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Literature

o Using the Manual

There are many ways to reach a goal. This principle also applies for the work with RFEM,
because graphics, tables, and the navigator are on equal footing. To meet the standards of a
reference text, this manual follows the order and structure of the input and results tables. The
chapters present the individual tables column by column. A description of general Windows
functions is dispensed with in favor of practical information.
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The text of the manual shows the described
buttons in square brackets, for example
[OK]. They are also depicted on the left.
Expressions that appear in dialog boxes,
tables, and menus are set in italics to clarify
the explanations. You can also use the

L

search function for the Knowledge Base @
and FAQs @ on our website to find a
solution in the posts about RFEM.
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Topicality

The high quality standards placed on the
software are guaranteed by a continuous
development of the program versions. This
may result in differences between program
description and the current software version
you are using. Thank you for your
understanding that no claims can be
derived from the figures and descriptions.
We always try to adapt the documentation
to the current state of the software.
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Introduction 0

New Features in RFEM 5

The structural FEA software RFEM for analysis and design of plates, walls, shells, solids, and frame
structures is a powerful program for various tasks of modern civil engineering. This program forms the
basis of a modular software system: RFEM determines internal forces, deformations, and support
reactions of general plate structures with or without member and solid elements.

The program version RFEM 5 provides a wide range of useful features and options for efficient and
user-friendly work on your structural analysis projects. At this point, we would like to thank our
customers for their valuable ideas and remarks based on real engineering experience.

RFEM 5 includes the following new features amongst others:

= Graphical user interface in Chinese, French, Italian, Dutch, Polish, Portuguese, Russian, and Spanish
= Direct setting of different opening types

= Member eccentricities from cross-section dimensions

= Diagrams and extended criteria for nonlinear nodal supports and hinges

= Orthotropic properties for quadrangle and membrane surfaces, as well as solids

= Input option for hybrid timber cross-sections

= Filter in cross-section and material libraries including favorites

= Modeling of solids by extruding surfaces with relation to plane or point (with tapered sides as well)
= |ntersections of solids using Boolean operators

= Inserting a member on an existing member

= Import of files from Bentley ISM, Ansys Apd|, and Scia Engineer

= Import of 3D objects

= Graphical assignment of member properties

= Color symbols in tables for cross-sections, surfaces, solids, and surface and member types

= Selection with ellipse, circular ring, or intersection line

= Work planes defined by three points or line, member, and surface axes

= Color management for various types of surfaces, stiffnesses, members, and solids

= Entering inclination and precamber in absolute values

= Surface size and weight entries in input table

= Automatic generation of load and result combinations in compliance with the standard requirements
= Gradual FE mesh refinement in edge areas of surfaces

= Large deformation analysis according to Newton-Raphson, Picard, or as dynamic relaxation

= Results of load distribution, distortions, member coefficients, and member slenderness

= Average regions for evaluation of singularities

= User-defined settings for lighting

= Result evaluation via clipping plane

= Views navigator for user-defined and generated visibilities and viewing angles

www.dlubal.com



- Introduction RFEM 5 - User Manual

= Configuration manager for display properties, toolbars, headers of printout reports, etc.
= Mass print of graphics
= Export of printout report in PDF

We hope you will enjoy working with RFEM 5.

Your Dlubal Software team

1.2 Program Capacity

The following values are the upper limits in the RFEM data structure. Please note that the limits for
efficient work are significantly lower and depend on hardware, if nothing else.

Model data

99,999 obijects of each category (nodes, lines, surfaces, cross-sections, etc.)

Load data

999,999 objects of each load type per load case

Load cases and combinations

Load cases (linear calculation) 9,999
Load combinations (nonlinear calculation) 9,999
Result combinations 9,999

Program limits of RFEM

www.dlubal.com | 7 |
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1.3

1.4

&

Company Profile

Dlubal Software, established in 1987, develops powerful and userfriendly engineering software for
structural and dynamic analysis and design. Since 1990, the company's headquarters is located in
Tiefenbach in Eastern Bavaria, Germany. In 2010, a branch office was opened in Leipzig, Germany.
In 2014 and 2015, branch offices were opened in Poland, France, Italy, and the US, and in 2018, a
branch in Brno. Another office was opened in Munich in 2020.

The enthusiasm of all those involved in the development and continuous implementation of new ideas is
also reflected in our company creed as well as in the programs. Dlubal's professional competence in
engineering and the userfriendly software are the basis for the growing success of Dlubal Software.

The software is designed in such a way that users with basic computer skills can easily handle the
software after a short while. We are proud to call more than 7,800 engineering offices, construction
companies from various industries, and institutions of higher education from all over the world our
satisfied customers. In order to meet the requirements of modern civil engineering, there are 280
internal and external employees that continuously work on the development and improvement of
Dlubal Software applications. Should you have questions and problems for which you do not find an
answer in our FAQs @, you can always rely on our e-mail hotline service. It will help you quickly and
easily.

The perfect price-performance ratio of our software and the excellent customer service provided by the
company makes Dlubal Software's applications essential tools for anyone working in the areas of
structural engineering, dynamics, and design.

Using the Manual

There are many ways to reach a goal. This principle also applies for work with RFEM because the
graphics, tables, and navigators are all of equal importance. The descriptions in this manual follow the
sequence and structure of the tables and windows provided for model, load, and results. The chapters
describe the individual tables and windows column by column. Instead of presenting general Windows
features, the manual focuses on practical hints and tips.

If you are not yet familiar with the program, you should use our Introductory Example for RFEM 5 to
learn how to enter data step by step. This PDF document is available in the Downloads & Infos @
section of our website. In this way, you can quickly get familiar with the most important program
features. Advanced program users can try our detailed tutorial that is also available for download.

The text of the manual shows the described buttons in square brackets, for example [View mode]. In
addition, they are pictured on the left. Expressions that appear in dialog boxes, tables, windows,
and menus are set in italics. This should clarify the explanation.

In the PDF manual, you can perform a fulltext search as usual with [Ctrl]+[F]. However, if you still
cannot find what you are looking for, please use the search function in our Knowledge Base @ to find
a solution in the technical articles. Our FAQs @ also provide a variety of tips.

www.dlubal.com
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2.1

2.2

Installation 0

System Requirements

In order to use RFEM, the following system requirements should be met:

= Operating system Windows 7/8.1/10 64-bit

= x86 CPU with 2 GHz

= 2 GB RAM

= USB interface for the installation (if no installation via download link)

= 20 GB hard disk capacity, including approximately 4 GB required for the installation

= Graphics card with OpenGL acceleration and resolution of 1024 x 768 pixels. Onboard
solutions and shared-memory technologies are not recommended.

RFEM is not supported by Windows 95/98/Me/NT/2000/XP/Vistq, Linux, Mac OS, or server
operating systems.

Except for the operating system, there are no product recommendations, since RFEM basically runs on
all systems that meet the aforementioned system requirements. If you use RFEM for intensive
calculations, the principle "the more the better" applies.

Calculations of complex structural systems have to process huge amounts of data. Once the main
memory is no longer sufficient, the hard drive is used for processing the data, which may significantly
slow down your computer. Therefore, a main memory upgrade usually speeds up calculation more
than a faster processor.

Since the RFEM computation kernel supports several processor cores, you can completely use the
potential of the 64-bit operating system. If your computer has sufficient RAM memory, you can use the
fast and direct matrix solver method even for large models.

For a calculation of complex structural systems, we recommend the following configuration:

= Quad-core processor

= 8 GB RAM

Installation Process

The RFEM program family is available for download as an installation file or is delivered on a USB
drive. This file includes not only the main program RFEM but also all add-on modules of the RFEM
program family such as RF-CONCRETE, RF-STEEL, RF-STABILITY, and many others.

Before installing RFEM, please close all applications that are running in the background.

For the installation, it is necessary to log in as an administrator or to have administrator rights. For
further work with RFEM, user rights are sufficient. You can find detailed instructions in the User Rights
document @ and in the User Rights video @ available on our website.

| www.dlubal.com
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Selecting the program

=

2.2.1 Installation from USB Drive

= Insert the flash drive into the USB port of your computer.

= The installation process starts automatically. If the installation does not start immediately, the AutoRun
functionality is probably inactive. In this case, start the setup.exe file on the stick by using the
Windows Explorer.

= Select the language in the start dialog box.

4= Language

[ B= peutsch

RSTABS ==

[ = English (USA)

RFEM~ -=

[ = Espaiiol

usatzmodule _
Add-on Modules [ i ¥ Francais

DUENQ | SHAPE-THIN | ¥ taliano

DICKQ | SHAPE-MASSIVE | == Poiski
[' Portugués

'|_i -

Dlubal

[ = Pycckuia

[ == Nederlands

LEE

©2016 Dlubal Software GmbH = www.dlubal.de = www.dlubal.com

Selecting the language

= |n the next dialog box, select the program RFEM.
= Follow the instructions of the Installation Wizard.

After the installation is finished, connect the dongle to the USB port of your computer. The dongle
driver is installed automatically.

The USB drive also includes the installation instructions in the PDF format.

Full or trial version of RFEM

When you start the program for the first time after a successful installation, you have to specify if you
want to use RFEM as a full version or as a 90-day trial version.

To run the program as a full version, you need a dongle (hardlock) and an authorization file
Author.ini. The dongle is a small device that is plugged into the USB port of your computer; the
authorization file contains coded information about your license(s). We usually send you the Author.ini
file in an e-mail. You can also download the authorization file from your Dlubal account @ at any time.
Save the Author.ini file on your computer, USB stick, or network.

The authorization file is required for each workstation. You can copy the file as often as you want.
However, if the content is modified, the file can no longer be used for authorization.

The full version of RFEM can also run as a software license without a dongle.

www.dlubal.com
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2.2.2 Installation in Network

In case of network licenses, you should first install the program on the work stations as described. The
licenses are then unlocked by the SRM network dongle. You can find detailed information about
installing the network dongle in the Installation Instructions @ available on our website.

2.2.3 Installation of Updates and Add-On Modules

The USB drive contains the complete program package including all add-on modules. When you
purchase a new add-on module, you will not necessarily receive a new USB stick but always a new
authorization file Author.ini. In order to avoid reinstalling the program, you can just update the
authorization in the RFEM menu by selecting Help — Authorization — Load Authorization
File.

In case of an update within one version series (e.g. 5.02.xxxx), the old program files are removed and
replaced by new ones. Of course, your project data is preserved! If you update to the next version
series (e.g. 5.03.xxxx), the new version is installed at the same time (see below).

If you use user-defined printout report headers, you should save them before installing the update. The
headers are usually stored in the DlubalProtocolConfigNew.cfg file in the general master data
folder C:\ProgramData\Dlubal\Global\General Data. When updating the program, this file is not
overwritten. Nevertheless, it may be useful to save a backup file.

We also recommend to save your report templates before you install the update. You can find them in
the RfemProtocolConfig.cfg file in the C:\ProgramData\Dlubal\RFEM 5.xx\General Data folder.

Projects linked in the Project Manager are available in the ASCII file PRO.DLP, which can usually be
found in the folder C:\ProgramData\Dlubal\Global\Project Manager (see Figure 12.21 @). If you
want to uninstall RFEM before the update installation, you should save this file beforehand as well.

2.2.4 Parallel Installations of RFEM

It is possible to run RFEM 4 and the individual RFEM 5 versions parallel on one computer, since the
program files are in different directories. For a 64-bit operating system, the default folders are:

RFEM 4: C:\Program Files (x86)\Dlubal\RFEM 4
RFEM 5.01: C:\Program Files\Dlubal\RFEM 5.01
RFEM 5.02: C:\Program Files\Dlubal\RFEM 5.02
RFEM 5.03: C:\Program Files\Dlubal\RFEM 5.03, etc.

In RFEM 5, you can open and edit all models created in RFEM 4. The RFEM 4 models are not
overwritten when saving them in RFEM 5, as both programs use different file name extensions: RFEM 4
model data is saved in *.rf4 format, RFEM 5 data in *.rf5 format.

Model files of RFEM 5 are downward compatible with certain restrictions. When opening an RFEM 5
model file in a previous program version, for example, a message appears indicating that compatibility
problems for members with asymmetrical cross-sections may occur.
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3.1

User Interface on

Overview

When you open one of the model examples included in RFEM, the screen looks like in Figure 3.1 3.

The graphical user interface corresponds to usual Windows standards.

The following screenshot shows the most important areas of the program interface.

RFEM 5.00 (64bit) - [Sample structure™]
P!

Title bar

=

File Edit View [nsert Calculate Results Tools Taple Options Add-onModules Window Help

Menu bar

=%

(@9 duBo oc FIQET HID 4 o
¥ KD Rk PP B9 GF B ARAY- REAHS RALD-M- G- 0o Lo@ s

Toolbar

>R BN R

[Fesel soAXE

=EY
(-¥) Sample structure*
3 Model Date
12 Nodes
{20 Lines
[8) Materials
3 Surfaces
.8 Solids
1B Openings
3 Nodal Supports
50 Line Supports
(3 Surface Supports
2 Line Releases
2] Variable Thicknesses
..[&) Orthotropic Surfaces
|#) Cross-Sections
53 Member End Releases
2 Member Eccentricities
[ Member Divisions
2 Members
12 Ribs
[ Member Elastic Foundations
(1 Member Nonlinearities
20 Sets of Members
..[3) Intersections of Surfaces
8 FE Mesh Refinements
@ Load Cases and Combinations
-_4 Load Cases
[ LCL: Self-weight, Mounting, Soil
i [ LCZ Nutzlast
£ [ LC3: Schnee

Navigator

Workarea

.1 Nodes.

e FHEd feEs S A% S

FEEEE @3 3€0 ==
A

£ LCA: Wind in +Y B D [ E I = <] -
5 LCS: Imperfektion in +¥ Refersnce | Coordinate Node Coordnates 3
=3 Actions Node Type Node System X fm] Y ] Z [m] Comment L
2% Combination Expressions :E" a E:“'E‘” ﬁ ﬁ %
anda Catesian 1
;_'_} Action Combinations Sandar Catesian 000 000 000 Tables
< Load Combinations tanda Cattesian 7.000 000 000
-k Result Combinations tandar Cantesian 10.000 000 000
[ Loads o tanda Catesian 7.000 000 000 -
;ﬂr 4, = G INodes [Tines | Materials | Surfaces | Solids | Openings | Nodal Supports | Line Supports ] Surtace Supports | Line Releases | Cross Sections RG]
Data (& Display 2] Views
B Statusbar [SNAP” GRID |[CARTES [DSNAP [GLINES [OXF | T T T T :

RFEM user interface

www.dlubal.com



RFEM 5 - User Manual

3.2

Terminology

Various terms are used for the Ul elements. This manual uses common expressions in compliance with
the Microsoft Manual of Style. Some of the terms are combined if they do not need to be distinguished
for the operation of RFEM.

The following table explains frequently used terms.

Term Figure Synonym Explanation
Menu Detians, (1Acon Modales TVnckow 2 Help Pulldown Commands and
Display Properties b| B Edit... .
e . - menu functions below the
5 Units and Decimal Places... %3 Default
[B bisplay Margins and Streteh Factors... hﬂe bor
& Customize Tool Icons...
Program Options..,
«¥ Configuration Manager...
»
Shortcut Pop-up Shortcut menu that
@ | B Edit Nodal Support... h
menu P — menu appears when
right-clicking an
*;. Increase Size obiect
Decrease Size .
= It contains useful
Axis Systems on/off commands and
RI:I Display Properties... Funcﬁons fOI’ the
selected object.
Toolbar DEIIuIBRER ax FRQAT Button bar Collection of buttons
B AR e N below the menu bar
- N
Dialog box Find Object with Number =5 Window opened in
object o the main window for
(ods =[N . entering data
0k ] [ Cancel
L )
Tabs ot = Register Large dialog boxes
Load Cases | Load Combinations: ResunmmumauunqRe;u»\shmmﬁeomﬂ .. .
e : are divided into
No. Desciiption Results
] several tabs.
c2 Imposed load No .
G Jsor o Click a tab to open
o .
LC5 | Imperection towards +X. Ne the IndIVIducl "Index
cards".
BEEE L3
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.
™

w W HAEEE

ew 5olid Load...

Mew Free Concentrated Load...
Mew Free Line Load...

Mew Free Rectangular Load...
Mew Free Circular Load...

Mew Free Polygon Load...

Mew Imposed Modal Deformation...

Mew Imposed Line Displacement...

Mew Imperfection...

List button of toolbar

Section New Guideline ] Group, Elements in a dialog
R frame box that belong
1 |f @tk .
o together |og|co||y
") Bias by 2 points
ias by angle and paint
() Polar
Parameters
[ E B
! n
IES
[] Description:
IA—A
Button New Line (S Icon Click a button to
Member No Line No Node No start an action (e.g.
7 opening a dialog
Reference Coordinates bOX or chcmging
©) Curent C5 % o000} fm) datal).
(@ Grid origin Y. 12,000/ [m]
T - o0k ) The toolbar also
— contains list buttons:
Click [+] to open a
Hlster |F|5t with similar
unctions.
o] The recently selected
][5 ently
button is displayed
at the top.
& Com ]
L )
- ™ . .
Text box Toolbar [ Input box Field for entering
. text or numerical
ame
User-defined toolbar| VGerS
[ OK. ] [ Cancel
L A
Spin box New Comment =] Spin button Two tiny buttons next
Tt to a text box
s B 1 Numerical values
= can be changed
Options Offset grqduq”y.
[ Framed [V Use
(@ Rectangle S W
Circle -
W
[ Individual HZ
aw: | oood=f]
Rotation Ay | 2o0g ]l [m]
B: r |z [ 0] m
o
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. ™y . .
List New Linear Dimension ﬁ List box, Options for text
combo box boxes
Reference Plane Sometimes user-
@ Length @) 13t defined
® Ax 7 2nd specifications can be
) Ay added.
® Az
Current C5
Options
[7] Reference label
D it |
Symbal: |
["] Hide walue 5
Offset L
Locally l:l
2000 - <alfax
ps 4
Check box PR S = Control box Yes/No decision by
e Gt selecting or clearing
© Mormal
Lm s @ i waringe the check box
- ) Mone, only statistic
Which Load Cases
(@ Cunent load case Option
Al enerate FE mesh
etect colisions
Selection Visibility by Numbering == Option Only one of the
field button options can be

Select from

Number

(e.g. 1-5,12)

Cancel

selected

Terms of the graphical user interface
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3.3

Special Terms in RFEM

This chapter explains some important terms specific to RFEM. They are described in detail in the

following chapters.

Term Explanation

Nodes In the 3D model, a node is defined by its coordinates (X/Y/Z). Nodes
are used to model the geometry of a structure.

Line Nodes are connected by lines. In addition fo straight connections,
high-grade lines such as arcs or splines are possible.

Member A member represents the property of a line. Through material and

cross-section properties, a certain stiffness is assigned to the member.
A memberis a 1D element.

Set of members

Members can be combined into a set of members.

In a continuous member, members are continuously connected to
the node like in a continuous beam. A group of members consisting
of connected members can join more than two members on a single
node.

Surface A surface is limited by lines. Through material and thickness properties, a
certain stiffness is assigned to the surface.
A surface is a 2D element.

Solid A solid is surrounded by boundary surfaces (usually type Null). The

stiffness is defined by its material properties.
A solid is split into 3D elements for the calculation.

Nodal support

The degrees of freedom are limited for the node.

Line support

The degrees of freedom of all FE nodes on a line are limited.

Surface support

The degrees of freedom of all FE nodes in a surface are limited.

Nodal load Force or moment applied to a node.

Line load A line is loaded by a uniform or variable distributed load or by a
concentrated load. The load acts as a force or moment.

Member load A member is loaded by a distributed or concentrated load. The load

diagram can be either uniform, linearly variable, or parabolic. In
addition to forces and moments, temperature actions and prestresses are
possible.

Surface load

A surface is loaded by a uniform or linearly variable load. In addition to
forces, temperature loads and imposed deformations can act on the
surface.
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Solid load A solid is loaded by effects of temperature or imposed deformations.
Load case The loads from an action are managed in a load case, for example
LC "self-weight" or "wind". The loads should be defined as characteristic

loads (i.e. without factors). Partial safety factors can be considered in
load or result combinations. A load case is usually calculated according
to the linear static analysis.

Load combination A load combination is used to superimpose load cases, that means all
CcO loads of the load cases in question are summarized. A load
combination is usually calculated according to the second-order or large
deformation analysis.

Result combination A result combination sums up the results of the contained load cases. It
RC is also possible to determine the extreme internal forces and
deformations from different load cases, load combinations, or result
combinations using an Or combination. However, the additive principle
of superposition does not apply for results calculated according to the
second-order analysis.

RFEM-specific terms

RFEM User Interface

This chapter describes the individual operating elements of RFEM (see Figure 3.1 @). The program
follows the general standards for Windows applications.

3.4.1 Menu Bar

The menu bar is below the title bar. All functions of RFEM can be accessed in the menu bar. It is
organized into logical blocks.

You can open a menu by clicking it. You can also use the keyboard by holding down the [Alt] key in
combination with the underlined letter of the menu title. The menu opens and you can access the menu
items. Select the entries per mouse-click or by pressing the underlined letter. You can also select the
desired function by using the [1] and [{] cursor keys and finally pressing the [ ] key.

When a menu list is opened, you can switch between the menus or subentries by using the [«—] and
[ —] keys.

For some menu items, a key combination is additionally shown: These Hot Keys largely follow the
Windows standard. Use them to execute functions directly with keyboard keys (e.g. [Ctrl]+[S] saves
the data).
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w Wl fASEE &

[:Il‘?ews-:ulid Load...

Mew Free Concentrated Load...
Mew Free Line Load...

Mew Free Rectangular Load...
Mew Free Circular Load...

Mew Free Polygon Load...

Mew Imposed Modal Deformation...

Mew Imposed Line Displacement...

Mew Imperfection...

List button of toolbar

3.4.2 Toolbars

There are toolbars with various buttons below the menu bar. Use these buttons to access the most
important functions directly by mouse-click. Brief information about a button's function appears when
you point to a button with the mouse pointer (ScreenTip, ToolTip).

Some buttons provide subentries like a menu: These list buttons contain topic-related functions. Click [+]
next to the button symbol to access the functions. The recently selected button is preset at the top of the
list.

To change the position of a toolbar, "grab" it in its front area with the left mouse-button, then move it to
the desired position.

XA RIRE-4- ©-

Docked position of View toolbar

When you drag a toolbar into the workspace, it becomes a "floating" toolbar and is above the
graphics.

View x

EXAAOF RIRE-4- &

Floating View toolbar

To re-dock the floating toolbar, move it to the window frame with the mouse button or double-click its
headline.

You can click View — Arrange Toolbars Customized in the menu to open a dialog box for
changing the content and look of toolbars. Customizing toolbars follows Windows standards.

r 1
Customize @

Commands |TO0Ibars I Menu Items I Oph’ons|

Categories. Commands

Eillgt [ Generate Bracing in Cells &
i

View a» Generate Vaulted Head according to DIM 28011 or DIN 28013

Insert

Load Case #¥ Generate Barrel Roof

Calculation

Results d’» Generate Domed Roof

&y Generate Surfaces from Cells

Options

Add-on Modules ﬁ Settings for Generating of Surfaces from Members

Window o )

Help #+ Divide Members in Surfaces

All Commands EJ Generate Member Loads from Area Loads via Plane

EE Generate Member Loads from Area Loads via Cells

|.m

2y Generate Wind Loads for Vertical Walls
2 Generate Wind Loads for Flat Roof

Note: 2 Generate Wind Loads for Monopitch Roof

To add a command, drag Q e -

the command from the Eh Generate Wind Loads for Duopitch/Troughed Roof

Commands list and drop the %h Generate Wind Loads for Vertical Walls and Roof -
command on the target

toolbar or menu. Generates surfaces from cross-section of the member.

Customize dialog box, Commands tab

All commands of RFEM are sorted by Categories. Select an entry in the list to see the buttons of all
associated Commands on the right. Click a button to get an explanation of the button function shown in
the dialog section below. All buttons can be moved to any place in the toolbar by using the
drag-and-drop function. It is recommended to integrate these additional buttons into a new toolbar (see
Figure 3.6 @), as the remaining toolbars may be reset to the default entries when installing updates.

[ 18
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Reset Defaults
Copy Button Image
Delete

Button Appearance...
v | Icon

Text

Image and Text

Start Group

Shortcut menu of a button or menu item

To remove a button from the toolbar, the Customize dialog box must be open. Then you can drag and
drop the button from the toolbar to the workspace. It is also possible to use its shortcut menu shown on
the left to Delete the button.

In addition to dragging commands into the toolbar, you can move them into the menus. In this way,
you can create user-defined menus. Menu items can be deleted or customized as described for
toolbars.

The Button Appearance option available in the shortcut menu opens the following dialog box:

Button Appearance @

@) Icon only @) Use default icon:

() Text only Select user-defined icon:

() lcon and text o
Description: Edit...

ets new guideline
ia graphics.

Button text: New Guideline Gra| 0K ] [ Cancel

Button Appearance dialog box

The dialog box helps you to change the text of the button or menu item. Moreover, you can replace
the default symbol by a user-defined icon.

All available toolbars are listed in the Toolbars tab. You can switch off toolbars or create new ones by
using the [New] button.

r ~
Customize lﬂ

| Commands | Toolbars |Menu Items I Oph’ons|

Toolbars Options
Default [T Show text labels
[C|Export/import
[¥]Insert
[V]Results
[¥]Tools
(] view
Toaolbar | 22 |
M ame
User-defined

oK ] [ Cancel

jt_- . X

Creating a new toolbar

Enter the name of the new toolbar in the Toolbar dialog box. After clicking [OK], the new bar appears
in a floating position. You can move the toolbar to an appropriate position and fill it with buttons by
using the Commands tab (see Figure 3.4 @).

The [Reset All User-defined Toolbars] button resets the toolbar to its initial state. If the list contains a
customized toolbar, it is removed. The default toolbars of RFEM cannot be removed, only switched off.

www.dlubal.com
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v

Synchronized Selection

Undock
Dock

Auto Hide
Hide

Shortcut menu of navigator

In the Menu ltems tab, you can create custom pull-down menus. The procedure is the same as for
creating a new toolbar (see Figure 3.6 @).

Use the final dialog tab, Options, to change the appearance of the RFEM user interface. The following
Designs can be selected:

Design

[office 07 siver Style
Windows 2000

Office ¥P

Windows XP

Office 2003

Visual Studio,NET 2005
Office '07 Aqua Style
Office '07 Blue Style

Office '07 Black Style
Office '07 Silver Style

Available designs for the user interface

The new setting is active right away.

3.4.3 Project Navigator

To the left of the work window, there is a navigator that looks like the Windows Explorer. To display or
hide the Project Navigator, use the View — Navigator menu option or the corresponding toolbar
button.

399'4.'.%3@1, [alal 5@@@& |D “3§ LC2 -Imposed load -
Y H- R AP - B Nigtoroner jok -t BB G- W

Navigator button in the Default toolbar

The navigator shows the model data of opened files in a tree structure. Click [+] to open a branch of
the tree or [-] to close it. You can also double-click the entry.

The navigator is similar to a toolbar: You can use the mouse to "grab" the navigator in its title bar and
move it to the workspace. To dock it again, double-lick the title bar or move the navigator to the
window frame. When moving the navigator, directional buttons shown on the left appear that facilitate
the docking to one of the four sides of the work window: Drag the navigator to the arrow button of
your choice and release the left mouse button as soon as the pointer is placed on the button.

If you do not want the navigator to be docked to the window frame, clear the corresponding selection
in the shortcut menu of the navigator.

If the Synchronized Selection is active, an object marked in the navigator is also highlighted in color in
the model graphic.

The shortcut menu option Auto Hide allows you to minimize a docked navigator: As soon as you click
into the work window, the navigator slides to the edge and becomes a thin bar (see Figure 3.9 @).

You can also use the pin button on the top right of the navigator to select this function (see Figure
3.10@).

The navigator opens in full size when you move the pointer across the Project Navigator field
highlighted in the docked navigator bar.

20
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’@ RFEM 5.00 (32bit) - [ntreductory Example RFEM 5] l = E g‘
File Edit View Insert Calculate Results Tools Table QOptions Add-on Modules Window Help -
29968 E ool /R @E0||E|IE 2 1c2-moosedload R I
ey - R - R-B-9-FF- T ERBY EEAODF RAE V- 0T

b o
% Navigator automatically in background 1
F
g
o
Tables automatically
in background
1.1 Nodes
Workplane [SNAP GRID [CARTES [OSNAP [GLINES [DXF | CS:Global XYZ Plane: XY X 22011m Y. 4000m  Z 0.000m

Navigator, tables, and panel in auto hide mode

At the bottom edge of the navigator, there are three tabs (four after the calculation). Use the tabs to

switch between the Data, Display, Views, and Results navigators.

Project Mavigator - Data

X

ET™ RFEM
B’@ Example®
£ Model Data
i) Modes
H--[&] Lines
o[ &) Materials
|| &) Surfaces
< 1: Plang Standard; 1,2,54;1
< 2: Quadrangle; Standard; 7,6,8,5; 1

fn e

)

----- %) Surface Supports

----- |2 Line Releases

----- |=) Variable Thicknesses
----- |=) Orthotropic Surfaces
[ # Cross-5ections

[~ £ Member End Releases
(-8 Member Eccentricities
----- £ Member Divisions
-1 Members

- Ribs

(=¥ Load Cases and Combinatorics
[#-_4 Load Cases
-0 Actions

----- =% Action Combinations
% Load Combinations
¥ Result Combinations
- Loads
[+ Results

-

m

ﬁData gDisplay ,é\iiews  Results

Project Mavigator - Display x

= E‘g Lines

Dg Line Axis Systems xy,z
[#]5 Line Hinges

Dg Line Crientations
E‘g Control Lines

Dg Center Points

Dg On Members

----- = Solids. -[¥]8 Surfaces

(-8 Openings - [¥]5 Solids

-4 Medal Supports | 0 [¥]& Solid Orthotropies
-3 Line Supports | L | 1% Openings

[-[¥]5 Nodal Supports
-[¥]5 Line Supports

..... [¥]&/ Surface Supports
-[¥]5 Members

[-[¥]5 Sets of Members

..... [#]& FE Mesh Refinements
-[¥]5 Nodal Releases
-[¥]5 Line Releases
-[¥]8 Surface Releases

..... [#]&% Nodal Constraints

----- |31 Member Elastic Foundations w14 Loads
-] Member Nonlinearities - [ Results
----- &) Sets of Members - [w] B FE Mesh
----- |#] Intersections of Surfaces - [B] = Sections
[&)--[#) FE Mesh Refinements - [Z] ¢ Average Regions

I

- [B] ¥ Guide Objects

[]% Dimensions

1% Comments

[¢] 5 Guidelines

[]% Line Grids

[#] 5 Visual Objects

1% Background Layers

[]---IE& General

-] Mumbering ]

ﬁData gDisplay ,é\c'iews  Results

Data and Display tabs in the project navigator
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ﬁData

ﬂDisplay

Save Settings As..
Load Settings...
Save Settings as Default

Dlubal Standard

Undock
Dock

Auto Hide
Hide

A Views

D Results

Data navigator

This navigator manages model and load data, as well as calculated results. Double-click an entry (a
"leaf" of the tree structure) to open a dialog box for changing the selected object. When you right-click
an entry, a shortcut menu appears with helpful functions used to create or modify the object.

