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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, as provided for example
in the standards EN 1993-1-1, clause 5.3. Alternatively, you can perform the analysis on an
equivalent model whose FE and system nodes are displaced according to the standard. Both
options are provided in the RFEM add-on module RF-IMP.

The pre-deformations have to be applied in the most unfavorable directions of action. For small
structural systems, this method may be still manageable so that imperfections can be defined
manually. For large systems with surface and solid elements, this approach has its limits, be-
cause the rules for the calculation of equivalent loads exist only for member elements. RF-IMP
is able to generate the governing imperfections for RFEM, based on deformations, buckling
shapes, or eigenvibrations in the form of equivalent models.

RF-IMP allows you to analyze different RF-IMP cases for imperfections quickly and efficiently.
This guarantees the standard-conforming application in the most unfavorable directions.
Moreover, the implementation of the cross-sectional buckling curves according to Eurocode 3
proves to be a useful feature.

You need to specify only a few things in the two input windows of RF-IMP. From these specifi-
cations, the module generates the imperfections in the governing direction. Before the gener-
ated imperfections are exported to RFEM, you can graphically check them at the RFEM model.
Normally, the equivalent imperfections are defined in a separate imperfection load case, which
can then be added in a load combination accordingly. If you generate a pre-defined initial
model, the shifted FE nodes can be applied as parameters for the calculation of a load combi-
nation. This has the advantage that the model data is not changed. Thus, you can consider dif-
ferent pre-deformed initial models in one RFEM model.

You can export the RF-IMP tables directly to MS Excel or OpenOffice.org Calc for further use or
storage.

Like other add-on modules, RF-IMP is completely integrated in the main program RFEM. It is al-
so possible to generate all equivalent imperfections quickly and comfortably by accessing the
results from RFEM (deformations of load cases, load combinations, and result combinations),
RF-STABILITY (buckling modes), and RF-DYNAM (eigenmodes).

We hope you will enjoy working with RF-IMP.

Your DLUBAL Team
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1.2  RF-IMP Team

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

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

Programming
DiS. JiFi Smeréak

Program design, dialog figures, and icons
MgA. Robert Kolouch Ing. Jan MiléF

Program supervision
Ing. Frantisek Knobloch M.Eng. Dipl.-Ing. (BA) Andreas Niemeier

Localization, manual

Ing. Fabio Borriello Eng.c Nilton Lopes

Ing. Dmitry Bystrov Ing. Téc. Ind. José Martinez
Eng.c Rafael Duarte MA Translation Anton Mitleider
Ing. Jana Dunikova Dipl.-U. Gundel Pietzcker

Ing. Lara Freyer Mgr. Petra Pokornd

Alessandra Grosso Ing. Michaela Prokopova

Bc. Chelsea Jennings Ing. Marcela Svitdkova

Ing. Ladislav Kabrt Dipl.-Ing. (FH) Robert Vogl

Ing. Aleksandra Kociotek Ing. Marcin Wardyn

Ing. Roberto Lombino

Technical support and quality management

M.Eng. Cosme Asseya Dipl.-Ing. (FH) Bastian Kuhn

Dipl.-Ing. (BA) Markus Baumgartel Dipl.-Ing. (FH) Ulrich Lex

Dipl.-Ing. Moritz Bertram Dipl.-Ing. (BA) Sandy Matula

Dipl.-Ing. (FH) Steffen Clauf3 Dipl.-Ing. (FH) Alexander Meierhofer
Dipl.-Ing. Frank Faulstich M.Eng. Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. (FH) René Flori M.Eng. M.Eng. Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) Stefan Frenzel M.Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) Walter Frohlich Dipl.-Ing. (FH) Robert Vogl

1.3 Using the Manual

Topics like installation, graphical user interface, results evaluation, and printout report are
described in detail in the RFEM manual The present manual focuses on typical features of the
RF-IMP add-on module.

The manual follows the sequence and structure of the module's input and results windows.
The text shows the described buttons in square brackets, for example [Import All Members].
In addition, they are pictured on the left. The Expressions appearing in dialog boxes, tables,
and menus are set in jtalics to clarify the explanations.

At the end of the manual, you find the index. However, if you still cannot find what you are
looking for, please check our website www.dlubal.com where you can go through our compre-
hensive FAQ pages by selecting particular criteria.
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| 1.4 Open the Add-on Module RF-IMP

RFEM provides the following options to start the add-on module RF-IMP.

Menu
You can start the add-on module by using the command from the RFEM menu
Add-on Modules — Others — RF-IMP.

Add-on Modules | Window  Help
‘E Current Module > 2 }_|Q.|ﬂ| &t 'ga B3 ot -¢1- @ $|‘ﬁ||§i’ J‘E' oa
Design - Steel 3 Qﬁr_‘f ﬁ'ﬁnmv%- B-ifT= Lo
Design - Concrete 3
Design - Timber 3
Design - Aluminium »
Dynamic 3
Connections 4
Foundations »
Stability 3
Towers »
Others k| [T | RF-DEFORM Deformation and deflection analysis
External Modules N B | RF-MOVE Generation of moving loads
E«a RF-IMP Generation of imperfections
SRR O EILE ' ":,; RF-STAGES Analysis of construction stages
Lz | RF-LOAD-HISTORY Simulation of load history
RF-INFLUENCE Generation of influence lines and surfaces

Figure 1.1: Menu: Add-on Modules — Others — RF-IMP

Navigator

You can also start RFIMP from the Data navigator by clicking the item

Add-on Modules — RF-IMP.

Project Mavigator - Data X

E™ RFEM
2-4¥) Cantilever*

- Model Data

-] Load Cases and Combinations
@) Loads

..... | Results

..... |J Sections

----- |_J Average Regions

----- | Printout Reports

- ) Guide Objects

=18 Add-on Modules

El

»

m

3 Favorites

£ RF-STEEL EC3 - Design of steel members according to Eurocode 3
RF-STEEL AISC - Design of steel members according to AISC (LRFD or ASD)
@] RF-FE-LTB - Lateral-torsional buckling analysis by FEM

B RF-TIMBER Pro - Design of timber members

%] RF-STABILITY - Stability analysis

®

7| RF-GLASS - Design of glass surfaces

E RF-STEEL Surfaces - General stress analysis of steel surfaces

RF-STEEL Members - General stress analysis of steel members
RF-STEEL 1S - Design of steel members according to 1S

-.[8 RF-STEEL SIA - Design of steel members according to SI4

RF-STEEL BS - Design of steel members according to BS

< | T | [

ﬂData g Display _ﬂ\u’iews

Figure 1.2: Data navigator: Add-on Modules — RF-IMP
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2. InputData

When you open the add-on module, a new window appears. On the left, you see a navigator
containing all available module windows. Above the navigator, there is a drop-down list with
the RF-IMP cases (see chapter 4.1, page 24).

