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1. Introduction
1.1 Add-on Module RF-IMP

Many standards consider imperfections in analysis of second order effects. For this purpose,
you can select between two options: You can define equivalent loads, which is provided for
example in the standards DIN 18800 Part 2, Section 2, EN 1992-1-1:2004-12 or EN 1993-1-1:
2005-07, or you can create a pre-deformed initial structure by moving FE nodes according
to the standard provision. Add-on module RF-IMP includes both options.

Initial deformations should be determined in unfavorable direction of action. For simple
frameworks, you are able to define imperfections manually. However, this procedure is not
sufficient for more complicated structures, such as with surface and volume elements. The
rules of equivalent load calculation exist for members only. RFEM allows you to generate
imperfections in the form of equivalent structure by using the deformation mode or the
buckling mode of the structure.

You can quickly, and consequently economically, examine different cases by generating im-
perfections in RF-IMP. After that, the procedure in the most unfavorable direction is assured
according to standards. Implementation of buckling stress curves of the profiles according
to EN 1992-1-1:2004-12, EN 1993-1-1:2005-07 or DIN 18800 is very comfortable while de-
fining equivalent member structure.

If you enter a displacement and an initial curvature, RF-IMP generates imperfections in criti-
cal directions and transfers them to RFEM. Then you can find imperfections in a separate
load case and join them to a load group. By using the pre-deformed initial structure, you
implement shifted FE nodes into parameters of the load group. The advantage is that you
can determine different pre-deformed initial structures in one model while keeping the
structural input data.

You can export tables directly to MS Excel or OpenOffice.org Calc for further manipulation
or archiving.

As other add-on modules, RF-IMP is fully integrated into RFEM. This add-on module repres-
ents a product part of RFEM, not only by its visual appearance. You can comfortably gener-
ate all equivalent imperfections by using results from RFEM (deformations under load cases,
load groups and load combinations), RF-STABILITY (buckling shapes) and RF-DYNAM (eigen-
modes).

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

Your DLUBAL ENGINEERING SOFTWARE team
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1.2 RF-IMP Team

The following people were involved in the development of the RF-IMP module:

Program coordination

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

Programming
DiS. Jifi Smerak
Ing. Roman Svoboda

Program design, dialog figures and icons

Dipl.-Ing. Georg Dlubal Ing. Jan Milér
MgA. Robert Kolouch

Program supervision

Ing. Frantisek Knobloch
Ctirad Martinec

Manual, help system and translation

Dipl.-Ing. (FH) Robert Vogl Ing. Ladislav Kabrt
Ing. Dmitry Bystrov Mgr. Petra Pokorna
Jan Jerabek Dipl.-Ing. Veronika Erlebachova
Ing. Jakub Harazin Ing. Jana Sejkotova

Technical support and quality management

Dipl.-Ing. (BA) Markus Baumgartel M.Sc. Dipl.-Ing. (FH) Frank Lobisch
Dipl.-Ing. (BA) Sandy Baumgartel Dipl.-Ing. (FH) Alexander Meierhofer
Dipl.-Ing. (FH) Matthias Entenmann 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) Walter Fréhlich Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. (FH) Alexandra Lazar Dipl.-Ing. (FH) Robert Vogl|

1.3 Using the 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-IMP.

During the description of RF-IMP, we use the sequence and structure of the input and out-
put dialogs. The text of the manual shows the described buttons in square brackets, for ex-
ample [Details]. At the same time, they are pictured on the left. Additionally, the used ex-
pressions for dialog boxes, tables and menus are set in italics to clarify the explanations.

We also put into this manual the index for fast finding of some terms. If you do not find the
requested ones, please check our website www.dlubal.cz where you can go through our
FAQ pages by selecting particular criteria.
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You can choose one of the following options in RFEM to start the add-on module RF-IMP.

Main menu

Start the module by the command from the RFEM main menu

Additional Modules — Others — RF-IMP.

RFEM 4.03 - [cupola]
Additional Modules | Window Help

4E CurentModule | 4 UV G pER W EPERL IOAXSTB  EEP P
Stresses »B@%ﬁﬁﬂ?ﬂjﬁ ﬁ‘ |®| |”|"‘=’ }-9{1}?"—" .—7—- ||£v

Shape Properties »
Design - Steel 4

Design - Conerete 3

Design - Timber .3

Dynamic »

Connections »

Foundations 3

Stability 4

Towers 4 .

Others *| FT RF-DEFORM

' 3, | RF-MOVE
|3 rEame
oF
£ | RF-STAGES
abs | RF-SOILIN
£ | RF-GLASS

& | RF-SANDWICH

Figure 1.1: Main menu: Additional modules — Others — RF-IMP

Deformation Analysis
Generation of Moving Loads
Generation of Imperfections
RF-COMEI 2006 Generation of Load Groups and Load Combinations

Design of Construction Stages

Soil-5tructure Interaction Analysis
Design of Glass Surfaces

Design of Sandwich Surfaces
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You can also start the module RF-IMP in the Data navigator by selecting the folder

Additional Modules — RF-IMP.

Project Navigator

ET™ RFEM

E'@ test03s0_2* [Imperfections]

+--| ) Structural Data

] Loads

J Results

] Sections

J Prinkout Reports

] Guide Objects

=8 Additional Modules

----- T SHAPE-THIM 7 - Section Properties of Thin-walled Sections

-5l SHAPE-MASSIYE - Section Properties of Thick-walled Sections
E RF-STEEL Surfaces (2003} - General Stress Analysis For Surfaces
E RF-STEEL Surfaces - Stress Analysis for Surfaces

RF-3TEEL Members - General Stress Analysis for Steel Members
@ RF-STEEL EC3 - Steel Design according to Eurocads 3

E RF-3TEEL AI5C - Steel Design according to AISC (LRFD or ASD)
E RF-STEEL IS - Steel Design according bo IS &00

E RF-3TEEL 514 - Steel Design according to 514 263:2003

m RF-KAPPA - Buckling Analysis For Compression Members

RF-LTE - Lateral Tarsional Buckling Analysis

RF-FE-LTE - Lateral Torsional Buckling Check with Finite Members
= E RF-EL-FL - Elastic-plastic Design

= RF-C-TO-T - Limiting YWidth-Thickness Ratio Check {cft)