Incorrectly defined obijects are displayed in red, unused objects are displayed in blue.

Display navigator

This navigator controls the graphical display in the work window. When you clear an entry's check
box, the corresponding object is hidden in the graphic.

Use the shortcut menu of the navigator shown on the left to save or import user-defined settings or use
them as the default for new models.

Project Mavigator - Views x Project Mavigator - Results x
Z) (o9 (= | (=) (== =% =-[¥] ™ Global Deformations |Z
BooEEa®| [ REE
User-defined views:. e O ux
..... O uy
Okt Omuz
O Results around suppots [} 1 O ox
..... O ov
..... O ez
[—]D,L Members
----- @ L. Principal Axes
----- (0, % Member Axes
[]---E‘,L Local Deformations
@ QIE,L Internal Forces
Visibilities =
L YIRS
[ User-defined # generated:
E||i| o User-defined -
|:| |2 Group 1 =-[]® Surfaces
E“—_’ .E:;ene.rated [-[E]® Local Deformations
& D \—Ij'l L|.ne; by Type A =-[B] ¥ Basic Internal Forces
- Ic E
-] O Falyline
] 23 Lines with Support
[] 23 Members by Cross-Section |
] 23 Members by Eccentricity
[#] 3 Members by Material
[] 23 Members by Releaze o |
[#] 23 Members by Type i
L R RTINS .
443 ;‘ﬂ @ @ a-E Principal Internal Forces
Addd riewy obijects inta visibilty: - [E]® Design Internal Forces
[ [B] > Stresses
- [B] Strains -
ﬁ Data [N Display | 4 views ﬁ Data [=fDisplay ZViews |© Results

Views and Results tabs in the project navigator

Views navigator

This navigator manages user-defined views as well as user-defined and automatically created
visibilities of objects (partial views, groups). Use the buttons to create user-defined views, set visibilities,
infegrate objects into user-defined visibilities, efc.

Working with views and visibilities is described in Chapter 9.9.1 @.

Results navigator

Use this navigator to control, which results are displayed in the graphic. Available entries depend on
whether results of RFEM or of an add-on module are displayed.

[ 22
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3.4.4 Tables

The tables are at the bottom edge of the RFEM window. To display or hide the tables, click Table —
Display on the menu or use the corresponding button.

E File Edit View Insert (Calculate Results Tools Table Options Add-on Modules Window Help

D&QSU @@ [aVal EQ@||E || i{ LC2 -Imposed load -
i '.f") %' i‘;' i"?o I""‘t‘l'.z"u ﬁ' ' '“QL_Taleon'off Z"'R& Q&ﬂ i%' ﬁ

m Table on/off button in the Default toolbar

There are four groups of tables. To switch between them, use the first four buttons in the toolbar of the
table or Table — Go To in the menu.

L1 Nodes Tables for model data
N2 [ | o (D€ | &[] (51| [ %
g A =] D
A Table 1. Model Data [ Rgerenos || Coordinate
No. | Node Type Node System X fm]

Menu Table — Go To — Model Data

Tables for load cases and
combinations

Z.ILOiCHES
AREE =236 EEE

‘able 2. Load Cases and Combinatorics LE_
Load = o e

Case Description To Solve

Menu Table — Go To — Load Cases and Combinations

Tables for loads

3.3 Line Loads
EEE B3 [3€|0 | [# =3 X
Table 3. Loads B =
No. On Lines Mo. Load Type

Menu Table — Go To — Loads

4.1 Nodes - Support Forces Tables for results

WE @ 3€] =@ cor-135m

Jn_\'_l—n_1 | C D
Node Table 4. Results E KkN]
Mo. Px | P | Pz Mix

Menu Table — Go To — Results

m Buttons for control of table groups

The tables manage all model and load data numerically. Several powerful functions allow for efficient
data input (see Chapter 11.5@).

The tables represent the internal data structure of RFEM. By working through the tables successively,
RFEM ensures that all data is recorded. Descriptions of input and output in the manual chapters 4 @,
5@,6®,and 8 @ are also based on the structure of these tables.

I www.dlubal.com

[ 23



RFEM 5 - User Manual

' &

SNAP GRID [CARTES

Snap Off

[GRID [CARTES [OSNAP [GLINES [DXF

#8| show Grid

%o | Multiply 2x Space

“o | Divide 2x Space

The tables are similar to toolbars: You can use the mouse to "grab" tables in their title bar and move
them into the workspace. To dock a table, double-click its title bar, or move the table to the window
frame or one of the directional buttons shown on the left.

Docked tables can be minimized with the shortcut menu option Auto Hide as soon as you click into the
work window (see Figure 3.9 @). You can also use the pin button on the top right of the table to select
the minimize function. The tables open in full size again when you move the pointer over the docked

bar.

When selecting a table row by mouse click, related objects are highlighted with colors in the graphic.
Conversely, when an object is selected in the work window, the corresponding table row is also
displayed and highlighted in a different color. To control the settings for the so-called "synchronization
of selection", use the menu item Table — Settings or the table toolbar buttons shown on the left (see
Chapter 11.5.4@).

3.4.5 Status Bar

The status bar is at the bottom of the RFEM work window. To activate or deactivate the bar, click
View — Status Bar on the menu.

The status bar consists of three areas.

Left area

| Line load No. 2 on line No. 24

Left area of status bar

The displayed text varies depending on the active program function. When the pointer moves across
the work window, information appears about the object indicated by the pointer at a given time.

If you are an RFEM beginner, keep an eye on this section of the status bar: You may find useful hints
and descriptions for toolbar buttons and dialog boxes.

Center area

[SNAP GRID [CARTES [OSNAP [GLINES [DXF

Center area of status bar

Its functionality is similar to that of a toolbar, controlling the display of the work window.

SNAP

The button enables or disables the snap function of the grid. Use the shortcut menu to access the dialog
box with specific settings for grid parameters (see Chapter 11.3.2@).

GRID

Click the button to switch the grid on and off. Select Edit in the shortcut menu to open the dialog box
shown in Figure 11.34@.

In addition, the shortcut menu allows you to gradually maximize or minimize grid spacings.

[ 24
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[CARTES [OSNAP [GLINES [DXF
Polar Grid On

% Multiply 2x Space

“o | Divide 2x Space

1=l

ORTHO / CARTES / POLAR

Use this button to select the orthogonal, Cartesian, or polar grid. With this shortcut menu, you can open
the dialog box shown in Figure 11.34 @. In addition, you can gradually enlarge and reduce grid
spacings.

OSNAP

This button activates or deactivates the object snap (see Chapter 11.3.3 3).

GLINES

This button controls the display of guidelines (see Chapter 11.3.7 @).

DXF

Use this button to switch the display of background layers on and off (see Chapter 11.3.10@).

Right area

CS:Global  Plane: XY X: 7.000m  ¥: 0.000m  Z: 4000m

Right area of status bar

The right area of the status bar shows the following information about graphically entered data:
= Visibility mode (if active)
= Coordinate system CS
= Work plane

= Coordinates of current pointer position

3.4.6 Control Panel

As soon as internal forces or deformations are displayed graphically, the panel appears in the work
window, providing different options for display and control. To switch the panel on and off, select
View — Control Panel in the menu or use the corresponding button.

The panel is similar to a toolbar: You can use the mouse to "grab" the panel in its title bar and move it
into the workspace. To dock the panel, double-click its itle bar or move it to the window frame or one
of the directional buttons shown on the left.

The docked panel can be minimized with the Auto Hide shortcut menu option as soon as you click into
the work window (see Figure 3.9 @). You can also use the pin button on the top right of the panel to
select the minimize function. The panel opens in full size again when you move the pointer over the

docked bar.

The control panel consists of the following tabs: Color scale, Factors, Filter, and Thicknesses, if
available.
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Color scale

Panel X

Basic Intemal Forces
i [kMmdm]

79.27
64.11
48.96
33.80
18.65
349
-11.66
-26.82
-41.57

57.13 -
208 Options @

L Refer to
M 79.27 () Manimin
an . = .
Min : -57.44 0 Customize...
(0 Limits:

[ Smaath calar transition

/

Ex 4

Control panel, Color Scale tab with active Options dialog box

When a multi-color results display is set, the first tab shows the color scale with assigned ranges of
values. Eleven color zones are set by default, covering the range between extreme values in equally
spaced infervals.

To adjust the color scale, double-click one of the colors. You can also use the [Options] button
available in the panel. The Options dialog box opens (Figure 3.16 @) where you can click the [Edit]
button to access another dialog box for changing the ranges of colors and values.

Edit Iscband Value and Color Scales * |
I Value Scale
B8 [
- — Defaul
1232 ]»
= Empty
LIAT= 1
. Fill
992 »
Fill Max/Min
865
N Save...
745
625 » W
495
! Color Scale
37 Default
-
28 ' Save..
128
00=s [CApply to all result
L1 diagrams
: E-Format
Double-click on the color panel to
change colors,
B’
®) %

Edit Isoband Value and Color Scales dialog box

Use the vertical sliders to the right of the values to reduce the number of color ranges at both ends of
the color scale.

You can change colors individually by double-clicking a color field.

2 |
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Save...

You can adjust scale values manually. Make sure you follow a strictly ascending or descending order.
Use the buttons in the Value Scale dialog section to assign values. The buttons are defined as follows:

Button Function

Default The eleven color zones are set to default.

Empty All values in the text boxes are deleted.

Fill The values are equidistantly interpolated between maximum and minimum,

depending on the number of color zones.

Fill Max/Min For a reduced color scale, the intermediate values are calculated in relation
to the absolute or manually entered extreme values.
Save The value scale is saved as a global sample.

Buttons in the Value Scale dialog section

The Apply to all result diagrams check box allows you to control if the current color scale for the results
display of all load cases, load combinations, and result combinations is used. The value scale remains
unaffected because a global assignment for deformations, forces, moments, and stresses is
problematic. Click [Save] to save the modified color scale as user-defined.

Use the [Options] button as shown in Figure 3.16 @ to select further options in the Options dialog box.

Panel x

Basic Intemal Forces
iy [kMmi/m]
79.27
30.00
2333
16.67
10.00
333
-333
-10.00
-16.67

2333 -
23000 Options @

L Refer to
M 79.27 () Mawdmin
an . = .
Min : -57.44 ':- Customize...
@ Limits:
[+]: 30.00

[-1: -30.00

[ Smaath calar transition

Options dialog box, Limits +/ option

The reference to limit values allows you to accurately evaluate results within a defined zone. Exceeding
or falling below limits is respectively represented by a different color. With the values set in Figure
3.18 @, the moments my are displayed in a fine gradation within the range of £30 kNm/m. Values
outside the defined zone appear in red or blue.

In the Options dialog box, select the Smooth color transition check box to make the distinct color zones
disappear. This smoothed color scale can be set independently of the reference option selected for the
result values.
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Factors

Panel

Dizplay Factors
Deformation:
100
Member diagrams:
Surface diagrams:
Section diagrams:

Reaction forces:

Trajectories:

B2 4

Control panel, Factors tab

The second panel tab controls the scaling factors for the graphic display. Depending on the currently

set results graphic, you can access text boxes for scaling the Deformation, Member diagrams, Surface
diagrams, Section diagrams, Reaction forces, and Trajectories.

Filter

Panel

Show diagrams for surface
nurmbers:
16

All
Mone
3673

(€] (]

() Members
@ Surfaces
) Solids

Control panel, Filter tab

With the Color Scale tab, you can filter result values in general. The Filter tab, however, allows you to
select different result displays for specific surfaces, members, or solids.

The selection field below the button row specifies, which of the three object categories you can display

result diagrams for. You have to enter the numbers of relevant members, surfaces, or solids into the
Show diagrams for text box. With a click on the [Apply] button, you implement the filter in the graphic.
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It is also possible to import object numbers from the graphic: First, select the members, surfaces, or
solids (multiple selection via window or by holding down the [Ctrl] key) and click the [Import from
Selection] button.

\ The filter settings of the panel also affect the objects in the results tables: For example, when you restrict
¢ the results display in the panel to two members, Table 4.6 Members - Internal Forces only lists the
results of those two members.

3.4.7 Default Buttons

Buttons are used in many dialog boxes. When you move the pointer over a button, its function is
displayed in a short description after a moment.

The following overview describes frequently used default buttons.

Button Description Function
New Opens a dialog box to define an object
Edit Opens a dialog box to modify an object
(x] Delete Deletes an object or entry
Select Graphical selection
Apply Import from the current selection
@) Library Opens a collection of stored data
Help Opens the help function
Use Applies changes without closing the dialog box
2 Seftings Opens a dialog box for detailed settings
Comments Access to default text modules
— Chapter 11.1.43
Units and Settings for units and decimal places
Decimal Places — Chapter 11.1.3 @
Default Restores default dialog settings
Set as Default Saves the current settings as default
Font Option to set fonts and font sizes
Colors Option to set colors
Info Displays information about an object

www.dlubal.com
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Transfer Selection Transfers selected items from one list to another
Transfer All Transfers all items from one list to another

Save Stores user-defined entries

Import Imports stored entries

Select Selects specific objects or all of them

Deselect Deletes or deselects all entries

Default buttons

3.4.8 Keyboard Functions

In tables and the graphical user interface, frequently required functions can also be accessed via the
keyboard.

[F1] Help

[F2] Next table

[F3] Previous table

[F4] Plausibility check for current table

[F5] Plausibility check for all tables

[F7] Selection function in tables

[F8] Copies the table cell above, or shows the entire model on screen
[FR] Calculator

[F10] Menu Bar

[F12] Saves the model under a new name

[Alt] Menu Bar

[Ctrl]+[2] Copies a row of the table to the next row
[Ctrl]+[A] Redo function

[CHl]+[C] Copies to the clipboard
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[Ctrl]+[E] Exports data

[Ctrl]+[F] Searches within the table

[CHl]+[G] Generates entries in the table

[Cil]+[H] Replaces entries in the table

[CHl]+[1] Inserts a row info the table or imports data
[Cirl]+[L] Jumps to a specific row number in the table
[CHl]+[N] Creates a new model

[Cil]+[O] Opens an existing model

[Ctrl]+[P] Prints the graphic

[Ctrl]+[R] Deletes rows in the table

[Ctrl]+[S] Saves data

[Ctrl]+[U] Clears selection in the table

[Ctrl]+[V] Inserts from the clipboard

[CHl]+[X] Cuts items in the table

[Cirl]+[Y] Deletes the content of the current table row
[CHl]+[Z] (Undo) function

[+] [] NumPad Zoom

Keyboard functions

If no dialog box is open, the [Enter] key calls the last used function. Thus, reapplication of data is

easier (placing model or load objects once more in the work window, for example).
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3.4.9 Mouse Functions

The mouse functions follow the general standards for Windows applications: To select an object for
editing, simply click it with the left mouse button. Double-click the object when you want to open its
dialog box for editing. You can apply these functions to objects of the work window as well as to
entries in the Data navigator.

Model and load objects can be moved in the work window via drag-and-drop or copied by holding
down the [Ctrl] key. The drag-and-drop function can be switched on and off in the general shortcut
menu (see Figure 11.53 @).

When you click an object with the right mouse button, its shortcut menu appears, providing
objectrelated commands and functions.

Shortcut menus are available in the graphic, navigator, and tables.

Edit Modal Support...

-

Delete Modal Support

Increase Size

JF g

Decrease Size

Axis Systems on/off

i

Display Properties...

Shortcut menu of Nodal Support in the graphic

By scrolling the wheel button, you can maximize or minimize the current model display. The pointer
position is always assumed as the center of the zoom area.

Press the wheel button to move the model directly within the workspace, that is, without activating the
[Move] toolbar button beforehand. If you additionally press the [Ctrl] key, you can rotate the model.
You can also rotate the model by using the wheel button and holding down the right mouse button. The
pointer symbols shown on the left indicate the selected function.

To rotate the display around a particular node, select the node first. Then, hold down the [Alf] key and
press the wheel button to rotate the model about the selected node.

The options offered by a 3D mouse can also be used for working with the graphical user interface of
RFEM.

Furthermore, RFEM provides a useful function to quickly display selected objects in maximized view:
First, select the objects in the work window. Then, hold down the shift key [{] and click one of the
buttons available in the View toolbar shown on the left. The work window will display a maximized
partial view of the object in the selected viewing direction.
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3.4.10 Configuration Manager

[u| The Configuration Manager provides access to all settings available for display properties, fonts,
toolbars, print headers, etc. To open the Configuration Manager, select Options — Configuration
Manager in the menu or use the toolbar button shown on the left.

Configuration Manager - White background lﬂ
Auvailable Configurations Settings
Standard with black background . .
Skl i b 1. Digplay properties . . .......................
White background [current] 2. Program options

Blue background

3. Toolbars and pulldown menus . ... ... ...
a 4. Dizplay margins and stretch factors

5. Table colors

B Tablefonts . ...

7. Printout report header and footer .. ... ... ...

v X

Comment

Configuration Manager dialog box

Available configurations

This dialog section lists all configurations that were user-defined or created during the installation. The
setting currently used by the program is shown in bold and indicated as current.

The Standard configuration is preset; it cannot be deleted.

The buttons in this dialog section have the following functions:

Button Function
Sets the entry selected above as new current configuration
Creates a new configuration from current settings

(— Figure 3.23 @)

2l
=

Renames the selected configuration

Exports the selected configuration into a file

B

Imports a configuration from a file

£

Resets the default values

£

Deletes the selected configuration (not possible for Standard and current)

Buttons for Available Configurations
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Use the [New] button to save the current settings as a new configuration. A dialog box opens where
you can enter a Description. An optional Comment makes it easier to select among various
user-defined configurations later.

New Cenfiguration lﬂ

Description

Blue background

Comment

Background with gradient

Option
Set as curent

(0] 3 ] [ Cancel

New Configuration dialog box

Settings

The buttons available in the Settings dialog section provide access to different dialog boxes with
configuration parameters. They are described in the following table.

Button Description Function

Display properties Opens the Display Properties dialog box
— Chapter 11.1.2®

(E2] Program options Opens the Program Options multi+tab dialog box
— Chapter 7.3.3 @

— Chapter 9.10@

— Chapter 11.1.1 @

— Chapter 11.1.4®

Toolbars and menus Opens the Customize dialog box
— Chapter 3.4.23

Margins and stretch Opens the Display Margins and Stretch Factors
factors dialog box
— Chapter 11.3.11 8@

Table colors Opens the Colors dialog box for the table colors
— Chapter 11.5.4®

Table fonts Opens the Font dialog box for the table fonts
— Chapter 11.5.4®

Header and footer Opens the Printout Report Header dialog box
of printout report — Chapter 10.1.4 @

Function of buttons in the Settings dialog section
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Dlubal RFEM 5.06

Model Data o0

Starting RFEM

To start the program, use the Windows start menu or the Dlubal icon on the desktop.
To enter data, a model must be created or opened (see Chapter 12.2 @).

RFEM provides different options for entering data: You can define objects in a dialog box, a table,
and often directly in the graphic. All input is interactive, which means that graphical input is
immediately reflected in the table and vice versa.

For first steps with RFEM, we recommend trying the introductory example @ that may be helpful for
beginners; it can be downloaded on our website.

Opening input dialog boxes

You can access the input dialog boxes and the graphical input in various ways.

Insert menu

Insert | Calculate Results Tools Table Options Add-on Modules Window Help

Maodel Data » 1.1 Nodes » - QP& R R
Loads 4 1.2 Lines ’E-:%, ﬁ@%ﬁﬂf EOEE-
Load Cases and Combinatorics ¥ 1.3 Materials 4
3 Section... 1.4 Surfaces r Flane 4
1.5 Solids 4 Quadrangle k Q Graphically...
. Dimeasicns ' 1.6 Openings 4 Rotated Surface » 6 Dialog Box...
7| comments.. 1.7 Nodal Supparts *| | Pipe *| G Table
SUldelines ' 1.5 Line Supports 4 E-Spline 4
(et 19 Surface Supports v NURBS v
@' Clipping/Plane 1.10 Line Releases 4 Trajectory 4
@  visual Object
F | Background Layer.. 1.13 Cross-Sections 4
1.14 Member Releases »
1.15 Member Eccentricities »
1.16 Member Divisions »
1.17 Members 3
1.15 Ribs 3

1.19 Member Elastic Foundations

1.20 Member Mon-linearities »
1.21 Sets of Members »
1.22 Intersections of Surfaces »
1.23 FE Mesh Refinements »

Insert — Model Data menu

Insert toolbar

Insert x

At Il B T Y YL L

Insert toolbar

www.dlubal.com
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Shortcut menu in Data navigator

Project Navigator - Data X
ET™ RFEM it
9@ Example*
-8 Model Data
-] Nodes
EII---LZI £
(- Matg 7 | Edit Line... Enter \—
(-5 Surfa New Line |2 Polyline...
""" (5 Solid | GotoTable | arc..
(- Oper
-3 Nodi ¥ | Find Line... B cirde..
E-E Line | ¢ | pejete Al Lines per | O Elipse..
----- |5 Surfa ) 5 Elliptical Arc...
----- =) Line General Data... & Farabola..
----- =) Varia ﬁ Units and Decimal Places... ? H
..... & Orth yperbola...
-3 Cros REI Display Properties... -E spline...
(- E) Member End Releases & NURES...
[#-28 Member Eccentricities ? Trajectory...
----- & Mermber Divisions 8| on surface..
[ Members —
=) Ribs
----- |3 Member Elastic Foundations
----- ) Member Nonlinearities
----- |41 Sets of Members
-[#] Intersections of Surfaces
(-8 FE Mesh Refinements -

ﬂData gDisplay ﬁ\-’iews

[ 5<8 ) Shortcut menu of model data obijects in the Data navigator

Shortcut menu or double-click in table

1.1 Nodes *
AEE= [3E0 1] (3| | X 2= | HE EeaEELARIS
B T D [ E [ F G .
Node Reference Coordinate Node Coordinates
Na. Mode Type MNode System Xm] Y [m] Zm] Comment
1 Standard 0 Cartesian 0.000 0.000 0.000
Standard = 0 Cartesian
] {2 | copy Row Crtl-2  [tesian 7.000 6.000 0.000
4 ) - . [tesian 7.000 0.000 0.000
] WK | Emety Row T egian 10000 3.000 0.000
6 | o tesian 7.000 6.000 4.000
7| = | Insert Row el Beian 7.000 0.000 2000
8 | 3 Delete Row Ctri=R  ftesian 10.000 3.000 4000
9 ftesian 3.000 1.000 0.000 -
| Mew via Dialog Box... l\ |
Nodes | ings lNodaI Supports ll_ine Supports lSurface Supports ll_ine Releases lCross—Sed.ionsJ HI 4 | » | bII
Node Type

[ Shortcut menu in model data tables

The input dialog box can be accessed by means of the shortcut menu (or by double-click) of the row
number.
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Opening edit dialog boxes

RFEM provides different ways to open a dialog box for editing model objects.

Edit menu

Edit | View Insert Calculate Results

Tools Table Options Add-on Modules Window Help

™ | Insert Ctrl+

oy tio
ﬁ Find via Mumber...
®

By | Delete All

o% Move/Copy...
Rotate...
Mirrar...
Project...

Scale...

Shear...

i

.

y Allow Double Members
ﬁ Units and Decimal Places...

Model Data 3

Loads 3

Load Cases and Combinatorics »

Dimensions 3
Comments 3
Guidelines 3
Line Grids 3
Background Layers 3

aE Edit Parameters...

General Data...
3

1.1 Modes

1.2 Lines

1.3 Materials

1.4 Surfaces

1.5 Solids

1.6 Openings

1.7 Nodal Supports

1.3 Line Supports

1.9 Surface Supports
1.10 Line Releases

1.11 Variable Thicknesses
112 Orthotropic Surfaces

1.13 Cross-sections

1.14 Member Releases

1.15 Member Eccentricities

1.16 Member Divisions

1.17 Members

1.15 Ribs

1.19 Member Elastic Foundations
1.20 Member Mon-linearities

1.21 Sets of Members
1.22 Intersections of Surfaces

1.23 FE Mesh Refinements

¥ | Undo Ctri+Z g @ = 1| ¥4 LC2-Imposed load i
3 Redo Ctri+& |- tm-B-9- Fif- - A HRMB Y-
By copy Ctrl=C

‘; Dialog Box...

& | Table

[y Edit — Model Data menu

Shortcut menu or double-click in graphic

Fal

| P Edit Node...
B Delete Node L‘\’
FE Mesh Refinement

o% Move/Copy...
CD Rotate...
A:B Mirrar...

Mode Marks in Foreground
REI Display Properties...
% Visibility by Selected Objects
g Visibility by Hiding Selected Objects

Shortcut menu of a node in the work window
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Shortcut menu or double-click in the Data navigator

Project Mavigator - Data x
ET™ RFEM -
B@ Example®
£ Model Data
-] Modes
-0 Lines
[+ &) Materials
=& Surfaces
< 1: Plang Standard; 1,2,54;1
g J2: Quadrangle; Standard; 75851
| Edit... |,\\, Enter ||

m

-8 Openings Mew Surface
- &) Modal Supports & GotoTable
[#-5) Line Supports

----- |#) Surface Supports ¥ | Delete 2
..... |2 Line Releases
----- (=] Variable Thicknesses =
_____ () Orthotropic Surfaces <7 | Select Integrated Objects
[#)--[#) Cross-Sections # | Find
-] Member End Releases
(-8 Member Eccentricities
----- & Mermber Divisions
-1 Members
-2 Ribs
----- |3 Member Elastic Foundations
- ) Member Monlinearities
----- |41 Sets of Members 4
< i | >

ﬂData gDisplay ﬁ\iiews

Select

_ﬁ Info on Input Errors...

REI Display Properties...

[ 4 Shortcut menu of model data obijects in the Data navigator

Shortcut menu or double-click in table

1.1 Nodes *
— o Y . — 5 . =
== E = [B€ S || ] | [ | 3 &= 3 | 9 = EeaEE| ELARIS
B T D [ E [ F G .
Node Reference Coordinate Node Coordinates
Na. Mode Type MNode System Xm] Y [m] Zm] Comment
1 Standard 0 Cartesian 0.000 0.000 0.000
Standard = 0 Cartesian 0.000 6.000 0.000
3 43 | Copy Row Crtl=2  [Jtesian 7.000 6.000 0.000
4 ? rtesian 7.000 0.000 0.000
5 EREnRY A=Y hegian 10.000 3.000 0.000
Eli= rtesian 7.000 6.000 4.000
7| S° | nsert Row AT Hesian 7.000 0.000 4000
§ | 3¢ | Delete Row Ctri+R  fesian 10.000 3.000 4.000
9 rtesian 3.000 1.000 0.000 -
|£ Edit via Dialog Box... l\ |
Nodes | - - s o ings | Nodal Supports | Line Supports | Surface Supports | Line Releases | Cross-Sections | 1] 4] m]
Node Type

[ 28 Shortcut menu in model data tables

The edit dialog box can be accessed by using the shortcut menu of the row number. You can also
double-click the number to open the dialog box for editing the object.
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Table input

Input and modifications carried out in the graphical user interface are immediately shown in the tables,
and vice versa. To open the model data tables, use the leftmost button in the table toolbar shown on

the left.
1.1 Nodes *
EEE= BE O E=E N K> F= I SeEE FLRS
B T D [ E [ F I | -
N Table1. Model Data } Reference Coordinate Node Coordinates F
Mode Type MNode System Xm] Y [m] Zm] Comment
Standard 0 Cartesian 0.000 0.000 0.000 E
2 Standard 0 Cartesian 0.000 6.000 0.000
3 Standard 0 Cartesian 7.000 6.000 0.000 | Supported .
4 Standard 0 Cartesian 7.000 0.000 0.000
5 | Standard 0 Cartesian 10.000 3.000 0.000
[ Standard 0 Cartesian 7.000 6.000 4.000
7 Standard 0 Cartesian 7.000 0.000 4.000
8 | Standard 0 Cartesian 10.000 3.000 4.000
5 Standard 0 Cartesian 3.000 1.000 0.000 e
Modes | Lines lMateriaIs lSurFaces lSoIids lOpenings lNodaI Supports lLine Supports lSurFace Supports lLine Releases lCrcss—Sections J 1[4 [w]m

Comment ([...] to import comment from a list of default comments)

[ 22 [Table 1. Model Data] button

Input in the form of spreadsheet data entered in tables can be quickly edited and imported (see
Chapter 11.5®).

Unused objects are highlighted in blue in the tables and Data navigator.

In each dialog box and table, it is possible to add a Comment that describes the object in detail. You
can also use predefined comments (see Chapter 11.1.4 @). Moreover, comments are part of
ScreenTips for graphical objects.

MNodal Support Ne. 1: 13,14; YYY NNN
Support failure under tension

LGBy ScreenTip of a nodal support

z
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a1 Nodes

General description

R The geometry of the model is defined by nodes. They are essential for creating lines, and thus
members, surfaces, and solids. Every node is specified by its coordinates X, Y, Z. The coordinates
usually refer to the origin of the global coordinate system but it is also possible to define them in
relation to another node.

- ™
New Node M
Node Coordinates | Support | FE Mesh

Node No. Node Type

1 Standard =|| 3
Coordinates Coordinate System 'Cartesian’
Reference

node No.: 0 - m

Coordinate

e

Coordinate X: [m]
Coordinate : [m]
Coordinate Z: [m]

Comment

[ ok ][ Cancel
b
New Node dialog box

1.1 Nodes *
EEEEBE O EEEE XD FHE D EHe=aELHEIS
A B b [ E T °F G -
Node Reference Coordinate Node Coordinates i
No. Node Type Node System X [m] Y [m] Z [m] Comment
2 | Standard 0 Cartesian 0.000 6.000 0.000 2
ﬁ Standard 0 Catesian___~ 7.000 5.000 0.000 1
4 Standard 0 Cartesian 7.000 0.000 0.000
5 Standard 0 Cartesian 10.000 3.000 0.000
[ Standard 0 Cartesian 7.000 6.000 4.000
7 Standard 0 Cartesian 7.000 0.000 4.000
8 Standard 0 Cartesian 10.000 3.000 4.000
5 Standard 0 Cartesian 3.000 1.000 0.000 e
Nodes | Lines lMateriaIs lSurfaces lSoIids lOpenings lNodaI Supports lLine Supports lSurface Supports lLine Releases lCross-SectionsJ 4] 4] v [m
Coordinate syster ('C'artesian / %'/ 'Y' / 'Z'-Cylindrical / 'P'olar / F7 to select)

[LEE R PRy Table 1.1 Nodes

The node number is automatically assigned in the New Node dialog box and can also be modified in
it. The sequence of the node numbering is not important: Gaps in the numbering are permitted.

To adjust the order of node numbers retroactively, select Tools — Renumber in the menu (see
Chapter 11.4.18 ®@).

G The list button contains a special function. It allows you to create a node on the connection line of two
% | New Node existing nodes (see Chapter 11.4.12@).
f MNode Between Two Points

I 40 l www.dlubal.com



n Model Data RFEM 5 - User Manual

Node Type
LT Standard
3
T 3 This type of node is used most frequently. Standard nodes can be placed graphically in the work plane
On Suface or anywhere in the workspace via coordinate specification. When you graphically enter lines or
rajectory

rotated surfaces, standard nodes are created.

Standard nodes are displayed in red in the graphic.