The data relevant for the imperfections is to be defined in two input windows. When you open
RF-IMP for the first time, the following parameters are automatically imported:

e Members and sets of members
e Load cases, load combinations, and result combinations
To go to a module window, click the respective entry in the navigator. To select the previous

or next window, use the buttons shown on the left. You can also use the function keys [F2] and
[F3] to browse through the module windows.

To save the results, click [OK]. Thus, you exit RF-IMP and return to the main program. To exit
the module without saving the input data, click [Cancel].
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LF1 - Self-weight -

LC2 - Snow

LC3 - Windin X

LC4 -Windin Y

Co1-1.35LC1

CO2-1.35*LC1 + 1 BLC2

CO3- 1.35°LE7 + 1 5402 + D.F°LLC3
CO04-1.35°LC1 +1.54.C2 + 0.9°LCA

COS- 1.35°LC1 + 1.5LC3

COB- 1.35LC1 + 1.5+LC4

CO7-1.35°LC1 + 0.75°LC2 +1.5°LC3

CO8- 1.35°LC1 + 0.75°LC2 +1.5°LC4
RC1+- LS - [STR/GEQ] - Permanent # trar
RC1--ULS - [(STRAGEQ) - Permanent / tran

Ca2 - Stability analysis = -
CA1 - Stability analysiz £

ility i

CA3 - Stability analysis ¥

2.1 General Data

In the 1.1 General Data window, you define the basic data for the generation of imperfections
as well as the type of generation.

RF-IMP - [Cantilever]

==

File Settings Help
Cal

Input

~ | 11 General Data

Data

Generate Imperfections According to
heral Data

Type of Generation

@ Deformation from RFERM
Load Case, CO or RC:
LC1 - Imposed load

Imperfections of members for RFEM
Table 313

@) Pre-deformed initial model

Marimum ordinate of

50.0 5
pre-defarmation;

|| [mm]
Buckling shape fram module RF-STABILITY

Eigen wibration from module RF-DY Nk

@ Generate pre-deformed FE mezh in order to
also affect imperfections of surtaces

Generate pre-deformed madel by shifting

21 | Cal - Dynamic analysis nodes anly

RF-IMP

Generated Imperfection Load Case

Options

Generation of
Equivalent Geometric
Imperfections

9) Governing direction
Both local diections

Imperfektion in +2 9) Overwrite and Pre-deformed
Add Initial Structures
I —
@ @B [ Gererme | [ st | Graphics  Cacel ]

Figure 2.1: Window 1.1 General Data

Generate Imperfections According to

First, you have to decide which results you want to use as a basis for generating imperfections
or the pre-deformed initial model. There are three options in this dialog box section.

Deformation from RFEM

You can select the governing load in the Load Case, CO or RC list.

For result combinations, there are two result values at every x-location: the minimum and max-
imum of the superimposed values. For this reason, the list provides two entries for one result
combination: RC+ (maximum) and RC- (minimum), as shown in the picture.

EN 1993-1-1 clause 5.3.2 (1) requires setting the equivalent geometric imperfections affine
with the lowest buckling mode. Consequently, it would be necessary to create a separate im-
perfection load case for each loading in a distinct direction with a corresponding deformation.
The RF-IMP cases (see chapter 4.1, page 24) offer you the possibility to generate imperfections
taking into account different directions of deformation.

Buckling shape from module RF-STABILITY

Imperfections can be generated in such a way that they conform as much as possible to the
deformation that belongs to the lowest buckling eigenvalue. To use the buckling mode, you
must have a RF-STABILITY license.

In the No. list, you can select the number of the relevant buckling mode. In the Case list, you
select the governing generated case from RF-STABILITY.
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Eigen vibration from module RF-DYNAM

L = The imperfections or the pre-deformed initial model can also be based on an eigenmode that
P has been determined by the add-on module RF-DYNAM. To use the eigenvibrations, you need
a license for the module RF-DYNAM Basis.

In the Case list, you define the governing RF-DYNAM analysis case. The eigenvibration used to
generate the imperfections can be set in the No. input field.

g If there are no results from RFEM, RF-STABILITY, or RF-DYNAM available, RF-IMP automatically
determines the relevant deformations, buckling and plate-buckling modes, or eigenvibrations
during the generation of the imperfections.

Type of Generation

The imperfections can be generated in two completely different ways. Depending on the se-
lection, certain parts in this dialog box are activated in the 1.1 General Data window.
Equivalent imperfections of members for RFEM table 3.13

The program creates a load case with equivalent imperfections in accordance with Eurocode
or DIN 18800, for members or sets of members. This load case can then be considered in a load
combination.

If you select this type of generation, further specifications are required in the dialog box sec-
tions Generated Imperfection Load Case and Options as well as in the 1.2 Imperfections window.
Pre-deformed initial model

If you select this generation option, the program scales the normalized deformations from
RFEM, RF-STABILITY, or RF-DYNAM to the Maximum ordinate of pre-deformation that you speci-
fy in the input field. No further specifications are required. There are two options for selection:

¢ Generate pre-deformed FE mesh

For every FE node, the program determines a pre-deformation that lies between the maxi-
mum ordinate. In the calculation parameters of RFEM, you can assign an RF-IMP case (see
chapter 3.3.2, page 22). If you calculate this load combination according to second-order
analysis or large deformation analysis, the FE mesh is deformed according to the RF-IMP
case. The model data from RFEM (nodal coordinates) remains unchanged.

o Generate pre-deformed model by shifting nodes

The nodal coordinates in the RFEM table 1.1 are shifted according to the specified defor-
mation. For this type of generation, only a single imperfection mode can be considered:
The nodes can be displaced only a single time.

Pre-deformed initial models are particularly well suited for surface and shell models.

Generated Imperfection Load Case

This dialog box section is available only for the Imperfections of members generation type.

The LC No. determines which imperfections are exported after the generation. The first free
load case number is preset. You can enter the Load case description directly or select in from
the list.

If you export the load case to RFEM, an according query appears (see chapter 3.3, page 21).
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Options
This dialog box section is available only for the Imperfections of members generation type.

The imperfections can be generated in the Governing direction or in Both local directions. If you
select the first option (default), RF-IMP applies the imperfection only in one direction, that is,

either in the direction of the local member axis y or z. The tolerance (see chapter 3.1, page 15)
determines from which point on a deformation or deflection of an eigenmode is "governing".

Click [Details] to check the defined tolerances that are also valid in the generation of both local
directions.

If the number of an already existing load case is specified in the Generated Imperfection Load
Case section, two additional options become available. Use them to decide if you want RF-IMP
to Overwrite the already existing load case or Add the generated equivalent imperfections to
the existing loads.

Comment

This input field is available for a user-defined comment, for example to describe the parameters
used in the current RF-IMP case.

2.2 Imperfections

The second window appears if you specify the Imperfections of members for RFEM Table 3.4 in
the 1.1 General Data window.

The window consists of two tables: The 1.2.1 Generate Imperfections of Members table manages
the members relevant for generation, while the 1.2.2 Generate Imperfections of Sets of Members
table lists the sets of members to be considered (groups of members cannot be used for im-
perfections).