E PLATE-BUCKLING - FEM Plate Buckling Analysis

@ YERBAMD - Wind Bracings with Stabilisation Loads

E RF-A5D - Steel Design according bo US-Narm AISC ASD

E CRAMEWAY - Crane Girder Analysis

i RF-COMCRETE Surfaces - Reinforced Concrete Design of Surfaces
RF-COMCRETE Members - Concrete Design of Members
RF-COMCRETE Columns - Concrete Design of Columns
RF-PUMCH - Punching Shear Design of Surfaces

RF-TIMBER. Pro - Design of Timber Members

"| RF-TIMBER. - Design of Timber Members

RF-DYMAM - Dynamic Analysis (Basic, Addition I, Addition IT)

1 RF-EMD-PLATE - Connections for I-beams

-8 RF-COMMECT - Shear Connections of Steel Cross-sections

- [F RF-RAHMECK Pro - Analysis of bolted frame joints

----- 7 RF-FRAME-JOINT - Design of Bolted Haunched Knee Connections
F A-JCIMT - Light Column to Beam Connections

----- L RF-D5TY - Bolted Haunched Knee Connactions

----- %, RF-DOWEL - Design of Dowel Connection

----- & RF-HS5 - Design of Jaints with Hollow Cross-sections

----- L RF-FOUMDATION - Foundation Design

-4 ST-FUSS - Design of Colurmn Faaotings

~[Ef] RF-STABILITY - Stability Analysis

----- [T\ RF-DEFCRM - Deformation Analysis

----- 4 RF-MOVE Members - Generation of Moving Loads

IS ERF-IMP - Generation of Imperfections or Pre-deformed Initial Structures
RF-COMBI 2006 - Generating Load Groups or Load Cambinations

)

x
-

EEData _!JDispIay = Results

Figure 1.2: Data navigator: Additional Modules — RF-IMP

Program RF-IMP © 2010 Dlubal Engingeering Software
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2. Input Data

Entering the input data for generation takes place in tables. You can use helpful function
[Pick] for graphical selection of members or sets of members.

After starting RF-IMP, the navigator, which appears in a new window on the left, organizes
both dialogs. You can find a list with possibly existing generation cases above the navigator
(see chapter 4.1, page 25).

While starting RF-IMP for the first time in the RFEM program, the add-on module automati-
cally loads following input data:

e Members and sets of members

e Load cases and load combinations

Control the tables either by clicking their names in the RF-IMP navigator or by using buttons

displayed on the left margin. You can also list the dialogs forward and back by pressing the
function keys [F2] and [F3].

Click [OK] to save the input data and to close the add-on module RF-IMP or click [Cancel] to
close the add-on module without saving the data.

Program RF-IMP © 2010 Dlubal Engineering Software
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L1 - Self-vaeight

LCZ - Service load
CO7+ - Load combination
CO1- - Load combination

CaAl - Stability analysis
41 - Stability an

A2 - Stabiliy

Analysis v

Dlubal

2.1 General Data

Determine the input for generation of imperfections and the type of generation in the table
1.1 General Data.

RF-IMP - [cupola]

File Settings Help

x|

|EA2 -Mew case j 1.1 General Data
"’]DUt Data Generate inpertections according ta Type of Generation
- General Data

* Deformation from RFE M € Imperfections of Members for RFEM
Table 2.13

Load Case, LG or CO: P, 1
LCT - SEIfWEIghI j .. re-derormed Inihial racture

daximal
Ordinate of
€ Buckling Shape from Module RESTABILITY Pre-deformatior: | 20.0=1H] ]

= Eigen Vibration from Module RF-DYHARM 2000
{0 Eigen Vibration from Module RF-DYNAKM 2007

% Generating of pre-defarmed FE mesh in
order to affect also imperfections of

surfaces

€ Generating of pre-defomed structure by
shifting nodes anly

Case:

Mo
==

[Ct - Stabifty analysis =l
(e ated | fection Load C Oopti .
enerated Imperfection Load Case ptionz i engtating of
Export Created Imperfections to Generate & Govering Direction Equivalent Geometric

Imperfections in: Imperfections and

Pre-deformed Initial
Structures

{7 Bath Local Directions

LC Mo I 433

Load Case Description: LC already exists & Owenwrite

therefore: © Add

IImpErfect\on i+

Comment

=
=

Generate Details... [Eraphic: | Cancel |

2| 83|
\

Figure 2.1: Table 1.1 General Data

Generating imperfections according to

At first, select which results you want to use for generation of imperfections, resp. of pre-
deformed initial structure. You can choose one of three options.

Deformation from RFEM

Determine the load action in the list Load Case, LG or CO.

Take into account a special feature while selecting a load combination. There are two dif-
ferent results for each of x-values — maximal and minimal superposition of actions. There-
fore, you can select one of two options in the list of load combinations: CO+ (maximum)
and CO- (minimum) as shown in the picture on the left.

According to the standard DIN 18800 Part 2, el. (202), equivalent geometric imperfections
are related to the lowest buckling eigenmode. In principle, you should create a particular
load case of imperfections for each load in the critical direction with the equivalent defor-
mation mode. Generation of cases in RF-IMP (see chapter 4.1, page 25) provides you a pos-
sibility to create suitable imperfections based on different deformations.

Buckling shape from module RF-STABILITY

You can determine imperfections — according to the standard DIN 18800 Part 2, el. (202) -
by fitting them, as precisely as possible, to the lowest stability mode. However, you need
the licensed RF-STABILITY add-on module to have an access to stability modes.

Enter the number of a relevant stability mode in the list No. and select the resulting case
from RF-STABILITY in the list Case.

Program RF-IMP © 2010 Dlubal Engingeering Software
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Eigen vibration from module RF-DYNAM

You can base imperfections, resp. pre-deformed initial structure, on an eigenmode from the
add-on module for dynamic analysis. According to the license that you keep at disposal,
you can select the RF-DYNAM 2000 or the RF-DYNAM 2007 add-on module.

Specify determining case from dynamic analysis in the list Case. In the list No., enter the
number of an eigenvibration, which you want to use for the generation of imperfections.

If the add-on module RF-IMP cannot determine any imperfections because of missing re-
sults from RFEM or from modules RF-STABILITY or RF-DYNAM, it automatically calculates re-
levant deformations, stability modes or eigen vibrations during the following analysis.