On Line

With this type of node, a line is not divided into two lines and remains complete instead. The nodal
parameter & describes the relative distance to the start node of the line.

By creating nodes on lines, it is possible to apply nodal loads anywhere on the line or to force an FE
node.

Node on line

Nodes on lines are displayed in light blue by default.

\ By using the Tools — Generate Nodes on Intersection Point of Lines menu option, you can
¢ create nodes on lines that intersect.

On Surface

For quadrangle surfaces, it is difficult to determine the coordinates of nodes on the curved surface.
With the Node on Surface node type, you can place a node directly on a quadrangle surface
displayed in the graphic. The nodal parameters 31 and 82 refer to the four corner nodes of the surface.

By creating nodes on surfaces, it is possible to apply nodal loads anywhere on the curved surface or
to force an FE node.

Node on surface
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Cartesian
Cartesian
*-Lylindrical

Y-Cylindrical
ZLylindrical
Palar

Coordinates in the table are stored in the Cartesian coordinate system. Nodes on surfaces are
graphically displayed in light blue by default.

If you work with plane surfaces, use standard nodes.
Trajectory

This type of node is created when you define a spiral trajectory curve (see Chapter 4.2 @). The nodal
parameter & describes the relative distance from the start node of the line.

T

z

/0096
7

|

Trajectory

Trajectory nodes are displayed in dark green by default.

Reference node

In general, the coordinates of a node are related to the origin O of the global coordinate system. You
do not need to define the node (0/0/0) because RFEM automatically recognizes the origin.

Any node may serve as a reference node; even a node with a higher number is allowed to be used as
a reference node. Referring to another node may be useful, for example, to define a new node at a
certain distance to a known position. The table list with its Previous node option is especially useful in
this case.

In the New Node dialog box, you can enter the reference node directly, select it from the list, or define
it graphically using the button.

Coordinate system
The coordinates of a node always refer to a coordinate system that describes the position of the node

in the workspace. Depending on the model geometry, you can select between different coordinate
systems. All coordinate systems are oriented clockwise.

Cartesian

The global axes X, Y, and Z describe a translational expansion (linear). All directions of coordinates
are on par with each other.

* P XYZ)

Cartesian coordinate system

In most cases, nodes can be defined in the Cartesian coordinate system.

42
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X-Cylindrical

The X-axis describes a translational expansion. The radius R defines the distance of the node to the
X-axis. The angle 0 defines the rotation of the coordinates about the X-axis.

T P (XRA)

z

X-cylindrical coordinate system

It is applied, for example, for tubular models whose central axis is the X-axis.

Y-Cylindrical

This coordinate system is similar to the X-cylindrical system, but in this case the longitudinal axis is
represented by the Y-axis.

P (RY.0)

z

Y-cylindrical coordinate system

Z-Cylindrical

The coordinate system is similar to the X-cylindrical system, but in this case the longitudinal axis is
represented by the Z-axis.

* P (RH,7)

Z-cylindrical coordinate system

Polar

In the polar coordinate system, the node position is described by a radius that specifies the distance to
the point of origin and the angles 6 and ¢.

Polar coordinate system

If possible, organize the model input with regard to the global coordinate system in such a way that
the XYZ-axes of the coordinate system are in line with the principal directions of the modeled
framework. This allows for an easier definition of coordinates, conditions, and loads.

| www.dlubal.com
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[ To define nodes directly in the workspace, open the floating New Node dialog box for graphical
input. Usually, nodes snap to grid points that are aligned with the active user-defined or global
coordinate system (CS).

MNew Mode 'Standard’ &J

Node No. Node Type

21 Standard hd
Coordinates
Reference — —
Mode Mo 1] - | T K
Coordinate —_—
sytem [Catesian ]
Coordinate 3" B.000 [m]
Coordinate " [ =[]
Coordinate 2" 5,000 [m]
Reference
) Current CS
@ Grid origin

L S

Floating New Node dialog box

For more information about user-defined coordinate systems, see Chapter 11.3.4 3.

If the coordinate system is changed in the table, the node coordinates can be automatically converted
to the new system. The following query is displayed.

g ™y
% FRFEMEG4
Y Question No. 56

The coordinate system has been changed!

Should the coordinates ariginally defined be
tranzformed into the new coordinate system®?

Mo LCancel

RFEM query

You can analogously convert node coordinates with the Previous reference node in relation to the
origin.

Node coordinates

Node coordinates are defined in the previously set coordinate system. When you model a 3D
structure, the node is clearly defined by the coordinates X, Y, and Z, or the radius and angles.
Coordinate parameters and table column fitles change depending on the coordinate system.

When the model type is restricted to a 2D plate or wall, it is not possible to access all three text boxes
or columns.

To adjust Lengths and Angles, select Edit — Units and Decimal Places on the menu or use the
corresponding button in the dialog box.

With the following procedure, you can check if all nodes of a surface lie in one plane: Select the
relevant nodes and double-click one of them to open the Edit Node dialog box. Coordinate data is
filled only in the text boxes whose values are conform for all selected nodes. If this is not the case, you
can now assign a uniform plane coordinate to the selected nodes.

a4 |
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It is also possible to import node coordinates from Excel (see Chapter 11.5.6 @) or determine them
with the formula editor of RFEM (see Chapter 11.6 B ). In addition, there are several model generators
that facilitate the input (see Chapter 11.7.23).

To enter accurate, unrounded coordinates, select Full Precision in the New Node dialog box.

New Node | RS |
Node Coordinates | Support | FE Mesh
Node No. Node Type
7 G
Coordinates Coordinate System 'Cartesian’
Reference
node No.: - Full Precision @
Coordinate Value with Full Precision
system: Walue: 3.250000005 [m]
[ E-format

Coordinate X 0.000 ||| [m]
Coordinate Y: 325050 = | calculator

Coordinate Z: 0.0005» fx | Edit Formulas
\f‘ Measure

4 Full Precision [

Precisior: |Double

[ (0] 3 J [ Cancel

Comment

" (=)
OK ][ Cancel

Shortcut menu in the New Node dialog box and Full Precision dialog box

Comment

This field allows you to enter user-defined notes. Use the [ button or [Apply Comment] to import saved
comments (see Chapter 11.1.4@).

A Generated comment is displayed for nodes that are generated by RFEM when creating an
intersection or a rotated surface. Click the button shown on the left, available in the dialog box and
table, to "unlock" generated nodes and make them accessible for modifications.
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42 Lines

General description

l-.'.'; ,I The geometry of the model is defined by lines. They are essential for creating members, surfaces, and
- solids. Every line is defined by a start and end node. To define complex types of lines, additional
infermediate nodes are required.

[ New Line g‘
Line MNo. Line Type
24 Polyline
List of Nodes Line Type "Polyline’

141317 @

A
v I X
z

—

-

Comment

[ ok ][ Cancel
g
New Line dialog box

1.2 Lines x
6 o B € © | (322 | [0| 3= 3 || (2] o & MW F L%
B C D E -
Line Length Tl
Line Type Modes No. L [m] Comment =
Polyline -1z 6.000| Y L
2 | Pabyline 23 7.000| X
3 | Pobyline 34 6.000| Y
4 | Pabyline 41 7.000| X
5 |Ac 453 9.425 | XY
6 | Ac 786 9.425 | XY
7| Palyline 36 4000 Z
8 | Pabyline 47 4000 Z -
MNodes lLines ll'u'laterials lSurfaces lSoIids lOpenings lNodaI Supports lLine Supports lSurface Supports lLine Releases lCross-SectionsJ I<| 4 | » | H
Line type ('P'olyline / 'A'rc / 'Clircle / 'S'pline / B-s'p'line / Be'z'ier-5pline / FT to select)

[LCEEE LR Table 1.2 Lines

The line number is automatically assigned in the New Line dialog box and can be changed in it. The
order of the line numbers is not important.

To adjust the order of line numbers retroactively, select Tools — Renumber in the menu (see
Chapter 11.4.18 ®@).
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Line Type
In RFEM, the following line types are available for selection in the menu and in the table list:
= Single line
= Polyline
= Arc
= Circle
= Ellipse
= Elliptical arc
= Parabola
= Hyperbola
= Spline
= NURBS
= Trajectory
= line on surface

The different types of lines are described on the following pages.

Nodes No.

Every line is geometrically defined by a start and end node. They define the line orientation that also
affects the position of the line coordinate system. The nodes can be entered manually, selected
graphically, or redefined (see Chapter 4.1 @). If a line requires control points or intermediate nodes,
they are also included in the nodes list.

The display of line orientations can be activated in the Display navigator.

Project Mavigator - Display x e 15 ——t— —/7 —

= Model o T e *13
E‘g Nodes _--23’{-..___ D

- Lines - / 15""—-———23__‘__“7
13

L[]8 Indexes 23/
[V Line Releases A e
B rctins Y .
[#]& Control Lines ="
Dg Center Points
- [¥]5 Surfaces I S
- Solids T
----- [Vl Solid Orthotropies )
----- [#]& Openings 13 A
[-[¥]& Nodal Supports
[-[¥]5 Line Supports A
----- [¥]& Surface Supports
-1 Members
(¥ Sets of Members !
----- 1% FE Mesh Refinements
w14 Loads \\

- z Results = _//‘B

[QiData (& Display| 4 Views

\
\

Activating Line Orientations in the Display navigator

The line orientation can be changed quickly in the graphic: Right-click the line and select Reverse Line
Orientation in the shortcut menu. The numbers of the start and end nodes will be switched.

The coordinate systems of lines can be activated in the Display navigator: Go to Model — Lines
and select Line Axis Systems x, y, z including Indexes (see Figure 4.102 @).
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Line Length

This table column shows the total length of the line.

Position

Table column D provides information about the global axis the line is parallel to, or in which plane
spanned by global axes the line lies. If there is no entry, the line is in an arbitrary spatial position.

Comment

This field allows you to enter user-defined notes. Use the [Apply Comment] button to import saved
comments (see Chapter 11.1.4 @ ). A Generated comment appears for lines created by RFEM (e.g. a
pipe).

Line / Polyline

MNew Line *
Node No. Line No. Member No.
'

Coordinates Input Mode

X 4,500 [+ [m] (® Node / point

¥: 0.000 = [m] (O Member [ line

z: 0.000 -+ [m]

Reference: =
O Current CS

(®) Grid origin

(O Last node [JLength and direction

N
1

Perpendicularly to line

O [(R[A] [

O ® +Perpend

O lc | WJ Length

Al E Lz 2. soo !
Ostep

E

Graphical input dialog box New Line

Selecting the line entry in the pull-down menu opens the New Line dialog box shown in Figure 4.24 ®.
The figure above shows the general dialog box for entering lines graphically. Use the list button in the
toolbar to open it.

(5] A "real" line is defined by only one start node and one end node. Such a line represents a direct
connection between both nodes.

E7] A polyline is a polygonal chain consisting of several straight line sections. The intermediate nodes
are therefore listed in addition to the numbers of the start and end nodes in the dialog box (see Figure
4.24 @). To simplify line management, "real" lines are handled as polylines.

When entering polylines graphically, existing nodes, grid points, or snap objects can be selected as
definition nodes. It is also possible to set nodes freely into the work plane.

For example, if line loads or line supports are only effective for sections of a polyline, you can

¢ retroactively split a polyline into "real" lines: Right-click the polyline and select Explode Polyline in the
shortcut menu. You can also access this function via Edit — Model Data — Lines — Explode
Polyline.

a8 |
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p
New Line

General | Fotation

Line No.
24

Line Rotation via

©mde B [ EPID
-

@ Helpnode MNo.. 10

Inplane: @ wy

Oz

End

®P(XY.2)

Help node
a9 in plane x-y
gy
Start =Y
\
\
7’V Here
E=0=

[ ok ][ Ccancel

New Line dialog box, Rotation tab

In the second tab of the dialog box, you can define a Rotation of the line. Specify either an Angle /5 or
a Help node that the line axis y or z is to be aligned with. The help node can be selected in the list,

defined graphically, or newly created.

A rotation of the line may facilitate the input of line loads acting in local line direction. Line rotation

does not affect surfaces or members because they have their own coordinate system.

The local line axis systems are shown in Figure 4.102 @

Arc

p
New Line

General | Arc - Three Nodes | Rotation

Line No.
24

Nodes at Arc
113

2 2

3 15

4

a4
B EEE)
)& &

4

Arc Parameters

im)
i
o y

Center of Arc

¥ 0.000 5 fm]
¥: 1.25015¢] fm]
z 2.000(]| ]

Line of Type "Arc - 3 Nodes'

'€ (Xe Yo Zo)

Option

Subsequent adjustment by displacing
node at:

Beginning of Arc -

[ ok ][ Ccancel

New Line dialog box, Arc tab
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(Bl

Alpha: &5.00

An arc can be defined by the following parameters:

= Three nodes

= Center node, edge node, and opening angle
= Edge nodes and radius, opening angle, or rise
= Tangents and radius

In the Nodes at Arc dialog section, you can define the start, intermediate, and end nodes directly,
select them graphically, or newly create them. The node order is shown in the small dialog graphic.

Based on these three nodes, RFEM determines the Arc Parameters specified in the dialog section
below. It is possible to change the radius r, the rise h, and the opening angle a. The node coordinates
are adjusted accordingly.

The coordinates of the arc center that result from the arc nodes or parameters are displayed in the
Center of Arc dialog section. When you change data manually or select nodes graphically with the
button, the coordinates of nodes are adjusted as well.

In the Subsequent adjustment by displacing node at list, you can specify the node you want to change
the coordinates of.

When you define the arc graphically using a toolbar button, the via Three Nodes option allows you to
select or create the nodes directly in the graphic.

If you select one of the other input options, you have to select two nodes first, as shown on the left in
Figure 4.30 @ and Figure 4.31 @. Then, another dialog box (shown on the right) appears where you
define the arc parameters.

rNew Arc @1

Member No. Line No. Node No.
24 | 4 17 - )
New Arc @
Reference Coordinates ]
) Current C5 s 200l (m] Member No. | Line No. Node No. Included Angle -
® (Grid origin ¥ 000012 [m] 24 o 135.005 [
() Last node = 8,000 [m] TS [ step
Length Plane: i
@ @] [ Step [ Reverse arientatian
©] =
=)

L S

New Arc dialog box - definition type Arc via Center Node, Edge Node and Angle

In the Options dialog section (in Figure 4.30 @ and Figure 4.31 @ on the right), you can select the
arc's plane from the list. The Included Angle can be defined directly in the graphic or entered manually
and applied with [Apply].

To adjust an already defined arc, double<click its arc line. The Edit Line dialog box opens where you
can modify the data in the Arc - Three Nodes dialog tab (see Figure 4.29 @ ).
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[ New Arc ﬁj

Member No. Line No. Node No.
24| % 2z p .
New Arc ﬁ
Reference Coordinates
@ Curent CS e £.0002] [m] Member Mo. | Line No. Node No. Options
@ Grid origin i 0.0001] [m] o o)
© Last node z: 130002 [l

Definition Type

L: [m] }
Radius
[ 5tep r 5,500 [m] B Er?evnet[:t?on
L A

L =

New Arc dialog box - definition type Arc via Edge Nodes and Radius, Angle or Rise

In the Definition Type dialog section (right box), select the appropriate arc parameter from the list.

//_x Then, set the arc directly in the graphic or enter it manually and click the [Apply] button.

In the Step text box, you can enter the spacings after which the pointer snaps when dragging the arc
radius, angle, or rise.

r: 5.000
% 7. 000 The orientation of the circular arc can be adjusted by selecting the Reverse orientation check box,
¥ -3.000 which determines whether the arc is placed to the "right" or the "left" of both nodes.
2:  0.000
Circle
) A circle can be defined by the following parameters:
) = Three nodes

= Center point and radius

[ New Line ﬁj

Circle - Normal | Riotation

Line MNo. Line of Type "Circle - Normal
24

Point of Normal to Circle Plane
* 0.0001{)| m] DY n
Y: 0.00055 2| [m]

.

N(X.Y.Z)

Circle Radius

n S

Center of Circle
X 0.000 2| [m]
Y: 0.00055 2| [m]

.

ok | [ cancel

New Line dialog box, Circle - Normal tab
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You can enter the Circle Radius and the coordinates for the Center of Circle manually or graphically
by using the button. The Point of Normal to Circle Plane determines the p|cme in which the circle is
generated. Use the three buttons in the dialog section to select one of the global axes.

r ~
X: &.000 New Circle lﬂ

¥: 3.000
Member No. Line No. Node No.
24| % 17 . .
New Circle lé]
Reference Coordinates
@ Curent CS e 1,000} [m] Member Mo. | Line No. Node No.
@ Grid origin i 0.0001% [m] 24
() Last node z" £.0001 [m]

Circle Parameters

Length & 500012 ]
: [T 5tep

Step Ar:

Ao

Apply

L S

New Circle dialog box - definition type Center and Radius

When you define the circle graphically by using one of the toolbar buttons, you can select or create
the three nodes or the center and radius directly in the graphic.

Ellipse
& To define an ellipse, three nodes are required.

[ New Line &J‘

General | Hlipse | Rotation

Line MNo. Line of Type "Elipse’
24

Nodes on Ellipse

The major {minor) axis is defined by the two nodes
of nedes 1, 2, and 3 that are the farthest
from one another.

oK | [ Cancel

New Line dialog box, Ellipse tab

i:ff-:gg The ellipse is generated by the Nodes on Ellipse: The largest distance between the three entered nodes
7 0000 is assumed to be the principal axis of the ellipse.
% When you use the toolbar button to define the ellipse graphically, you can set it directly by selecting

three nodes in the work plane.
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Elliptical arc / Parabola / Hyperbola

& The following curves of conic sections can be defined:
[&J| = Elliptical arc

= Parabola
%¢| = Hyperbola

[ New Line MW

Hyperbola | Rotation

Line MNo. \Element of Type "Hyperbola'
24

Points of Hyperbola
1st focus of hyperbola

Fx [ B

o F‘
o —

2st focus of hyperbola

Fz X 2,000 x| m]
Y- 0.0005+| [m]
= 0.0005+| [m]

a=1575m
b=1233m
e=2m h=h-h

Poirt on hyperbola

- .
Y: 2000F2]]| m) e fm]

= 0.0005+| [m]

ok | [ cancel

New Line dialog box, Hyperbola tab

Enter the curve parameters (focus, angle, axis rotation, etc.) manually in the corresponding tab of the
New Line dialog box, or define them graphically.

3 ?zthDDDD When you enter line data graphically by using one of the toolbar buttons, you can define the curve
Y7o parameters directly in the graphic.
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Spline

= Splines are used to model any kind of curves. Enter a spline line graphically by selecting determinant
nodes of the curved line one after the other, or create nodes by mouse-click.

I ™
New Line lﬂ
General | Rotation
Line No. Line Type
24 Spline
List of Nodes Line Type "Spling’
1421
T
z
.
/ N,
f// * \\
. \

\

.
Comment

-
]
New Line dialog box - line type Spline
] NURBS (Non-Uniform Rational B-Splines) are required for modeling free form surfaces. NURBS are

splines whose control points are not placed on the curve itself. Usually, these lines are entered
graphically by selecting control points one after the other or by generating the points per mouse-click.

IS B
New Line lﬂ
General | NURBS | Rotation

Line No. Line of Type "NURBS"
24

Parameters

Control points: Order: 35
Nodes Weight
9 1.000
13 1.000
14 1.000
15 1.000
16 1.000

EE

New Line dialog box - line type NURBS
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Trajectory curve

EY Use trajectory curves to create helical lines. Usually, they are entered graphically by using the toolbar
button shown on the left. The following dialog box appears:

Mew Trajectory Curve @
Member Mo. | Line No. Node No. Coordinates
24| % 18 K 12.000/5 [m]
' 0.000/-5 [m]
Ref
slenee 2 400012 (m]
() Current C5
@ Grid arigin Length
() Last node L: AT 5| ]
Parameters [T 5tep
Guide line: 1 - | %
Rotation
B: 000 [

New Trajectory Curve dialog box

First, define the Coordinates of the line start. This enables the Parameters dialog section where you can
specify the total Rotation of the helix.

[Apply] button. Alternatively, you can use the Length text box. The coordinates of the line end are
subsequently determined in consideration of the specified rotation in the work plane.

To adjust an already defined trajectory curve, double-click its trajectory line. The Edit Line dialog box
opens where you can modify the data in the Trajectory dialog tab.
\— Guide line

"

C : Then you can define the Coordinates of the line end graphically or enter them manually and click the

— e
Rotation (here 5407
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Line on surface

In general, lines in plane surfaces are automatically recognized as integrated objects, so the line type
Polyline is usually sufficient. However, to set a line on a curved surface, use the line type Line On
Surface. You can also use this option to insert lines in plane surfaces that are not parallel to the global
axes, without having fo create a new user-defined coordinate system.

The input dialog box is similar to that of a polyline (see Figure 4.24 @).

Enter the start and end nodes of the line in the dialog box or select them graphically. You can use the
floating New Line dialog box of the type 'On Surface' to set nodes directly on a curved surface, if the
surface was selected before and the model display option Solid or Solid Transparent is active. RFEM
generates nodes of the type On Surface.

The surface where the line lies is defined in the On Surface tab. You can also check the parameters 1
and 37 of the start and end nodes (see Figure 4.14 @), but it is not possible to change them.

[ New Line @1

On Suface | Rotation

Line MNo. Line of Type "0On Surface’
24

Parameters

On suface No.: 2 - t‘

Start position

Bi1: 65.15 [%]
§iz: 1621 [%]
End position

Gj: 37.58 [%]
&jz: 49.93 [%]

oK | [ Cancel

New Line dialog box, On Surface tab

If you choose the graphical input by using the [Line on Surface] button, you can place the nodes
directly on the curved surfaces. Please note that the Wireframe Display Model is not suitable for this.

Cut via Two Lines / Cut via Section

The line types Cut via Two Lines and Cut via Section represent special line functions that are relevant
for the RF-CUTTING-PATTERN @ add-on module. They allow you to define cutting patterns via partial
strips if the division of the membrane surface is too large for the cutting. These features are described in
the RF-FORM-FINDING / RF-CUTTING-PATTERN Manual @, Chapter 5.2.
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43 Materials

General description

Materials are required to define surfaces, cross-sections, and solids. The material properties affect the
stiffnesses of these objects.

A Color is assigned to each material, which is used for the display of objects in the rendered model
(see Chapter 11.1.9@).

For new models, RFEM presets the two materials that were last used.

' ™
New Material M
No. Color Description

3 [ Cancrete C30/37

Material Constants

Moduluz of elasticity E: 3300005 ¢+ | [kMsem?]

Shear modulus G: 1375.0005 ¢ [kNAcm? ]
Puoizson's ratio v 0.2005 | [
Specific weight ¥: 25,0058 [kM/m?]

Coefficient of thermal expanzion o | 1.0000E-05: | [14°C]
Partial zafety factor T [

Material Model

|zotropic: Linear Elastic - ] ==

Comment

-
[ (0] 3 ][ Cancel ]

L =

(DL LY New Material dialog box

1.3 Materials X

EEE EEINE O @ =EH K- | FHE | S @S LS

B C 1] E F G H -
Material Modulus of Blasticty | Shear Modulus | Poisson's Ratio |Specific Weight Coeff. of Th. Exp. | Partial Factor| Materal | |
No. Description E [kN/em?2] G kN/emZ] v[] 7 kN/m?] o [1/C] FUIE Mode!
1 | Concrete C30/37 | DIN EN 1392-1-1/NA: 3300.00 1370.00 0.200 25.00 1.00E-05 1.00 | Isotropic
Il Steel S 235 DIN 18800:1990-11 21000.00 £100.00 0.300 78.50 1.20E-05 1.10 | lsotropic |E
Wl Gluelam Timber GL24n | DIN 1052:2008-1 1160.00 72.00 7.056 5.00 5.00E-D6 1.30 | Isotropic
Concrete C20/25 | EN 1952-1-1:2004/A_. 3000.00 1250.00 0.200 25.00 1.00E-05 1.00 | lsotropic [
4 I ] v
MNodes ll.ines | Materizls | Surfaces lSoI\ds lOpen\ngs lNoda\ Supports lhne Supports lSurface Supports 1Line Releases lCrcssfSedionsj 4 v[m

Material Description (F7 to import material from library)

Image 4.41 Table 1.3 Materials

Material Description

Any name can be chosen as a Description of the material. When the entered name corresponds to an
entry of the library, RFEM imports the material properties.

The import of materials from the library is described in the Opening the library @ section.
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Modulus of Elasticity E
The modulus of elasticity E describes the ratio between normal stress and strain.

To adjust the settings for Materials, click Edit — Units and Decimal Places on the menu or use the
corresponding button.

Shear Modulus G

The shear modulus G is the second parameter for describing the elastic behavior of a linear, isotropic,
and homogenous material.

The shear modulus of the materials listed in the library is calculated from the modulus of elasticity E and
Poisson's ratio v according to Equation 4.1 @. Thus, a symmetrical stiffness matrix is ensured for
isotropic materials. The shear modulus values determined in this way may slightly deviate from the
specifications in the Eurocodes.

Poisson's Ratio v

The following relation exists between modulus E and G, as well as Poisson's ratio v:

E=2G(1+n)

When you manually define the properties of an isotropic material, RFEM automatically determines
Poisson's ratio from the values of the E and G modulus (or the shear modulus from E modulus and
Poisson's ratio).

Generally, Poisson's ratio of isotropic materials is between 0.0 and 0.5. Therefore, for a value of 0.5
or higher (e.g. rubber), we assume that the material is not isotropic. Before the calculation starts, a
query appears asking if you want to use an orthotropic material model.

Specific Weight y

The specific weight v describes the weight of the material per volume unit.

The specification is especially important for the load type 'self-weight'. The automatic self-weight of the
model is determined from the specific weight and the cross-sectional areas of the used members or the
surfaces and solids.

Coefficient of Thermal Expansion a

This coefficient describes the linear correlation between changes in temperature and axial strains
(elongation due to heating, shortening due to cooling).

The coefficient is important for the 'temperature change' and 'femperature differential' load types.

Partial Factor ym

This coefficient describes the safety factor for the material resistance; therefore, the index M is used.
Use the factor ym to reduce the stiffness for calculations (see Chapter 7.3.1 3.

Do not confuse the factor ym with the safety factors for the determination of design internal forces. The
partial safety factors y on the action side take part in combining load cases for load and result
combinations.
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Isotropic Linear Elastic w

Isotropic Linear Elastic
Isotropic Monlinear Elastic 1D
Isotropic Plastic 1D...
Isotropic Monlinear Elastic 20/3D...
Isotropic Plastic 2D/3D...
Orthotropic Elastic 2D...
Orthotropic Elastic 3D...
Orthotropic Plastic 2D...
Orthotropic Masonry 2D...
Crthotropic Plastic 3D...
Isotropic Thermal-Elastic...
Isotropic Masonry 20...
Isotropic Damage 20/3D...

Material Model

Twelve material models are available for selection in the list. Use the [Details] button in the dialog box
or table to access dialog boxes where you can define the parameters of the selected model.

If the add-on module RF-MAT NL @ is not licensed, you can only use the Isotropic Linear Elastic and
Orthotropic Elastic 2D/3D material models.

Isotropic Linear Elastic

The linear-elastic stiffness properties of the material do not depend on directions. They can be
described according to Equation 4.1 @. The following conditions apply:

=E>0
=G>0
= —1 <v <£0.5 (for surfaces and solids; no upper limit for members)

The elasticity matrix (inverse of stiffness matrix) for surfaces is the following:

1 n
E E 0O 0 O
[ e)( ] —ﬁ i o O O [ SX ]
e E E S
Yy 1 y
9y |= 0 0 E 0 O txy
e 0 0 0 —=o0 e
L 9 G L I‘xz ]
1
i 0 0O 0 O G |

Isotropic Nonlinear Elastic 1D

You can define the nonlinear elastic properties of the isotropic material in a dialog box.

Material Model - Isotropic Monlinear Elastic 10 *

Definition Type
@ Basic

(O Bilinear

O Diagram...

Parameters
‘field strength
fyes 235.00

[N ]
| [NAmmd ]

fic: 235,00

Strain hardening modulus v
Ep: 0.000 5 ¢| [Mémm?]

Option

[CLinear elastic only

D | o Cancel

Material Model - Isotropic Nonlinear Elastic 1D dialog box

You have to define the yield strengths separately for tension (f,,1) and compression (f,,c) of the ideally
or bilinearly elastic material. You can also define a stress-strain Diagram to display the material
behavior realistically (see Figure 4.44 @ ).
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Isotropic Plastic 1D

If you have set the 3D model type (see Figure 12.23 @), you can define the plastic properties of the
isotropic material in a dialog box. RFEM takes these properties for member elements into account, for

example for the plastic calculation of a kinematic chain.

The nonlinear material behavior is only determined correctly in the calculation if a sufficient number of

FE nodes are created on the member. For this purpose, the following options are available:

= Divide Member Using n Intermediate Nodes dialog box (see Figure 11.91 @), method of
division: Place new nodes on the line without dividing it

= FE Mesh Settings dialog box (see Figure 7.10 @), option: Use division for straight members with

a Minimum number of member divisions of 10

Material Model - Isotropic Plastic 1D

(S

Definition Type
@ Basic
() Bilinear

() Diagram... =

Parameters

“Yield strength

fy: 220015 | [kN/em?]

Strain hardening modulus

Ep: 0.000 5 » | [kM/em?]

(] 3 ] [ Cancel

Material Model - Isotropic Plastic - 1D dialog box

Define the parameters of the ideally or bilinearly plastic material. You can also define a stress-strain
Diagram to display the material behavior realistically.

Material Model - Isotropic Plastic 1D

(S

Stress-Strain Diagram - Positive Zone

MHumber of X
steps: 1415
2 0.00005
B P 3 0.00018
iagram after las =
step: 4 0.00027
_ . 5 0.00036
() Tearing 6 0.00046
@ Yielding 7 0.00056
() Continuous 8 0.00067
® Stop 9 0.00081
10 0.00102
11 0.00133
12 0.00182
Stress-Strain Diagram - Negative Zone
Symmetric about the <X [H
2oy (BN 0.00000]
2 0.00009
1415 3 0.00018
4 0.00027
5] 0.00036
6 0.00046
Tearing 7 0.00056
@ ‘fielding 8 0.00067
Continuous H 0.00081
10 0.00102
Sl i 0.00133
12 0.00182

GX [kNicm2]
0.00
2.00
4.00
.00
8.00
10.00
12.00
14.00
16.00

18.00 |

20.00
22.00

GX [kNicm2]
0.00

-

m

Ei:

Comment

[kMAemi]

1.4003 [hot-rolled sheet, longitudinal direction)

()3 J [ Cancel

Material Model - Isotropic Plastic 1D dialog box
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The material properties can be defined separately for the positive and the negative zone. The Number
of steps determines the number of definition points respectively available. Enter the strains € and the
corresponding normal stresses G into the two lists.

You have several options for the Diagram after last step: Tearing for material failure when exceeding a
certain stress, Yielding for restricting the transfer of a maximum stress, Continuous as in the last step, or
Stop for restricting to a maximum allowable deformation.

It is also possible to import parameters from an [Excel] worksheet.

Woatch the dynamic graphic in the Stress-Strain Diagram dialog section to check the material
properties. The dialog field E; below the graphic shows the modulus of elasticity E for the current
definition point.