RF-IMP - [Example 5] [
File Settings Help
[CA] v] 1.2.1 Generate Imperfections of Members
Iput Data B [ C TpoJ[ € ] E T
Generate Imperfections Inclination Precamber
i General Data
A —— Na. on Members No Definition length Lm]| n /90 Liwa[] from 2o []
1 1,6,10,17.18.25,26,33,34.41.42.4550 | EN 1333-1-1: 2005 6.000| 1 24 EN 1353-1-1 Plast 0.000
2 |755658 EN 1993-1-1: 2005 7000 1 264 EN 1393-1-1 Plast 0.000
3 |87 EN 1993-1-1: 2005 8.000| 1 282 843 | EN 1993-1-1 Plast 0.000 | _
[ RS ] Manualy 5000 1 2000 0.000]
5
6
7
8
9 -
=
|L.2.2 Generate Imperfections of Sets of Members |
A B [ ¢ [o[ e 1 F [ G |-
Generate Imperfections Inclination Precamber
Na on Sets of Members No Definttion LengthL[m]| m Liwo [ from =0 []
1 |7 EN 1993-1-1: 2005 19886 1 250 0.000
2 EN 1933-1-1: 2005 19.505 1 250 0.000
3 =
n £
5
3
7
8
9 -
List of members for which imperfections should be generated

Figure 2.2: Window 1.2 Imperfections
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Both tables offer the same input options. The specifications in window 1.2.1 apply to individual
members, in window 1.2.2 to sets of members. For this reason, they are described in this chap-
ter together.

You can edit the specifications by using the common keyboard functions. For example, you
can delete the active table row (where the cursor is placed) by pressing [Ctrl]+[Y] (see RFEM
manual, chapter 3.4.8) The context menu, which you open by right-clicking in a row, also pro-
vides important edit functions (see figure on the left).

To adjust the units and decimal places of lengths and loads, select Units and Decimal Places on
the Settings menu (see chapter 4.2, page 26).

Imperfections of members / sets of members

In column A, you enter the numbers of the relevant members or sets of members.

Please note that sets of members must already be defined in RFEM in order to select them in
the add-on module RF-IMP. It is not possible to create new sets of members in RF-IMP.

Clicking [~\] allows you to select the members and sets of members graphically in the RFEM
work window. Alternatively, click in the input field to activate the [...] button (see Figure 2.2),
which also allows you to go to the RFEM graphic window.

By clicking the members or sets of members in the RFEM work window, you import their num-
bers in the Multiple Selection dialog box. If you have selected the wrong member, you can re-
move it from the list by clicking the selected member again. On [OK], you import the numbers
of the selected objects and return to RF-IMP.

Clicking [Import All] selects all members or sets of members for the generation and imports
their numbers and lengths in the tables.

For sets of members, numbering and directions of the contained members are of no impor-
tance. However, it is important that all members in the set have the same member rotation.

Inclination
In table columns B through E, you specify the parameters for the inclination. The following
definition types are available (see also picture on the left):

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

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

e EN1992-1-1:2004-12 (Eurocode 2)

e EN1993-1-1:2005-07 (Eurocode 3)

e DIN 10445-1:2001-07

e DIN 1052: 2004-08

e Manually

Definition
In column B, you can select one of the standards mentioned above. Click into the input field to

activate the [¥] button. Use this button to select the relevant setting from the list. You can also
press [F7] to open the list.

In the Eurocode and the DINstandards, the value of the inclination 1/go is entered
automatically in column E.

LengthL

The length L represents the system length of the imperfect member. This is taken into account
in Equation 2.2 (see below).

In column C, the member lengths are preset. You can adjust them, if necessary. Clicking in the
input fields allows you to select the members and sets of member graphically determine the
length.

I Program RF-IMP © 2013 Dlubal Software GmbH
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norm

n or m represent the number of causes (columns), which are independent from one another,
and which must be taken into account for the inclinations of members and sets of members.
This is illustrated by Figure 5.2 in EN 1993-1-1, clause 5.3.2. Generally, for n you may set the
number of frame posts per floor in the considered frame plane.

1/po or ¢
If you select the definition type Manually in column B, you can enter the value of the inclination
directly. In this case, the columns for Length L and n are unavailable.

If the inclination (sway) is determined automatically according to one of the two definition
types for DIN 18800, it is normally determined for single members (non-built-up members) as
follows:

Equation 2.1: Inclination o according to DIN 18800 part 2, Eq. (1)

This method is based on the analysis method elastic-plastic. The two reductions factors r; and
r, are determined as follows.

5
nh= E

where L: System length of the member or set of members

Equation 2.2: Reduction factor ry

Equation 2.2 applies only to lengths > 5.00 m. For | < 5.00 m, r1 is set to one.

r—l-1+l
272 n

where n: Number of causes for inclinations independent from one another

Equation 2.3: Reduction factor r,

If you select the elastic-elastic method, the inclinations will be determined according to the
same principle. However, because the stress analysis is performed based on the elastic-elastic
method, like for example in the module RF-STEEL, the inclination may be reduced according to
DIN 18800 part 2, to %/; of the basic value (that is @o = '/300). In this way, the fact is taken into ac-
count that the plastic reserve of the cross-section is not used.

Precamber L/w,

In the table columns F and G, you define the parameters for the precamber. The following
types of definition according to Eurocode and DIN 18800 are available: Click into the input
field to activate the [¥] button. Use this button to select the relevant setting from the drop-
down list. You can also press [F7] to open the list.

The list contains the precamber's values commonly used in accordance with the standards as
well as two options for EN 1993-1-1 and DIN 18800 according BC (buckling curve), respectively.
The precambers according to the buckling curve are described in DIN 18800 part 2, clause 2.2.
In EN1993-1-1, the precamber is determined according to clause 5.3.2(3), Table 5.1, also de-
pending on the buckling curve of the cross-section.

12
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. Precamber eoq /L Precamber eoq /L
Buckling curve . R . .
elastic analysis plastic analysis
ao 1/350 1/300
a 1/300 1/250
b 1/250 1/200
C 1/200 1/150
d 1/150 1/100

EN 1993-1-1, Table 6.2.

Table 2.1: Recommended values of precamber eo /L according to EN 1993-1-1, Table 5.1

The buckling curves ao through d are assigned to the types of sections in accordance with

Buckling curve
Buckling [ 57235
Cross sechion Limits about | 5275
axis <355 5460
S 420
e 540mm -y 2 %
k. z-z b a
A
z Z| 4omm<y<io0 | ¥F b 2
= z—-z ¢ a
£
2 . ¥-¥ b a
= ol f< 100 mm z-z ¢ a
= —
pY |
: £ A
z = | t>100 mm y-y d ¢
L By J z-z d c
- : .| =ty 'E!E' 3 te = 40 mm y=y b b
3 E i Z—-Z [ C
35|V f-——y v ———y
X i i . ¥=¥ c c
B ‘—iz—' '—:!Z:r' te= 40 mm Z—-Z d d
_— hot finished any a an
232 o
=3
T3
cold formed any c c
z | t;
[ ) generally (except as i
g i below) any b o
2= elow
3= hl vy - .
= oo .
=3 ty thick welds: a = 0,5t
= [ —| bfe < 30 any [ C
] Z b | ity <30
- E
c .2
=5
=3 any c c
-]
=g
] T — - any b b

Figure 2.3: Assignment of cross-sections to buckling curves according to EN 1993-1-1, Table 6.2.