Type of Generation

In principal, you can create imperfections in RF-IMP in two different ways. Select specific
options in this section to activate or to deactivate them.

Equivalent imperfections of members

According to the standard DIN 18800, it creates a load case with equivalent imperfections
of members or set of members. You can further use the load case in load groups.

If you select this option for generation, additional data is required in the table sections
Generated Imperfection Load Case and Options and in the table 1.2 Imperfections.

Pre-deformed initial structure

This option of generation transforms by scaling the standard deformations from RFEM, RF-
STABILITY or RF-DYNAM to the maximal ordinate of pre-deformation, which you determine.
There are two different options for pre-deformed initial structures, which are suitable espe-
cially for big shells:

¢ Generating of pre-deformed FE mesh

For each FE node, RF-IMP determines a deformation which is located between zero and a
maximal ordinate of pre-deformation. Before the second or the third order analysis, the FE
mesh is shaped according to the relevant RF-IMP case. For this purpose, you should select
the required RF-IMP case in a load group in RFEM. Structural data from RFEM will stay re-
tained.

i tosdooon ﬂ
LiG Mo, Load Group Description LG Factor
|_2 IWind +4 with imperfections j |1 .oa j
General Calculation Parameters
hethod of Analysis Imperfections from RF-IMP
* Lingar Static Analysis ¥ Apply Generated Imperfections

from Module RF-IMP
" Large Defarmation Analysis [Norlinear, Newton-Raphson) RFMP Case:

" Posteritical Analysis IC‘M - Buckling shape F 'l

Options for Mon-linear Analysis To use this option an RF-IMP
Case must exist.

¢ Second-Order &nalysis [Mon-linear)

¥ Consider Favorable E facts W' Reduction of Stiffness by
due ta Tension Forces Partial Factor ym

[™ Divide Results Back by
LG Factar

2| =) B ® [ o] cocs

Figure 2.2: RFEM-Dialog box Edit Load Group, tab Calculation Parameters

10
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e Generating of pre-deformed structure by shifting nodes only

Contrary to the method described above, this option implicates changes of structural data.
It moves coordinates of nodes in the RFEM-table 1.1 according to the determined deforma-
tion. Therefore, it is not necessary to apply the input data to load groups.

This option of generation can consider one mode of imperfection only, because the nodes
can be moved one time only.

Generated imperfection load case

This section is active only with selected type of generation Imperfections of members for
RFEM Table 2.13.

After generation, RF-IMP exports imperfections to the load case specified in the LC No. box.
The first available number is set by default. You can directly enter Load case description or
select it from the predefined list.

After generation, a control question appears before final transferring data to RFEM.

Options
This section is also active only with selected type of generation Imperfections of members
for RFEM Table 2.13.

You can generate imperfections in a Governing direction or in Both local directions. If you
select the first option (default setting), RF-IMP determines imperfections in one direction
only, either in the direction of the local y-coordinate or z-coordinate of the member. Result-
ing deformation, resp. deflection of an eigenmode, will be stated according to the toler-
ance (compare chapter 3.1, page 16). This predefined tolerance is also considered in the
case of generation in both local directions.

By selecting the number of an existing load case in the section Generated imperfection load
case, you activate two additional option buttons. You can select if RF-IMP Overwrites the
existing load case or if RF-IMP Adds generated equivalent imperfections to the existing load
case.

Comment

Use this box for user-defined remarks, for example to describe and interpret defined para-
meters for actual case of generation in RF-IMP.

Click [Details] to control the tolerance settings for RF-IMP. The dialog box RF-IMP - Details,
which is described later (chapter 3.1, page 16), appears.

o Diubal —
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2.2

The second table of this add-on module is available only in the case of selected Imperfec-
tions of members for RFEM Table 2.13 in the previous table 1.1.

Imperfections

The table 1.2 Imperfections is divided into two parts: upper part 1.2.1 Generate Imperfec-
tions of Members consider relevant members for generation, lower part 1.2.2 Generate Im-
perfections of Sets of Members takes into account the continuous members (groups of
members are usually unsuitable for imperfections).

Both parts of the table provide identical style of entering data. The only difference is that all
input in the table 1.2.1 refers to particular members and the parameters of the table 1.2.2
refer to sets of members. Because both parts are identical except this difference, they are
described together later in the text.

You can edit the input by standard key combinations, for example deleting an actual line by
[CTRL+Y] (compare the RFEM program manual, chapter 4.4.8).

Edit units and decimal places of lengths and loads in the main menu
Options — Units and Decimal Places (compare the chapter 4.2, page 27).

RF-IMP - [framework] 5[

File Settings Help

|CA1 - wind +x with imparfe:lwurj 1.2.1 Generate Imperfections of Members

Input Data ﬁ B [ C [0 E F [ G e
Generate of Imperfections Inclination Carnber
on Members Mo, Definition Length L [m] 1hwo [ Léwp [] fram &0 []
31,34,37.40,43 EN 1533-1-1: 200 4.200 204,939 | EM 1933-1-1 Elast 1.600
16,19,22,25,28 EN 15933-1-1: 200 4.200 204,939 | EM 1933-1-1 Elast 1.600
1.4.7.1013 EN 1993-1-1: 200 4.200 204939 | EN 1993-1-1 Elast 1.600
32735,38.41.44 EN 15331-1: 200 4.200 204,939 | EM 1933-1-1 Elast 1.600
2581114 EN 15933-1-1: 200 4.200 204,939 | EM 1933-1-1 Elast 1.600
1718 EN 19931-1: 200 £.800 240632 | EM 1933-1-1 Elast 1.600
BE-ES Manualy 4.308 200.0 1.600

General Data
15|

RS DR R R ) ) Y

EElqu.MWA z
3

o £
B [ 1] E G -
Generate Imperfections Inclination Camber
Mo on sets of members No. Definition LengthL[m]| m o[ LAvap [] from en (]
1 3 EN 1993-1-1: 200 24.000 1 300.000 | EM 1993-1-1 Elast 1.600
2 |1 EN 15331-1: 200 24000 1 300,000 | EM 1933-1-1 Elast 1.600
2 EN 15933-1-1: 200 24000 1 300,000 £1993-1-1 Elagtic 1.600
4
5
E
7
2
E] -

5| |
Generate |

[Graphic: | Cancel |

2| 8|3
|

Figure 2.3: Table 1.2 Imperfections

Generation imperfections of members or sets of members

Determine member or set of member numbers in the column A.