Use the button in the dialog box to save the stress-strain diagram so that you can apply it to
different models. To import user-defined diagrams, click the button.

Load Dialeg Box Data ﬁ

Name

Steel S 235 modffied

Steel S 235 modified -
Steel S 355 modffied

]

[ ok ][ Cancel

Load Dialog Box Data dialog box

For members with isotropic plastic material properties, the Activate shear stiffness of members
(cross-sectional areas A,, A;) check box in the Calculation Parameters dialog box (see Figure 7.27 @)
has no effect. This material model uses the beam theory according to Euler-Bernoulli where shear
distortions are neglected.
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Isotropic Nonlinear Elastic 2D/3D

With this material model, you can display the properties of nonlinear materials for surfaces and solids.
No energy is delivered to the model (conservative analysis). As the same stress-strain relations apply
for loading and relief of load, no permanent plastic distortions are available after a relief.

Material Model - Isotropic Monlinear Elastic 2D/3D

Definition Type

@Basic
(O Bilinear
(O Diagram... = ot
Parameters
‘field strength
Fyt: 23500 5| [M4mmi]
S v | Mdmmi]
Strain hardening modulus
Ep: 0.000 5 ¢| [Némm?]

Strain Hypothesis
@ won Mises

O Tresca

(O Drucker-Prager
(O Mohr-Coulomb

Option

[CLinear elastic only

?| i@

Cancel

*

Material Model - Isotropic Nonlinear Elastic 2D/3D dialog box

You have to define the yield strengths f,,; of the ideally or bilinearly elastic material. For the hypotheses
according to von Mises and Tresca, they are equally applicable for tension and compression. For an
authentic display of the material behavior, you can also define a stress-strain Diagram (see Figure

4.44m).

The elasticity matrix is damped isotropically in order for the stress-strain relations of the equivalent

stresses and distortions to be fulfilled.

Four calculation theories are available in the Strain Hypothesis dialog section:

= von Mises:

Sequ =—\/s)2(+5)2/—sxsy +31‘)2(y

Seqv
Ceqv™ E

= Tresca

Sequ =4 (5,75, F+ at?,

| 62 |
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Ty
Y
)
I o]
fye W fyt
: E‘ﬂ Criteria

- Nonlinearity Rate
i...(@ 1 Design Ratio

= Drucker-Prager:

A criterion that tends to 1 is analyzed (in the plastic sense). Tension and compression stresses interact
in the equations. During the evaluation, you should pay attention to the design ratio under the
Criteria, not to the stresses.

= Mohr-Coulomb:

Similar to the Drucker-Prager model, a stress circle is analyzed, though it is based on the Tresca
hypothesis.

Generally, many iterations are required for this material model until convergence is reached.
Therefore, it is recommended to specify a minimum value of 300 as the Maximum number of iterations
in the calculation parameters (see Chapter 7.3.3 @).

With the Only linearly elastic option, it is possible to deactivate the nonlinear material properties, for
example for comparative analyses.

The following technical article provides further explanations on the yield laws of this material model:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /000948 @

Isotropic Plastic 2D/3D

This material model shows an isotropic material behavior in the elastic zone. The plastic zone is based
on the yielding according to different Strain Hypotheses with a user-defined Yield strength of the
equivalent stress for surfaces and solids.

Material Model - Isotropic Plastic 2D/3D *

Definition Type

OBasic

(® Bilinear

(O Diagram... =

Parameters

‘field strength

Fyt: 23500 5| [MAmm?]
v [MAmm ]

Strain hardening modulus

Ep: 2,100 v [N/mm? ]

Strain Hypothesis
@ won Mises
O Tresca
(O Drucker-Prager
(O Mohr-Coulomb
Option

[CLinear elastic only

D | o Cancel

Material Model - Isotropic Plastic 2D/3D dialog box

Specify the parameters of the ideally or bilinearly plastic material. You can also define a stress-strain
Diagram to redlistically display the material behavior (see Figure 4.44 @). According to von Mises
and Tresca, the same yield strengths apply for tension and compression.

The yield conditions for 2D elements according to von Mises, for example, are mentioned in Equation
4.3 @ . For 3D elements, they are as follows:

Seqv = :71 \/(SX—S )2+($ —SZ)2+($X—$Z)2+6(1‘2 +t2 +t2)
q 2 y y Xy  ‘xz " ‘yz
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For plastic material properties, calculations are carried out iteratively and with load increments (see
Chapter 7.3 B). If the stress is exceeded in a finite element, the modulus of elasticity is reduced there
and a new calculation run starts. The process is repeated until a convergence is reached. When the
calculation is done, stiffness reductions can also be checked graphically (see Chapter 9.3.2 @).

When evaluating results, it is recommended to use the smoothing option Constant on Elements (see
Figure 9.31 @). The setting ensures that the defined yield strength is displayed as a maximum in the
results panel: In the calculation, plastic effects can only be considered element by element. For the
remaining smoothing options, however, RFEM interpolates or extrapolates the results. This may lead to
distortions that are more or less pronounced depending on the mesh.

In the elastic-plastic calculation, the total strain € is divided into an elastic component g and a plastic
component &g|.

e=¢e,+e,

However, this breakdown is only valid when assuming that the plastic strains are small (g < 0.1). If
the plastic strains exceed this limit value, the plastic results should be evaluated with caution. This has to
be taken into account in particular for calculations according to the large deformation analysis.

Orthotropic Elastic 2D

You can define stiffness properties that appear differently in both surface directions x and y. This way,
you can model ribbed floors or stress directions of reinforced ceilings, for example. The surface axes x
and y are perpendicular to each other in the surface plane (see Figure 4.75@).

The RFEM 4 material models Orthotropic and Orthotropic Extra are converted into this model.

Material Model - Orthotropic Elastic 2D &J

Material Constants

Moduluz of elasticity Eyx: 11600.00 > [kM/cm?]
Ey: 3200015 | [kMiem?]
Shear modulus Gyz ! 590,005 x| [kMAem?]
Gzt 590005 | [kMiem?]
Gy 590005 | [kMiem?]
Puoizson's ratio @ viy: 01005 [
Wyt 00035 | [

0K ] I Cancel

Material Model - Orthotropic Elastic 2D dialog box

With this material model, you can globally assign an orthotropic property to all surfaces that consist of
a particular material. Alternatively, it is possible to individually define the parameters for each surface
(see Chapter 4.12@).

An orthotropic elastic material is characterized by the moduli of elasticity Ex and Ey, the shear moduli
Gyz, Gxz, and Gyy, as well as Poisson's ratio Vxy, and vyx. The elasticity matrix (inverse of stiffness
matrix) is defined as follows:

| ea |
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ER
E>< Ey
-ex- _nxy _1 0 0
ey EX Ey
— 1
gy =] o o 0
ny
9, .
9 | 0 0 0 G_yz
0 0 0 0

~ O~ o~

The following correlation exists between principal Poisson's ratio v, and secondary Poisson's ratio vyy:

N
<
X

3
>
<

<
x

The following conditions must be met for a positively definite stiffness matrix:

= E,>0; E,>0

= G,>0; G,,>0; G, >0

[ | n < _X
| Xy| Ey

Orthotropic Elastic 3D

In a three-dimensional material model, you can define elastic stiffnesses separately in all directions of
the solid. This way, you can display the strength properties of wood-based materials, for example.

Material Model - Orthotropic Elastic 3

D

S

Material Constants
Moduluz of elasticity Eyx:
Ey:

Ez:

Shear modulus Gyz !
Gz

Gy &

Puoisson's ratio @ vyz:

11600.00 %
320005
320005

590,005
590,005
590,005

010015
0.050%
0.050%

[kMAemi]
[kMAemi]
[kMAemi]

[kMAemi]
[kMAemi]
[kMAemi]

[
[
[

0100 | [
.00t [
0001 1

Ok

][ Cancel ]

Material Model - Orthotropic Elastic 3D dialog box
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The elasticity matrix is defined as follows:

1 _ﬁﬁ I 0 0 0 ]
E, E, E,
- - nxy 1 nzy - -
y e 3 0 0 O s,
S
y Ny Ny, 1 y
: || E, E, E, o 0 0 S2
e 0 0 0 == 0 o b
gxz Gyz txz
[ Gy | O 0 0 0 — o |L%]
GXZ
1
0 0 0 0 O
L ny _

The following correlations exist between principal Poisson's ratios Vyz, Vxz, Vxy and secondary Poisson's

ratios Vzy, Vzx, Vyx:

My, .
E I

X

’

Ty _
EZ

m lg:
< N

nZX =
EZ

m lg:
< X

=Dy
EX

The following conditions must be met for a positively definite stiffness matrix:
= E >0; Ey>0; E,>0

= G,>0;G,,>0;G, >0

E E E
il 2 Il <2 el
E E E E

—_2 2 222N _p_2 >
=1 nyzE nXZE nxyE 2E n,n,ny, 0
y X X X
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Orthotropic Plastic 2D / Orthotropic Plastic 3D

The material model according to Tsai-Wu unifies plastic with orthotropic properties. This way, you can
enter special modelings of materials with anisotropic characteristics such as plastics or timber. When
the material is yielding, stresses remain constant. A redistribution is carried out according to the
stiffnesses available in the individual directions.

Material Model - Orthotropic Plastic - Tsai-Wu 3D x

Material Constants

Modulus of elasticity B3 [M/mrmd] ] 1 2
el
e | 5 O s ot
e
e

te  foa

1 1 03
Shear modulus Gyz: [N /mm?] ay f_ = f_ + 7 +
G 780.0 [2]¥] /21 by ey ey
Gy : 780.0 [2]] M/mmz] - [ 1 1 ] N a? N
Poisson's ratio ® vyz: [ ) vzy: H .ft z fr z ft.z.fc‘z
T !
- - R
o SR : Rye " Foue " Fiuy
Hardening modulus Epx: [M o ] 1 1 2 E.E
xip,x -
S | sl
5 /] fio ' fowl Ba—Byu
e
a = E Ay
Material Strengths 3
Ultimate tensile strength fex: 19.5 k| [Mdmm ]
Frype 0.5 5 v [NJmm2]
frz: 0.5 5| [Nmm?]
Ultimate compressive fox: [M o ]
strength
fey: 3.0 v [MAmmE]
fez: 3.0 v [NAmmE]
Ultimate shear strength fuyz: [Mmm]
fuse: 3.2 5v| [N/mm] Option
Fuy 3.2 v [MdmmE] [tinear elastic only
D| | D& Cancel

Material Model - Orthotropic Plastic - Tsai-Wu 3D dialog box

The elastic zone corresponds to the Orthotropic Elastic - 3D material model (see above). For the plastic
zone, the yielding according to Tsai-Wu applies:

2 2 2
f ( )=l (SX_SX,0)2+ (Sy_sy,0)2+ (SZ_SZ,O)Z_'_ tzZ + tXZ + I‘Xz
ort c fle(:x flyfcy ftzfcz f2 2 2
X C, Y G 22 Gy v,yz V,XZ v, Xy
where
ft,x _fc,x
Sx,0% 2
fi,y ~fe,y
Sy,0% 2
ft,z _fc,z
$z,0° 2
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2 2 2
[ 1 1 ]2 ExEp x °x,0 °y,0 2,0
C=1+ + at + +
ft x feo x Ex ~Ep,x fix fo x ft,ny,y ft,zfc,z

fix fiy, i,z : Plastic ultimate tensile strength in direction x, y, or z

fex fe,y, fc,z : Plastic ultimate compressive strength in direction x, y, or z
fyz fvxz. fuxy : Plastic shear strength in direction yz, xz, or xy

Epx : Hardening modulus

a : State variable of hardening

a= iZDgi

All strengths must be defined positively.

The stress criterion can be imagined as an elliptical surface within a six-dimensional space of stresses. If
one of the three stress components is applied as a constant value, the surface can be projected onto a
three-dimensional stress space (see Figure 4.51 @).

Oz

Oy

Oy,

Projection of yielding surfaces for normal stresses according to Tsai-Wu

If the value for f,(c) as per Equation 4.12 @ is lower than 1, stresses lie in the elastic zone. The plastic
zone is reached as soon as f,(c) = 1. Values higher than 1 are not allowed. The model behavior is
ideal-plastic, which means no stiffening takes place.

Equation 4.12 @ is only valid for the local FE coordinate system. If this local coordinate system does
not match the solid's coordinate system used for the stress output in RFEM, the values must be
transformed accordingly.

| e |
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Orthotropic Masonry 2D

With this elastoplastic material model you can consider material softening, which can be different in
the local x- and y-direction of the surface. The material model is suitable for unreinforced masonry walls
with in-plane loads. The total strain tensor ¢ is divided into the sum of its elastic and plastic components
(€ = €6l + £pl). This approach is based on the assumption that the damage represents a "smeared"
crack behavior in which the material is a continuum even after the damage.

Material Model - Orthotropic Masonry 2D *

Material Constants

Modulus of elasticity Ex: [Fa]
P

Shear modulus Gyz: 11800.00 5| [MPa]
Gz: 11800.00 5+ [MPa]
Gxy: | 11800.00 5+ [MPa]

Poisson's ratio ® vay: 0.199 54 [
O v 0.193 2 +|[]

Material Strengths.

Ultimate tensile strength frx: [MPa]
el
Ultimate compressive strength fe: [MPa]
el

Fracture Energies

Tensile fracture energy Gex: [M/mm]
Guv: [N ]
Compressive fracture energy Gex: [M#ram]
Gay: N/rom]

Other Parameters

Shear stress contribution in tension o [
Coupling between normal stresses B= [
Shear stress contribution in compression T [ Option

Inelastic strain at peak compression stress pt 0.00000 5+ [ |:| Linear elastic only

2D @ =) ';E OK Cancel

Material Model - Orthotropic Masonry 2D dialog box

In addition to the material properties of an orthotropic elastic 2D material model, the dialog box
includes seven strength parameters (f 5, fiy, fox, fcy, @, B, ¥) and five parameters for describing the
inelastic behavior (Gyx, Gty, Gex, Gey, Kp). These parameters can be determined in experimental
setups where single and biaxial compression and tension loads are analyzed. The correlation
coefficients are as follows:

f f

a=2(1+422 (144
9 f, f,
11 1

b= "1 "2 fexfey
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For the tension range, [45] @ uses a hypothesis according to Rankine, while a yield criterion according
to Hill is used for the pressure range. In the equations above, the parameter o describes the proportion
of the shear stresses that lead to failure under tensile stress. In the case of compression, the shear
component is analogously expressed by the parameters 3 and v.

The following figure shows a typical yield surface for the anisotropic Rankine-Hill failure criterion.

7fc,y

Yield surface with material parameters and shear isolines according to [45] (@

Isotropic Thermal-Elastic

Temperature-dependent stress-strain properties of an elastic isotropic material can be defined in a
diagram or imported from [Excel]. These properties are considered for member and surface elements
subjected to thermal load (changes or differences in temperature).

Material Model - Isotropic Thermal-Elastic =
Seftings Temperature Diagram
Temperature Modulus of Elast. Shear Modulus Poisson’s Ratio | Coeff. of Th. Bp Temperaturs - Modulus of Elasticty
Tra E [kN/cm2] G [kN/em?] V[ «[1/°C]

1 -200.0 2247770 864527 0.300 1.2000E-05 +E

2 -129.0 220640.0 848615 0.300 1.2000E-05

3 -70.0 216503.0 832704 0.300 1.2000E-05

4 210 210987.0 811488 0.300 1.2000E-05

5 93.0 205471.0 790273 0.300 1.2000E-05

3 149.0 202713.0 77966.5 0.300 1.2000E-05

7 2040 198576.0 763754 0.300 1.2000E-05

8 260.0 195128.0 75049.4 0.300 1.2000E-05

3 316.0 190992.0 734583 0.300 1.2000E-05

10 3710 186855.0 718671 0.300 1.2000E-05

11 427.0 181339.0 697456 0.300 1.2000E-05

12 4820 176512.0 678892 0.300 1.2000E-05

13 538.0 169617.0 65237.3 0.300 1.2000E-05

14 533.0 1634120 62850.6 0.300 1.2000E-05

15 649.0 155138.0 59668.3 0.300 1.2000E-05

T +T
Parameter Options.
Number of steps: Paisson's ratios identical
155

Reference temperature Comment
Fieference kemperature: 2008 [T] Cr-Mao Stahl Cr 2 1/4% - 3%
=)

Material Model - Isotropic Thermal-Elastic dialog box

The Reference temperature defines stiffnesses for the members or surfaces that have no temperature
loads. For example, if a reference temperature of 300 °C is set, the reduced elastic modulus of this
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2

point of the temperature curve is applied to all members and surfaces.

The Options dialog section allows you to control if the Poisson's ratios that are applied to the complete
temperature diagram are identical. Clear the check box to access the Poisson's Ratio table column for
individual entries.

Use the [Load] button to import predefined temperature diagrams for different steel alloys (see Figure
4.45m).

Click the [Save] button to save user-defined temperature diagrams so that you can use them for other
models.

Isotropic Masonry 2D

Use this material model to consider masonry walls not able to bear tension forces and reacting with
formation of cracks.

Material Medel - Isotropic Masonry 2D ﬁ

Failure Criterion

Limnit tension stresses

@ it 010 [kM/em?]
Ty lirnit : 0105 || [kMAem? ]

Hardening factor
CH: 1.0000E-04 57| [1]

[ (0] 3 ] [ Cancel

Material Model - Isotropic Masonry 2D dialog box

The dialog box allows you to define the Limit tension stresses in direction of the surface axes x and y,
which means parallel and perpendicular to the support interstices. In several iterations during
calculation, RFEM then finds out, which finite elements become stress-free due to the failure criterion.

When the limit tension stress is set to zero, RFEM applies a value of 1:10""" N/mm? in calculations for
stability reasons. Thus, minor tensile stresses are not completely excluded.

If numerical problems occur during calculation, you can try to reach convergence by increasing the
Hardening factor Ch.

If the masonry material has already been defined in the library before you open the Material Model
dialog box, the following limit values are preset:

Standard Ox, limit Gy, limit
DIN 1053-100 fxo 0
Tensile strength parallel to interstice
of support
EN 1996-1-1 k1 k2
Tensile strength parallel to interstice Tensile strength perpendicular to
of support interstice of support

Limit tension stresses according to masonry standards

| www.dlubal.com
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The following article describes how materials can be created for masonry:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /001291 @

Another technical article provides information on the assessment of structural behavior of masonry in
RFEM:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /001341 @

Isotropic Damage 2D/3D

With this material model, you can model the material behavior of steel fiber concrete where a
continuous reduction of strength occurs due to cracking.

Material Model - Isotropic Damage 20/30 *
Definition Type
Basic
Bilinear
(®) Diagram... =
o4
Parameters
s *| [MPa]
s *| [MPa] ) E e
s *| [MPa]
Reference element size v
IFER 0.000 (5| [m]
Option
[(Linear elastic only
D| i Cancel

Material Model - Isotropic Damage 2D/3D dialog box

The stress-strain curve of the steel fiber concrete is defined in a Diagram that can be accessed with the
button. This diagram is shown in Figure 4.44 @

In this material model ("Mazars' damage model"), the isotropic stiffness is reduced with a scalar
damage parameter. This damage parameter is determined from the stress curve defined in the
Diagram. The direction of the principal stresses is not taken into account. Rather, the damage occurs in
the direction of the equivalent strain, which also covers the third direction perpendicular to the plane.
The tension and compression area of the stress tensor is treated separately. Different damage
parameters apply in each case.

The Reference element size controls how the strain in the crack area is scaled to the length of the
element. With the default value zero, no scaling is performed. Thus, the material behavior of the steel
fiber concrete is modeled realistically.

The following technical articles provide further explanations on the Isotropic Damage 2D/3D material
model:

https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /001461 @
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /001601 @
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Material library

The properties of many materials are stored in a comprehensive, expandable database.

Opening the library

To access the library, click the [Material Library] button (see Figure 4.40 @) in the New Material
dialog box. You can also open the database in Table 1.3 Materials (see Figure 4.41 B ): Place the
cursor into table column A and click the [ button shown on the left or use the [F7] key on the
keyboard.

Material Library *
Filter Material to Select
Material category group: Material Description Standard 2
| Clal [ Steel S 355  EN 10025-2:2004-11
Ml 5teel S 355 R I EN 10025-2:2004-11
PSR Ml 5teel 5 355 10 I EN 10025-2:2004-11
| Msteel ~]| | Msteeis 35532 I EN 10025-2:2004-11
Ferr e Il Steel S 355K2 I EN 10025-2:2004-11
Ml Steel 5 355N [ EN 10025-3:2004-11
| B hd | Il Steel 5 355 ML [ EN 10025-3:2004-11
Standard: M Steel 5 355 M B EN 10025-4:2004-11
| Al - | Il Steel S 355 ML [ EN 10025-4:2004-11
Il Steel 5 355 W I EN 10025-5:2004-11
Il Steel 5 355H [ TaEN 10210-1:1994-09
Il Steel S 355 NH [ TaEN 10210-1:1994-09
Il Steel S 355 NLH [ TaEN 10210-1:1994-09
Il Steel 5 355H B EN 10219-1:1997-11
Il Steel S 355 NH B EN 10219-1:1997-11
o Il Steel S 355 NLH B EN 10219-1:1997-11
[Jinclude ivad... = Ml 5teel 5 355 MH \ B EN 10219-1:1997-11
[(JFavarites group: Wl Steel 5 355 MIH . B F 10719-1:1997-11 v
DUENQ = | == Search: | 355 | ®
Material Properties. Steel 5 355 | EN 10025-2:2004-11
[ Main Properties -
Modulus of Elasticity E 210000.00 | N/mm2
Shear Modulus G 80769.20 | N/mm2
Poisson’s Ratio v 0.300
Specific Weight T 78.50 | kN/m?
Coefficient of Thermal Expansion o 1.2000E-05 | 1/°C
[ Additional Properties
[ Thickness Ranget < 3.0 mm
Yield Strength [Fy [ 355,00 [ N/mm2
Uttimate Strength [Fu | 510.00 | N/mmZ
[ Thickness Ranget > 3.0mm andt < 16.0 mm
Yield Strength [Fy [ 355.00 | N/mm?2
Utimate Strength [ Fu | 470.00 | N/mm2
[ Thickness Range t > 16.0 mm and t < 40.0 mm
Yield Strength [Fy [ 345,00 [ N/mm2
Uttimate Strength [Fu | 470.00 | N/mmZ
[ Thickness Range t > 40.0 mm andt < 63.0 mm
Yield Strength [Fy [ 335,00 [ N/mm2
Uttimate Strength [Fu | 470.00 | N/mmZ
[ Thickness Range t > 3.0 mm and t < 80.0 mm
Yield Strength [Fy [ 32500 [N/mm2 | v
D o Cancel

[LLE Sy Material Library dialog box

Select a material from the Material to Select list and check the corresponding parameters in the lower
part of the dialog box. Click [OK] or [] to carry it over to the previous dialog box or the table.

You can use the Search text box for a full text search in the entries (see Figure 4.55 @).
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Indude invalid...

=

Library filter

As the material library is very large, there are various selection options available in the Filter dialog
section. You can filter the material list according to Material category group, Material category,
Standard group, Standard, and Special application. This way, you can reduce the provided data.

Fitter

aterial category group:

Ol iv'

[ Concrete

D etal

W tetal [Key Mumbers)
E Timber

Ctdazanm

[Glazz and Fail
OGas

W Soil

Material category:

| W steel

|v|

MLightweight Concrete
Wstesl

Estesl (Steel Mumbers)
[Ostainless Steel

[stainless Steel (Steel Numbers)

Esoftwood Timber
EHardwood Timber
EGlulam
Cmasonry

[ Alurmninium
OGlass

[CFail

OGas

W soil

[Ecast Iron
[Ocable

R einforcing Steel
WFrestressing Steel
[EcCapper

[Ecopper {Copper Mumbers)

O

Orlywoed

Cose

Orarticleboard
OFibreboard

OGypsum

Wwood (Morth America)
WWood (South Africa)

Standard group:

< [S)

Al
E=]-luis

iy

EIsia

ZIEBSEN

[ oI EN

BT
/T

cS EN
= ONCORM B

Filter for Material category group, Material category and Standard group

With the Include invalid check box, you can select if materials of "old" standards are also displayed in

the library.

With the and buttons, you can create and edit categories.

p
Edit Material Category

(S

Description
Concrete
Lightweight Concrete
Steel
Steel (Steel Numbers)
Stainless Steel
Stairless Steel (Steel Nu |~
Coniferous Timber
Leafy Timber
Glulam
Board Material
Cther Timber
Masonry
Aluminium
Glass
Fail -

=RIE X

»

=(E0

Material Category Data

Drescription:

Steel

Material Category Group:
[ tetal

[ ok

J [ Cancel

Edit Material Category dialog box

To adjust the sequence of the items, use the [ | and buttons.
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[Faverites group:

'

Creating favorites

Often, the use of a few materials is already sufficient for daily engineering work. You can mark these
materials as your favorites. Use the [Create New Favorites Group] button to open the dialog box for
defining preferred materials.

Create Mew Favorites Group

Name

Concrete -BS

Cancel

Image 4.60 Create New Favorites Group dialog box

Enter the Name of the new favorites group. After clicking [OK], a new dialog box appears which is

structured like the material library. The filter options described above are also available in this dialog

box.

Material Library - Favorites

Fitter Material Library - Favorites

Material category group: Material Description Standard

[Oa || | 0| B conerete caj10 i BS EN 1992-1-1/NA:2005-12
@ concrete C12/15 215 BS EN 1992-1-1/NA: 2005-12

REEEIEEGTE | @ concrete c15/20 i BS EN 1992-1-1/NA: 2005-12

| Hconcrete e | [ Concrete C20/25 Si5 BS EN 1992-1-1/NA: 2005-12

Ferlas [[]| @ concrete £25/30 %E BS EN 1392-1-1/NA:2005-12

- [1| [l Concrete C28/35 =I5 BSEN 1992-1-1/NA: 2005-12

[Eesen ]

Standard: [[]| @ Concrete C32/40 ZIE BSEN 1992-1-1/NA: 2005-12

[ | []| E concrete €35/45 Sf5 BSEN 1952-1-1/NA:2005-12
[1| @ Concrete £40/50 218 BS EN 1992-1-1/MA: 2005-12
[1| [ Concrete C45/55 =I5 BSEN 1992-1-1/NA: 2005-12
1| @ concrete €50/50 IS BS EM 1992-1-1/MA: 2005-12
[]| @ concrete £55/67 ZIE BSEN 1992-1-1/NA: 2005-12
[1| @ cConcrete C80/75 218 BS EN 1992-1-1/MA: 2005-12
[1| @ concrete £70/35 218 BS EN 1992-1-1/MA: 2005-12
[1| [ Concrete C30/95 =I5 BSEN 1992-1-1/NA: 2005-12
[J| @ concrete €30/105 IS BSEN 1992-1-1/NA: 2005-12

Ll [X 2 | |O% | [2g Search: | | allv

Image 4.61 Material Library - Favorites dialog box (partial view)

In the Material Library - Favorites dialog section, you can mark your preferred materials by selecting
their check boxes. To change the sequence of materials, use the [4 ] and [ buttons.

After closing the dialog box, the material library presents a clear overview of favorites as soon as you

activate the Favorites group option and the group is specified in the list.

[P 8y Material Library dialog box with Favorites group option

Material Library

Fitter Material to Select

Material category group: Material Description Standard

| Clal v | [ Concrete C12/15 215 BS EN 1992-1-1/NA: 2005-12
_ [ Concrete C20/25 Bli= BS EN 1992-1-1/NA: 2005-12

PRI [ Concrete C30/37 215 BS BN 1992-1-1/NA:2005-12

[Oa ]

Standard group:

[ v

Standard:

[ a v

[ indude invalid... =]

Favorites group:

Concrete -BS M =il =l= Search:

www.dlubal.com
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Extending the library

The material library can be extended. If you add a new material, you can use it for all available
models.

Click the button in the library (to the left of the Search field, see Figure 4.60 @). The New Material
dialog box opens. The parameters of the entry selected in the Material fo Select list are preset.
Creating a new material is easier when you choose a material with similar properties first.

r ~
New Material @

Material Description Material Properties.
Steel 5 235 reduced) CIMsbionatcs .
Modulus of Elasticity E 20000.00 | kN/em2
Fitter Shear Modulus G 2000.00 | kN/cm?2
Poisson’s Ratio v 0.300
Matenial categary group: Specific Weight r 78.50 | kN/m?
I Metal - = Coefficient of Thermal Expansion o 1.2000E-05 | 17K
Partial Safety Factor T 1.00
Material category: [ Additional Properties
Coefficient for Limiting Stresses of Welds w 0.550
B Steel M = Thickness Range t = 40.0 mm
Standard gioup: Uttimate: Strength fu 33.00 |kN/cm2
ield Strength Fy 22.00 |kN/cm2
B EN v = Thickness Ranget > 40.0 mm and t = 100.0 mm
) Uttimate Strength fu
Standard: Yield Strength Ty
B EN 10025-2:2004-11 -
[ Favarite
Comment; Feduced material properies

New Material dialog box

Enter the Material Description, define the Material Properties, and assign the material to the
appropriate groups and categories for Filter functions.

Saving user-defined materials

If you use custom materials, you should save the Materialien_User.dbd file before installing an
update. The file can be found in the master data folder of RFEM 5 C:\ProgramData\Dlubal\RFEM
5.xx\General Data.
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4.4

Surface Type

Surfaces

General description

In addition to structure geometry, surfaces describe the stiffness that results from material and thickness
properties. When generating the FE mesh, 2D elements are created on surfaces. For detailed
information about the used elements, see Chapter 7.2.1 3.

The stiffness type Null must be used for geometry descriptions of solids.

ra ™y
New Surface M

Surface No. Surface Type
3 Geometry: ([ Flane
Stiffness: [ Standard - ||=

Boundary Lines No. —
58

Material

[ 1| Concrete C30/37 | EN 1992-1-1:2004/AC:2010 -

Thickness
@ Constant
Thickness d: 2000 w x| [mm]
() Yarniable... =
Comment

[ 0K ] [ Cancel

L =

[LEEEE RS New Surface dialog box

1.4 Surfaces x
EXRE EEIDE O |3 e FEH S E LR
B T D E [ F G H 1T J K L M~
Material Thickness Eccentricity|  Integrated Objects Hrea Weight F
Boundary Lines No. | No. Type dmm] | ez[mm] [Nodes |Lines Openings| A[mZ] | W [kg] Comment
4523 [ 1 |Constant | 200.0 0.0 3 1 53.611| 26805.7 | cover
7956 [ 1 |Constant | 200.0 0.0 37.699 | 18849.6 | shell E
13141210118 [ 1 |Constart | 200.0 0.0 32.885| 164443
30,360.00/7.000;-2 [l 3 |Constant 20,0 0.0 122.232| 191904
33/0.600 B 2 |Constart 10.0 0.0 18.850| 1479.7 L
< 1 | »
MNodes ll.ines lMateriaIg | Surfaces | Solids lOpenings lNodaI Supports lLine Supports lSurface Supports lUne Releases lOrthotrcpic Surfaces J 4] [ ]m

Surface type ('P'lane / 'Q'uadrangle / 'B'-Spline / 'R'otated Surface / 'P'ipe / F7 to select)

[LLEEE Y Table 1.4 Surfaces

Different geometry and stiffness properties are available for structure modeling. It is possible to
combine entries of both Surface Type lists or table columns — within type-specific limits and conditions.