Dlubal
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from g

In the final table column, you specify the value of the member characteristic € from which the
precamber should be taken into account in addition to the inclination. According to DIN 18800
part 2, El. (207), the precamber is relevant starting from a member characteristic of g0 = 1.6. In
EN 1993-1-1 clause 5.3.2(6), this is regulated in dependence of the slenderness ratio % . User-
defined specifications are also possible. Furthermore, you can click [¥] in the input field to se-
lect the appropriate value.

The member characteristics (initial values for consideration of precamber and inclination) of
the members and sets of members are determined by second-order analysis. If they are great-
er than the values ¢ specified in column G, then the precambers are considered in the genera-
tion of the imperfections.

14
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3. Generation

This chapter describes how imperfections are generated as equivalent lateral loads or pre-
deformed initial models, and how the results are made available for RFEM.

3.1 Start the Generation

Before you start the generation of equivalent imperfections, it is recommended to check the
tolerance specifications for RF-IMP. Clicking [Details] in the 1.1 General Data window opens the
following dialog box:

RF-IMP - Details e

Tolerance of Member Imperfections

Generate imperfection if the largest ordinate

of the zelected buckling shape or

deformation of the coresponding member

exceeds this tolerance: 3 [

@I [ (] 8 ] | Cancel

" 4

Figure 3.1: Dialog box RF-IMP - Details

The dialog box does not affect the generation of pre-deformed initial models.

The Tolerance allows you to specify the ordinate of the selected deformation or buckling mode
from which imperfections will be generated: Very small amplitudes in the deformation or
buckling shape are not taken into account if they are below the value given in the dialog box.
Thus, RF-IMP will not apply any imperfections to members or sets of members with ordinates
below this tolerance.

To specify the value of the tolerance, use the [¥] button to select it from the drop-down list.
You can choose from the values e-1 through e-9. The value e-1 represents the rounding to one
decimal place. If you select e-9, the program considers nine decimal places.

RF-IMP analyzes the scaled nodal values of the deformation or buckling shape. The maximum
values are scaled to '1.' Thus, if the maximum deformation of a model is 10 cm, thus corre-
sponding to the scaled value 1, a deflection of 0.08 cm would result in a scaled value of 0.008.
If the tolerance is e-3 (that is, has a rounding limit of three decimal places: 0.005), RF-IMP would
apply an equivalent imperfection for this member because the scaled value is above the
threshold. If the tolerance is e-2, the program would not take into account the imperfection for
this member because its scaled deformation is smaller than the tolerance of 0.05 with two dec-
imal places.

If RF-IMP cannot generate any member imperfections due to the specified tolerance, the pro-
gram shows the following message.

RFEMG4
Warning No. 242

RF-IMP analyziz was unsuccessful
Ty changing the tolerance in the 'RF-MP - Details' dialog bos.

ik

Figure 3.2: Warning if tolerance is too small

As described above, you can increase the Tolerance by defining several decimal places.

I Program RF-IMP © 2013 Dlubal Software GmbH
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The [Generate] button is available in both RF-IMP input windows. Clicking it starts the genera-
tion of the load case data or the pre-deformed initial model for RFEM.

You can also start the generation in the RFEM user interface. The To Calculate dialog box (menu
Calculate — To Calculate) lists the RF-IMP cases as well as load cases and load combinations.

To Calculate @

Load Cases / Combinations / Module Cases | Result Tables

Not Calculated Selected for Calculation
=
- No Description

No Description
C0258 | 1.35°LC1 +LC13 CA1  |RF-IMP - Direction +X
C0O259 | 1.35°LCT + LC14
C0260 | 1.35°LCT + LC15
CO261 | 1.357.C1+1C16
C0262 [1.351C1 + 1.5LC9 = LC15
C0263 |1.35°LCT + LC13
CO264 | 1357C1+1C14
C0265 | 1.35°LCT + LC15
C0266 | 1.35°LCT + LC16
CO267 | 135°LC1 +1.5°LC10 = LC15
CO268 | 1.35°LCT +LC13
C0O263 | 1.35°LCT + LC14
CO270 | 1.357.C1 +LC15
C0271 | 1.35°LCT + LC18
C0272 [1.35°LC1 + 1.5°LC11 + LC16
C0273 | 1357.C1+1C13
C0274 | 1.35°LCT + LC14
C0275 | 1.35°LC1 + LC15
C0276 | 1.357.C1 +LC16
C0277 | 1.35°LC1 + 1.5°LC12 + LC1E
RC1 ULS (STRAGED) - Permanent / transient - Eq. 6.10

CAl RF-STEEL EC3 - Design of steel members according to Eurocor
CAZ RF-IMP - Direction -Y'

B

B

L<|

B .

Al -

Figure 3.3: Dialog box To Calculate
If the RF-IMP cases are missing in the Not Calculated list, select All or Add-on Modules in the
drop-down list at the end of the section.

To transfer the selected RF-IMP cases to the list on the right, click [»]. Clicking [OK] starts the
calculation.

To compute a design case directly, you can also use the list in the RFEM toolbar: Select the
relevant RF-IMP case in the list, and then click [Show Results].

Options  Add-on Modules  Window  Help

[ElIEE]|| #a RFIMPCAL-Direction ¥ ~ @ > @ 1" | &R\ | 6y i g | B 2
- HAAODS RAE - f.vh ™

Figure 3.4: Direct calculation of an RF-IMP case in RFEM

After the successful generation, the 2.1 Imperfections window showing the imperfections of
members and sets of members (see Figure 3.7) resp. the 2.1 Pre-deformed Initial Model window
(see Figure 3.10) showing the shifted FE nodes appears.

16
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After you generate the pre-deformed initial model by shifting the RFEM nodes, the following
message usually appears:

- ™y

4% RFIMP
'-0-' Information No. 534

The cument model includes sufaces or conic sections and in RF-IMP ‘Generation
of pre-deformed model by shifting nodes only’ iz selected.

The "Plane’ sufaces will be automatically changed to ‘Quadrangle”.

" "

Figure 3.5: Message for plane surfaces in model

The plane surfaces must be changed to quadrangle surfaces so that the boundary lines of the
surfaces can be adjusted to the diagram of the deformation or buckling modes. On [OK], RFEM
runs the transformation and creates the pre-deformed initial model.

RFEME4
Information No. 495

The pre-deformed initial model was created successfully!

Figure 3.6: Message after generation of the pre-deformed initial model by shifting the nodes

The generation of imperfections or pre-deformed initial models is completed. If you have de-
fined several RF-IMP cases, you have to perform the generation for each RF-IMP case separate-

ly.