Please note, that you should have defined sets of members in the RFEM program to be able
to select them in the RF-IMP add-on module. The RF-IMP add-on module does not allow you
to create sets of members.

Select members or sets of members graphically in the RFEM window after clicking the [Pick
Members/Sets of Members] button. By clicking the cell in the table, you can alternatively
enable the button [...], which also runs the graphical selection.

By picking members or sets of members in the RFEM workspace, you can transfer their
numbers to the dialog box Multiple Selection. This dialog box allows you to return to RF-
IMP and to import the corresponding numbers into the add-on module.

Program RF-IMP © 2010 Dlubal Engineering Software
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DIM 18800 E-E
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DM 1052 2004-08
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Select all the members or set of members for generation by clicking the [Import All Mem-
bers] button. The members or set of members with identical parameters will be gathered in
one line.

It is not necessary to numerate the members in sets of members continuously. In addition,
the orientation of members can also differ. However, the only requirement is that the rota-
tion of all the members in a set is the same.

Inclination
Specify parameters to define inclination in the columns from B through E. You can select
one of the following options of definition:

e DIN 18800 E-E (elastic-elastic method of analysis)

e DIN 18800 E-P (elastic-plastic method of analysis)

e EN 1992-1-1: 2004-12 (Eurocode 2)

e EN 1993-1-1: 2005-07 (Eurocode 3)

e DIN 1045-1: 2001-07

e DIN 1052: 2004-08

e Manually

Definition option

In the column B, select one of the options of definition described earlier in this chapter.
Clicking the cell in the column B enables the [¥] button; use this button to select suitable
definition from the list. You can also display the list of definitions by pressing the [F7] func-
tion key.

RF-IMP automatically loads the values of an inclination 1/¢,to the column E for both op-
tions of definition according to the standards.

Length L

Length L refers to the theoretical length of an imperfect member. This length is considered
in the Equation 2.1 (see later in the text).

In the column C, the member lengths are preset, but you can edit them where appropriate.
Enable the [...] button by clicking the cell in the column C. Use it for a graphical selection of
the length in the RFEM workspace.

n

n refers to a number of self-existent imperfections of members or sets of members that
should be considered. For example, see Figure 5 in the standard DIN 18800 Part 2, Para-
graph 2.3. Generally, you can set the n value as a number of frame columns in a floor in
view of a frame plane.

1/¢o
If you select the option of definition Manually in the column B, directly enter the value of an
inclination. Both columns Length L and n are inactive for this option.

If you select one of the two options according to the standard DIN 18800, the automatic
calculation of an inclination of one-part members usually proceeds according to the equa-
tion:

o0 :%'rrrz

Equation 2.1: Inclination ¢, according to DIN 18800 Part 2, Equation (1)

This equation is based on the elastic-plastic method of analysis. Both reduction factors are
determined as follows.

Program RF-IMP © 2010 Dlubal Engingeering Software
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DIM 18200 E-F according BSC
EM 1933-1-1 Elas

EM 1933-1-1 Plastic
150
200
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300
400
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5

where | the theoretical length of a member or set of members

Equation 2.2: Reduction factor r,

Equation 2.2 is valid only for the lengths | > 5.00 m. For | < 5.00 m, the value for r, is 1.

;@ﬂ

where n: the number of the self-existent inclinations

Equation 2.3: Reduction factor r,

If you select the elastic-elastic method of analysis, the calculation proceeds the same way.
However, according to the standard DIN 18800 Part 2, el. (201), the inclination can be re-
duced by %, of its basis value (then ¢, = '/3,), because the stress design is based on the
elastic-elastic method, for example as in the add-on module RF-STEEL. It takes into account
the fact that the plastic reserve of the section is not fully used.

In RF-IMP, the reduction is preset by default, because the elastic-elastic method of analysis
represents a usual calculation method in programs from Dlubal company.

Precamber
You can Input parameters for precamber in the columns F and G. Select one of the follow-
ing options of definition:

e DIN 18800 E-E according to BSC (buckling stress curve)

e DIN 18800 E-P according to BSC

e EN 1993-1-1 elastic

e EN 1993-1-1 plastic

e Selection of a precamber L/w,

L/w,

In the column F, you can select one of the options of definition, as listed above in the text.
Enable the [¥] button by clicking the cell in the column F and use this button to select suit-
able definition from the list. You can also display the list of definitions by pressing the [F7]
function key.

The list contains usual values of a precamber according to the standards DIN 18800 and

EN 1993-1-1, including two options EN 1993-1-1 Elastic and EN 1993-1-1 Plastic. The calcu-
lation of precamber according to the buckling stress curves is described in the standard

EN 1993-1-1, chapter 5.3. For this option, you can find the values of a precamber for one-
part members in the standard EN 1993-1-1, chapter 5.3, Table 5.1.

The value of a precamber w,
BSC
Elastic analysis Plastic analysis
a, /350 L/300
a L/300 L/250
b L/250 L/200
C /200 L/150
d /150 L/100

Table 2.1: The value of a precamber according to EN 1993-1-1, chapter 5.3, Table 5.1

14
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An assignment of the buckling stress curves from a through d to the section types proceeds
according to the standard EN 1993-1-1, chapter 6.3, Table 6.2 (see following Figure 2.4):

Buckling curve
Buckling | 5235
Cross section Linuts about S 275 .
axis S 355 S 460
5420
e z R
I &1 t=< 40 mm y=3 a 3
E:_—, - z-2z b ap
~
@ = .
S = | 40mm<t<100 | © 7 b ?
= z—-2z C a
9 hi v ¥
- vy b a
= . 1< 100 mm y-y
E ~ zZ-2z c a
I |\ N "
L . . !
. -= t:> 100 mm ¥=y ¢ ¢
L b : F d c
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Figure 2.4: Selection of buckling curve for a cross-section according to EN 1993-1-1, chapter 6.3, Table 6.2

From g,

In the last column of the table, enter the value of a parameter g, which states the initial val-
ue for consideration of the precamber together with the inclination. According to the stan-
dard DIN 18800 Part 2, el. (207), the value of ¢, = 1.6 is set by default as it is the condition
of a relevant precamber. However, you can define parameters or select them by clicking the
[¥] button in the cell.

