain case from the Available Cases list. This case is
deleted after clicking the [OK] button.

Delete Cases gl
Available Cazes
Mo, D escription ~
1 Stability Analysis - Linear
2 Stability Analysiz - Mon-Linear
3 Flate Buckling Design
4 Copy Jo. 3

QK l ’ Cancel

Figure 7.4: The Delete Cases dialog
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7.2 Units and Decimal Places

The units and decimal places are centrally set for RFEM and all its add-on modules. In RF-
STABILITY, you open the dialog for setting the units by the command from the main menu

Settings — Units and Decimal Places ...

The familiar RFEM dialog opens. The RF-STABILITY module is set by default here.

Units and Decimal Places - Metric * E|

Program { Module RF-STARILITY

RF-FE-LTE ~

RF-EL-FL Input and Output Deta

RF-C-TO-T Unit [ec. Places

PLATE-BUCKLING Lengths: ft v ik

RF-45D

CRAMEWAY

RF-CONCRETE Sufac | | Coefficients: 3

RF-COMCRETE Memb Shape Factars: S

RF-COMCRETE Colum

RF-FLNCH

RF-TIMBER Fra

RF-DYMAR 2007

RF-DYMAR

RF-EMD-PLATE

RF-COMMECT

RF-FRAME-JOINT 2

RF-FRAME-JOINT

RF-DSTY

RF-DOWEL

RF-HOLLOW/
iF-5TAR
RF-DEFORH
RF-0VE
RF-IMP
RF-50ILIN
RF-GLASS

Forces: Ief hd 1%

W

Ok l ’ Cancel

Figure 7.5: Dialog Units and Decimal Places

The settings can be saved as a user profile and applied in different structures as well. You
find the description of this function in Chapter 12.6.2 of the RFEM manual on page 460.

7.3 Exporting Results

The results of the stability design can be exported to other programs using different ways.

Clipboard

Selected rows in the RF-STABILITY result mask can be copied to the clipboard using the but-
tons [Ctrl]+[C] and then transferred for example to some text processor using [Ctrl]+[V].
The column headings in the mask are not exported.

Printout Report

RF-STABILITY data can be sent to the printout report (cp. Chapter 6.1, page 24) and then be
exported by the command from the main menu

File — Export to RTF File or BauText ...

This function is described in Chapter 11.1.11 on page 363 of the RFEM manual.
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Excel

RF-STABILITY includes the direct data export to MS Excel. You call up this function from the
main menu

File — Export to MS Excel ...

The following dialog for data export opens:

Export - MS Excel rz|
Tahle Parameters Application
‘with Table Header (®) Microsoft Excel

[ Only Marked Bows

Tranzfer Parameters

Export Table to Active Workbook
[VIEzport T able to Active Waorksheet

Selected Tahles
() Active Table F Expo_rt Tables with
O Al Tables el

[ Ok ] [ Cancel

Figure 7.6: Export - MS Excel dialog

As soon as you have selected the required parameters, you can start the export by clicking
the [OK] button. It is not necessary to run Excel in the background as it is automatically
started before the export.

= R = Tabellel [Kompatibilitiatsmadus] - Micrasoft Excel -8 Xx
Start | Einftigen |Seitenlayout | Farmeln | Daten | Uberpriifen | Ansicht | Entwicklertoals | Acrabat |'QJ - 2 X
[ B3 - £ 0,208
A E G D i
1 Vector Critical Magnification Message
2 No. Load Factor Factor
3 1 9,298 1,121
4 2 14,219 1,076
5] 3 20,894 1,050 2
6 [ 23,379 1,045 1
7 5 52,286 1,019
8 & 54,166 1,019
9 7 63,228 1,016
10
11
12
15
14
Th . = |
4 4 » M| 21Critical Load Factors %;I | L
Bereit | =

Figure 7.7: Results in Excel
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If a certain stability shape is to be used in the add-on module RF-IMP to generate equivalent
imperfections or an equivalent structrue with initial deformation, it is not necessary to ex-
port it. The number of the required eigenvalue and the particular RF-STABILITY case can be
directly selected in the relevant RF-IMP list.

RE-IMP - [Mast]
Eile Settings Help

[ B[ 1.1 Genera

)

|

Input Data
General Data

Zenerate Imperfections according to

() Deformation from RFEM

(%) Buckling Shape from Module RF-STABILITY

() Eigen ¥ibration from Module RF-D'YMaM 2007

Ho
12

Case:

:EA'I - Linear Stability Analysis v.