If you generate a pre-deformed initial model based on already calculated deformations, the
results are deleted because the deformations are no longer valid for the pre-deformed initial
model.

If you run the analysis from the RFEM menu Calculation — Calculate All, all RF-IMP cases with
the generation options Imperfections of members for 3.13 and Pre-deformed initial model -
Generate pre-deformed FE mesh are also calculated. The created imperfections are, however,
not exported automatically as load cases to RFEM: This must be done in the module RF-IMP
manually (see chapter 3.3). RF-IMP cases generated with the option Generate pre-deformed
model by shifting nodes only will be excluded from the complete analysis: It would be necessary
to delete all results because RF-IMP generates a modified initial model; the calculation would
be trapped in a loop.

Dlubal
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The results for the generated Imperfections and the created Pre-deformed initial model are pro-
vided in different ways.

.
3.2.1 Imperfections
RF-IMP - [Example 5] =
File Settings Help
cal '] 2.1.1 Imperfections - Members
Input Data B | C [ D [ E 1 -
General Data Inclination Camber
- Impertections Na Members No Direction 190 Lwo [ from =0 [
Results 1 1 ¥ -244.545 -200.0 1.600
2 s z 244349 0o 0.000 =
3 |10 z 244945 2000 0.000
4 |17 z 244945 -200.0 0.000
5 |18 z 244545 2000 0.000
6 |25 z 244543 -200.0 0.000
7 |2 z 244943 2000 0.000
8 |33 z 244945 -200.0 0.000
9 |34 z 244945 2000 0.000
LS z 244545 -200.0 0.000
11 |42 z 244943 2000 0.000 =
[2.1.2 Imperfections - Sets of Members
B C D [ E 1
Inclination Camber
Na Members No Direction 190 Lwo [ from =0 [
1 25 z 300.000 2500 1.600
2 |73z z -200.000 -200.0 0.000
3 3540 z -200.000 -200.0 0.000
4 1118 z -300.000 -200.0 0.000
5 4348 z -300.000 -200.0 0.000

Figure 3.7: Window 2.1 Equivalent Imperfections

Once the generation is complete, the 2.1 Imperfections window appears. It is divided into two
parts. Both tables list the Members or Sets of Members with the generated imperfections. The
direction refers to the respective local member axis y or z, for the inclination and precamber.

To graphically show the generated imperfections in the RFEM work window, click [Graphics].
The graphic shows if imperfections have been created at all members and sets of members
that are susceptible to buckling.

18
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RF-IMP

RF-IMP CA1

1iPhi= 325 BE

Dizplay
Factors

Pre-defarmation:

L 37500 i=
1/Phi= 300.00 X : 1Phi= 300.00
Member diagrams:

Surface diagrams:

Section diagrams:
Reaction forces:

Trajectories:

Export to LCE

Figure 3.8: RFEM graphic of the generated equivalent imperfections

You can hide or unhide the local member axes by using the context menu of a member or
specify this in the Display navigator.

Project Navigator - Display x

EIE‘% Model |«
EJ---E‘% Modes
EJ---E‘% Lines
[£
[£

m

]Dg Surfaces

]E‘g Solids

----- [¥]& Solid Orthotropies

----- &% Openings

EJ---E‘% Nodal Supports

EJ---E‘% Line Supports

----- [¥]&/ Surface Supports

=- E‘g Members

E‘g Member Elastic Foundations
B
g E‘g Indexes

Dg Member Axis Systemns u,v,w
E‘g Indexes

Dg Member Orientations

E‘g Member End Releases -
' 1 ] b

ﬁData gDisplay ﬁ\iiews

Figure 3.9: Activating the member axis systems in the Display navigator

By clicking [RF-IMP] in the panel, you return to the module RF-IMP to change the input there
and start a new generation.

I Program RF-IMP © 2013 Dlubal Software GmbH
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3.2.2 Pre-Deformed Initial Model

Pre-deformed FE Mesh

If you select the Generate pre-deformed FE mesh option, the 2.1 Pre-deformed Initial Model win-

dow appears. It is divided into two parts. Both tables list the displacements of the FE nodes for
the individual Surfaces or Sets of Members with the generated imperfections. The Pre-deforma-
tions refer to the global XYZ coordinate system.

RF-IMP - [Example 5] [

File Settings Help

CA1 - Direction - vJ 2.1.1 Pre-Deformed Initial Model - Surfaces
Input Data B [ C [ D [ E [ F [ G [ -
i General Data Surface | FE-Mesh FE-Mesh Point Coordinates [m] Pre-deformations [mm]
Fiesults Mo. | Point X Y z Vi vy vz
‘... Pre-deformed Initial Model | (I 1 22,680 13.750 0.000 0.0 EX 14
4 -17.500 13.750 0.000 0.0 94 09
16 7.500 13.750 -3.700 01 224 03
17 -17.500 13.750 -3.700 02 -159 035
19 -17.500 13.750 -1.850 0.1 122 038
20 -22.680 13.750 -3.700 0.2 895 -3
i 22.680 13.750 -3.700 02 895 13
] 22.680 13.750 0.000 0.0 5.1 14
73 -12.500 13.750 -3.700 02 -20.0 06
110 -12.500 13.750 0.000 0.0 87 06
124 -7.500 13.750 -3.700 0.1 224 03 =
P.]..Z Pre-Deformed Initial Model - Members
B [ ¢ [ b0 | y:
Member | Location Pre-deformations [mm]
No x [m] VX vy vZ
0.000 01 326 09
2.750 0.0 326 0.7
2 0.000 0.0 326 07
2750 0.0 328 05
3 0.000 0.0 328 05
1375 00 326 04
2750 0.0 -326 0.3
0.000 0.0 326 03
4 2750 0.0 328 0.1
0.000 0.0 328 0.1
5 2750 00 326 0.0 >
lﬂj lEJ E] Graphics Cancel

Figure 3.10: Window 2.1 Pre-deformed initial model
Chapter 5, page 28 presents an example for the generation of a pre-deformed initial model.

Pre-deformed initial model

After you generate the pre-deformed initial model, the message shown in Figure 3.5 appears.
On [OK], RFEM transforms the plane surfaces into quadrangle surfaces and creates the pre-
deformed initial model. The input is complete.

RFEMB4

. Information Ho. 495

The pre-defarmed initial rmodel was created successfull

Figure 3.11: Message after generation of the equivalent model by shifting the nodes

In the pre-deformed initial model, the nodal coordinates are adjusted. To check this, for exam-
OK I I Cancel I

ple, in the 1.1 Nodes table of RFEM, close the module RF-IMP by clicking [OK] or [Cancel].

g In the centers of the members and surfaces, no adjustments are made because only the coor-
dinates of the RFEM nodes are changed.
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Export to LCE

3.3

This chapter describes how the generated Equivalent imperfections of members can be exported
as load case to RFEM and how the Generation of the pre-deformed FE mesh can be used in the
RFEM load combinations.