Color symbols help you to assign various types for Geometry and Stiffness. You can use these colors in
the model to display individual surface types. Colors are controlled in the Display navigator with the
Colors in Rendering According to option (see Chapter 11.1.9@).
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|@k|

Rectangle...

)

Filleted Rectangle...

Parallelogram...
Triangle...

L-Shape...

Circle...

Semicircle...

FFO® FEN QO W

...... Circular Segment...
Quartercircle..,

Circular Sector...

Annulus...
Semiannulus...

Quarterannulus...

ryy 3o ¥y

Annular Sector...

Ellipse...

ﬂ Polygon...

s

Rectangle via Center...

Chamfered Rectangle...

’& Select Boundary Lines...

E ]

Surface Type - Geometry

Plane surface

Plane surfaces can be defined graphically by drawing a rectangle, parallelogram, circle, annulus,
polygon, etc. Use the menu or the list button shown on the left to access different shapes of plane

surfaces.

The following dialog box appears when you graphically enter data by using one of the toolbar

buttons:

-

New Polygonal Surface

S

Surface No. Surface Type
7 Geometry: ([ Flane
Material Stiffresz: [l Orthotropic - ||
[ 3| Concrete C30/37 | EM 1992-1-1:2004/4C: 2010 | [Surtace type ‘Orthetropic’
Thickness .
@ C d
@ Constant . v
Thickness d: 200.0 — 7| [ram]

() Wariable... =

//;;

50°

T
Comment =
-

(0] 3 ] [ Cancel

New Polygonal Surface dialog box

First, enter the parameters for Material, Thickness, and Stiffness in addition to the surface number. Click
[OK] and define the boundary lines of the surface in the work window by selecting relevant corner

points.

The [Select Boundary Lines] function allows you to select existing lines graphically. The lines must be
arranged in a polygonal chain that lies in one plane. The line types are described in Chapter 4.2 .

Select the - . T m
boundary lines! .
Select Line 4
Lines: 37.38.39.40.41.42.43, . | |
Selected: ;14

Clear Cancel

Selecting boundary lines in the graphic

RFEM automatically recognizes the surfaces as soon as a

defined.

T e

sufficient number of boundary lines are

[ 78
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Quadrangle surface

[ This type of surface represents a general quadrilateral surface. In addition to straight lines, you can use
arcs, polylines, and splines as boundary lines. Use this surface type to model shells, since boundary
lines do not have to be arranged in one plane.

New Quadrangle Surface @

Surface No. Surface Type
o Geometry: |0 Quadrangls
Stiffness: [ Standard - |

Material

[ 1 | Conerete C30/37 | EM 1992-1-1:2004/4C: 2010 -

Thickness o

Surface thickness 'Constant’

@ Constant

Thickness d: 250.0 w 15| [mm]

“ariable... =

Comment

-
Ok ] [ Cancel

New Quadrangle Surface dialog box

You can select the boundary lines graphically after clicking [OK].

Rotated surface

7Y A rotated surface is created by rotating a line about a fixed axis. The surface results from the start and
end position of the line, as well as the line's rotated definition points.

The New Rotated Surface dialog box consists of two tabs. In the General dialog tab, you can define
the Material, Thickness, and Stiffness of the surface (see Figure 4.67 @). A variable surface thickness is
not allowed.
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p
New Rotated Surface

General | Rotated

Surface No.
<

Rotated Surface Parameters

Boundary line MNo.: 20 -
Angle of rotation o 1

Rotation Axis
Paint P Point R
x [ ooE] 0.00012]}] ml
Y: -14.000 5 -14.000 52| [m]
zZ: -1.000 4.00005) [m]

Lines Generated by Rotated Surface

Surface of Type ‘Rotated”

v P[XYZ]

[0 New Rotated Surface dialog box, Rotated tab

In the Rotated tab, you can specify the Angle of rotation. Both points of the Rotation Axis can be
defined either by entering their coordinates or graphically by using . Click [OK] and define the
boundary line for rotation in the work window.

Rotated surfaces can also be created from generated lines.

Pipe

A pipe surface is created by rotating the center line of the pipe about the center axis at the distance of

a specific radius.

p
New Pipe

S

General | Fipe

Surface No.
<

Pipe Parameters

Center line No.. 20 - m
OV "

Lines Generated by Pipe

Optimize for Connection with Neighboring Surface

Surface Mo.: ‘q [ Optimize

Surface of Type "Pipe’

| [ Cancel

[0y New Pipe dialog box, Pipe tab
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'

||

The New Pipe dialog box has two tabs. In the General tab, you can enter the parameters for Material,
Thickness, and Stiffness of the surface. In the Pipe tab, specify the Center line and Radius r. You can
also define the center line graphically.

Use the pipe surface to create two circles and a polyline that is parallel to the pipe axis.

B-Spline surface

A B-Spline surface is similar to a quadrangle surface (see Figure 4.66 @ ). In addition, help nodes are
created on the surface. The surface shape can be influenced by adjusting the coordinates of help
nodes retroactively.

The input dialog box has two tabs. In the General tab, you can define the parameters for Material,
Thickness, and Stiffness of the surface. A variable surface thickness is not allowed.

Mew Surface of type 'B-Spling’ @

General | B-Spline

Surface No. Surface of Type 'B-Spline’
B

B-Spline Parameters

Order of matrix: 3%

Order of spline: @3

List of B-Spline Matrix Nodes

Here
Order of matrix 3

OK ][Cancel

New Surface of type 'B-Spline' dialog box, B-Spline tab

In the B-Spline tab, you can enter the number of help nodes into the Order of matrix text box: For
example, if you enter "3", you create a grid of 3 x 3 help nodes across the surface. The Order of
spline selection field specifies whether a polynomial of the third or fourth degree is used for the
calculation of the surface.

NURBS surface

NURBS surfaces are defined by four connected NURBS lines (see Chapter 4.2 @). By using NURBS
surfaces, you can model almost any free form surface.

When entering boundary lines, make sure that opposite pairs of NURBS lines are "compatible" with
each other: Only if there is an equal number of control points are opposing NURBS lines arranged in
the same order.
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el

*

New NURBS Surface

Surface No. Surface Type
7 Geometry: |l HURES
Stiffness: [ Standard

Boundary Lines No.
1181324

Surface thickness 'Constant

Boundary Nodes No.
B1-64; 64-67; 58.67-63; 58-61

Corner Nodes Defined via Their Indices

Material

W 2| Stesls 235 | EM 10025-2:2004-11 -
Thickness

Thickness d: [rm]

Comment

] [ Cancel

New NURBS Surface dialog box

Trajectory surface

Use this type of surface to create a spatially curved surface from a certain start profile in relation to any

trajectory.

The New Trajectory Surface dialog box has two tabs. In the General tab, you can define the

parameters for Material, Thickness, and Stiffness of the surface.

-

New Trajectory Surface

(S

Trefectory

Surface No.
<

Surface of Type Trajectory’
I
- T X
z

Generated —,
Trajectory Line ™

Guide Line

Line Mo.: 5 - '&3

Start Profile - Line No.
52

End Profile - Line No. (optional}

End Rotation About Guide Line

[ s

Angle B:

Start Profile

OK

] [ Cancel

New Trajectory Surface dialog box, Trajectory tab

In the Trajectory tab, you can enter the number of the Guide Line that represents the reference line of
the surface or select it graphically. Then you can determine the Start Profile in the graphic. If necessary,
define a second line as the End Profile. The Angle /3 describes the rotation of the generated, parallel

boundary line in relation to the trajectory.
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Component

This entry appears in the table column and navigator if an intersection of surfaces has been created
(see Chapter 4.22 @). The editing functions for components of intersection surfaces provided by RFEM
are the same as for "normal" surfaces. Thus, it is possible to quickly modify properties of surface
components without creating an intersection again.

The original surface of a component is indicated in the Component tab of the Edit Surface dialog box.

General | Componert |Support / Eccentricity I Releases I Hxes I Grid |

Surface No.
4

Options
Active

Parent Surface No.
&

Edit Surface dialog box, Component tab

Use the [Go to Parent Surface] button to access the edit dialog box of the original surface.

Surface Type - Stiffness

The list available in the dialog box and table provides several stiffness models, which you can select to
model the structure realistically.

Standard

The surface transfers moments and membrane forces. The approach describes the general behavior of

[] Membrane - Orthotropic... R . . . X
O hul a homogeneous and isotropic material. The stiffness properties of the surface do not depend on

directions.

Without membrane tension

Only moments and membrane forces under pressure are transferred. For membrane forces that cause
tension, however, a failure of affected surface elements occurs (example: hole bearing).

Orthotropic

Use this stiffness model for surfaces with different stiffnesses in both surface directions (see Chapter
4.12 @ ). Use the [Edit] button to define the parameters.

Alternatively, you can assign an orthotropic property to the material (see Chapter 4.3 @). In this way,
you can avoid defining properties for each individual surface.

Glass

This type of stiffness is required for the add-on module RF-GLASS. Moments and membrane forces are
transferred, but stresses are not determined in RFEM. The actual stress calculation is carried out later in
the add-on module RF-GLASS.

Laminate

This stiffness type transfers moments and membrane forces. The add-on module RF-LAMINATE is
required to calculate the laminate model. The actual stress calculation is also carried out there. No
stresses are included in the results output of RFEM.
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Rigid

Use this type of stiffness to generate very stiff surfaces, which create a rigid connection between
adjacent objects.

Membrane

The surface has a uniform stiffness in all directions. Only membrane forces are transferred.

Membrane Orthotropic

Only membrane forces are transferred. Stiffnesses are different in both surface directions (Chapter
4.12 @) and can be defined with the [Edit] button.

Null surfaces are required for the definition of solids (see Chapter 4.5 @ ).

Boundary Lines No.

The boundary lines of a surface are listed in the corresponding text box or table column. The lines must
form a closed continuous line.

When rotated surfaces were generated, generation parameters are displayed in the table column.

Material No.

You can select an entry from the list of materials that have already been created. Material colors make
the assignment easier.

Material
I 1 | Concrete C30/37 | EN 1992-1-1:2004/AC:2010 -

Buttons in the Material dialog section

In the New Surface dialog box, there are three buttons below the list. Use the buttons to access the
material library or to create and edit materials.

For more detailed information on materials, see Chapter 4.3 3.
Thickness

Type
You can select between two types of surface thickness.
= Constant
The surface has the same thickness everywhere.
= Variable

The thickness of the surface is linearly variable (see Chapter 4.11 @). Use the [Edit] button to
define the parameters.
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Thickness d

Specify the surface thickness d in this text box, unless a variable thickness or a Null surface has been
defined. The thickness is used to determine the self-weight and stiffness for the stiffness types Standard,
Membrane without tension, Glass, and Membrane. For Orthotropic and Membrane-Orthotropic
stiffnesses, this value is only used to calculate the self-weight (stiffnesses must be defined separately for
orthotropic surfaces).

Surface thicknesses can be visualized with different colors in the model: In the Display navigator, select
Model — Surfaces, and then select the Color Scale of Thicknesses in Panel check box (see figure

below).
Project Mavigator - Display x
EIE‘% Model [= Panel x
EJ---E‘% Modes (1] ?E_rfice 4 -
-1 Lines icknesses cm
E—JE‘% Surfaces M o000
: Dg Surface Axis Systems xy,z 200
Dg Orthotropic Directions L RER
Dg Grid for Numerical Results B 2000
A9 ColorScle of Tricknesses n Panel 200
Ii‘g Split Surfaces W 3500
- [¥]5 Solids W 4000
----- E‘g Solid Orthotropies W 7000

..... 1% Openings

[-[¥]& Nodal Supports
-[¥]5 Line Supports

..... [¥]&/ Surface Supports
-[¥]5 Members

[-[¥]5 Sets of Members

..... [#]5% FE Mesh Refinements
-[#]d Loads

- 1[ Results

- [#]E FE Mesh
(- [B] 2= Sections
(- [#] ¢ Average Regions
[

[

[

[

m

- [B] 5 Guide Objects —

o [B] &y General
-] Mumbering
H-[H] 5 Colors in Rendering According to -

ﬁData @Display A views

n E

Display navigator: Surfaces — Color Scale of Thicknesses in Panel

Eccentricity

The plane in the surface center represents the reference surface for the thickness, which is assumed to
be in equal proportions on both sides of the "centroidal plane". To check the center, use the Display
navigator option Rendering — Model — Solid Model — Surface and Filled incl.
thickness (see Figure 4.118 @).

By specifying an Eccentricity e,, you can define an offset of height for the surface. In this way, you can
create uniform top or bottom edges for adjoining surfaces that have different thicknesses.

The eccentricity in the form of additional moments has an influence on the surface's internal forces.
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Integrated Objects

In general, RFEM automatically recognizes all objects that lie on a surface and are not used for the
surface definition. In the table columns or text boxes of the dialog box, all numbers of nodes, lines, and
openings are displayed.

| General | Support / Eccentricity | FE Mesh | Hinges | Integrated |Axes | Grid | Modify St'rf'fness|

Surface No.
4l

Integrated Nodes in Surface Options
35,36 [ Automatic object detection
Integrated Lines in Surface

42

Integrated Openings in Surface

:

Edit Surface dialog box, Integrated tab

If an object is not recognized, it is possible to integrate it manually: Double-click the surface to open the
Edit Surface dialog box: Then, deactivate Automatic object detection in the Integrated tab. The text
boxes of the dialog sections to the left are thus enabled for access. Use to select the objects
graphically.

Area

The area of each surface is shown in the table column. Areas of openings are not taken into account,
thus the value represents the net area.

Weight

The mass of each surface is indicated in the penultimate column. It is determined from the area and the
material's specific weight.

Comment

Enter a user-defined note or select an entry from the list.

Axis system

Each surface has a local coordinate system. The axis system of the surface is significant for various
input parameters such as orthotropic and foundation properties or directions of surface loads. The base
internal forces are also related to a surface axis system.

RFEM displays the coordinate systems as soon as you move the pointer over a surface. They can also
be displayed or hidden by using the shortcut menu of a surface (see Figure 4.76 @).

| s |
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Edit Surface...

& &

Delete Surface
FE Mesh Refinement 3

Y | Create Intersection...
g Delete Intersection

Regenerate
" Create Solid with Contact...
Extrude 3

Reverse Local Axis System

4y | split Surface..,
A? Centroid and Info...

Move/Copy...
G | Rotate...
A:B Mirrar...

| Local Axis Systems on/off % |

Rﬂ Display Properties...

B4 | visibility by Selected Objects
84 | visibility by Hiding Selected Objects

(UL Ay Surface shortcut menu

If required, you can adjust the local surface axes:

= Reverse Local Axis System shortcut menu option

The orientation of the local z-axis is reversed and the remaining axes are aligned according to the
righthand rule. As a result, foundations are put on the other side of the surface, or the "top" and
"bottom" reinforcement layers for the reinforced concrete design change surface sides.

= Edit Surface dialog box

To open the Edit Surface dialog box, double-click the surface. In the Axes tab, you can adjust the
local surface axes for Input as well as for Results.

Edit Surface *

General Support / Eccertricity FE Mesh  Hinges Integrated Aes  Grid Modify Stiffness

Surface No. Axes for Input
3 |‘ Direct to Point
Axes for Input  Axes for Resuits Y A/I\‘X
Direction z
(O standard ¢ [XYZ]
(O Angular rotation i

w[ Edm LI
(O Axis: % Parallel to line:

v

Method: projection of parallel line

creating of intersection by plane
(® Axis: (@) x Direct to line:
O [ 20 0] 7o 20| m
vi| 2900 ][ 0.000 2] m
z| 6000 2] o.000 2] m

() Axes parallel to user-defined coordinate system:

| Global x¥Z v|

K] [ Cance
Edit Surface dialog box, Axes tab
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Definition Type

Multiplier Factors w |

MNone
Muttiplier Factors
According to ACI 318-14 Table 6.6.3.1.1(3)

|\'\u'a||s uncracked ~ |

Flat plates and flat slabs

In the two sub-tabs you, can direct the local surface axis x or y parallel to a line, to the intersection of a
line and the surface (Direct to line, for radial axis system), or direct the axes of the customized
coordinate system (see Chapter 11.3.4 ®@).

Grid

Each surface is covered by a grid, which is used for the results output in the tables. This grid is
independent of the FE mesh.

For detailed information about surface grid and customization options of the grid points, see Chapter
8.13@.

Modify Stiffness

For the Standard and Without membrane tension surface types, the Modify Stiffness dialog tab is
available. In it, you can influence the surface stiffnesses.

Edit Surface *

General Support / Eccentricity FE Mesh Hinges Integrated Afwes  Grid Modify Stiffness

Surface No.
1

Definition Type
Muttiplier Factors w

Multiplier Factors.
Multiplier factor

Bending and torsion stiffness kb : [1

Torsion stiffness kaz: [1
Shear stiffness ks : [

w100 v 0
[ w00 w21

Membrane stiffness km: [

[ 100 2B 3

Eccentric stiffness ke: [
D | m @ |2 oK Cancel

Edit Surface dialog box, Modify Stiffness tab

You can select the Definition Type of the stiffness adjustment in the list. If you select None (no
modification of stiffness), all stiffness components with the factor 1.00 are taken into account for the
calculation.

Use the Multiplier Factors option to customize the stiffness factors k for the surface's torsion, bending,
shear, membrane, and eccentric stiffnesses. The surface stiffness elements are displayed in Equation
4208,

The definition type According to ACI 318-14 Table 6.6.3.1.1(a) sets the reduction factors to be
according to the American reinforced concrete standard and depending on the component type. The
list provides different options to set the appropriate factors for walls or plates, for example.
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4.5

Solids

General description

In RFEM, 3D objects are described by solids. When generating the FE mesh, 3D elements are created.
You can also use solids to model orthotropic properties or contact problems between surfaces. In
addition, solids can have gas properties.

In general, boundary surfaces of solids are defined with the stiffness type Null (see Chapter 4.4 @).
However, if no other solid is connected to a model that represents the contact between two surfaces,
both contact surfaces have to be characterized with a stiffness.

In the graphic, solids can quickly be created from surfaces. Corresponding generation functions are
described in Chapter 11.7.1.3® and 11.7.1.4 3.

Reinforced concrete designs are currently not implemented for solids.

' ™
New Solid [
General | FE Mesh | Pxes

Solid No. Solid Type
1 B Material -

Boundary Surfaces No.
¢ Boundary

3
| Surfaces

Material e I,l"
[ 1 | Concrete C30/37 | EN 1992-1-1:2004/AC:20° / /
@) [B) &

Comment

‘B EOE®EEEEB &
[ ok ] [ coea |

L J

LR B New Solid dialog box

1.5 Solids *
3= E = Pl ||| K= HE|E Ee | 2 L%
B C D | E F G H | -
Material (Gas (manufacturing) Compound Volume | Weight [
Boundary Surfaces No. | MNo.  |Pressure p [bar] | Temperature T ['C] Solids Vm3] | Wikal | Comment
38 B 1 O 1.300 | 4500.0
2514 o 2 O 0.240 0.0 L
1520 3 1.00 20.0 O 10.689 0.0 | Helium 1

=

MNodes ll_ines lMateriaIs lSurfaces 150|id5 lOpenings lNodaI Supports lLine Supports lSurface Supports lLine Releases lCross-SectionsJ I<| 4 | » | H
Solid type

[LLEE PRy Table 1.5 Solids
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Solid Type

Solid Type

In the list of the dialog box and the table, several stiffness types to realistically model structures can be
selected. Each type has its own color that can be used to differentiate solids in the model. Colors are
controlled in the Display navigator using the Colors in Rendering According to option (see Chapter
11.1.9@).

Material

The standard model is represented by a 3D object with the solid-specific properties of a homogeneous
and isotropic material. Therefore, boundary surfaces should be defined by the stiffness type Null.

If the solid has orthotropic properties, stiffnesses are also derived from the material characteristics.
Define the elastic stiffnesses of the three-dimensional material model in the Material Model -
Orthotropic Elastic 3D dialog box (see Figure 4.49 @ ).

Gas

Use this option to model solids with properties of an ideal gas (e.g. tank, bouncy castle, insulating
glass). The gas parameters have to be defined in a separate tab of the dialog box (see Figure
484m).

Contact

The solid type Contact is suitable for modeling contact properties between two surfaces. The
parameters have to be defined in a separate tab of the dialog box (see Figure 4.83 @).

Null

Neither a null solid nor its loads are considered for the calculation. Null solids are, for example, used
to analyze changes in the model's structural behavior if a solid is not effective. You do not need to
delete the solid, the loading is kept as well.

Boundary Surfaces No.

A solid is defined by surfaces that completely enclose a certain space. Enter the numbers of the
surfaces into the text box or select them in the graphic using the button.

When you have defined all boundary surfaces in the New Solid dialog box, use the [Show Figure or
Rendering] button below the graphic to see a preview of the solid.

Material No.

You can select an entry from the list of materials that have already been created. Material colors make
the assignment easier.

Material
I 1 | Concrete C30/37 | EN 1992-1-1:2004/AC:2010 -

Buttons in the Material dialog section

In the New Solid dialog box, you can see three buttons below the list. Use the buttons to access the
material library or to create and edit materials.

For more detailed information about materials, see Chapter 4.3 @.
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@« a

Edit...
Delete

Mew Compound Solid... L\\)

FE Mesh Refinement

Compound Solids
When an intersection of solids has been created, this column is displayed in the table.

In addition to surfaces, you can generate intersections for solids. RFEM determines the intersection lines
of intersecting solids and creates 3D solid objects as a union, a section, or as a pure intersecting set. In
this way, a new solid is generated from the two original objects.

Determining the solid intersection is time-consuming and computationally intensive. Each time the model
is changed, a recalculation of geometry is required.

Creating intersections

You can create intersections of solids quickly in the graphic: Select two solids by drawing a selection
window across the objects or using a multiple selection by holding down the [Ctrl] key. Then, right-click
one of the solids to open its shortcut menu where you select the menu item Solid — New
Compound Solid.

The New Solid dialog box opens. With the settings in the Compound Solids dialog tab, you can
specify how both solids are combined.

New Solid =5
- Compound Solids | FE Mesh | Bxes

Solid No.
3

Compound Solids
No.
Solid A: 1

v

&

4

4

Solid B: 2

v

&

Boolean Operation

() Unite A+ B () Fragments
(@) Subtract A-B () Exterior
() Intersect A~ B () Interior

Option
[ Hide cut off parts
[ Solid B as hale

LH
o) (G ]

New Solid dialog box, Compound Solids tab

The numbers of the two selected solids have already been entered into the text boxes. Use the list or

to change the entries.

Boolean Operation

There are three ways to combine solids info a new object:

= Unite: Solids A and B are merged info a unit.

= Subtract: Solid B is cut out of solid A.

= Intersect: RFEM determines the area shared by solids A and B.

The dialog graphic to the right demonstrates the principle of the individual combinations. Use the
[Show Figure or Rendering] button to switch between scheme and model display.
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Solid Type

The Option dialog section allows you to control how parts that were cut are displayed in the graphic
of the work window. When subtracting solids, you can use the as hole option to model boreholes, for
example.

Click [OK] to create the combined solid. As a result, intersections of surfaces (see Chapter 4.22 @)
with active or inactive surface components (see Chapter 4.4 @) are generated. At the same time,
RFEM sets the original solids to the type Null.

Volume V

This table column shows the volume of each solid.

Weight W

The mass of each solid is indicated in the penultimate column. It is determined from the volume and the
material's specific weight.

Gas

This dialog tab is available if you have selected the solid type Gas in the General dialog tab.

Edit Solid X

General Gas FE Mesh

Solid No.
[1

Gas Parameters Y I\‘
X
z

(®) Inner pressure

o

Resulting volume e

— A

Pp:Tp
Teo|  202h (T N v
D] ] [E] [ Cancel

Edit Solid dialog box, Gas tab

In this tab, you have to define the Gas Parameters pressure pp and temperature Tp.

You can model a vacuum by using values of pp between 0 and 1 bar. Different vacuum pressure
ranges are described at https://en.wikipedia.org/wiki/Vacuum @.

The following technical article provides background information on modeling an ideal gas:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /001507 @

| o2 |
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Contact
Sold Type This dialog tab is available if the Contact solid type has been selected in the General dialog tab.
I Contact ~
I Vateril Edit Solid X

General Contact FE Mesh Awes

Solid No.
1

Contact Between Two Surfaces

Surface A: t;
Surface B:

Contact Perpendicular to Surfaces

Failure under tension ~

Contact Parallel to Surfaces

Elastic friction w o
c [i| 1Tl | A

Parameters: L
c 50002 [kN/m?] u‘{:
" 050012 11 !
y -

) c.G>0 8m
?| =] @ & Cancel

Edit Solid dialog box, Contact tab

The following points must be observed when entering a contact solid:

= Both contact surfaces must be arranged to be parallel and created identically. It is recommended to
create the second contact surface by copying the first one.

= Each lateral connecting surface between the contact surfaces must be created as a simple surface
consisting of four boundary lines. Splitting a connecting surface into two surface components at half
of the height, for example, is not allowed.

= When modeling curved contact surfaces, you have to split the contact solid into several simple parts.

= RFEM generates undivided 3D elements (parallel "columns") between the finite elements of the
contact surfaces, creating a direct connection. Therefore, the FE division of the surface needs to be
adjusted to the spacing of the contact surfaces.

= Polygonal solids are preferable to triangular solids.

RFEM tries to find the contact surfaces automatically. In the Contact Between Two Surfaces dialog
section, you can change Surface A by using the list or use [ % | to select it graphically. RFEM
automatically enters Surface B as the solid surface that is parallel to the first surface.

Contact Perpendicular to Surfaces

In the Contact Perpendicular to Surfaces dialog section, you can select between three options:
Full force transmission ~

Full force transmission

. . = Full force transmission
Failure under compression
Failure under tension

= Failure under compression
= Failure under tension

The failure criteria Failure under compression and Failure under tension are taken into account in the
calculation via the deformations of solid FE mesh nodes.

The Contact Parallel to Surfaces can be defined independently of the contact properties that act
perpendicular to the two contact surfaces.
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Contact Parallel to Surfaces

Full force transmission

e

Rigid friction

Rigid friction with limit
Elastic friction

Elastic friction with limit
Elastic solid behavior

Contact Parallel to Surfaces dialog section

The contact criteria parallel to surfaces are defined as follows:

Contact

Diagram

Description

Failure if contact
perpendicular to
surfaces failed

If the contact solid under tension or
compressions fails, no shear forces
are transmitted.

Full force
transmission

All shear forces are transmitted.

Rigid friction

RESRL)

The rigid friction is immediately
effective.

The shear stress is dependent on the
normal stress. You have to enter the

e friction factor .
Rigid friction with 51 kN o As soon as the maximum permitted
limit shear stress Tmax is reached, the
+ stress is not increased any further by
extending the deformation, but

remains constant.

Elastic friction

o 55t

This friction represents an elastic
behavior: The shear force increases
proporﬁono”y to the deformation.
There is no limit for deformation.
The spring stiffness C (the force
required fo move a 1 m? surface by
1 m) and the friction factor 1 must
be entered as parameters.

Elastic friction with
limit

Unlike with the elastic friction, the
maximum shear stress does not
depend on the normal stress: Only
one defined shear stress can be
absorbed.

The spring stiffness C and the shear
stress Tmax must be entered as
parameters.

| oa |
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Elastic solid
behavior

The properties of the elastic shear
transfer can be described by
entering the spring stiffness C.

Contact properties parallel to contact surfaces

FE Mesh

The FE Mesh dialog tab allows you to set specific requirements for each solid concerning the FE mesh.

Edit Solid

General FEMesh  fyes

Solid No.

[1

FE Mesh Refinement
Available

Refinement type:
[ 1 | solid | 0.05 ~[4

Layered Mesh
Activate

No.
Surface A: t‘
Surface B:

Mumber of finite element layers:
(O According to FE mesh settings

(® Defined: E 3

| |

*

Surface A

*,_ Finite element
/" layers

Surface B

Cancel

Edit Solid dialog box, FE Mesh tab

To allocate an FE Mesh Refinement to the solid, you have to select the checkbox. You can select the
type of mesh refinement from the list. By defining the FE length, mesh refinements for solids are possible

(see Chapter 4.23 @).

If the Layered Mesh option is selected, you can directly set the number of finite element layers between
two opposite surfaces. You can select Surface A from the list or use | % | to define it graphically; the
parallel Surface B is entered automatically. Afterwards, it is possible to control the number of layers in

a Defined way.

The following article presents an example for a layered FE mesh for solids:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /000738 @

I www.dlubal.com
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Axis system

Each solid has a local coordinate system. This axis system is significant for orthotropic properties, for
example. Stresses and distortions are related to the local axis system as well.

RFEM displays the coordinate systems as soon as you move the pointer over a surface. You can use
the shortcut menu of a solid to switch them on and off.

In the Edit Solid dialog box, you can adjust the solid coordinate system. Double-click the solid to open
the dialog box. The orientation of the local axes is managed in the Axes dialog tab.

Edit Solid [
General | FE Mesh | Axes

Solid No.
1

Direction

() Standard

() Awes xy parallel to boundary
surface: None

@ Ads: @ x  Parallel to line:

() Mis: (@« Parallel to
., surface: 0

() Awes parallel to customize
coordinate system:

Globales XYZ =

= OK ][ Cancel

Edit Solid dialog box, Axes tab

The solid's local axes x and y can be oriented to be parallel to the axes of a boundary surface, a line,
a surface, or in direction of a user-defined coordinate system (see Chapter 11.3.4 @).
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4.6 Openings

General description

|E| Openings are used fo create cutouts into surfaces. In areas where openings are placed, no finite
elements are generated nor are surface loads applied.

Openings can be set graphically into surfaces. RFEM creates a polygonal chain for various types of
openings and integrates it into the surface.

' ™
New Opening M

No. In Surface No.
2|l 5

Boundary Lines No.
43525356

Comment

[ (0] 3 J [ Cancel

New Opening dialog box

1.6 Openings x
FMEEEEEIE O EHEEE K+ FEIE Ee | F A%
B C D -
In Surface Area B
Boundary Lines No. No. Am2] Comment
912 1 2.500 | stairs
2 |4 5 0.612 L
3 E
4
5]
6 -
7 -
Nodes ll_ines lMateriaIs lSurfaces lSoIids | Openings | Nodal Supports lLine Supports lSurface Supports lLine Releases lCross-SectionsJ 4] 4] v [m
List of boundary lines (e.g. '1,3,5-7")

Table 1.6 Openings

Boundary Lines No.

Enter the lines that enclose the opening in this text box. The lines must be defined as a polygonal chain.
Openings on the edge of a surface are allowed as well.

When using the graphical selection, click the opening's boundary lines one by one in the graphic.
Once a sufficient number of boundary lines has been defined, RFEM automatically recognizes the
opening.

|@| You can use the Select Boundary Lines button in the openings menu list to graphically select previously

defined lines. The lines must form a closed continuous line.
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ENN OOEO

BEE B 0D CODODO

Rectangle

Rectangle via Center
Filleted Rectangle
Chamfered Rectangle

Parallelogram
Triangle

L-Shape

Circle

Semicircle
Circular Segment
Quartercircle

Circular Sector

Semiannulus
Quarterannulus

Annular Sector

Ellipse

Polygon

Select Boundary Lines

Openings via Window

Openings can be placed directly into a surface that lies in the work plane by using one of the buttons
shown on the left. The definition types for openings are, in a somewhat reduced form, based on the line
types described in Chapter 4.2 @ (e.g. circle, ellipse). Once the contour lines have been determined,
the opening is created. With this input option, it is not necessary to create lines for the opening in
advance.