Comment

Generated Imperfection Load Case

The stability thape from RF-STABILITY iz taken over,

Type of Generation

() Imperfections of Members accarding to
DM 18300 for RFEM Table 2.13

(#) Pre-deformed Initial Structure

Maximal
Ordinate of

Pre-deformation: | 2003 ’ [rrn]

(=) Generating of pre-deformed FE mesh in
order to affect alo imperfections of
surfaces

(") Generating of pre-deformed structure by
shifting nodes anly

Options

4

‘.
W

R

Generating of
Equivalent Geometric
Imperfections and
Pra-deformed Initial
Structures

I%

Figure 7.8: Selection of the stability shape and case from RF-STABILITY in the RF-IMP module

RF-KAPPA / RF-TIMBER Pro

In the add-on modules RF-KAPPA and RF-TIMBER Pro you can directly use buckling length
coefficients from RF-STABILITY for designed members.

Select Buckling Length Coefficient

Buckling around xis y

Buckling around &xis z

O Rigid - Free O Rigid - Free
kc?.y =20 I =/ """""'ﬁ kc?.z =20 - H '-—-"w
'z ‘z < o
O Hinged - Hinged Oﬂlnged - Hinged
ory =1 ST crz=1. P — .
1. W
O Rigid - Hinged O FRiigid - Hinged
kery =07 L rr— kerz =07 . T
z ¥
O Rigid - Rigid I i O Rigid - Rigid [ i
kery =05 e erz=05 e
iy W
O User-defined - a O User-defined - -
kery = ... g orz = .. g

@ﬂmporl fram Additional Madule RF-STABILI
{Eigenvalue Analysis)

® Impant from Additional Module RF-STABILITY

[Eigervalue Analyziz]

RF-STABILITY-Caze:

RF-STABILITY -Caze:

CA1 - Stability analyzis R CA1 - Stability analysis R
Buckling Buckling
Shape Na. 28 Shape Mo 1

To Exported Buckling
Length Coefficient kery: 1.000

To Exported Buckling
Length Coefficient kerz: 1.000

[ [u]:8 ] [ Cancel

Figure 7.9: Selection of buckling length coefficients in RF-KAPPA
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8. Examples
8.1 Square Plate

In this example the critical load due to buckling of a square plate with the side length 1 m is

calculated.

000.0 kMim

Figure 8.1: FE model and load

Analytical Solution
This surface has hinged supports on all edges. Analytically, you can obtain N, by the fol-

lowing formula:
N, k. B
< 12-(1—p?)-a?

Equation 8.1

The plate is square-shaped and the length of its sides is 100 cm, hence:
k=4
a=100cm
The plate is made of steel:
E = 21000 kN/cm?
p=0.3
The surface has the thickness of 2 cm:

h=2cm
Thus the critical load due to buckling is calculated as follows:

2 3
Ny =41 2100027 g 736 KN _ 45736 KN
12-(1-0.3%)-100 cm m

Program RF-STABILITY © 2009 by Dlubal Engineering Software

31



/I
- —

Ing. Software

8 Examples

RFEM Solution

The following foundation conditions are defined for the plate in RFEM:

Dlubal

1.8 Line Supports b4
ERE @@ B[]0 E@E H K m= [ SeE® 2 L%
[ A C [ o [ & [ F [ & [ W [ T T J T K A
Suppart Reference Rotation Wall Support or Spring [kN/m? ] Rot. Restraint or Spring [kKMmdrad/m]
Mo, On Lines Mo. Spstem B[ inZ ux uy uz [y @y QF Comment
13 Global ~ a a a = a a d
2 |4 Global ] = a = a 0 0
3
[}
5 =
b
< | >
Modes [ Lines [ Materials | Sufaces | Salids [ Operings [Modal Supports | Line Supparts [ Surface Elastic Foundations [ Line Pelsases | Cross-sections | [<Tv]n

Reference system of line support ('L'ocal [ 'Global § F7 to select)

Figure 8.2: Line Supports

In addition, the point supports with low spring stiffness were defined in the nodes 2 and 3
to support the structure in the Y direction.