Export of Imperfections

3.3.1

To export the generated imperfections to RFEM, click [OK]. The following dialog box appears:

Imperfections

RF-IMP
Question No. 92

Do pou want to expart the generated imperfections in module RF-MP
to RFEM load casze LCE - Imperfection in +4 [Table 3.13]7

Figure 3.12: Query before exporting the load case data

As shown in Figure 3.8, you can find an export option also in the graphical user interface of
RFEM. The panel offers you the [Export to LC] button by clicking which the message shown
above opens.

Panel x

Dizplay
Factors

Pre-deform.ation:
Member difagrams:
Surface ditagrams:
Section diégrams:
Reaction f.orc:es:

Trajectories:

Export to LCE
F3

& 4 =

Figure 3.13: Panel with Export button

The imperfections are entered in the RFEM table 3.13. If necessary, you can adjust them there
or add specifications.

Dlubal
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3.3.2 Pre-Deformed FE Mesh

The displacements of the FE nodes are saved internally. They do not need to be exported.

Dlubal

In RFEM, you can apply the pre-deformed FE mesh for the calculation of a load combination.
Open the Edit Load Cases and Combinations dialog box in RFEM and select the relevant load
combinations in the Load Combinations tab. In the Calculation Parameters subtab, select the
Activate extra options check box.

Edit Load Cases and Combinations

=)

| Load Cases | Actions [ Combination Expressions | Action Combinations | Lead Combinations | Result Combinations

BmC02 135101+ 15102

C03 | 1.35°C1+ 15°1C2+ 1.05°LC3
1.36°LC1 + 1.5°LC2 + 1.05°LC3 + 0.9°L
BECO5  |1.35°1C1+15°1C2+ 1.05°LC3+ 05"
EEC0s  |1.35°C1+ 15102+ 09°1C4
BmC07 1357101+ 15102+ 09°1C5

CO8  |135LCT+151C4

BEC09 135101+ 15105

COT0 | 1.35°C1+0.751C2+ 15°C4

COT | 1.35°1C1+ 0.751C2+ 15°C5

CO12 [135°1C1+ 0.75°1C2+ 105713+ 1.57

Existing Load Combinations CO No. Load Combination Description To Solve
co1  [1357C1 2 ~ 1.357C1+15°1C2+ 1.05°LC3 + 0.91C4

‘ Gene,a|| Calculation Parameters |E,¢,E opmns|

Method of Analysis Options
] Modify loading by factor:

Divide results by loading facter

() Geometrically linear static analysis
(@ Second-order analysis (P-Delta)
() Large deformation analysis

) Postartical anslysis ] Modify stiffness (material. cross-sections,

members, load combination)

Activate extra options

Method for Solving System of

Nonlinear algebraic equations:

co1z 1.35°LC1 + 0.75°LC2+ 1.05°LC3+ 1.57 Newton-Raphson Consider favorable effects due 1o tansion of members
Lo 1350+ LOFLC3+ 157104 Newton-Raphson combined with Picard
Cco15 1.357LC1 + 1.05°LC3+ 1.5°LCh ® Picard Befer ntemal foroes to defamed

Newton-Raphson with constant stifness matric structure for

Modified Newton-Raphson [¥] Nomal forces N

Dynamic relaation Shearforces Vyand Vz

[¥] Moments My, Mzand M1

Try to calculate kinematic mechanism
(add low geometric stiffness in first iteration)

[] Apply separate number of load increments
for this load combination:

< W '

== Al(15) - [K

Figure 3.14: Dialog box Edit Load Cases and Combinations, tab Calculation Parameters

Thus, the Extra Options tab becomes available. Select the check box Activate generated
imperfections from add-on module RF-IMP. In the list, you can then select the governing
RF-IMP case (see the following figure).
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r \
Edit Load Cases and Combinations [

| Load Cases | Actions. | Combination Expressions | Action Combinations | Load Combinations | Result Combinations

Existing Load Combinations. CO No. Load Combination Description To Solve

cot |135Lct 1 v 135°C1+151C2+1.05"C3+ 0.5°LC4

coz 1.35°C1+ 1.5°LC2

€03 |135°C1+15°1C2+1.05°C3 [ General [ Caloulation Parameters| Bt Otions |

LEEER AP RS IERS | il Deformation from Other LE/CO Stiffness fram Module RF-CONCRETE

BEICO5 135101+ 15102+ 105°C3+ 09

COB | 1351C1+ 15102+ 05CA [ ctivate =D TR

C07  |1351C1+151C2+091C5 ® 7] Madify stiffness of members/sufaces used inthe
cop |135ic1e 1 5LcH add-on module: RF-CONCRETE

C05  |1351C1+15C5 Case of module RF-CONCRETE Members

CO10 | 135°LC1+0.75°1C2+ 1.5°.C4
con 1357101+ 0.75°LC2 + 1.5°LCB

CO12 | 135°LC1+0.75°LC2+ 1.05"LC3+ 1.5% Case of module RF-CONCRETE Surfaces:
CO13 | 135°1C1+0.75°LC2+ 1.05"LC3+ 1.5%
B co14 | 135101+ 1.05°.C3+ 1.5°LC4 @

OIS | 135LLT=1051C3+ 1575 Initial Deformation from Module RF-IMP

Activate generated imperfections from add-on module
RFIMP
Initial Forces for Geometric Stiffness Case of module RFMP:
[T Activate CAT - Wind in +X h

To use this option an RF-IMP case must exist.

< | I | 3

Al(15) - %
[ ok ] -_N:bred'\en

Figure 3.15: Assigning an RF-IMP case in the tab Add-on Options

In this way, you can assign the pre-deformations of RF-IMP cases to certain load combinations.
This has the advantage that the model data cannot be changed. Thus it is possible to consider
different pre-deformed initial models in one single RFEM model.

Chapter 7.3.1.3 of the RFEM manual describes the Extra Options tab in more detail.

The example in chapter 5 shows how the deformed FE mesh of a pre-deformed initial model is
considered in one load combination in RFEM.
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4. General Functions

This chapter describes useful menu functions and further export options for the RF-IMP cases.

4.1 RF-IMP cases

RF-IMP cases allow you to group the generation parameters of the members or sets of mem-
bers according to certain specifications. In this way, you can generate certain load cases or
buckling modes in different RF-IMP cases in order to generate specific imperfections. For some
members and surfaces, imperfections can be governing that depend on certain loadings or
buckling/plate-buckling modes. According to the state of the art, they must consequently be
taken into account separately in individual load cases.

If there are several load cases, you should pay attention to the numbers of the target load cases
to prevent unintentional overwriting.

Create New RF-IMP Case
To create a new RF-IMP case, select the command on the RF-IMP menu

File — New Case.

The following dialog box appears:

New RF-IMP Case et S
No. Description
2 Direction -7 -
? [ ak. ] | Cancel

Figure 4.1: Dialog box New RF-IMP Case
In this dialog box, enter a number (one that is still free) for the new RF-IMP case. The Description
will help you select the right case from the load case list.