The program RFEM calculates these parameters for different members or sets of members
by the second order theory and then it compares them with the initial values. If it is neces-
sary, it also takes into account a precamber in following processes.
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3. Generating

This chapter describes the creation of imperfections by generating equivalent loads or a pre-
deformed initial structure and the following transferring of the results to the RFEM pro-
gram.

3.1 Starting Generation

Before generation, we recommend you to check the settings of tolerances in RF-IMP. Click
the [Details] button in the table 1.1 General Data. The following dialog box appears:

RF-IMP - Details x|
Tolerance of Member Imperfections

Generate imperfection if the largest ordinate

of the selected buckling shape or

deformation of the caresponding member

exceads this talerance: ed =l []

2' Qg I Cancel

Figure 3.1: Dialog box RF-IMP - Details

In the Tolerance of Member Imperfections section, set the ordinate of the selected defor-
mation mode or buckling shape that induces imperfections. Therefore, small deflections,
which are less than the defined value, are not considered in the deformation mode or the
buckling shape. No imperfections are generated for the members and the sets of members
with deflections less than the defined limit.

Set the value of the tolerance in a list that appears after clicking the [¥] button. You can
select a value from e-7 through e-9. In the list, e-7 represents rounding off to one decimal
place and selection of e-9 takes into consideration nine decimal places.

RF-IMP examines normed shifts of nodes in the deformation mode or buckling shape. Max-
imal values refer to the normed value of 1. For example, if the maximal deformation of your
structure is 10 cm, which is referring to the normed value of 1, then the normed value of
0.008 represents the deflection of 0.08 cm. If you set the tolerance to e-3 (it means the
rounding off to three decimal places: to 0.005) RF-IMP generates an equivalent imperfec-
tion for the member, because the normed value is greater than the limit. If the tolerance is
set to e-2, imperfections of the member are not taken into account, because its normed
value of deformation is less than the limit with two decimal places 0.05.

In case RF-IMP cannot generate any imperfections of members because of the tolerance set-

tings, the corresponding warning appears after clicking the [Generate] button.

RFEM
! Warning No. 242

RF-IMP analysis was unsuccessfull
T changing the Tolerance in the 'RF-IMP - Details' dialog bos.

Figure 3.2: Warning because of a too low value of a tolerance

Increase the tolerance by taking into account more decimal places, as described above.

This dialog box does not influence the generation of pre-deformed initial structures.

16
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In the both RF-IMP tables, the button [Generate] is available for data generation of a new
load case or of a pre-deformed initial structure for RFEM.

You can also start the generation in RF-IMP from the RFEM workspace. Find RF-IMP listed as
an add-on modaule in the dialog box To Calculate, analogously to a load case or a load
group. Start this dialog box from the RFEM main menu

Calculate — To Calculate.

x

It Caloulated Selected for Calculation

Program / Module | Mo [ ezcription |: Frogram / Module | Ma. Diezcription |;
RFEM Lc2 Service Load

RFEM LC3 St

RFE LE4 | Wind in -+

RFEM LCS | 'Wind in -

RFEM LCE | Imperfections in +

RFE LG1 1.35°LCT + 1.54LC2

RFEM LG2 | 1.3%°LCT +1.54LC3 il

RFEM LG2 | 'Wind + with imperfections

RFE LG4 | 1.35°LCT +1.5°LCH il

RFEM LG | 1.35°LCT +1.5%LC2 + 1.05°LC3

RFEM LGE | 1.35°LC1 +1.5°LC2 + 1.05°LC3

RFE LG7 | 1.35°LCT1 +1.5°LC2 + 1.058°LC3 i|

RFER o1 Goveming LC

RFEM coz Govem_ing LG ) ﬁl

RF-DvMAR Cal Diwnarmic Analpsis #

RF-DYMARM Ca2 Diynamic Analysis v

RF-DYMAM CAl Dynamic Analysis 2

RF-STABILITY  |CAT | Stabilty Analysis %
RE-STABILITY | CA2 | Stabilty Analysis ¥
:RF P i

1T

Ll
Ll

¥ Show Additional Modules @ @
ﬁl il Calculate Cancel

Figure 3.3: Dialog box To Calculate

If RF-IMP is missing in the list of Not Calculated cases, select the check box Show Additional
Modules.

Add selected cases from RF-IMP to the list on the right by the [»] button and start the cal-
culation by clicking the [Calculate] button.

You can also calculate a selected case of generation imperfections directly from the list in

the toolbar. Select the required case from RF-IMP and click the button [Results on/off].

Tools Table Options Additional Modules Window Help
[EE] #a RFIMPCAL-Wind =Xwithi = @ > 3 5@ 6y g gy |

B-9- THaBBY- - §EFA 1Resu|ts on_a'offkl_—lFF Y -

Figure 3.4: Direct approach to the calculation of a case of generation from RF-IMP in the RFEM program

If you create the pre-deformed initial structure with the option Generating of pre-deformed
structure by shifting nodes only based on already calculated Deformation from RFEM, a
question about deleting the results appears.

RFEM
! Question Ho. 59

Thiz action requires that all rezults inclugive
of the FE-mesh will be deleted!

Do you wizh to continue?

Figure 3.5: Question about deleting the results

Program RF-IMP © 2010 Dlubal Engingeering Software
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If you agree to continue, RF-IMP changes the original structure. Deformations which are al-
ready calculated are wrong in this case.

Depending on the structural data, the generation of imperfections or pre-deformed initial
structure takes a very short time. After a successful generation, the table 2.1 Pre-deformed
Initial Structure or Imperfections of members, sets of members or surfaces with FE mesh
points appears (see Figure 3.2 and Figure 3.4). If you create a pre-deformed initial structure
by shifting nodes, correspondent information appears.

RFEM
! E Information Ho. 495

Fre-deformed initial gtructure created succeszsfully!

Figure 3.1: Information after successful generation of a pre-deformed initial structure

The generation of imperfections or a pre-deformed initial structure is already finished. If you
have defined more cases in RF-IMP, you must proceed a generation for each RF-IMP case
separately.