1.7 Nodal Supports x
El=NEELR REHEEE ¥ d FE I E@wE@m LL%
B [ Cc [ o [ e [ F [ G [ H [ v T 4 T & [ L1 T M
Suppart Suppart Ratation [*] Column Suppart ar Spring [kMN/m] Riot. Restraint or Spring [kMm/rad]
No. OnMNodes No, Sequence| about® | about' | aboutZ inZ i uy uz [ @Y [ Comment
Wz oo/ oo ool O a 0.010 a m] m] m]
v
< | 1#
Nodes | Lines | Materials | Surfaces | Solids | Openings | Nodal Supports [ Line Supparts [ Suiface Elastic Foundations [ Line Releases | Coss-sections | Member Releases | [«]rlm

List of supported nodes (e.q. '1,3,5-7)

Figure 8.3: Nodal Supports

The distance among FE mesh points is 5 cm.

The square plate is loaded by the force 1000 kN/m, as you can see in figure 8.1.
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You fill in the input mask of RF-STABILITY in this way:

RE-STABILITY - [Square Plate] X
File Settings Help

a1 - Stabiliy Analpsis 9|11 GeneralData ]

Input Data

Genersl Eigenwvalue Calculation Method
General Data S T

Humber ot Minimumn Buckling =hapes (%) Sub Space Iteration Method

[Eigenvalues) to be Calculated: .

) ICG-teration Method

[ Beduction of Stiffness by Partial k
S afety Factor v

Axial Forces Mon-linear &nalysis
Import &usial Forces from RFEM: [ Activate =
[Lo v]

[[] Consider Tension Farce Effect

RF-STABILITY

[[] Consider Axial Farces as Prestress

Stability Analysis
by Eigenvalue
Method

Commert
:
i

Figure 8.4: RF-STABILITY mask 1.1 General Data

The result of the RF-STABILITY calculation is the critical load factor 6.0455.

RE-STABILITY - [Square Plate] E|
Eile 3Settings Help

L1 - Stabilitdtzanalyze |21 Critical Load Facters ]

Irput Data | — E [ C
General Data Wector Critic:al M agnification Message
Results Mo Load Factor Factor
Critical Load Factors £.0455 11382

Eigenvectars by node
Eigenvectars by surface

Figure 8.5: RF-STABILITY mask 2.1 Critical Load Factors

The critical force is obtained from the critical load factor and the applied load:

N =6.0455-1000 KN/ m = 6045.5 kN/m

The deviation from the analytical solution thus makes approximately 0.5 %.
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RF-STABILITY calculates the following buckling shape:
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RF-STABILITY CA1 - Stakility Analysis

X
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Figure 8.6: RF-STABILITY - buckling shape
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The critical load due to buckling of a circular plate with the diameter 3 m is calculated.

300.00 cm

F1

100.000 kM/m o: -

Figure 8.7: FE model and load

Analytical Solution

The surface has hinged supports around its circumference. Analytically, the critical force N,
can be obtained via the following formula (according to [3], page 559):

3
N, =14.68- E hz
2-1—-p%)-a

Equation 8.2

The plate has the radius 150 cm, hence:
a=150cm

The plate is made of steel:
E = 21000 kN/cm?
p=0.3

The plate has the thickness of 2 cm:

h=2cm

For the critical load due to buckling then holds:

21000 - 23
12-(1-0.3%)-1502

N, =14.68-

kN
cm

kN

= 10.038 — = 1003.8 —

m
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RFEM Solution
In RFEM, the line support is locally defined for the plate.

Dlubal

1.8 Supports =
=R EE %l 3 & 3 | [ e E® 2L
v & [ C_ [ 0 [ E [ F_T & [ H T 1 _ T J T K &
Support Fieference| Ratation Wwall Support or Spring [kN AmZ] Fat. Restraint or Spring [kNm/rad/m]
Ho, On Lines Na. Swpstem Bl inZ Lix Uy Uz o gy [ Camment
Local [ ] ] o = ® ] ]
2
3
Y
E
b
(3 >
Nodes | Lines | Materials | Surfaces | Solids | Openings | Nodal Supports | Line Supparts [ Surface Elastic Foundations | Line Releases | Cross-sections | [<Tv 00
List of supported lines {e.g. '1,3,5-77
Figure 8.8: Line supports
This prevents the rotation of the plate edge. In addition, the plate is supported in the ver-
tical direction. The support in the line x-direction restrains the plate rotation around the
global axis Z.
For the FE mesh, a global target length of 5 cm was set.
The line load of 100 kN/m acts on the plate as you can see in figure 8.7.
You fill in the input mask of RF-STABILITY in this way:
RE-STABILITY - [Circular Plate] E|
File Settings Help
LA - Stability Analysis ~ E “i
Input Diata General Eigenwvalue Calculation Method
General Drata