Upon clicking [OK], the 1.1 General Data RF-IMP window for the input of parameters appears.

Rename RF-IMP Case
To change the description of an existing RF-IMP case, use the command on the RF-IMP menu

File — Rename Case.

The following dialog box appears:

New RF-IMP Case et S
No. Description
2 Mew description -
? [ ak. ] | Cancel

Figure 4.2: Dialog box Rename RF-IMP Case

In this dialog box, you can specify a different Description as well as a different No. for the
RF-IMP case.

24
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Copy RF-IMP Case

To copy the input data of the current case, use the command from the RF-IMP menu

File —> Copy Case.
The following dialog box appears:

Copy RF-IMP Case =

Copy from Case
C&1 - Direction +X -

New Case

Mo.: Drescription:

3 Direction -7 -

[ (0] 3 ] [ Cancel

Figure 4.3: Dialog box Copy RF-IMP Case

Specify the Number and, if necessary, a Description for the new RF-IMP case.

Delete RF-IMP Case

To delete generation cases, use the command on the RF-IMP menu

File — Delete Case.

The following dialog box appears:

r 1
Delete Cases @

Available Cases

Mo. Description

1 Direction ++
2 Mew description

Direction -7

-

[ (0] 3 ] [ Cancel

L 4

Figure 4.4: Dialog box Delete Cases

The case can be selected in the Available Cases list. To delete the selected case, click [OK].

L S

I Program RF-IMP © 2013 Dlubal Software GmbH
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4.2  Units and Decimal Places

The units and decimal places for RFEM and the add-on modules are managed together in a
common dialog box. In RF-IMP, you can define the units by selecting the command from the
RF-IMP menu

Settings — Units and Decimal Places.

The dialog box known from RFEM appears. In the Program/Module list, RF-IMP is preset.

- ~
Units and Decimal Places &J
Program / Module RF-IMP

- RF-DYNAM -
. RF-JOINTS [rput/Olutput 0 ata

- RF-END-PLATE Unit Dec. Places
- RF-CONNECT Lengths: - 3=
- RF-FRAME-JOINT Pro Pre-gdteforrnationi H 1=
- RF-DSTV ’ =
- RF-DOWEL

- RF-HSS

- RF-FOUNDATION

. RF-FOUNDATION Pro
- RF-STABILITY

- RF-DEFORM

- RF-MOVE

- RF-SOILIN

RF-GLASS
- RF-LAMINATE
- RF-TOWER Structure
- RF-TOWER Eguipmeni
- RF-TOWER Loading
- RF-TOWER Effective |
- RF-TOWER Design
- RF-INFLUENCE
- RF-FATIGUE Members
- RF-PIPE Base
- RF-PIPE Design
- RF-MOVE-Surfaces Prc
- RF-MOVE Surfaces

27 EEE o) [ Gmet

L 4

Figure 4.5: Dialog box Units and Decimal Places

You can save the settings as user profile to reuse them in other models. These functions are
described in chapter 11.1.3 of the RFEM manual.

4.3  Export of Data

The data export of the generated equivalent imperfections is primarily flowing in the direction
of the main program RFEM: Then, RFEM creates an imperfection load case that you can adjust
or complete (see chapter 3.3, page 21). With some restrictions, it is also possible to prepare
data from RF-IMP directly for other programs.

Clipboard

To copy cells selected in the 1.2 Imperfections and 2.1 Imperfections windows to the Clipboard,
press [Ctrl]+[C]. To insert the cells, for example in a word processing program, press [Ctrl]+[V].
The headers of the table columns will not be transferred.

Printout Report

Data from RF-IMP cannot be integrated directly into the printout report. However, you can ex-
port the imperfections created in the RFEM load cases. To do this, select in the report menu

File —> Export in RTF.

The function is described in detail in chapter 10.1.11 of the RFEM manual.
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Excel / OpenOffice

File —> Export Tables.

The following export dialog box appears.

S

Export - MS Excel

Table Parameters

“with table header
[ Only marked rows

Application

@ Microsoft Excel
OpenDffice.org Calc

() CSY file format

Transfer Parameters
Export table to active workbook

Export table to active workzheet
Fiewrite existing workshest

Selected Tables
() Active table [ Expart tables with details
@ All tables

[ Input tables

Fiesult tables

[ (0] 3 ] [ Cancel

L

Figure 4.6: Dialog box Export - MS Excel

programs do not have to be opened first.

Dlubal

RF-IMP provides a function for the direct data export to MS Excel, OpenOffice.org Calc, or the
file format CSV. To start this function, select the command from the menu

Following the design concept of the add-on module, only the two windows 1.2 Imperfections
and 2.1 Imperfections or Pre-deformed initial model are considered for the data export.

Click [OK] to start the export. Excel or OpenOffice will be started automatically, that is, the

rli—‘ll H9- |= Tablel xlsx [Read-Only] - Microsoft Excel B
File Home Insert Page Layout Formulas Data Review  View  Add-Ins & e o e ER
== ¥ calibri 11 - Text - , | Behsetr X - 47
Paﬁ EERg L'E v % 0 e 5% Delete = E' G-
R 4 % 5% - | EFormat~ | 2~

Clipboard Alignment Mumber Cells Editing

B3 - £ 13 v

A B C D E F G I

1 Inclination Camber

2 | No. Members No.  Direction 1o, -] Liwg [-] fromgg [-]

3| @ |u3 z -328,634 -375,0 0,000

4 2 2,4 z -328,634 -375,0 0,000 =

5 3 6,12 z 0,000 -450,0 0,000

6 4 7,13 z 0,000 450,0 0,000

7

8

o

10

11

12 -

4 4 » W[ 2.1.1 Imperfections - Members | 2.1.2 Imperfedi] 4 | [ | » 1]

Ready | |[EE|mE 1003 ( ; O]

Figure 4.7: Result in MS Excel

I Program RF-IMP © 2013 Dlubal Software GmbH

27



5 Example: Pre-Deformed Model /| I\

Dlubal

5. Example: Pre-Deformed Model

A tapered cantilevered beam with openings was created in RFEM. The imperfections for these
systems are to be generated as pre-deformed initial models.

First, the plate-buckling modes for the load case imposed load are computed in the module
RF-STABILITY.

.