If you calculate all cases at once by clicking the command
Calculate — Calculate All,

RFEM considers all its load cases and all load cases from add-on modules. Defined cases
from RF-IMP with the type of generation Imperfections of members for RFEM Table 2.13 are
also calculated. However, RFEM does not automatically import the generated imperfections
as a load case. Export them manually from the add-on module RF-IMP. Cases in RF-IMP with
the type of generation Pre-deformed initial structure are omitted in global calculation. If
they were calculated, all other results would be deleted and the calculation would be re-
jected.

18
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1 3.2 Generated Imperfections

The results output of generation differs for imperfections and for a pre-deformed initial
structure. The type of this table depends on the type of generation imperfections.

3.2.1 Equivalent imperfections
A

File Settings Help

e e i (|2:1:1 Imperfections - Members

Input Data ﬁ B C D [ E -
General Data Mo - Inclination Camber
i Imperfections 3 Members Ma. Direction 140 1] Lswa [-] from zo [-]
Results 1 35 z 204.933 oo 1.600
... Imperfections 2 |3 z 204.933 oo 1.600
EIE z 204.933 0o 1.600
4 15 z 204.933 0o 1.600
5 |8 z 204.933 oo 1.600
I A z 204.933 oo 1.600
7|7 ¥ 0.000 -200.0 1.600
g |13 ¥ 0.000 200.0 1.600 b
39 |58 z 200,000 oo 1.600
10 |59 z -200.000 oo 1.600
11 |60 z 200.000 00 1.600 hd
E [ 1] E
Inclination Camber
Ho Members Mo, Direction 10 [ Lévin [-] | from p [-]
1 100,33-35 z 0.000 250.0 1.600

QIEIEI Graphic: | Cancel
|

Figure 3.2: Table 2.1 Imperfections

After the generation, the two-part table 2.1 Imperfections appears. In both table sections,
you find particular members or sets of members with generated imperfections. A direction
of an action of inclination and a precamber are defined in a local coordinate system in the
column B.

Tension members and tension sets of members are not considered in generation of imper-
fections.

You cannot edit the generated imperfections in this table.

Click the [Graphic] button to display generated imperfections in the RFEM workspace. You

can control now, if imperfections are generated for all the members and sets of members
that are endangered by buckling.
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< RFEM 4.03 - [framework] =
P® File Edit View [Insert Caleulate Results Jools Table Options Additional Modules Window Help _mx
L293RE SR Do AT | E S| % rFvpo -wind-xwithi = @ > 3 178005 | &f 65 gy [ EER DA E,
“ Y H U hkmr O AR 96 taaAY- B BAARREOF % ® M= Lo@r=8-2
RFMP CA1 - wind +X with imperfections Panel xx

Display
Factors

Pre-deformation:

J

Member Diagrams
WPhi= 204.94 .

J

Surface Diggrams

J

L 250.00

Section Diagrams:

J

Lt 250.00 Lt 2500

Reaction Forces:

J

Tigjectories:

1Phi= 204.94 WPhi= 204.94 1Phi= 204.94

Export to LCG

i’

RF-IMP

|

<

Lt 250.00 L1 250.00 Lt 25040

=]
I

SNAP [GRID [CARTES DSNAP | GLINES [DWF Fart View Modus \ \

Figure 3.3: Graphic with generated equivalent imperfections

Click the [RF-IMP] button to return to the RF-IMP module, where you can eventually edit the
input data or start a new generation process.

3.2.2 Pre-deformed initial structure

Generating of pre-deformed FE mesh
|

File Settings Help

|CA1 = wfind + with \mpelfeclinrj

Input Data C D E G
General Data FE-Mesh Point Coordinates [m] Pre-defarmations [rm]
Eresults = b zZ 23 ¥ VE
Pre-deformed Iritial Structure 16 nnna 0080 -4.200 133 nn 1
17 4.000 0.000 -4.200 134 oo 0.0
18 2.000 0.000 -4.200 134 oo 0.1
19 0.000 E.000 4199 194 oo 01
20 4.000 E.000 -4.193 134 oo 0.0
a1 2.000 £.000 -4.193 134 oo 0.1
az 0.000 12.000 -4.193 134 oo -01
23 4.000 12.000 -4.193 199 oo 0.0
24 2.000 12.000 -4.193 134 oo 0.1
25 0.000 18.000 -4.193 133 oo -01
26 4.000 18.000 4193 134 oo 0.0 -

2 Pre-deforme | Structure - Members

B [ 1] -
Member|  Location Pre-defarmations [mnn] —
No. #[m] it ¥y v

1 0.000 oo oo oo
4.200 14949 0.0 -01
2 0.000 1449 oo 01
4200 305 0o -01
4 0.000 oo oo oo
4133 1449 oo -01
5 0.000 144 oo 01
4.200 331 oo -01
7 0.000 oo oo oo
4189 1449 oo -01

8 0.000 1494 0.0 -01 -

Graphic | Ok | Cancel |

2| 8|3
|

Figure 3.4: Table 2.1 Pre-deformed Initial Structure
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For the type of generation Generating of pre-deformed FE mesh, the two-part table 2.1
Pre-deformed initial structure appears. In both tables, you can find the original locations
and generated pre-deformations of FE mesh points for particular surfaces and members.
Displayed pre-deformations are defined in the global coordinate system XYZ.

Find a short example of creation of a pre-deformed initial structure starting from the page
23, chapter 3.4.

Generating of pre-deformed structure by shifting nodes

Before generation of pre-deformed structure by shifting nodes, information that you need
to convert plane surfaces into quadrangle surfaces appears. This is necessary for fitting the
boundary lines of surfaces to a deformation shape or a buckling mode.

. RF-IMP
1 Information Ho_ 534

The current structure includes surfaces or conic sections and in AF-IMP 'Generating
of pre-deformed structure by shifting nodes only' iz gelected,

The 'Flane' sufaces hawve to be automatically changed to 'Quadrangle’

Figure 3.5: Information about an existence of plane surfaces or conic sections

After generation, the information that is displayed in the Figure 3.1 appears. It means that
the deformation of an original structural system just proceeded. The generation is already
finished.

In a pre-deformed initial structure, the coordinates of nodes are modified. Close the RF-IMP
module by clicking the [OK] or the [Cancel] button to control the modified coordinates, for
example in the RFEM table 1.1 Nodes. Take into account that it is not possible to change
the center of members or surfaces, only the coordinates of boundary nodes are shifted.