In Surface No.

For plane surfaces, the automatic integration is active by default. For curved surfaces, you have to
integrate the opening manually. In the Edit Surface dialog box, go to the Integrated tab and enter the
number of the opening into the text box (see Figure 4.75 @).

Area

This table column shows the area of the opening.

[ o8
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47 Nodal Supports

General description

Supports are used to transfer loads applied on a structural system into the foundations. Without any
supports, all nodes would be free and could be displaced or rotated unhindered. If you want a node
to act as a support, at least one of its degrees of freedom must be restricted by a spring or blocked. In
addition, the node must be part of a surface or member. The boundary conditions of members must be
considered as well, in order to exclude double releases on the supported nodes.

Nodal supports are required in order to apply imposed deformations.

It is possible to provide nodal supports with nonlinear properties (failure criteria for tensile or
compressive forces, working and stiffness diagrams).

MNew Modal Support *
Support No. On Nodes No. “
E | 5 T
Support Axis System z

(® Global X,Y,Z

(O User-defined axis system: v kS
Rotated =

Elastic Support via
columnin ... = [.! ﬁ? t: H-Z" @ Q‘

Suppert Conditions

Support Spring constant Monlinearity

[ Cux : l:l | Mone ~
u CuY : l:l | Mone ~
uz: Cuz : l:l [kidfrn] Failure if negative PZ' ~

i i

i

Restraint

O ox: Cgx: [khm/frad] None ~ ||
[ av: Cox: 0,000 5+ [hmjrad] Nane ~ |
[F Coz: 3 0| [kmmjrad] None ||

m| A ||| 2L - X

Comment
| Mo lifting forces v| 5]
?| & & Cancel
New Nodal Support dialog box
1.7 Nodal Supports X
EEEE | B3O | [# =[5 [H| a3 | [ EEm A%
A B C ] | E I F | G | H | ] J S
Support Column Support or Spring [kM/m] Rotational Restraint or Spring [<Nm./rad]
No. On Nodes No s system inZ ux uy uz ax oy oz Comment
1 1.211.12.21.71-73 | Global X.Y.Z O Wl ¥ O O ¥l Hinged
2 (3135 Global X.Y.Z 0 = ¥ 11320.000 0 0 ¥
5160 Global XY.Z O = & - O O =
4 Yes
5 No
6 Spring constant
¥ Failure if negative PZ
8 Failure if positive PZ
9 Failure all f negative PZ' Y]
Failure all if positive P2
Nodes | Lines | Surfaces | Solids [Openings | Nodal Supports I|_|ne Supports | Su| Partial activity... ﬂlCross-Sectlons | Member Hinges | 14]+[ [ r1
Support condition for translational motion ('¥'es / 'N'o / Spring Constant / Ineffectivg Diagram...
Friction PX...
Friction PY"...
Friction PX' PY"...

Friction PX+PY"...

Table 1.7 Nodal Supports
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£

*

Edit Modal Support...
Delete Modal Support

Increase Size

JF g

Decrease Size

Axis Systems on/off

s

RI:I Display Properties...

Shortcut menu of nodal support

To open the following dialog box, go to the menu and select Insert — Model Data — Nodal
Supports — Graphically or use the toolbar button shown on the left.

r B
New Nodal Support ﬁ

Type of Support

| @@ | OO | Hinged =
OO Hinged

Rigid
OME OO  Shdinginx i
MO OO Slidinginy'

New Nodal Support dialog box

The following support types are predefined and can be selected from the list:
= Hinged (YYY NNY)
= Rigid (YYY YYY)
= Sliding in X' (NYY NNY)
= Sliding in Y' (YNY NNY)
After clicking [OK], you can assign the selected support type to nodes in the graphic.

Use the [New] button to create another type of support. The dialog box shown in Figure 4.90 @ is
displayed.

On Nodes No.

Singular supports can only be defined on nodes. Enter the node number into the table column or the
text box of the dialog box, or select it graphically.

Support rotation

Each nodal support has a local coordinate system. It is oriented parallel to the global axes X, Y, and Z
by default. You can use the shortcut menu of a nodal support to display the support coordinate
systems.

Use the User-defined axis system option to rotate the support's local axis system. Different options are
available in the list.

Support Axis System
O Global X,Y,Z
(®) User-defined axis system:

COmmm 2o =l

Axis systems for supports
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It is possible to rotate the support about the support axes X', Y', and Z', to refer to a user-defined
coordinate system or to certain nodes. In addition, you can align the support according to the position
of a member or a line. In each case, it it possible to define the objects graphically in the work window

by using .

Edit User-Defined Axis System *

Axis System
(O Rotated

Ar|[an]far

(O Coordinate system:

0 | Global xYZ w =

i

(O Two nodes

(O Three nodes

(®) same as member

Mo (33 || Ty

(O same as line

= R (B[O &
}) Cancel

Edit User-Defined Axis System dialog box

The support rotation is displayed in the dynamic dialog graphic.

When the calculation is complete, you can evaluate the support reactions of a rotated nodal support in
relation to the global as well as the local axis system.

ColumninZ

Often, real structural conditions are inaccurately represented by a nodal support, for example when
the support zone has large dimensions. Such support conditions can be represented in RFEM by
special column macro elements considering material and geometry of the column. RFEM calculates the
spring stiffnesses and adjusts the support conditions. Due to the realistic modeling, you can avoid
singularities that would be produced in a single FE node when a rigid support is defined.

| www.dlubal.com
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Edit Column *
Column Parameters -y
Model of supportby: (@) Elastic surface foundation o  * X

() Elastic nodal support "T'
(O Nodal suppart with adapted FE mesh Z=7
Column head:
(® Rectangular b= 250.0 £+ [mm]
h: 400.0 5+ [mm]
O Circular =
Column rotation: B: 0.00 5+ [
Column cross-section:
(®) Column cross-section same as column head 0
O | = O

Column material:
| slconcrete cao/37]en 1992-1-12004fa ;2014 | [ | [5] [E

Column height: H: 3.500 =|»| [m]
Support Springs Due to Column

rinees . Cux (kW)
Support conditions at () Hinged - Cuz: [kMAm# ]

i hase: (@) Semi-rigid: 50.00 |5+ [%] Cou: 120990.000 | [knjm]

O rigid y Co:|  302892.000 | ijm]
Activate shear stiffness
2| (o Cancel

Edit Column dialog box

The Model of support can be realized in three different ways, each symbolized in the dialog graphic:

= With the Elastic surface foundation model, a surface is cut out internally in the column dimensions and
supported elastically. The foundation coefficients are calculated from the column's geometry and
material data.

= With the Elastic nodal support model, a surface is also cut out. This surface is only supported at one
node, however. The support is modeled by means of translational and rotational springs, which are
calculated from the column geometry and its material. Internally, the surface thickness is duplicated to
account for higher bending rigidity within the column area.

= The Node support with adapted FE mesh model corresponds to the elastic nodal support, but no
springs are applied to the punctiform supports.

In the RF-CONCRETE Surfaces and RF-LAMINATE add-on modules, cut-out surfaces cannot be
designed for any of these model options. The internal forces at the column's boundary lines are used
instead.

When modelling as an "Elastic surface foundation" or "Elastic nodal support", you have to enter the
data for the column that is required to determine the spring stiffnesses. The column head's geometry
can be Rectangular or Circular. If there is a steel cross-section as the Column cross-section, the
cross-section can be set in the [Library] after activating the check box in the second line.

The Column material can be selected in the list of the defined materials or created with [New] (see
Chapter 4.3 @). The Column height H influences the constants of the vertical and rotational springs.
The Support conditions at the column head or column base have some influence on the determination
of the translational and rotational springs of the support, just like the possible shear stiffness of the
column.

The spring constants C that result from the column parameters are listed on the right in the dialog box.
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Support or Spring

To define a support, select the corresponding option in the dialog box or table. The check mark
indicates that the corresponding degree of freedom is blocked and the node displacement in the
corresponding direction is not possible.

If you do not want to define supports, clear the corresponding check box. Then, RFEM sets the constant
of the translational spring to zero in the Nodal Support dialog box. It is always possible to modify the
spring constant in order to display an elastic support of the node. In the table, enter the constant
directly into the table column.

The spring stiffnesses have to be entered as design values.

Assigning nonlinear support properties is described below.

Restraint or Spring

Restraints are defined analogously to supports. The check mark indicates once again that the
corresponding degree of freedom is blocked and the node displacement in the corresponding
direction is not possible. In the same way, constants for rotational springs can be defined once the
check box is cleared. In the table, enter the spring constant directly into the corresponding table
column.

The New Nodal Support dialog box (see Figure 4.90 @) provides buttons for different support types,
making the definition of degrees of freedom easier.

(=) (&) (&) (=) (&) [« [x]

Buttons in the New Nodal Support dialog box

The following support properties are assigned to the buttons:

Button Support Type

Rigid

Hinged with restraint about Z'

Sliding in X' and Y' with restraint about Z'

el | ()

Sliding in X' with restraint about Z'

™

Sliding in Y' with restraint about Z'

)

Sliding in Z' and Y' with restraint about Z'

[

Free

Nodal support buttons

| www.dlubal.com
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Nonlinearities

None ~ To control the transfer of internal forces in detail, it is possible to provide nodal supports with nonlinear
properties. The list of nonlinearities includes the following options:

Failure if positive F'

Faiure al i ;sf,f',ﬂf,ﬁ = Failure of component if support force or moment is negative or positive
Partial activity...
Diiagram... n H H H : HY
Diagram.. - Complete failure of support if support force or moment is negative or positive
Frictian FZ".. . .
Friction FY" FZ'. = Partial activity
Friction PP
= Diagram

= Friction depending on remaining support forces

The nonlinear properties can be accessed in the dialog box and table via the list (see Figure 4.90 @
and Figure 4.91 @). For each support's degree of freedom, you can specify whether and which forces
or moments are transferred at the supported node.

Nonlinear effective supports are displayed with a different color in the graphic. In the table, support
elements with nonlinear properties are indicated by a blue check box.

Failure if support force/moment is negative or positive

Both options represent an easy way to control whether the support can only take positive or negative
forces/moments: If a force or a moment acts in the prohibited direction, that particular component of
the support fails. The remaining retentions and restraints stay effective.

The negative or positive directions refer to the forces or moments that are placed in the nodal support
with regard to the respective axes (they do net refer to the reaction forces of the support). Thus,
algebraic signs result from the direction of the global axes. If the global Z-axis is oriented downwards,
the load case "Self-weight" results in a positive support force Pyz.

Failure all if support force/moment is negative or positive

In contrast to the abovementioned failure of a single component, the support fails completely once the
component is ineffective.

To access the following dialog boxes, use the [Edit Nonlinearity] button in the dialog box or [*] in the
table, which are to the right of the list.

Partial activity

MNonlinearity - Partial Activity - Nodal Support u-Z' I&

Support Activity in Positive Zone Activity Diagram

@) Complete

+Pz

() Fied from support displacemnent u+
() Tearing from support force P+
") Yielding from support farce P+

~) Failure

Slippage U+ 00005 [m]

Support Activity in Negative Zone
() Complete
() Fized from support displacement -

(@) Tearing from support force P-

() Yielding from support force P- Pz
() Failure

Support force P 15.0005 x| [kM]

Slippage Us- 00105 [m]

Nonlinearity - Partial Activity dialog box

[ 10s |
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Friction P="...

Mone

Failure if negative Fi'
Failure if positive F'
Failure all if negative Fi'
Failure all if pogitive Fi'
Partial activity...
Diiagram...

Frinti \

The support's effect can be defined separately for the Positive and Negative Zone. The sign convention
is described in the previous paragraph. In addition to complete activity or complete failure, the support
can be set to only be effective when it is displaced or rotated to a certain degree (in this case, a
translational or rotational spring has to be defined in the Nodal Support dialog box beforehand).
Furthermore, Tearing (failure of support when exceeding a certain force or moment) and Yielding
(effective only until force or moment is reached) can be set in combination with a Slippage.

Look at the dynamic Activity Diagram to check the support properties.

Diagram

r

Nenlinearity - Diagram - Nodal Suppoert u-X ﬁ

Positive Zone Diagram
Humber of +ux [m] Px [kN]

= Py
steps: 25 1 0.000 0.000
[ 2 ] 115.000

Diiagram after last
step:

() Tearting
1 Yielding

) Continuous
@ Stop

Negative Zone BT
[T Symmetric. about the ux [m] Px [kN]

R 1 0.000 0.000
Humber of [ 2] -0.020 -55.000 =

steps: e 3 0.050 75.000 __/

Diiagram after last
step:

() Tearting

@ Yielding

() Continuous

() Stop o
FX

QK ][ Cancel

Nonlinearity - Diagram dialog box

The support's effect can be defined separately for the Positive and Negative Zone. First, define the
number of steps [i.e. definition points) for the working diagram. Then, enter the abscissa values of the
displacements or rotations with corresponding support forces or moments into the list.

There are several options for the Diagram after last step: Tearing for support failure on exceeding,
Yielding for restricting the transfer to a maximum allowable support force or moment, Continuous like in
the last step, or Stop for the restriction to a maximum allowable displacement or rotation followed by a
rigid or restrained support activity.

Friction depending on support force

Use the four friction options to set the transferred support forces to be in relation to the compressive
forces that act in a different direction. Depending on your selection, the friction depends on only one
support force or on the total force of two simultaneously acting support forces.

Click the button to open a dialog box where you can define the Friction Coefficient .

Friction Coefficients

ux 00| [

Friction in uX' dialog box (partial view)

www.dlubal.com
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The following relation exists between axial force and friction force of the support:

PSuppon =m PAxiell force

Scaffolding
Scaffolding - PZ' / PhiX' PhiY' ~ For restraints about the axes X' and Y', there is the additional entry Scaffolding in the list. With this
o Fnegative MX option, it is possible to model the structural behavior of support plates at scaffoldings or bracings. This
E:ﬂg:g‘cggft';ﬂ\fe ' function is described in the following technical article:
Diagram... https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /000973 @

—i' PhiY'
48 Line Supports

General description

Line supports describe the boundary conditions of all FE nodes available along a line: Displacements
and rotations on these internal nodes can be prevented or limited by translational and rotational

springs.

You can assign nonlinear properties to displacements of line supports so that supports are ineffective in
case of tension or compression.

Mew Line Suppert @

Support No. On Lines No.
2 b

o
Reference System

() Local line awes wy.z
@ Global aves X 2

[
_,_,_,—'—'—'_'_'_ -
[ e W "
Fotation about axis & b

e[ Elo :

Elastic Support via
['wallinZ... =

Support Conditions

Support Spring constant Monlinearity

[ ue Cux 0.000[2 1] [kN/m2] [None -
[ u: Cu. 200.000[2 ]| [kN/m?] [None -
uz: Cuz I:I [kM/m2] [Failure if negative support force v]

Fiestraint

B ox Cox [kNmrad/m]
[ o Cot 0.000[2{]| kMm#adim]
1 oz CezZ 0,000 | [kMm/rad/m]
(&) (&) (&) ()

Comment

-
(0] 3 ] [ Cancel

@] &

New Line Support dialog box
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1.8 Line Supports x
[AEEEEEE O EE[E K| FHE TP
A B C D E [ _F H [ I [ J K -
Support Reference | Rotation | Wall Support or Spring [kN/m 2] Rotational Restraint or Spring [kMm./rad/m] F
Mo. | OnLines No. | System Bl inZ ux uy uz o v oz Commert
1 6.9.15 Global O ¥ O O O
2 |4 Local 0.00 O ¥ 200.000 O O O
ﬁ 3 Global O & S & & E
4 Yes
5 No
[ Spring Constant
7 Ineffectiveness... | 4
8 | -
Lines lMateriaIs lSurfaces lSoIids lOpenings lNodaI Supports | Line Supports | Surface Supports lLine Releases lCross-SectionsJ 44 v [
Support condition for translational movernent ("V'es / 'N'o / Spring Constant / Ineffectivity / F7 to select)

Table 1.8 Line Supports

Use the menu option Insert — Model Data — Line Supports — Graphically or the toolbar

(T3
| | button shown on the left to open the following dialog box:
rNew Line Support MW
Type of Support

Global | | OO0 | Hinged v =

Global OO0 Hinged k

Global Rigid |

YT‘ %
z
_ﬂf—ﬂj‘*_ﬁ-f‘
7 ¥ “'
&=
[ 0K ] [ Cancel ]
New Line Support dialog box
The support types Hinged (YYY NNN) and Rigid (YYY YYY) are predefined and can be selected from
the list. After clicking [OK], you can graphically assign the selected support type to the lines.
Use the [New] button to create another type of support. The dialog box shown in Figure 4.100 @ is
displayed.
On Lines No.
Line supports can only be defined on lines that belong to a surface or a solid. Enter the line number

into the table column or text box of the dialog box, or select it graphically.

Reference System

The support parameters can be related Locally to the line axes x,y,z or Globally to the axes X,Y,Z.
Indexes in the Support Conditions dialog section as well as headlines of table columns E to J change
depending on the selected setting.
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=3 | Edit Line Support...
ﬂ Delete Line Support

*;. Increase Size
=, | Decrease Size

Axis Systems on/off l}

RI:I Display Properties...

Shortcut menu of line support

The display of the local axis system of lines including numbering can be set in the Display navigator.
You can also use the shortcut menu of a line support.

Project Navigator - Display b 4
= Model -
; 5 Nodes
[l Lines £
i
L[] Indexes
[#]5 Line Releases
& Line Orientations
[#]i Control Lines
[0& Center Points
o (W] B Surfaces
+-[#]iW Solids
—[#] 5 Solid Orthotropies
(& Openings
3 DN Nodal Supports
-1 Line Supports
-[#]8 Surface Supports
vl Members
- [#] i Sets of Members
-[[1% FE Mesh Refinements —
« | T | »

-eaData [ Display _'j\u'lews S Results

Activating the local line axis systems x,y,z in the Display navigator

Support rotation
It is possible to rotate the axis system of a local line support. The Rotation about a positive angle 8
rotates the support clockwise around the positive line axis x.

Support No. On Lines No.
1 124

Reference System

@ Local line axes xp.z 2
() Global axes XY 2 ~

Fotation about axis

e[z 1 :

Support rotation

The entered support rotation is shown in the dynamic dialog graphic.

When the calculation is complete, it is possible to evaluate support reactions of a rotated line support
in relation to the global and the local axis system.
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Wall in Z

When a surface is supported by a wall, it is considered an elastic support that depends on the stiffness
of the wall. A fixed line support would not represent the flexibility correctly. For such a support type,
you can define a Wall: RFEM calculates the constants of translational and rotational springs from the
wall's material and geometry. This option is especially useful for 2D plates in order to avoid
singularities, which would occur for a rigidly supported line.

(" Edit wall -3

Wall Size
Wwidth & 2500155 | [em]
Height 325015 | [m]

Parameters

M aterial of wall:

B 1 | Concrete C30/37 | EN 1992-1-1:2004/4C:2010

Support conditions at Hinged
wall head: - L
@ Partial rigid
Support conditions at 1 Hinged SLIETUS TR T
walbase @ Elastic: 80.001% | (%] Cux 1057630.00 [kN/m]
Fiigid e Cuy 12632.900 [kN/m]
Cuz 283846000 [kM/m]
Cow 49620.100 [kNm.rad]

Allows for shear stiffress of wall

[ (0] 3 ][ Cancel ]

Edit Wall dialog box

Define the geometry in the Wall Size dialog section. In addition to the Width t, the Height h affects the
constants of the translational and rotational springs.

In the Parameters dialog section, select the Material of wall from the list of already defined materials or
create a [New] wall material (see Chapter 4.3 @).

To determine the spring stiffnesses, specifications for Support conditions at wall head and wall base are
required. If you consider the shear stiffness of the wall, it is also considered for the constants of the
Support Springs Due to Wall.

The spring constants determined from the parameters are displayed on the right in the dialog box.

The wall widths on the supported line are displayed in the RFEM graphic.

Support or Spring

To define a support, select the corresponding option in the dialog box or table. The check mark
indicates that the relevant degree of freedom is blocked and the line displacement in the respective
direction is not possible.

If you do not want to define supports, clear the corresponding check box. RFEM sets the constant of
the translational spring to zero in the Line Support dialog box. The spring constant can be modified
anytime, in order fo represent an elastic support of the line. In the table, enter the constant directly into
the table column.

The spring stiffnesses are considered design values.

Assigning a failure criterion is described below.

| www.dlubal.com
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Restraint or Spring

Restraints are defined analogously to supports. Again, the check mark indicates that the relevant
degree of freedom is blocked and the line displacement in the respective direction is not possible. In
the same way, the constants for rotational springs can be defined once the check boxes are cleared. In
the table, enter the spring constant directly into the corresponding table column.

\ The New Line Support dialog box (see Figure 4.100 @) provides buttons for different support types,
¢ making the definition of degrees of freedom easier.

(=) (&) (&) (=) (&) [« [x]

Buttons in the New Line Support dialog box

The buttons have the following functions for support properties:

Button Support Type

Rigid

Hinged with restraint about Z'

Sliding in X' and Y' with restraint about Z'

el | ()

Sliding in X' with restraint about Z'

L)

Sliding in Y' with restraint about Z'

)

Sliding in Z' and Y' with restraint about Z'

[

Free

Line Support buttons

Nonlinearities

Nonlinearity You can assign the following nonlinear properties to the components of a line support:

Failure if negative support force w

= Failure of component if support force or moment is negative or positive
= Complete failure of support if support force or moment is negative or positive

= Partial activity

= Diagram
= Friction depending on remaining support forces

The nonlinear properties essentially correspond to the nonlinearities available for nodal supports (see
Chapter 4.7 @).

The nonlinear properties can be accessed in the dialog box and table by using the list (see Figure
4.100 @ and Figure 4.101 B). For each of the support's degree of freedom, you can define whether
and which forces or moments are transferred on the supported line using these settings.
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4.9

Positive or negative refers to the forces that are introduced to the support in direction of the respective
axes (they do not refer to the reaction forces of the line support). The algebraic signs therefore result
from the direction of the local or global axes. For example, if the local z-axis of a line is directed
downwards, the load case "Self-weight" results in a positive support force pz.

Nonlinear effective supports of lines are displayed with a different color in the graphic. In the table,
you can recognize support elements with a failure criterion by a blue check box.

Surface Supports

Theoretical background
An elastic surface foundation represents an elastic support of all 2D elements of a surface.

In the Winkler foundation model, the soil is assumed to be an ideal liquid upon which the slab floats.
This model is based on significant differences between the moduli of elasticity for concrete and
(linearized) soil, which are typically 1000:1 and more. Mathematically, the assumption by Winkler is
the following:

pZ = CZWZ

In each point, the contact pressure p; is put into relation to the displacement w, by means of the
foundation constant C,. However, the assumption implies that each point is displaced independently of
all other nodes of the floor plan. Thus, the surrounding soil is irrelevant for the deformation of a surface
(Figure 4.107 @ a).

Characteristic Stiffness Matrix
Deformation

e |

(&)

|
I
i
I

ijﬂWl (b)

I
I I
i
I 5, I s
I — |
1 ]
I |
I = I
I = = I
| = b= | (d)
5 5

Correlation between deformation figure and bandwidth of the stiffness matrix

This rudimentary foundation model is no longer up to modern requirements.

An improved type of modeling elastic foundations is based on the stiffness modulus approach: In this
model, the soil is considered an elastic half-space with all its nodes correlating mathematically and
mechanically. This results in an "infinitely" expanded subsidence basin, which decreases the influence
of the more distant soil areas (see Figure 4.107 @ b). However, the advantage of this mechanically
superior foundation soil model is offset by numerical disadvantages - a considerably larger system
matrix.

www.dlubal.com
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The effective soil model according to Kolar/Nemec unifies the advantages of the two aforementioned
models without having any disadvantages. This foundation soil model is based on the theory of
Pasternak [1] @:

= For the slab that is in contact with the soil, only the mechanical properties of the nonlinear elastic or
plastic half-space in the contact gap are important. The three-dimensional foundation effects are
therefore condensed into the contact gap, i.e. transferred to a 2D problem.

= The Winkler model carries out the 2D condensation (see Equation 4.17 @), but is defective in terms
of energy. By including a second coefficient C, for the shear capacity of soil, the coaction of soil
beyond the slab's edge is established. A natural subsidence basin with limited dimensions is formed,
as it can be verified in reality.

= A two-parameter system (Cy, C,) is created, where C, , approximately corresponds to the Winkler
foundation constant and can be applied in this way in practical calculations. In detail, the entire
system consists of five parameters: Cyx, Cuy, Cy,z Cyx, and Cyy.

Figure 4.107 @ ¢ shows this soil model in comparison. Numerically, the FE model is as stable as the
Winkler model. However, incorporating the soil elements in the subsidence basin results in a larger
system matrix.

The foundation soil model according to Kolar/Nemec has been enhanced as well. Experience has
shown that soil elements can be eliminated from the system with the help of appropriate measures. The
result is the effective soil model implemented in RFEM, symbolically shown in Figure 4.107 @ d. Thus,
the disadvantage of the larger system matrix is eliminated. You can find a detailed description of the
effective foundation soil model in [2] ®.

The surrounding soil ("wedge of soil") is eliminated from the surface model by converting its rigidity into
an elastic boundary line and corner node support.

k [kN/m?] K [N

\ So

Converting the surrounding soil into line and corner nodal supports

In a first approximation, the spring constants k and K of the line and corner node support are
calculated according to the following equations:

Spring constant of line support:

Spring constant of corner nodal support:

= CV,X + CV,y

« 4

In Equation 4.18 B, you have to insert the parameter C, that acts perpendicular to the border line.

Equation 4.19 @ is used for corners with an angle o = 90° (see [3] @ for other angle sizes). Larger
angles a result in smaller values K. However, if a = 0°, K= 0 as well.

[ 12 |
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The springs determined in this way must be arranged as line and nodal supports in the model in

) addition to the elastic foundation of the surface.
Mew Surface Support @
Support No. On Surfaces No.
1 1

Calculation of Spring Constants

[ Autamatically with add-on madule RF-30ILIN
[zoil-structure interaction analysis)

Support Conditions
Support Spring constant

[ ux Cux: [k /m?]

[ uy Cuy: [kM/m?] Monlinearity

] uz Cuz: [kM/m?] [Failure if negative contact stress in 2 -
Shear

v Cue: kN /m]

[ vy Cuye: [kN/m]

e (o) o) () (sl

Comment

= Ok ][ Cancel

New Surface Support dialog box

1.9 Surface Supports x
= 6O | [ [=[5]0H]| K= | FH Ee = F AR
AT B T Cc T D T F [ G [ H T T Ja
Spring constants | Translation Support or Spring flkN/m 2] Shear Spring [lkM./m] Foundation
On Surfaces No. | by RF-SOILIN Cux Cuy Cuz Cvoz Cvyz Ineffectiveness Comment
1 ] ] ] 50000.00 5000.00 5000.00 None
24 O O O 30000.00 '| 3000.00 3000.00 | K contact stress is neg
Yes
No
Spring Constant
v
Nodes |Lines | Materials | Surfaces | Solids |Openings | Nodal Supports | Line Supports | Surface Supports | Line Hinges | Cross-Sections | [<[»[m

Translaticnal spring coefficient for local z-axis, perpendicular to the surface (F7 to select)

Table 1.9 Surface Supports

On Surfaces No.

by Enter the numbers of the supported surfaces into this table column or text box, or select them

graphically.

Spring constants by RF-SOILIN

Every soil has more or less distinctive nonlinear elastic or plastic features. To determine foundation
coefficients easily, use the RF-SOILIN add-on module. The program carries out calculations of
setlements, which are based on load actions and results of test borings, and determines the spring
coefficients in each finite element. In the add-on module, different layers of soil can be considered at
several recording points.

If the option is selected and no results of RF-SOILIN are available, the foundation coefficients are
determined before the RFEM calculation is carried out.
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Support or Spring Cy,x / Cu,y / Cu,z

Directions of supports or springs refer to the surfaces' local axes x, y, and z. Use the Display navigator
or the shortcut menu of a surface to show them in the graphic (see Figure 4.76 @).

The spring stiffnesses have to be entered as design values.

If the support acts perpendicularly to the surface, enter the support or spring constant into the text box
Cy,z- The parameter is practically equal to the Winkler modulus of foundation C,. It can be taken from
a soil expertise.

The parameters Cyx and C,, represent translational springs that describe the foundation's resistance
against displacement in the surface directions x or y. In case of a floor slab, they define the
(load-independent) resistance in the horizontal directions.

In the graphic, springs are always placed in direction of the positive surface axis z. If spring symbols
are on the "wrong" side of the surface, you can change the orientation of the local z-axis quickly:
Right-click the surface to open the shortcut menu and select Reverse Local Axis System. This option is
only available for 3D models, not for planar models. When changing settings, please note that the
failure criterion changes the action direction as well.

Rigid supports make it possible to display only one part of the model, for example for symmetrical solid
models. In this way, you can increase the calculation speed considerably.
Shear Spring Cy,xz / Cv,yz

These text boxes are used to consider the shear capacity of soil in direction of the surface axes x or y.
In most cases, the Pasternak constant C, lies between 0.1-C, , (minor shear capacity) and 0.5-C, ,
(medium shear capacity). Generally, C,,xz = Cy,yz can be applied.

If the support u; is rigidly fixed, the corresponding shear elements for the stiffness matrix are activated
automatically.

Kolar [3] @ provides a table with reference values for different soils. However, this information cannot
replace the values of a soil survey or a calculation with RF-SOILIN!

Soil Consistence Foundation Shear Shear Shear
Cu,z Capacity Cy Capacity Cy Capacity Cy
[kN/m3] [kN] [kN] [kN]
none medium high
very soft 1,000 0 500 1,000
medium-dense 10,000 0 5,000 10,000
compact 100,000 0 50,000 100,000

Reference values for C, > and C,

The New Surface Support dialog box (see Figure 4.109 @) provides buttons for different support
types, making the definition of degrees of freedom easier.

(&) [2)(2)(&] [« (x]

Buttons in the New Surface Support dialog box

[ na |
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Monlinearity

Mone

Failure if negative contact stress in z
Failure if positive contact stressin z

The following support properties are assigned to the buttons:

Button Support Type

Rigid

Sliding in x and y

P | ()

Sliding in x
Sliding in y
(] Sliding in z
Free

Surface Support buttons

Nonlinearity

The support can be excluded for positive or negative contact stresses that occur in direction of the
displacement uz: The foundation fails, for example, in case of lifting forces. Specify settings with the list

in the dialog box or table (see Figure 4.110 @).

Positive or negative refer to the stresses acting in direction (or opposite direction) of the local z-axis of
the surface: Positive contact stresses are produced when a floor slab is stressed by self-weight and the
global axis Z as well as the local axis z are both oriented downwards. If the surface axis z were

orientated upwards, the contact stress would be negative.

The display option of the local surface axes is shown in Figure 4.76 3.

Nonlinear effective surface supports are displayed in a different color in the graphic and table.