2 Cantilever, LCL =] -2 |[E3a] | B Cantilever, LCL [=e]= =]

L1 Imposed losd Eigenvector - u [-]
RF-STABILITY C&1 - Stabilty analysis
Eigenvector Mo.1 - 3.28

e T |

.

bdaec w: 1.0, Minw 0.0 -

Figure 5.1: Cantilever subjected to imposed load and buckling shape (eigenmode 1)

After starting RF-IMP, we make the following specifications in the 1.1 General Data window:

RF-IMP - [Cantilever] [

File Settings Help

cal = | 11 General Data
Input Data Generate Imperfections According to Type of Generation
i General Data ) _ X
() Deformatian from RFER () Imperfections of memnbers for RFEM
Table 313

@ Pre-deformed initial model
Maximum ordinate of [mm]
pre-deformation:
L) Bt e o e RS @) Generate pre-deformed FE mesh in order to
Eigen vibration from module RF-DY Mt also affect imperfections of surfaces

No.: Case: ) Generate pre-deformed model by shifting

1H5 | Gl - Stability analysis - nodes only

RF-IMP

Generated Imperfection Load Case

Options
Ac (@) Govening direction Generation of
Eoth local directions Equivalent Geometric
Imperfections
Imperfection in + (@) Owerarite and Pre-deformed
Add Initial Structures
Comment
:
I

Figure 5.2: RF-IMP window 1.1 General Data

The imperfections are created based on the RF-STABILITY eigenmode No. 1. The maximum or-
dinate of pre-deformation is 15 mm. The input is complete.
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We [Generate] the pre-deformed initial model. Then, the shifted FE nodes of the surfaces in
window 2.1.1 Pre-deformed initial model are shown in a table.
p .
RF-IMP - [Cantilever] [
File Settings Help
CAl | 21.1 Pre-Deformed Initial Model - Surfaces
Input Data B [ C! | D E | F [ G -
.. General Data Surface |FE-Mesh FE-Mesh Point Coordinates [m] Pre-deformations [mm] |:|
FResults Paint X Y z v vy vz
- Pre-deformed Initial Model 1 0.000 0.000 0.000 00 00 00
2 2.800 0.000 0.000 0.0 0.0 0.0
3 0.000 0.100 0.000 0.0 0.0 0.0
4 2.800 0.100 0.000 (1] (1] 14
21 2.400 0.000 0.000 0o 0o 0.0
2 2.400 0.033 0.000 0.0 0.0 05
] 2.360 0.000 0.000 0.0 0.0 0.0
24 2.360 0.033 0.000 0.0 0.0 05
25 2320 0.000 0.000 00 00 0o
26 2320 0.033 0.000 0.0 0.0 05
P 2.280 0.000 0.000 0.0 0.0 0.0
28 2280 0.033 0.000 0.0 0.0 05
] 2240 0.000 0.000 (1] (1] 0.0
30 2.240 0.033 0.000 0o 0o 05
3 2.200 0.000 0.000 0.0 0.0 0.0
32 2.200 0.033 0.000 0.0 0.0 05
33 2160 0.000 0.000 0.0 0.0 0.0
3 2160 0033 0.000 00 00 05
35 2120 0.000 0.000 0.0 0.0 0.0
36 2120 0.033 0.000 0.0 0.0 05
37 2.080 0.000 0.000 0.0 0.0 0.0
a8 208D 0.033 0.000 (1] (1] 05
] 2.040 0.000 0.000 0o 0o 0.0
40 2.040 0.033 0.000 0.0 0.0 05
41 2.000 0.000 0.000 0.0 0.0 0.0
42 2.000 0.033 0.000 (1] (1] 05
43 1.960 0.000 0.000 00 00 0o 52
L )

Figure 5.3: RF-IMP window 2.1.1 Pre-deformed initial model - Surfaces

We close RF-IMP by clicking [OK]. The RFEM work window shows the following figure:

Pre-deformations v [mm]
RF-ItP Cad Panel x

Pre-deformations
u [rm]

Mz v 150, Mincy: 0.0 mim

Figure 5.4: Pre-deformed FE mesh
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5 Example: Pre-Deformed Model

VAN

Dlubal

The pre-deformed FE mesh in RFEM can be considered for the computation of a load combina-
tion. To do this, open the Edit Load Cases and Combinations dialog box and select the Calcula-
tion Parameters tab. Now select the Activate extra options check box.

Edit Load Cases and Combinations

[E=5)

Load Cases | Load Combinations | Resul: Combinations | Super Combinations

Existing Load Combinations

I CO1 Imposed Load with Imperfection

CO No. Load Combination Description

1 +  Imposed Load with Imperection

- Calculation Parameters | Exdra Options

To Solve
hd

Method of Analysis

() Geometrically linear static analysis
@ Second-order analysis (P-Detta)
() Large deformation analysis

() Posteritical anafysis

Method for Solving System of
Monlinear algebraic equations:
Newton-Raphson
Newton-Raphson combined with Picard
@ Picard
Newton-Raphson with constant stiffness matric
Medified Newton-Raphson

Dynamic relaxation

Options
[7] Modify loading by factor:
Divide resuits by loading factor

] Modify stiffness (material. cross-sections,
members, load combination)

Consider favorable effects due to tension of members

Refer intemal forces to deformed
structure for.

Nommal forces N
hear forces Vy and Vz
[¥] Momertts My, Mzand M1

Try to calculate kinematic mechanism
(add low geometric stiffiness in first iteration)

ply separate number of load increments
forthis load combination:

&

Figure 5.5: RFEM dialog box Edit Load Cases and Combinations, tab Calculation Parameters

In the Extra Options tab, you can activate the RF-IMP initial deformation.

Edit Load Cases and Combinations

=)

Load Cases | Load Combinations | Resul: Combinations | Super Combinations

Existing Load Combinations.

B CO1 | Imposed Load with Imperfection

CO No. Load Combination Description

To Solve

1 ¥ Imposed Load with Imperection

General I Calculation Parameters | Exra Options

Initial Deformation from Other LC/CO
[ activate
@

Initial Forces for Geometric Stiffness

[ Activate

-

Stiffness from Module RF-CONCRETE

.. due to reinforcement and crack

[ Modify stiffness of members/surfaces used in the
add-on module RF-CONCRETE

Case of module RF-CONCRETE Members:

Case of module RF-CONCRETE Surfaces:

Initial Deformation from Module RF-IMP

Activate generated imperfections from add-on module
RFIMP

Case of module RF-IMP:
CA1

To use this option an RF-IMP case must exist

&

Figure 5.6: RFEM dialog box Edit Load Cases and Combinations, tab Calculation Parameters
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Buckling shape 8
C

Comment 10
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Excel 27
Exit RF-IMP 7
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Generation 15
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Imperfections 10,18
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L

Length 11
Load case 9
Load combination 9,22,30
M

Manually 12
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Member rotation 11
Members 9,11,18
Module windows 7
N
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Navigator 7
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OpenOffice 27
Options 10
Ordinate of pre-deformation ..........c.ceevereresrserennns 9
Overwrite 10
P

Plastic analysis 11,12,13
Plate-buckling mode 28
Precamber 12
Pre-deformed FE mesh 9,20
Pre-deformed initial model................ 9,15,17, 20, 28
Program start 6
R

Reduction factor 12
Result combination 8
RF-DYNAM 9
RF-IMP case 9,17,22,24,25
RF-STABILITY 8,28
S

Sets of members 11,18
Shifting nodes 9
Start RF-IMP 6
Start the generation 15
System length 12
T

Tolerance 10,15
Type of generation 9
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