Dlubal
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This chapter describes exporting of generated imperfections as a load case to the RFEM
program. In contrast, RF-IMP creates a pre-deformed initial structure automatically for
RFEM and provides it to load groups (compare Figure 2.2, page 10) or it modifies coordi-

nates of nodes in the RFEM table 1.1 Nodes.

You can export generated equivalent imperfections by clicking [OK] in any of the RF-IMP

tables. The following information appears.

RF-IMP

Do you want to expart the in module BF-IMP generated imperfections
to RFEM load caze LET - Imperfection in +# [table 21317

! Question No. 92

Figure 3.6: Question about data exportation of imperfections as a load case

As displayed in the Figure 3.3, you can also transfer the data in the RFEM graphical work-
space. Click the button [Export to LC...] in the panel and the same question, as described

above, appears.

Panel x

Dizplay
Factors

Pre- deformatlon

&

Member Di |agrarns

J

Surface Dlagrams

A

Section D|agrams

J

Reaction Forces

J

Trajectones:

E=port to LCE

RF-IMP

T,

e

z 4

Figure 3.7: Panel with the Export button

After exporting imperfections, you will find the transferred data in the RFEM table 2.13

Imperfections where you can edit or complete it eventually.

22
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| 3.4 Example: Pre-Deformed Initial Structure

In this example, you can follow a generation of imperfections as a pre-deformed initial
structure of a cupola structure that is modeled in the RFEM program. You should determine

the initial deformation of FE mesh using a buckling mode to take into account buckling of
surfaces.

'Q RFEM 4.03 - cupola - o x
File Edit View Insert Calculate Resuits Tools Table Options Additional Modules Window Help
DS93RER D AT EE 2 10 -sdweignt T 9> iR BERRP oA XEB BREL
S Y ¥-U-AGE-FE ARGt anBY - D  RAAREEOS Y- @7 Le@r=5-2B B2
= upola® m— Y

- = cupola =X

LG1 : Self-eight RF-STABILITY G - Stabilty analysis
Eigenvactor - u[-

Eigervector No. 1 - 415321

Max w134, Minw 0.00 -
[SNAP GRID [[CARTES DSNAP |[RLINES [OXF |
Figure 3.8: Model of a cupola and its buckling mode

In the module RF-STABILITY, stability modes are based on a self-weight of structure.
Open the RF-IMP table 1.1 General Data and enter the following input.

RF-IMP - [cupola] x|

File Settings Help

Input Data

Generate Impettections according to Type of Generstion
- General Data
¢ Detormation from RFEM ' Imperfections of Members for RFEM
Load Case, LG or CO Vb .
j % Pre-detormed Initial Structure
I aximal
Ordinate of
& Buckling Shape irom Module RF-STABILITY Pre-deformation: | 00 [mm]
€ Eigen Yibration from Module RF-0YMAM 2000 ' Generating of pre-deformed FE mesh in
€ Eigen Vibration rom Mocule RF-DYMAM 2007 Ciceriolateciibclinesitection:c
surfaces
Mo Case: ' Generating of pre-deformed stiucture by

33: IC.M - Stability amalysis j Shiligloeslonl

Genersted nperfection Load Case Options

Generating of
Export Created Imperfections to Generate & Governing Direction Equivalent Geometric
— Irmperfections i € Both Local Directions Imperfections and
LC Mo. I 43 Pre-deformed Initial
Structures
Load Caze Description: LT already exists 8 Ovenwrite
Ilmperfe:hnn 0+ j Ut € bdd
Comment

Equivalent structure based on the third buckling shape

= I

ﬁl EIEI Generate Details. [Erapfic | Cancel |
|

Figure 3.9: RF-IMP table 1.1 General Data
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The third buckling shape is set in the No. box. Enter the value of the Maximal ordinate of
pre-deformation of 50 mm, then the normed values of deformation will be summed with
the coordinates of FE nodes. Input is now complete.

Click the [Generate] button to display modified FE nodes of surfaces in the table.

RF-IMP - [cupola]

File Settings Help

|Ca1 - Buckling shape RF-5T48 = |

Input Data
- General Data
Results
- Pre-detomed Initial Structure

2.1.1 Pre-deforme: | Structure - Surfaces

x|

B C 1] E G -
Surface |FE-Mesh FE-tesh Paint Coordinates [m] Pre-deformations [mm]
Mo Faint # Y Z VK W ¥Z
1740 0.520 3434 778 an 11 -25.0
1741 1.104 -3.385 777 28 106 -238
1742 1.288 3335 7778 24 31 -20.4
1743 1472 -3.286 777 1.7 -B.E 149
1744 1.E56 3237 777 ng 36 79 —
1745 1.840 -3187 777 oo oo 0o
1746 0.208 -4.057 -7.581 1.2 4.7 -10.4
1747 0.411 -4.002 -7.581 24 a8 195
1748 0E17 3947 -7.581 az 121 268
1749 ngz2 3892 -7.581 as 142 415
1750 1.028 -3B36 -7.581 40 149 331 -

2.1.2 Pre-deformed Initial Structure - Members

B 1] -
Member | Location Pre-defoimations [mm]
o # [m] wK WY VZ —
0.000 0o oo oo
0512 -09 03 0.2
1.025 28 08 0.8
1.637 458 1.2 1.2
2043 57 1.5 1B
2562 £1 1B 1.7
3074 A7 15 1B
25687 4B 1.2 1.2
40533 28 0.7 0.8
4611 -08 0.2 0.2
5124 oo oo oo -

Graphic |

Cancel |

2| 83|
|

Figure 3.10: RF-IMP table 2.1 Pre-deformed Initial Structure

Click the [Graphic] button for a visual control of imperfections.

Create a new load group and select Apply generated imperfections in the New Load Group

dialog box, Calculation Parameters tab.