Use the [Edit] button in the dialog box (see Figure 4.109 @) to define specific nonlinearities such as
creeping (limitation of the contact stress) and friction.

Edit Surface Support

Definition Type
() Basic unidirectional action
O fielding from contact stress oz+

(®) Friction in plane xy

Parameters
Cortact stress

Friction coefficient

g

T

A*O
>
u +u;

Y-o: s

! J—
[t =T+ T <
e >
Cancel

Edit Surface Support dialog box
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In case of a nonlinearity, RFEM calculates the deformations and stresses in several iterations. The
program determines, which finite elements become stressree if the foundation is no longer active due
to the failure.

For result combinations with nonlinear acting supports, there is a danger of results being combined with
¢ the locally-different support failure. In those cases, it is recommended to use load combinations (see
example in Figure 5.28 @ ).

410 Line Hinges

General description

Surfaces that touch each other on one line are rigidly connected at it. With a line hinge, you are able
to exclude particular degrees of freedom from the transfer.

Line hinges can not just be arranged on boundary lines of surfaces. They can also be assigned to lines
integrated in a surface, as shown on the left.

A line hinge is an attribute of a surface, not of a line. Thus, the hinge must be assigned to a surface.
You can also assign it graphically with the menu option Insert — Model Data — Line Hinges —
Assign to Lines Graphically.

MNew Line Hinge *
No. On Line No. On Surface No. Side of Line

22 |[§|® [+ +|§] ®t Orht

Translational Release

Spring Constant

O ux Cux 3| [kN/m2]
O uy Cuy : 20| kNdm2]
O w Cue 3| [kN/m2]

Rotational Release

Spring Constant

ax Cox : 0.000 |5 +| [kimdrad/m]

O ey Cov ¢ 2 v | [kNmyrad/m]

O e Coz 2 v | [kNmyrad/m]
Comment

| NI

D o Cancel

New Line Hinge dialog box (for integrated line)

1.10 Line Hinges x
BEA SE B0 SEE N e+ [ =@ sE8 26
A [ B [ € ] D [ E [ F H | I [ J | A
Hinge Line Surface Pudal/Shear Hinge or Spring [kMN/m 2] Moment Hinge or Spring [lkNm./rad/m]
Na. Mo. Mo. Side Ux Uy uz Dx Qy 9z Comment
3 3 a a a g o
3 1 Left a a a i a a
Yes
No
Spring Constant
v
Nodes |Lines | Materials | Surfaces | Solids |Openings | Nodal Supports | Line Supports | Surface Supports | Line Hingss | Cross-Sections | [<[»[m

Release condition ("Y'es / 'N'o / Spring Constant / F7 to select)

Table 1.10 Line Hinges
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=

<3

Positive Orientation of Global Z-Axis

O Upward...
(® Downward

Line No.

Enter the number of the line where you want to define the hinge. You can also use the list or select the
line graphically. When you select the surface before defining the settings in the dialog box, you can
import any boundary line of the surface by clicking the [All Boundary Lines] button.

Surface No.

The line hinge is assigned to a surface. As the hinge is a surface property, you can retroactively adjust
it in the Edit Surface dialog box.

Side

The options in the dialog box or the column in the table are only accessible if the line is an integrated
object of the surface. The arrangement of the hinge determines the way the finite elements on the line
sides are taken into account for the stiffness.

To allocate the hinge to the Left or Right of the line, check the direction of the line (A in the figure
below) and the direction of the local surface axis z. If the global Z-axis is oriented downward, the
following rule applies: "Stand on the line with surface axis z pointing in direction of your feet. Then
look in the direction of the line. Left and right are the directions of your arms". If the Z axis is oriented
upward, this rule applies with the condition "Look in the opposite direction of the line".

Surface axis z
here: downwards g

B —

&

Line direction

Definition of line sides

The side option is locked for the boundary line of a surface because the side of the line on which the
hinge is effective is clearly defined by the assignment to the surface.

Axial/Shear Hinge or Spring

The text boxes and table columns control the degrees of freedom for axial and shear forces. If a check
box is selected, it means that displacement in the relevant direction is possible and the force is thus not
transferred. It is also possible to enter the constant of a translational spring.

The degrees of freedom are based on the following definition of the axis system: The x-axis points in
direction of the line; the y-axis represents the tangent of the surface plane and the z-axis the normal to
the surface.

Moment Hinge or Spring

The degrees of freedom for moments refer to the local axis system of the hinge (x-axis in direction of
the line, y-axis as tangent, and z-axis as normal to the surface plane). The check mark means that the
rotation is free and the internal force is not transferred. It is also possible to enter the constant of a
rotational spring.

| www.dlubal.com
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4.11

o @

The graphic in the dialog box shows the local axis directions. For a "hinge joint" between two surfaces,
for example, the release type @« should be selected. Thus, @ moment hinge about the longitudinal axis
of the line is created.

If you want to apply nonlinear properties to a line hinge, you have to convert the hinge into a Line
Release (see Chapter 4.26 @). For this purpose, you can use a special function in the shortcut menu of
the line release, presented in the following article: https://www.dlubal.com/en-US/
support-and-learning/support/knowledge-base/001143 @.

Variable Thicknesses

General description

A variable thickness describes a linear decrease or increase of the surface thickness. Use variable
thicknesses to model tapered surfaces. The variable thickness must be defined on three points in order
to interpolate linearly between them.

A variable thickness is not entered directly, but set as a parameter when defining a surface. When you
create a surface, define the Thickness as Variable (see Chapter 4.4 @ ). In doing so, the [Edit] buttons
shown on the left become active in the dialog box and table.

Edit Variable Thickness ==

Surface No. Wariahle Thickness
1

Variable Thickness at Three Nodes
MHode Mo, Thickness
2nd: |1 dz: [em] // \\"\

>l e for N 1
: R\

Node-Thickness-Assignment

2.25.00;1.25.00; 4.18.00

Comment

-
Ok ] [ Cancel

Edit Variable Thickness dialog box

1.11 Variable Thicknesses x
EEE EFIDNE O EEEHE x| FE 2
A 1 B [ c 1 D [_E 1 F
Surface st Node 2nd Node 3rd Node
N No d1 [cm] Na. dz [cm] Na. d3 [cm] Comment
I - 25.00 1 25.00 4 18.00 | balcony slab |
3 22 200 A 2000 23 18.00

Surfaces | Solids |Openings | Nodal Supports | Line Supports | Surface Supports | Line Releases | Variable Thicknesses | Cross-Sections | 14/ 4 [ » [#1
Comment ([...] to import comment from a list of default comments)

Table 1.11 Variable Thicknesses

[ s ]
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Surface

Variable thicknesses can only be used for plane surfaces, but not for curved surfaces, for example.

Variable Thickness at Three Nodes

To define a variable thickness, specify three nodes so that RFEM can interpolate linearly between
them. You can select any nodes within the plane of the surface for the thickness definition. They do not
need to belong to the surface, but it is necessary that FE nodes can be generated on theses definition
points.

Select the three nodes from the list, or use [ % or [sk] to select them graphically. It is also possible to
create [New] nodes. Then, assign the corresponding Thickness d.

The Node-Thickness-Assignment dialog section represents a short overview of the input: Node number
and thickness are separated by a comma, individual node-thickness pairs by a semicolon.

It is possible to display the distribution of surface thicknesses in the rendering mode to check data:
Select the Filled incl. thickness option in the Display navigator.

Project Navigator - Display x
EII---E‘% Model -
-4 Loads

[]---D Results
(#-[]EH FE Mesh
[]---E‘ﬂ Sections

-[] é Average Regions
[

[

[

[

o[B8 5 Guide Objects

]E‘a General

-[JIZ@ Numbering

]E‘g Colors in Rendering According to
£-[E]'Q Rendering

- [H Model

O Wireframe Model
2@ Solid Model

----- [ Transparent

----- [CIp Textures

- [B @ Members

- [E] g Surface

(O Empty £
O Filled

WO Fic il icne: |

- O Filled incl. thickness with edges
(- [B ' Solids i

ﬂData gDisplay _ﬁ\iiews

m

[ PL0y Display navigator: Rendering — Model — Solid Model — Surface — Filled incl. thickness
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412  Orthotropic Surfaces and Membranes

General description

Orthotropic surfaces have different stiffnesses in direction of the local surface axes x and y. Use
orthotropic surface properties to model, for example, glued-laminated girders or ribbed floors.
Orthotropic properties can be set for plane and quadrangle surfaces.

You can define orthotropic properties via material (material orthotropy with invariable geometry),
geometry (irregular shape of surface with isotropic material), or as a combination of both.

The general stiffness matrix of an orthotropic surface in RFEM is as follows.

rmy Dy Dy, Dy 0 0 DDy Dyt Ky
m, Dy Dy O 0 Dy Dy Dyg k,
m,y Dy 0 0 Dy Dy Dy Ky
Ve | D,D,s 0 0 O 9,
v, | Di 0 0 0 ||g,
ny sym Dgs De7 Deg &
n, D, D, e,

LNy 1| Dgg | L 9y

Orthotropic surfaces can be calculated according to the linear static analysis, second-order analysis,
or large deformation analysis. In case of matrices with pure membrane coefficients, only a large
deformation analysis is possible.

\ You can find detailed information about Orthotropy in an English document that you can request from
¢ Dlubal Software.

An orthotropy is not entered directly but set as a parameter when defining a surface: When creating a
new surface, define the Stiffness as Orthotropic or Membrane orthotropic (see Chapter 4.4 3).
Then the [Edit parameters] buttons shown on the left become active in the dialog box and table.

o @

Edit Surface 5tiffness - Orthotropic *

General Constart Thickness  Stiffiess Matric  Transformed Stiffness Matrix

(O Unidirectional ribbed plate
(O Bidirectional ribbed plate
(O Trapezoidal sheet

(O Hollow core slab

O Grilage

(O Unidirectional box floar

Orthotropy Direction
Rotation about z-axis of local surface CS
B: 0.00 (5| [

Comment

2|

Surface No

|

Orthotropy Tvpe Stiffness Multiplication Factors

(®) Constant thickness For all stifiness elements

(O Effective thicknesses k: 100 =+ H

(O Defined by stiffness matrix T

O Coupling For bending and torsion stiffness elements - T
kb : 100 v 4

For torsion stiffness elements

kiz: 100 =y H

For shear stiffness elements

ks: Loo v [
kaa: 1.00 =+ [
ks : 100 (i 1

For membrane stiffness elements
km: 1.00 B+ H

kgs: 100 M 4

For eccentric stiffness elements

ke : 1.00 0| H

0K Cancel

Edit Surface Stiffness - Orthotropic dialog box
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Constant thickness -]
Constart thickness

Effective thickness

Defined by stiffness matrix
Coupling

Unidirectional ribbed plate
Bidirectional ribbed plate
Trapezoidal sheet

Voided slab

1.12 Orthotropic Surfaces x
AEEE EF|NC O EHEE E K = FE L e = 2 AT
B [ c [ b [ E 1 F [ G [ H [ | |
Surface Orthotropic Stiffness Reduction Factors
Na. Definition Type Direction [ [*] KH Ko [1 Kaa[] Kaa [] Kss [] Km [ Comment
1 Coupling 50.00| 2000 1.00 1.00 1.00 1.00 1.00
[ 2 2000(  100] 100 1.00 1.00 1.00 1.00
3 | Orthotropic material 0.00 1.00 1.00 1.00 1.00 1.00 1.00 | Glulam
4 | Orthotropic material 0.00 1.00 1.00 1.00 1.00 1.00 1.00 | Glulam
5 | Orthotropic material 45.00 1.00 1.00 1.00 1.00 1.00 1.00
6 | Coefficients 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Nodes |Lines | Materials | Surfaces | Solids |Openings | Nodal Supports | Line Supports | Surface Supports | Line Releases | [«[»[r

Type of orthotropic definition ('T'hicknesses / 'C'oefficients / 'R'igid / C'o'upling / F7 to select)

Table 1.12 Orthotropic Surfaces

The dialog box is divided into several tabs, which depend on the selected Orthotropy Type.

In the Stiffness Multiplication Factors dialog section, you can either reduce stiffnesses globally using the
factor k, or individually for bending, torsion, shear, and membrane stiffness elements (see paragraph
Stiffness Multiplication Factors @ ).

In the Stiffness Matrix tab, the respective elements of the matrix are displayed (see Figure 4.121 @).

During the RFEM 4 import, stiffness matrix elements are adjusted according to Equation 4.1 @

Orthotropy Type

You can define orthotropic surfaces through material and geometry parameters or directly with
coefficients of the local stiffness matrix. Depending on your specifications, tabs of the dialog box
change.

The orthotropy types are described on the following pages. For each definition type, you have to
specify the Thickness that you want to apply for determining the self-weight.

Constant thickness

RFEM uses the orthotropic material properties that have been defined in the Material Model -
Orthotropic Elastic 2D dialog box (see Figure 4.48 @ ). This type is only suitable for homogenous
surfaces of equal thickness whose material has distinctive orthotropic properties.

Effective Thicknesses

In the Effective Thicknesses dialog tab, you can define different thicknesses in the directions x' and y' to
represent unequal stiffness conditions.

The self-weight is not determined from the thicknesses entered in this dialog box; instead, RFEM uses
the surface thickness entered in the Edit Surface dialog box or in Table 1.4 Surfaces.

RFEM displays the moduli of elasticity and shear for the material that is used (see Chapter 4.3 @) so
that you can check corresponding data. Alternatively, it would be possible to control the orthotropic
properties by means of material settings and to define the same thicknesses for the directions x' and y'.

No stresses are calculated for orthotropic surfaces: The different stiffness coefficients would cause
"blurred" results because they refer to an average value of the thickness. These stresses do not
correspond to the orthotropy model.

Stiffness Matrix

The coefficients of the local stiffness matrix can be defined manually.

With this option, you can also customize generated coefficients (e.g. a coupling or ribbed floor).

www.dlubal.com
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Edit Surface Stiffness - Orthotropic Iﬁ
| Gemerall Defined by stiffness malrixl Stiffness Matrix | Transfomed Stiffness Malrixl
Stiffness Matrix Elements (Bending and Torsion)
o | 7r3a3800/=]r] (khm) Diz 15468.800/2 ]| [kMm] D13 0000/ ] (kNm]
Diz T7343.800/ | [kNm] D33: 0,000 | [kNm]
D | 3093750012 ) [kNm] Dy Dyg Dyg 0 0 Dy Dyp Dis
Day Doy 0 0 sym. Doy Dag
Stiffness Matrix Elements (Shear) Dyz 0 0 sym.sym. Dag
Da4: | JA437EE+D6/S ¢ [kN/m] D4 0.000 | [kN/m] DDy 0 0 0
Dss: | 2.4375E+0612 ]| [kNsm] Dy 0 00
sy Dgs Dgr Dgs
Dy Dis
Stiffness Matrix Elements (Membrane) Dgg J
Dot | 1.0F1ZE+07 5 x| [kN/m]  Der: | 2.0B25E+061 | [kN/m] Das: 0.000 | [kN/m]
D77 | TOFZEO7E{ | [kN/m] Drs* 0.0005 | [kN#m]
Dsg: | 4.1280E+06/5 | [kN/m] Dy Dyy [Nm]|
Stiffness Matrix Elements (Eccentric Effects) Dy ... Dgs IN/m)
Dig: 000015 | [kNm/m] Dz 000015 | [kNmém]  Dis: 0.000: | kNm/m] Dig...Das [Nm/m|
Dz 0.0008 ¢| [kNmsm]  Dzs: 0.0008 # | [kNmsm]
D39 0.0000% ]| kNm/m]
Edit Surface Stiffness - Orfhofropic dialog box, Stiffness Matrix tab
The [Info] button provides information about the relevance of coefficients in the stiffness matrix.

If the axes of the orthotropy are not consistent with the axes of the coordinate system of elements, you
have to transform the matrices (see [4] @, page 305 -313).

If you find out that the stiffness matrix is not positively definite when checking data before performing
calculations, appropriate adjustments of coefficients are required.
Coupling

Use this setting to model connections between surfaces or members, which are represented by
coupling elements consisting of isotropic or orthotropic materials.

In the Coupling dialog tab, you can enter the parameters for coupling thickness dj, coupling spacing
a, and coupling width b according to the scheme. A realistic coupling model is given when the
distance a is larger than the width b of the coupled elements.

The effective thickness d* is determined according to the following equation:

b

d*=dpa

Unidirectional ribbed plate

The orthotropic properties of a ribbed floor are based on the principle of an uniaxially stressed T-beam
ceiling. RFEM determines the stiffnesses from the geometry parameters of slab thickness dp, rib height
d,, rib spacing a, and rib width b, which you have to specify according to the scheme shown in the
Unidirectional Ribbed Plate dialog tab.

Please note that crack development (e.g. state Il for concrete) is not taken into account when the
stiffnesses are determined. Only isotropic materials are allowed.
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Bidirectional ribbed plate

This type of ceiling is characterized by webs that cross each other orthogonally in a uniform grid, thus
dividing the floor into coffers. As with ribbed floors (see above), the orthotropic properties can be
described by means of the geometry. You need to specify the stiffness parameters for two directions.

In the Bidirectional Ribbed Plate dialog tab, specify the parameters for slab thickness dy, rib height d,
rib spacing a, and rib width b for the directions x' and y' according to the scheme.

Trapezoidal sheet

The option to display trapezoidal sheets as surfaces with orthotropic properties considerably facilitates
the modeling of surfaces. RFEM determines the stiffness coefficients from the geometry parameters of
the cross-section. Only isotropic materials are allowed.

In the Trapezoidal Sheet dialog tab, specify the parameters for the sheet thickness t, total profile height
h, rib spacing a, top flange width b, and bottom flange width by, according to the scheme.

Hollow core slab / Unidirectional box floor

Hollow units built in a ceiling reduce the self-weight, but produce orthotropic structural behavior. RFEM
determines the stiffnesses from the geometry parameters for the slab thickness dp, or total profile height
h, and the top/bottom flange width d,, the rib or void spacing a, as well as the void diameter or rib
width b. You have to specify these parameters according to the scheme shown in the Hollow Core Slab
dialog tab.

Like for the remaining geometric orthotropies (effective thickness, trapezoidal sheet, unidirectional and
bidirectional ribbed plate, grillage), only isotropic materials are allowed.

Grillage

It is not only possible to display a grillage as a member model but also as an orthotropic surface. As
for the remaining geometric orthotropies, only isotropic materials are allowed.

RFEM determines the stiffness coefficients from the geometry parameters for slab thickness dp, rib
spacing ayx and ay, as well as rib width by and by, which you have to specify according to the scheme
shown in the Grillage dialog tab.

You can find details regarding the determination of stiffness components from geometric specifications
in an English document that you can request from Dlubal Software.
Orthotropy Direction

The orthotropic direction refers to the surface's local axes x and y. The angle B describes the rotation of
the x"-axis to the local x-axis of the surface. It is responsible for transforming the matrices available in
the Transformed Stiffness Matrix dialog tab.

Use the Display navigator or the shortcut menu of a surface to display the coordinate systems of
surfaces in the graphic (see Figure 4.122 @ ).
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[ P2y Surface shortcut menu for displaying the local surface axis system xyz

Edit Surface...

& &

Delete Surface

FE Mesh Refinement
¥ | Create Intersection...
¥/ o

Rege

ete Intersection

rate

‘) | Create Solid with Contact...
Extrude

Reverse Local Axis System

Split Surface...

Move/Copy...

o
X
A? Centroid and Info...
%
oD

) | Rotate...
A:B Mirrar...

| Local Axis Systems on/off
REI Display Properties...

B4 | visibility by Selected Objects
84 | visibility by Hiding Selected Objects

The positive angle B is defined clockwise around the positive local z-axis of the surface.

Stiffness Multiplication Factors

You can reduce stiffnesses globally with the factor k, or individually for bending, torsion, shear, and
membrane elements of the matrix (see Equation 4.20 @ ).

All stiffness elements

All coefficients of the stiffness matrix are globally multiplied by a factor.

Bending stiffness elements

Use the factor kp to adjust the coefficients D11, D12, D22, and D33 of the stiffness matrix, which
represent the bending components. Entering factors between O (no flexural resistance) and 1 (full

flexural resistance) is allowed.

Torsion stiffness elements

The text box k33 allows you to control the factor for torsional rigidity D33 about the axes x' and y'. The
input ranges from O (no twisting rigidity) to 1 (full twisting rigidity). For example, a small value is

recommended for composite constructions with semi-rigid connections.

Shear stiffness elements

The factors k44 and kss affect the coefficients D44 and Dss of the matrix (shear components).

Membrane stiffness elements

Use the factor kp, to adjust the coefficients Dge, D77, Ds7, and Dgg of the stiffness matrix, which
represent the axial force components. The input of factors between O (no membrane stiffness ) and 1
(full membrane stiffness) is allowed.
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4.13

Cross-Sections

General description

Before you can enter a member, you have to define a cross-section. The cross-section properties and
assigned material characteristics determine the stiffness of the member.

Each cross-section has its own Color that can be used to represent different profiles in the model.
Colors are controlled in the Display navigator with the Colors in Rendering According to option (see
Chapter 11.1.9®@).

You do not have to use each defined cross-section in the model. Thus, when modeling the structure, it is
possible to experiment without deleting cross-sections. Please note, however, that the cross-sections
cannot be renumbered.

To display a tapered beam, you have to define different start and end cross-sections for the member.
RFEM automatically determines the variable stiffnesses along the member.

p
New Cross-Section

No. Color Cross-Section Description

G | IPE 270 | Ewronarm 19.57
Cross-Section Properties | Rotation | Modify

Cross-Section Properties

IPE 270 | Eurenorm 18-57

Moments of inertia

Tarsioh J: 16.00 5 |+| [em#]

Bending Iy : 5790.00 > ¢ | [cm*]
lz: 420,00 ¢ | [em?]

Cross-sectional areas

Aial A 4590 ¢ | [em?]

Shear By 2300 | [emi] 3
A 16.58 5| [em?]

Inclination of principal axes

§

270.0
1
1
1
1
1
1
1
|
¥

Overall dimensions [for non-uniform temperature loads) [mmi]
Wwidth oo [ 13500 [mm) BEEEm
Depth h: [rm] _

Material

W 3| Stesls 235 | EM 10025-2:2004-11 -

Comment

&

[ (0] 3 ][ Cancel ]

L o

[t E PRy New Cross-Section dialog box, Cross-Section Properties tab

1.13 Cross-Sections x
EHEE EFBE OIEEEFE K> FE e @ E AR L E L&
B C [ D [ E F [ G [ H I J .
Cross-Section Material Momerts of Inertia [cm 4] Cross-Sectional Areas [cm2]  |Principal Axes| Rotation
Description No. Torsion J | Bending |y | Bending Iz | Axial A | Shear Ay | Shear Az a[] o' [
1 7952156 | 3976078 3976078 706.86| 599.03| 599.03 0.00 0.00
1 12733523 | 133333.34| 5208333| 1000.00| 23333| 33333 0.00 0.00|
2 8560 | 18260.00 631000 113.00 69.96 2173 0.00 0.00 ]~
2 124.00 | 14520.00 513000, 118.00 75.90 2253 0.00 0.00
2 267 115.00 2960 12.30 5.20 5.06 -45.00 0.00
TP FE 800/950/200/200 1 411906.08 | 1600107.42 | 1468958.31 | 3100.00| 177543| 1305.96 0.00 0.00 (L
| 1 | ¢
m Cross-Sections | Member Hinges | Member Eccentricities | Member Divisions | Members | Member Elastic Foundations | 14« v [0
Cross-section description (F7 to import cross-section from library)

(LG R RIS Table 1.13 Cross-Sections
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You do not need to enter the cross-section properties manually. RFEM provides an extensive and
expandable cross-section library, as well as import options.

Cross-Section Description

The cross-section's Description can be freely chosen. When the entered cross-section name
corresponds to an entry of the cross-section library, RFEM imports the cross-section parameters. In this
case, it is not possible to change the values for the Moments of Inertia and area Axial A. For
user-defined cross-section descriptions, you can enter moments of inertia and cross-section areas
manually.

The characteristic values of parametrized cross-sections are also imported automatically. For example,
when you enter "Rectangle 80/140", the parameters of this cross-section appear. The selection of
cross-sections from the library is described below.

It is also possible to use a rigid dummy cross-section to model couplings. For this cross-section type,
RFEM applies the stiffnesses as for a coupling member. Enter the name "Dummy Rigid" as the
description for the cross-section without defining the cross-section values in detail. This way, you can
use members with a high degree of stiffness, taking releases or other member properties into account.
A new variant in RFEM 5 is the member type Rigid Member @, so the definition of a Dummy Rigid is no
longer necessary.

Material No.

The cross-section's material can be selected from the list of previously defined materials. The
assignment is facilitated by material colors that are by default used for the rendered graphical display.

In the New Cross-Section dialog box, there are three buttons below the material list. They allow you to
access the material library, create a new material, or edit materials.

For more detailed information on materials, see Chapter 4.3 3.

The Hybrid option can only be accessed for parametrized timber profiles. Use this option to assign
specific material properties to cross-section elements if different material grades are provided (e.g.
timber of low class for webs).

Click the [Edit] button to open the Edit Hybrid Material dialog box.

Edit Hybrid Material |
B
Part Ref
No. Material description Mat.
[H 3 - Glulam Timber GL24c | EN 1134:1993-04
4 - Coniferous Timber C30 | DIN 1052:2008-12 ~ O

1 Conerete C30/37 DIN 1045-1:2008-08

2 Steel 5235 DIN 18800:1930-11
3 Glulam Timber GL24c  EN 1134:1533-04

Coniferous Timber C30 | DIN 1052:2008-12

Q% @

Edit Hybrid Material dialog box

Assign materials to the individual cross-section parts according to the graphical scheme. They can be
selected from the list. One of these materials must be defined as a Reference Material to determine the
ideal cross-section properties.
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Moments of Inertia

The moments of inertia are required for the cross-section stiffness: The torsional constant I describes the
stiffness against rotation about the longitudinal axis. The second moments of area Iy and |, describe the
stiffnesses against bending about the local axes y and z. Axis y is considered to be the "strong" axis.
The local cross-sectional axes are shown in the graphic of the New Cross-Section dialog box.

For asymmetrical sections, the moments of inertia are displayed around the cross-section's principal
axes u and v.

Moments of inertia as well as cross-sectional areas can be adjusted with the help of factors in the
Modify dialog tab. In the table, you can access the tab with the [ button that appears when you click
into the table cell. The adaption factor for the cross-sectional area A does not affect the cross-section
weight.

| Crozs-Section Properties I Hotati0n| Madify |

Modify Cross-Section Properties via Factor

Moments of inertia

Original Multiplier factor Modified
[em#] [l [em#]
J: BE.70 WE 3335
ly: 33740.00 1.0005 33740.00
lz: 1676.00 1,005 1676.00

Cross-sectional areas

Original Multiplier factor Modified
[em?] [l [em?]
A 98.80 1,005 98.80
Aoy 46.35 1,005 46.35
Az 39.62 1,005 39.62

New Cross-Section dialog box, Modify tab

With the specification set in Figure 4.126 @, RFEM only considers the torsional moment of inertia with
5 %.

By default, the multiplication factor of the cross-section values is only considered for load combinations
(see Figure 7.21 @ ). However, for load cases, all stiffness factors are deactivated by default so that the
corresponding Options have to be selected if necessary.

Cross-Sectional Areas

The cross-section parameters of the cross-sectional areas are subdivided into the total area Axial A and
the shear areas Shear A, and Shear A;.

Shear area Ay is in relation to the moment of inertia I, shear area A; accordingly to ly. Using a
correction factor «, there is the following correlation between the shear areas A, and A;, as well as the
total area A.

www.dlubal.com
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where

A : Total area of cross-section

l2/y : Moments of inertia of cross-section

Sz/y(x) : Static moments of cross-section at location x
H(x) : Width of cross-section at location x

The shear areas A, and A; affect the shear deformation, which should especially be taken into account
for short, massive members. When the shear areas are set to zero, the influence of shear is not
considered. The parameters can also be controlled in the Global Calculation Parameters dialog tab of
the Calculation Parameters dialog box (see Figure 7.27 @ ). If extremely low values are set for shear
areas, numerical problems may arise, because the shear areas are contained in the denominator of
equations.

For more detailed information, take a look at this technical article:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /000966 B

Select realistic values for the cross-section areas: Extreme differences in the cross-sectional areas of
sections involve significant differences in stiffness that may lead to numerical problems when solving the
equation system.

Angle of principal axes a

The principal axes are described with y and z for symmetrical sections and with u and v for
asymmetrical sections (see above). The rotation angle of principal axes o describes the position of the
principal axes in relation to the standard system of coordinates for symmetrical sections. For
asymmetrical sections, this is the angle between the y-axis and the u-axis (see graphic on previous
page shown in the left margin). This angle is defined clockwise as a positive angle. For symmetrical
cross-sections, . = 0°. The inclination of principal axes for sections from the library cannot be edited.

The angle of rotation for the principal axes is determined with the following equation:

21
tan2a = —%
-1,

When you work with 2D models, only 0° and 180° are allowed.

Cross-section rotation o'

The angle of rotation o' describes the angle by which the sections of all members that use this
cross-section are rotated. Thus, the angle represents a global cross-sectional angle of rotation. In
addition, each member can be separately rotated about a member rotation angle B.

Moreover, the Rotation dialog tab (see Figure 4.127 @) provides the option to Mirror asymmetrical
cross-sections. You can use this option fo put an L-section info the correct position, for example.
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General | Fotation | Modify L 100x50x6 fy

Cross-Section Rotation 50.0

Fotation about -axis
§

Mirrar [for nonsymmetrical crozs-sections]
About y-axis
[ About z-ais

[mm]

EEE @

New Cross-Section dialog box, Rotation tab

When importing a section from the cross-section library or from the SHAPE-THIN add-on module, you
do not need to care about the angle o'. RFEM automatically imports this angle in the same way as the
other cross-sectional values. For user-defined sections, however, you have to determine the principal
axes angle yourself and adjust it manually by means of the cross-section rotation.

Overall dimensions

The cross-section's Width b and Depth h are significant for temperature loads.

Cross-section library
Numerous cross-sections are already available in a data base.

Opening the library

In the New Cross-Section dialog box and in Table 1.13 Cross-Sections, you have direct access to
frequently used cross-sections:

X
A e+ FHE I EHeEs P AR LML LGRS F LT
B¢ [ o [ E [ F 1 &6 [ H [ 7T T 37 T K T T T ™ T«
aterial Moments of Inertia [cm4] Cross-Sectional Areas [cm2]  Principal Axes| Rotation Overall Dimensions [mm] F
Mo. | Torsion J | Bending |y | Bending |z | Aodal A IShear ﬁyl Shear Az | [] | o[ | Width b | Depth h | Comment I‘

New Cross-Section

No. Color Cross-Section Description

il | @] (&) (&) (&) (&)
ECE3ney

Buttons of frequently used cross-sections in table (above) and dialog box (below)

(oo (o] (dc]
[&] (%)

Use the [Import Cross-Section from Library] button to access the complete cross-section database.
When working in the table, place the cursor into table column A to enable the L1 button which, just like
the function key [F7], opens the cross-section library.
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Cross-Section Library

Rolled

Parametric - Thin-Walled

(T[] ][o]
Lo][v][m][w]
oo ][ ][m]

Parametric - Massive

LHLAFYES
'z e][o][m]
LAICYEYED
(e[ ][r]
(][ ][w][=]
[v|+][o][=z]

*

Parametric - Timber

(nje]le|[m]
w0
Tw|mi[n
EAENENE ]
CICNENEY
e ][z][v]

E@E (e ]lE]

Standardized - Timber

LNENC]

From Cross-Section Program

EEE@

Z,KZ User-Defined

Image 4.131 Cross-section library

Cancel

The cross-section library is divided into several sections, which are described on the following pages.