Humber of Minimum Buckling Shapes

= Sub Space Iteration Method
[Eigenvalues] to be Calculated: ¥ @5 D

() ICG-teration Method

[F] Reduction of Stiffness by Partial
S afety Factor v

Axial Forces Mon-linear Analysis
Impoit Awial Forces from RFERM: [ Activate.. =
LC1 v

[[] Consider Tension Farce Effect

[] Consider Axial Farces as Prestress

Comment

RF-STABILITY

Stability Analysis
by Eigenvalue
Method

Figure 8.9: RF-STABILITY mask 1.1 General Data

The result of the RF-STABILITY calculation is the critical load factor 10.054.

Vector Critical M agnification
No. Load Factaor Factaor
10.054 1.110

Figure 8.10: RF-STABILITY mask 2.1 Critical Load Factors
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The critical force is obtained from the critical load factor and applied load:

N, =10.054-100 kN/m =1005.4 kN/m
The deviation from the analytical solution thus makes approximately 0.2 %.
RF-STABILITY calculates the following buckling shape:

Deformations u
RF-STABILITY CA1 - Stability Analysis

MRS

Figure 8.11: RF-STABILITY buckling shape

8.3 Tapered Cantilever

This example was adapted from [4]. In this article the failure shapes and allowable loads of
cantilevered tapered T-girders are analyzed. The calculation via the finite element method is
applied here.

This case represents the girder 1 of table 4.

.000 KMfm

0.20m

Figure 8.12: FE model and load
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The girder has the following dimensions:

Length | 2800 | mm
Web height h,,, 800 | mm
Web height h,, 200 mm
Flange width b 200 mm
Web thickness t,, 10 mm
Flange thickness t; 20| mm
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Tabulka 8.1: Geometrical data of the girder

The line load 1.0 kN/m acts on the tapered girder flange.

The elastic critical force q,, = 43.6 kN/m as the calculation result is stated in [4].

RFEM Solution

The following support conditions are defined for the restrained end of the girder:

[ZEE | E B3| = =[5 K= | FHE I S| FE L%
B [ c [ D [ E T F T 6 T H T I [ J [ K |~
Suppart Reference| Rotation wfall Support or Spring [kM Amd | Rat. Restraint or Spring [kMm./rad/m]
No. On Lines Ma. Swstemn B[] inZ U uy uz Ly @y [rd Camment
Global a = = ® T ® ]
2
3 —
d b
4 | >
[Mades [Lines | Materials [ Surlaces | Solids [ Openings |Modal Supports | Line Suppatts [ Suface Elastic Foundations [ Line Releases | Cross-sections | 14] 4 [ » [+

Reference system of line support {'L'ocal | 'Global [ F7 to select)

Figure 8.13: Girder restraint

In addition, the beam tip has a lateral support.
The required distance among the FE mesh points is 4 cm.

The line load 1 kN/m acts on the girder, as you can see in figure 8.12.
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You fill in the RF-STABILITY input mask in this way:

RE-STABILITY - [Cantilever]
File Settings Help

1 - Stakiity Analysis | BT et e s A R S RN s S

Input Data

Genersl Eigenwvalue Calculation Method
- General Data . X

Humber of Minimum Buckling Shapes — (%) Sub Space Iteration Method

[Eigenvalues] to be Calculated: ¥ =

) ICG-teration Method

[ Beduction of Stiffness by Partial
S afety Factor v

Axial Forces Mon-linear &Analysis
Import &usial Forces from RFEM: [ Activate =
] v]

[[] Consider Tension Farce Effect

L. 4
[[] Consider Axial Farces as Prestress :

Import Axial Forces from BFERM:

LC1 Stability Analysis
by Eigenvalue
Method

Comment
} o

Figure 8.14: RF-STABILITY mask 1.1 General Data

The result of the RF-STABILITY calculation is the critical load factor 41.711.

2.1 Critical Load Factors

Eritial M agnification
Load Factor Factar
41.711 1.025

Figure 8.15: RF-STABILITY mask 2.1 Critical Load Factors

The critical force is obtained from the critical load factor and applied load:
Qo =41.711-1.0=41.7 kN/m

The deviation from the solution stated in [4] thus makes approximately 4 %.

RF-STABILITY calculates the following web buckling as the governing failure mode:

T
ﬂl mmnm'ﬂn »

” L T

Figure 8.16: RF-STABILITY buckling shape

This result completely matches the result in the article [4].
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