New Load Group

LG Mo, | Load Group Description

LG Factor

I 1 IDesign internal forces

General Calculation Parameters

Method of Analysis
{ Linear Static Analysis

* Second-Order Analysis [Mon-inear)

' Large Deformation Analysis [Mon-inear, Newton-R aphson)

™ Postcritical Analysis

Options for Mon-linear Analysis

¥ Corsider Favorable Effects

due to Tension Forces

™ Divide Results Back by
LG Factor

¥ Beduction of Stiffness by
Partial Factor yr

= oo A

x|

Imperfections fram RF-IMP

¥ &pply Generated Imperfections

from Module RF-MP
RFAMP Case:

IEA‘I - Buckling shape F 'l

Ta uze this optian an RFAMP

Caze must exist.

2| 5| ®| x|

[ ok ]

Cancel

Figure 3.11: Dialog box New Load Group, the tab Calculation Parameters
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This chapter finally presents other menu options and options for exporting cases of genera-
tion.

4.1 Cases of Generation with RF-IMP

You can group the parameters or members and sets of members in separated cases of gen-
eration. This way, you can apply the generation of particular cases in RF-IMP on certain

members, loads or buckling shapes. It is possible, that critical buckling shape differs in some

part of the structure. Consider separately all the possibilities in dependence on your tech-
nical background.

Be careful not to rewrite existing cases and their parameters for generation by entering a
case number that is already used, while you are defining different cases of generation.

Creating new cases in RF-IMP
Create a new case of generation by clicking the command in the RF-IMP menu
File - New Case.

The following dialog box appears.

New RF-IMP-Case x|

Mo Description

|2 IWind +# with imperfections j

ﬁl (]S I Cancel |

Figure 4.1: Dialog box New RF-IMP-Case

Enter an unassigned number to the No. box and type a Description of a new case of gener-
ation. By pressing [OK], display the table 1.1 General Data in RF-IMP for definition of new
parameters.

Renaming RF-IMP cases
Edit the name of a case of generation by clicking the command in the RF-IMP menu
File > Rename Case.

The Rename RF-IMP-Case dialog box appears.

Rename RF-IMP-Case x|

Mo, Dregcription

|2 INew dezcription j

ﬁl ak. I Cancel |

Figure 4.2: Dialog box Rename RF-IMP-Case

Dlubal
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You can copy input data of an actual case of generation by clicking the command in the RF-

IMP menu

File — Copy Case.

The dialog box Copy RF-IMP-Case appears. Specify the No. and the Description of a new

case.

Copy RF-IMP-Case

Copy from Caze

Il:.t’-‘-.2 -Mew cagze j
MHew Cagze

Mo Drescription:

|3 IEopy of the case 2 j

il ak. I Cancel |

Figure 4.3: Dialog box Copy RF-IMP-Case

Deleting RF-IMP cases

You can delete a case of generation by clicking the command in the RF-IMP menu

File —» Delete Case.

Select the case of generation in the list of Available Cases in the dialog box Delete Cases

and press [OK] to delete it.

Delete Cases x|

Awailable Cazes

Mo, Drescription | =
1 Buckling shape RF-STABILITY
2 Mew caze

Copy of the ca

Ll

ﬁl ok I Cancel |

Figure 4.4: Dialog box Delete Cases
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4.2 Units and Decimal Places

Manage units and decimal places in one global dialog box for RFEM and all add-on mod-
ules. Display this dialog box to control the units in RF-IMP by clicking the command

Settings — Units and Decimal Places.

The dialog box, already known from RFEM, appears, and the module RF-IMP is already se-
lected.

Units and Decimal Places - Metric x|

Pragram f Module RF-IMP |

- RF-KAPP& -

- RF-LTE Input/Output Data

- RF-FE-LTE Unit Dec. Places
~RFELPL Lengths: 3::’
- RF-C-TO-T 'I:‘I
- PLATE-BUCKLING =
- RF-45D

- CRAMEWAY

- RF-COMCRETE Surfac
- RF-COMCRETE Membn
- RF-COMCRETE Colurm
- RF-PUNCH

- RF-TIMBER Pra

- RF-TIMBER

- RF-DYNAM

- RF-END-PLATE

- RF-CONMECT

- RF-RAHMECK. Pro

- RF-FR&ME-JOINT

- RF-DSTY

- RF-DOWEL

- RF-HSS

- RF-STABILITY

- RF-DEFORM

- RF-MOVE Members

RF-S0ILIN =l

2| | 2|&| =] ok | conce

Lelle

Pre-defarmations | mm

Figure 4.5: Dialog box Units and Decimal Places

You can save the parameters as your profile and reuse it for other structures. Find further
description of these functions in the RFEM manual, chapter 12.6.2.

4.3 Exporting Data

Data from generated equivalent imperfections is exported directly to the main RFEM pro-
gram by creation of a new load case of imperfections. Eventually, it is possible to edit or
complete the load case. For detailed description of transferring equivalent loads to RFEM
see chapter 3.3, page 22. With some restrictions, you can also provide data directly from
RF-IMP to other programs.

Clipboard

You can copy selected cells from the tables 1.2 Imperfections and 2.1 Pre-deformed Initial
Structure or Imperfections by pressing the key combination [CTRL+C] and insert it by press-
ing [CTRL+V], for example into one of the text editors. Column headings are not taken into
account.

o Diubal —
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You cannot directly add data from RF-IMP in the printout report. However, you can directly
export imperfections as created RFEM load cases from the printout report by the command

File — Export to RTF File or BauText.

Find a description of this function in the RFEM manual, chapter 11.1.11.

MS Excel / OpenOffice

You can directly export data from RF-IMP to MS Excel or OpenOffice.org Calc. Use this func-

tion by clicking the command

File - Export Tables.

The following dialog for exporting appears.

Extport - M5 Excel x|

Table Parameters Application

[¥ ‘with Table Header
[~ Only Marked Rows

& Microzoft Excel
' OpenOffice.org Calc

Tranzfer Parameters

¥ Export Table to &ctive Workboak,
[T Export Table ta Active Wk sheet
¥ Fewrite E xisting Workshest

Selected Tables

™ Active Table ™ Export Tables with
@ Al Tables Details

¥ Input Tables
¥ Result Tables

ﬁl ak I Cahczel

Figure 4.6: Dialog box Export - MS Excel

In accordance with a conception, only the tables 1.2 Imperfections and 2.1 Pre-deformed
Initial Structure or Imperfections are considered for exporting. Press [OK] to start exporting
data. MS Excel starts automatically, its running in the background is not necessary.
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Figure 4.7: Result of exporting data to MS Excel
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