Rolled

[o][e][e]le]
(]2 ][~][]

Rolled cross-sections
The table values of many rolled cross-sections are stored in a database.

First, click one of the twelve buttons to define the Cross-Section Type. Another dialog box opens where
you select the table. Then, select an appropriate Cross-Section.

Fitter Rolled Cross-Sections - I-Sections %
M anufacturer/Standard group: Cross-Section Type: To Select To Select W 40x382 | AISC 14
Table Manufacturer/Stand...  * | | Cross-Section A
al [x]c] i
W 44335
T 5 e 7 o
E= e Is 5 AISC 14 W 44262 T—T
DEEEE = s
Arcelorittal THo S ASTM A G/AGM W 40x593 b E 315
ol A5/NZ5 Iw = ASTM A 6/A 6M W 40x503 =
5 ASTM I1 5 ASTM A G/AGM -07 W 40x331
SIEBS IH = ASTM A 6/A 6M - 07 W 40x397
#] H ASTM A 6/A 6M - 07 W 40372 ~ ©
CAN/CSA El I = /i )
=
= DIN I = ASTMA6/A 6M - 07 W 40x324
HE N Manufacturer/Standard group: Tw 5 ASTM A 6/A 6M -07 i a0x297 -
K Ferona Al ~| | Tw S5 ASTM A G/ GM -07 W 40x277 —
I - W 40x243
“ GE Manufacturer/Standard:
Ire - W 40x215 —
General Al - L SSRSNNERS
- GOST T 1PE 750 - W 40x193 ;
=15 Cross-section shape: L rEa - W 40x392 'z
o T IPe0 - W 40x331
| e JI5G T e - W 40%327
Cross-section note: T1rBS - W 40x294 -
Al .| | T BB - W 40x278
1 : p EF &
i - TU T Heaa - W 40x235
M TungHo Steel THEA . P Waterial
i v T Hes - W 40183 [ 2 - steel a3 | ans1jATSC 380-05:2005-03 -]
Filter for Manufacturer/Standard group D ndude invalic... §HEM ° W a0x1e7 @
[ Favorites group: I :EL - x ;x;:,:
- x
e - T uB SHEES 41 h W 3579 | | W 40x362 | AISC 14 |
(@

(UL R EPEY  Selecting a rolled cross-section
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Fitter
Manufacturer/Standard group:

All R

Manufacturer/Standard:

All R

Crozz-section shape:

All R

Cross-section note:

All

[T Inciude irvealid..

Favaorites group:

EM M E=l =
R

Favorites group:

In the Filter dialog section, you can filter the library according to the following criteria:
Manufacturer/Standard group, Manufacturer/Standard, Cross-section shape, and Cross-section note.
That way, it is easier to overview the offered tables and cross-sections. Displayed data can be sorted
by clicking the headings of table columns.

If cross-sections of old standards are needed, select the Include invalid checkbox in the Filter dialog
section to display them.

Creating favorites

Preferred cross-sections can be set as favorites. To access the dialog box for creating favorite
cross-sections, use the [Create New Favorites Group] button at the bottom of the Filter dialog section.
When the name for the new group has been defined, the following dialog box appears.

Rolled Cross-Sections - 1-Sections - Favorites =
Cross-Section Type Select Favorites Select Favorites IPE 80 | Euronorm 19-57
Table Manufacturer /Standard - Cross-Section

I HE B e
@ @ T IPE - @[ Petoo
I IFER £ IPE 120
E W| IFE E @ || 1PE 140
THEA B Euwonom 5362 & IPE 160
THEB B Euwonom 5362 & IPE 180
THEM B Euwonom 5362 & IPE 200
@] 1PEz20
@] 1PE 240
[ IPE 270
[ IPE 200
Fiter @ || IPE 330
Manufacturer/Standard group: [Ed IPE 360
EE EN - El IFE 400
El IPE 450
Manufacturer/Standard &l \PE 500
All - [ IPE 550
£ IPE 600
Crosz-section shape: —
Al -
Cross-section note:
All
[T Include invalid..
EER) (Bx] [Ea) IPE 80 Euronoim 1957
@

Rolled Cross-Sections - I-Sections - Favorites dialog box, filtered by EN

The dialog box looks like the cross-section library. You can use the filter options described above. In
the Select Favorites dialog sections, you can tag preferred tables and cross-sections with a check mark.

After closing the dialog box, the cross-section library presents a clear overview of favorites, once you
activate the Favorites group option.

In this way, it is possible to create different groups of favorites available for selection in the list at the
bottom of the Filter dialog section.

www.dlubal.com



RFEM 5 - User Manual

Buil-up
II
T

k-4

..

I
Il

= H

Parametric - Thin-Walled

HiFH| | O

|_-|

T

o(F||H||H| || |||

T

g A +|F ==

ar

I
- |

===

Q|| |5

Built-up cross-sections

Rolled cross-sections can be combined by specifying parameters.

Built-up Cross-Sections - |-Sections

Cross-Section Type Combination Type 21K HE B 300 + HE A 340 | Euronorm 53-82 + Euronorm 53-52
1T 2 I-Sections Arranged in Parallel
T[> i -
I-Section with 2 Half I-Sections Connected Crosswise
T _ L I-Section with 1 Half I-Section Connected Crosswise on the Left Side
I 1 L T I-Section with 1 Half I-Section Connected Crosswise on the Right Side
- T - 5 Izl 3 Identical [-Sections
= ‘ += || | i 1-5ection with 2 Identical I-Sections
.o T i I-Section with I-Section Connected Crosswise
Select Select
2 Table Manufacturer/Standard Cross-Section "
Iwe & Euronorm 19-57 HE B 180
Fitter
T HEA I Euronorm 53-62 HEB 200
Manufacturer/Standard group: HEEB % Euronorm 53-62 HEE 220
THeEM I Euronorm 53-62 HEEB 240
HEE 260
Manufacturer/Standard: HEE 230
All ~
i HEEB 320
Cross-section shape:
HEB 340 ~
all ~
Table Manufacturer/Standard Cross-Section @
Cross-section note:
I e I Eurcnorm 19-57 HE A 160
Al “: Euronorm 53-62 HE A 180
THEB I Euronorm 53-62 HE A 200
THeEM IE Euronorm 53-62 HE A 220 Waterial
HE A 240 [ M2 - Steels 235 | EN 10025-2:2004-11 ]
[ indude invalid. ... = HE A 250 V===
] Favorites group: HE A 380
N == HE A 400 w | [ 2K HE B 300 + HE A 340 | Euronorm 53-62 + Eure| || el
D) @ SN e

Built-up Cross-Sections - I-Sections dialog box

Use the [Save] button to save a built-up cross-section. RFEM stores it with its accurate description (e.g.
2IK HE B 300 + HE A 340 in the figure above) in the User-Defined category, where you can later

reimport it from.

Parametric cross-sections - thin-walled

In the text boxes, you can freely define parameters for a cross-section composed of sheets. The
cross-section values are calculated according to the theory for thin-walled cross-sections. The theory
only applies to cross-sections whose element thickness is clearly smaller than the respective element
length. If this condition is not fulfilled, define the crosssection in the Massive category (see Figure
4.1343), if possible.

Parameter a represents the weld root, not the fillet radius (see Figure 4.133 @). The weld thicknesses
only have an influence on the lengths of the ¢/t parts. They are not included in the cross-section

properties.
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Parametric - Massive

T

o |3 (1| = =
4((4||F||E||l@®
Hia|d| Ak =

| m

M 0|y =3 H

Thin-Walled Cross-5ections - Symmetric |-5ection x
Cross-Section Type Parameters
T 7]r [3200Ekmm
v [ 500 ] o b
L S ey
C oty |+ [2okkmm - 788
= [ o0k pm 7
ollvl|lo|m 7
? =
]
o|g|m|n 2
]
]
I |(Z||+] e -j#: pl 2
= ||T|[L||T
I ||L||&|L
zl[o][o|o o % &
Material
[ M2 - Steel 5 235 | EN 10025-2:2004-11 v|
) I
Faverites Group
NF M=} [ 15 330/150/8/12/0 (EE
D| i@ B LE Cancel

Input dialog box of a parametrized, thin-walled cross-section

Use the button shown on the left to import the parameters of a rolled cross-section. The selection

function allows you to preset certain geometry data.

Use the [Save] button to save a parametric cross-section with its exact name, for example IS

330/160/8/12/0 in the figure above. Click the [Load] button to import it again.

Parametric cross-sections - solid

In the text boxes, you can freely define parameters for solid cross-sections (e.g. reinforced concrete
sections). The cross-section values are calculated according to the theory for massive cross-sections,
which presupposes elements with distinct wall thicknesses.

Solid Cross-5ections - Floor Beam x
Cross-Section Type Parameters
n L [E | v 7500 ] o
b [0 (54 po F——
T |®]e|m]. wokfm e
v [u][2][T] - ComeiEm N
x|[x %
L 5 == é/; =y 5
T W7 e %
v v| 0| X
SZ
m | = —’l—‘—
9 % &
Material
|I1 - Concrete C30/37 | EN 1992-1-1:2004/AC: 2010 v|
2 I
Faverites Group
NF M=} [ Fe 7s0/1200/220/250 |ENE
2| i@ B LE Cancel

Input dialog box of a solid cross-section
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Parametric cross-sections - timber

Parametric - Timber In the text boxes, you can freely define parameters for timber cross-sections. The cross-section values of

El @ both solid and combined cross-sections are calculated according to the theory for massive cross-

sections.
LI
Timber Cross-Sections - Hollow Rectangle with Vertical Connection Lines x
- - - - Cross-Section Type Parameters
[8)(8] (o] 1] - =i
b ]
[ i
N—
ha: ]
Coeffident of compliance
0 1
og 85 =
B f

Material

3 - Glulam Timber GL24h | EN 1995-1-1:2009-10

2l AHybrid...

‘ [ sv 400/360/80/20/60/0.650 |

Favorites Group

MNF
—]
[0 R EPAY Input dialog box of a timber cross-section

If the cross-section is combined by a Coefficient of compliance, you can use the effective stiffnesses of
flexural members according to EN 1995-1-1, Annex B.2. For this, you need to specify the reduction
factors y. For the modeling, the restrictions according to Annex B.1.2 apply. Composed compression
members according to Annex C are not considered with this option!

When you work with a material of the type Hybrid, use the [Edit] button to assign the properties of the
cross-section parts (see Figure 4.125®).

Standardized cross-sections - timber

Standardized - Timber In the Standardized Timber Cross-Sections dialog box, you can select standardized rectangle
El cross-sections for boards, battens, as well as sawn and solid timber. Standardized American timber
cross-sections are also available for designs according to AWC and CSA.
To Select To Select Post and Timber 8x10 | ANSIAWG NDS-2015

Table Manufacturer /Standard Cross-Section

[ Board Standard Cross-Section Post and Timber 5x5

[ Batten Standard Cross-Section Post and Timber 6x6

[ Sawn Timber Standard Cross-Section Post and Timber 6x8

[ Solid Timber Standard Cross-Section Post and Timber 8x3

1 Boards 5 ANSI/AWC NDS-2015

[ Dimension Lumber 5 ANSIJAWC NDS-2015 Post and Timber 10x10

[1 Beams and Stringers = ANSIJAWC NDS-2015 Post and Timber 12x12

[1 Western Spedies Glulam | 25 ANSI/AWC NDS-2015 Post and Timber 12x14 ]

[ Southern Pine Glulam | 25 ANSI/AWC NDS-2015 Post and Timber 14x14 b5

[ 54 Pine SANS 10163 Post and Timber 14x16

[ 5A Pine Stocklam SANS 10163 Post and Timber 16x16

[ saligna Glulam SANS 10163 Post and Timber 16x18

[ Sawn Lumber I+0 CANfCSA-0B6-14 Post and Timber 18x18

[ Machine Stress-Rated Lu| I+l CAN/CSA-OB6-14 Postand Timber 18x20

[ Sawn Timbers I+1 canfcsa-086-14 Post and Timber 20x20 i

0 Glulam I*l canjcsa-08s-14 Post and Timber 20x22 v,
Post and Timber 22x22
Post and Timber 22x24 [mm]
Post and Timber 24x24

[LLC R KRR Standardized timber cross-sections
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User-Defined

User-defined cross-sections

= Importing saved cross-sections

Click the [Load] button shown on the left to open a dialog box where all cross-sections created with the

Save function are displayed.

-

Properties of User-Defined Cross-Sections

=)

Table Cross-Section Description
SHAPE-MASSIVE

SHAPE-THIM 15415 500420041 2A16/0
2K0 15415 410/410/25/40/0

@ =

Cross-Section Properties

E 2299 [cmd]
Iy 1162270 [em®]
lz: 82051 [em?]
A E2.89 [cmi]
Ay 30,40 [cm?]
Azt 24.48 [cm?]
o non [
u: 1.284 [md /m]
Type: @ Open

Closed

Buckling Curve
Accaording to EN Accarding to DIN
BCy: |c BCy: |c

BCz: |c BCz: |c

According to EM (fy = 460 Mimm 2y
BCy: |c

[X]| Bc:: [

Properties of User-Defined Cross-Sections dialog box

= Creating user-defined cross-sections

You can freely enter user-defined cross-section properties in a dialog box.

Create User-Defined Cross-Section

(S

Table (e.g. "HPmy"} Name (e.g. "10x10x52")
Special CS Custom-1

Moments of Inertia

o [ oo
Cross-Sectional Areas
mda [ owE e
sy [ OB ot

as [ 000 font]
Principal Axis

o

Dimensions (for Temperature Loads)

‘width e 0.0 ¢ [mm]
Height h: 0.0 ¢ [mm]

@] )]

Diverse Cross-Section Values

Suface area As: 0,000 | [m2 /m]

Cross-section type: @ Open [IT by St. Yenart]
() Closed (17 by Bredt)

Buckling Curve

According to EM According to DIN

According ta EM (fy = 460 Mimm )

Stress Points

(0] 3 ] [ Cancel

Create User-Defined Cross-Section dialog box

Enter the Table to define the place where the cross-section is managed, and the Name to describe the
new cross-section. Then, enter the cross-section parameters and define the buckling curves.
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From Cross-Section Program Cross-sections from cross-section programs
Itis also possible to import cross-sections from the Dlubal cross-section programs SHAPE-THIN and

SHAPE-MASSIVE.

« Please note that the cross-sections must be calculated and saved in SHAPE-THIN or in SHAPE-
¢ MASSIVE before the cross-section values can be imported.

Importing cross-section tables from ASCII files

Use the button in the bottom left corner of the library to import an entire cross-section table from a file.
The file must be a CSV file, i.e. a text file where the table columns are separated by a semicolon ;).
Any Excel file can be saved in this format. Make sure that the syntax of the ASCII table corresponds to
the definition parameters of the corresponding RFEM cross-section table.

Example: Import of double symmetrical |-sections.

The cross-sections are managed in the IS table (see Figure 4.133 @). For IS cross-sections, the
following parameters are required: h, b, s, t, a. The table in Excel is structured as shown below:

A B C D E F
1 Description h b s t a
2 Cross-sectionl 400.00 200.00 10.00 10.00 0.00
3
4
5

Excel spreadsheet with cross-section parameters

In the import dialog box, specify the directory of the CSV file and use the list to select the cross-section
table where you want to manage the imported cross-sections.

Import Cross-Sections from ASCI File ﬁ

Import from File

C:A\Temp'S.cev

Create cross-section table
of type: [ 15 - |-Section hd ]

[ (0] 8 ][ Cancel ]

Import Cross-Sections from ASCII File dialog box

The imported cross-sections are subsequently available in the User-Defined Cross-Sections category
(see Figure 4.137 ®).

When importing cross-sections, RFEM calculates the cross-section values and stress points in such a
way that stress designs can be performed as well.
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414 Member Hinges

General description

Member hinges limit the internal forces that are transferred from one member to others. Hinges are
only assigned to member ends (nodes); they can never be assigned to other locations such as the
middle of the member.

Some member types are already provided with hinges: A truss, for example, does not transfer moments
and a cable transfers neither moments nor shear forces. When entering data, the assignment of hinges
is therefore blocked for members of such member types.

MNew Member Hinge *

Member Hinge No.

Reference System
(O Local member axes x,y,z
(® Global X,Y,Z
(O User-defined axis system:
Rotated ~

I

[ special type of hinge (g.q. scissors hinge)

Hinge Conditions

Hinge Spring constant Monlinearity
ux Cux Tki/m] Fixed if positive P-X ~||=
[ uy Cuy I:I [krfrm] MNone ~ | =
O uz Cuz - l:l [krdimn] None ~| |
Hinge
[ ox Cox ¢ I:I [kMrn/rad] MNone ~ | =
(33 Cov : [khm/frad] None ~ ||
9z Cez : [khm/frad] None ~ ||
T EIE M (%)% & (=
Comment
| v|[&
D o Cancel
[LLE R EEEY  New Member Hinge dialog box
1.14 Member Hinges x
S [ [5]|H| Ke=3 | FE || E 6= 2L
[ D E | F [ G H "
Hinge Reference Huial/Shear Hinge or Spring [kN/m] Moment Hinge or Spring [lkNm./rad]
Na. System ux uy uz o v oz Commert
1 |H Localxy.z a O O O 50000.00
2 |Olocalxyz O O O
[ Global X.Y.Z [} = O O O Scissors Scissors
4 Yes
5 No
[ Spring constant
7 Fixed if negative P-X
8 Fixed if positive P-X
5 Partial activity... Y]
Diagram...
Line Supports | Surface Supports || Scissors Faces and Membranes | Cross-Sections | Member Hinges | Member Eccentriciies | 14] 4 [ » [#1
Release condition ('V'es / 'N'o /| Scaffolding - N / PhiX' PRI |ect), Assign the release type to the member in Table 117,

[LLEEC R Py Table 1.14 Member Hinges
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Same as line

77| Edit Line...
2 | Edit Member...
f Delete Line
A Delete Member

Divide Member 3

Create Node 'On Line’ »

jﬁi Connect Members...

&~ | Extend Member...

;ﬁﬂ Set Parallel Member...

pj‘ Extrude Member into Surface...

i | Extrude Member into Grid...

# | Generate Surfaces from Member

;3:}' Reverse Member Orientation

ﬁ Create Set of Members...

Centroid and Info...

0% Move/Copy...
€D | Rotate...
ﬂ:h Mirror...
Local Axis Systems of Lines on/off
v | Local Axis Systems of Members on/off

Members' Orientation on/off
Display Properties...

Visibility by Selected Objects
Visibility by Hiding Selected Objects

s 2P

Member shortcut menu

Reference System
A member hinge can be related to one of the following axis systems:

= Local member axis system x,y,z
= Global coordinate system X,Y,Z (optionally as scissors hinge)
= User-defined axis system X',Y',Z'

Use the Display navigator (see Figure 4.169 @) or the member shortcut menu shown on the left to
display the local member axes.

For detailed information about the orientation of local member axes in the global coordinate system
XYZ, see Chapter 4.17 3.

Normally, hinges are related to the local axis system x,y,z. Scissors hinges (see Figure 4.144 @) can
only be defined in relation to the global or user-defined coordinate system.

Axial/Shear Hinge or Spring

To define an axial or shear force hinge, set the respective displacement free by selecting the relevant
check box in the dialog box or table. The check mark therefore indicates that the axial or shear force
cannot be transferred at the member end because a hinge has been set. This becomes apparent in the
Member Hinge dialog box: In the text box to the right of the check mark, the constant of the
translational spring is zero.

You can change the spring constant anytime to represent, for example, a semi-rigid connection. In the
table, enter the constant directly into the table column. The stiffnesses of the springs are considered
design values.

Moment Hinge or Spring

Hinges for torsion and bending moments must be defined like hinges for forces. The check mark once
again indicates that the torsion is free and the internal force is not transferred.

Elastic connections can be modeled through spring constants, which you can enter directly. Pay
attention not to use extreme stiffness values, because otherwise numerical problems may arise during
the calculation: Instead of very big or small constants, use rigid connections (no check mark) or hinges
(check mark).

The option for defining nonlinear hinge properties is described at the end of this chapter.

Assigning hinges graphically
To graphically assign hinges in the work window, use the menu item

Insert — Model Data — Member Hinge — Assign to Members Graphically
or

Edit — Model Data — Member Hinges — Assign Graphically to Members.

First, select a hinge type from the list or create a new one. After clicking [OK], members are divided
graphically at one-third division points.

[ 138 |
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Member Mo 8
Selected

E3 |

‘ Multiple Selection
/ I Select Side of Member

Assigning member hinges graphically

Clear Ok Cancel I::]

Now you can click the member sides you want to apply the selected hinge to. To assign the hinge to
both member ends, click the member in its center area.

Scissors hinge

With scissors hinges, you can model the crossing of beams. For example: You have four members
connected in one node. Each of the two member pairs transfers moments in its "continuous direction",
but they do not transfer any moments to the other pair. Only axial and shear forces are transferred in

the node.

Beam crossing

—_———— ) —————

Mew Member Hinge
Member Hinge No.

Reference System
() Local member axes x,y,z

(®) Global x,¥,Z

() User-defined axis system:
Rotated =
Special type of hinge (g.g. sdssors hinge)
Hinge Conditions
Hinge Spring constant Special

o D
Ow ol &l
Oe [ o
Hinge

Ow o[ 59

Bor|  tor:[ 0w wwnred
Doz | ne[om S e

3= 1= || 1= |l= = = R: =
N Py s BNLI] My My z -

Comment

| v][@

D |im

Nonlinearity
MNone
MNone

Mone

MNone
Mone

Mone

X
Y ,_:T."_ Fx
P Y
4
Mz ¥
=
=
=
=
~| =
~| =
Cancel

New Member Hinge dialog box

In this case, the hinge must be assigned either to members 1 and 2 or to members 3 and 4. The other
crossing member pair is modeled as bending-resistant without hinge.

www.dlubal.com
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Nonlinearities

Nonlinear properties can be assigned to member hinges. In this way, you can control the transfer of
internal forces in detail. The list of nonlinearities provides various options.

Hinge Conditions

Hinge

Ux
Oy
0w
Hinge

[Tox
Dy
o

Spring constant

G - o

Cov : powa
o poa

List of nonlinear properties

Monlinearity

Partial activity... w

MNone
Fixed if negative N
Fixed if positive N

Diagram...

Friction Vy...

Friction Vz...

Friction Vy Vz...

Friction Vy+Vz...

Plastic Hinge. ..
'_ngfnldlng - M / phiy phiz

In the table, hinge types with nonlinear properties are marked in blue.

Fixed if internal force is negative or positive

& @

=

With these two options, you can control the hinge activity for each internal force depending on the
direction. For example: An axial force hinge defined with the nonlinearity Fixed if positive N has the
effect that tensile forces (positive) can be transferred at the end of the member, but compressive forces
(negative) cannot. In case of negative axial forces, the hinge is effective.

The internal forces are related to the local member axis system xyz.

The remaining entries of the Nonlinearity list provide detailed modeling options for hinge properties. To
access the options, use the [Edit] dialog buttons to the right of the list or [+] in the table (see Figure

4.142m).

Partial activity

(O Complete

Hinge force

Slippage

(® Complete

Slippage

D | |ig

Hinge activity in positive zone

Menlinearity - Partial Activity - Member Hinge u-x

() Fixed from hinge displacement u+
(®) Tearing from hinge force N+

(O vielding from hinge force N+

O Spring ineffectiveness

[ m
v o
use: |00 50 m

Hinge activity in negative zone

() Fixed from hinge displacement u-
(O Tearing from hinge force N-

(O vielding from hinge force N-

O Spring ineffectiveness

[T
e o

Activity Diagram

+N

+lix

Cancel

Nonlinearity - Partial Activity dialog box

The activity of the release can be defined separately for the positive and negative zone. In addition to
full effectiveness or failure, the release can lose its effect when a certain displacement or rotation is
reached; then it begins to act as a fixed or rigid connection. Tearing (no internal force is transferred

[ 140 ]
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Friction Vz...

MNone

Fixed if negative N
Fixed if positive N
Partial activity...
Diagram...

Friction Vy...

Friction Vy Vz...

Friction Vy+Vz...

Plastic Hinge. ..
Scaffolding - M / phiy phiz

after exceeding a certain value) and Yielding (internal forces are transferred only up to a certain
value, even in case of larger deformations) are also possible in combination with Slippage.

The limit values can be defined in the text boxes below. In the Activity Diagram dialog section, the
release properties are shown in a dynamic graphic.

Diagram
Menlinearity - Diagram - Member Hinge u-z *
Positive Zone Diagram
Number of +uz [m] Pz [kN] =
steps: 5 1 0.000 0.000
2 0.020 8.000
3 0.050 17.000
) 4 0.100 25.000
Dgrem after lest 0150 = 30000
O Tearing
(@ vielding
O Continuous
Ostop
Negative Zone Uz +lz
[ 5ymmetric about the Uz [m] Pz [kN]
origin 1 0.000
Mumber of -8.000
steps: 5 3 -0.050 -17.000
4 -0.100 -25.000
Diagram after last 5 0150 30,000
step:
O Tearing
O vielding
O Continuous
@ stop
Pz
?| @ D8 1% = Cancel

Nonlinearity - Diagram dialog box

The activity of the release can be defined separately for the Positive and Negative Zone. First, enter the
Number of steps (i.e. definition points) represented in the diagram. Then you can enter the abscissa
values of the internal forces with the assigned displacements or rotations into the list to the right.

You have several options for the Diagram after last step: Tearing for the failure of the release (no
internal force is transferred any longer), Yielding for restricting the transfer to a maximum allowable
internal force, Continuous as in the last step, or Stop for restricting to @ maximum allowable
displacement or rotation followed by a fixed or rigid release activity.

In the Diagram dialog section, the release properties are shown in a dynamic graphic.

Friction depending on force

With these four options, the forces transferred by the hinge are related to the compression forces that
act in a different direction. Depending on your selection, the friction depends on only one normal force
or on the total force of two simultaneously acting forces. For example, the friction force for the
x-direction can be calculated from just the y-component or the zcomponent, but also from both or even
from the addition of both forces.

The button opens a dialog box where you can define the spring constant C and the friction
coefficient .
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Friction in ux - Normal force from y X

Spring Constant

vl il
Hiy IVyl
Friction Coefficients C
g =
Uy +uy
Activity Settings
[ pirections independent
-y Iyl
-N
iz [Vyl
¥
+ vyl v
VY
- /
| Vv,2
= |v.2--Z,
max N px'\ Y Th
D] |z Cancel

Friction in ux - Normal force from y dialog box

Plastic hinge

The plastic properties of the hinge can be defined in a separate dialog box.

Scaffolding

This nonlinearity type allows for the mechanical simulation of a tube joint with an inner stub between
two members. The equivalent model transfers the bending moment via the overpressed outer pipe and
after positive locking additionally via the inner stub, depending on the compression state at the
member end. Use the [E&| button to open a dialog box where you can separately define the
parameters for the Inner Tube and the Outer Tube.

Nonlinearity - Scaffolding - N / phiy phiz X

Inner Tube  Quter Tube

Positive Zone Diagram
Mumber of @ [rad] M [kNm]
steps: E 3 1 0.0000 0.000 & M N
2 0.0220 0.000

0.0300 1.100;

Diagram after last
step:

() Tearing

(@) Yielding

O Continuous

O stop

9 [rad]

-
L

‘:?) ﬁﬂﬁﬂﬂ@f Cancel

Nonlinearity - Scaffolding - N / phiy phiz dialog box, Inner Tube tab

\ The following technical articles provide detailed information about nonlinearities at scaffoldings:
¢ https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /000973 @
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /001116 @
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Example: Rafter roof
Y,
z
CEEEREXRY Rafter roof
A planar system is used. The hinge must be defined as follows:
1.14 Member Hinges =
' | = | FE| e @@ F L
E A
Hinge Reference Release or Spring kM/m] [kNm/rad]
No. System ux uz Dy Comment
B Local xy 2 a O K 2
2
3 | v
Line Supports lUne Hinges lO‘oss—Sedions l Member Hinges lMember Eccentricities lMember Divisions lMembers J 4] 4] v [mi]|

Release condition (Y'es / 'N'e / Spring Constant / F7 to select). Assign the release type to the member in Table 1,17,

[LLEECR LSy Table 1.14 Member Hinges

The hinge type can then be assigned to the members.

1.17 Members x
FEBBE O EEE N KPS L @ E A%
B C [ D E | F G [ H | J K L M -
Member| Line Cross-Section No. Member Rotation Hinge No. Eccentr. | Division | Taper | Length | Weight
No Mo. Member Type Type B[ Start End MNo. Mo. |Shape| L[m] W ka]
1 1 | Beam 1 | Angle ool o 0 0 0 5.000 720 ]| 5
2 2  [EBeam 1 |Angle [1161] ] 0 0 0 4.220 GOE]| T
3 3 |H Beam 1 | Angle oo 1 0 0 [] 1220 60.8
2 4 M Beam 1 | Angle ool o 0 0 0 5.000 720
5 ]I Beam 1 [ Angle oo 1 1 0 0 6.407 523 ~
| e——
< | i ] r
Member Eccentricities | Member Divisions | Members | Member Elastic Foundations | Member Norlinearties | Sets of Members | I ions | 4[4[ v [n

[ 20 ) Graphic and Table 1.17 Members

[ ) Moment diagram in load case self-weight
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4.15

" | Wireframe Display Model
@&  solid Display Model
@ Solid Transparent Display Model

Member Eccentricities

General description

The length of a member corresponds to the distance between two nodes defined by the member line.
However, for connections of cross-sections or downstand beams, redlity is represented only to a certain
degree. With member eccentricities, you can connect members eccentrically due to special member
end sections. You can, for example, reduce design moments on horizontal beams for frames with large
column cross-sections. Member eccentricities are taken into account through a transformation of the
degrees of freedom in the local element stiffness matrix.

To check the entered eccentricities, use the photo-realistic imaging of the 3D rendering.

New Member Eccentricity lé]

Abzolute Offset

Member Eccentricity No.
2

Absolute Offset Relative Automatically Offset

Reference spstem Crozz-section alignment
) Local wy.z D @ €

@) Global X7 Z ®® e

Member start i

i 150.01%
=t ] [ Transverse offset from crass-
BY [rm] section of other object
8z 75055 [mm] Object: Mo,

@ Member &

M

Axial Offzet

Surface

Member end | Axiz offzet

o |
o
o

Awial offzet from adjoining

members at:
[ Member start Comment
[7] Member end -
s &) [oowa ]
New Member Eccentricity dialog box
1.15 Member Eccentricities x
EE EE9E O EE3E N | FHE L S Em| S AR
[ A C [ D[ E T F TG H J | [ J [ K [ L [ M [ N ] -
Eccen. |Reference Member Start - Eccentricty |[Member End - Eccentricity | Cross-Section Alignment | Transverse offset from cross-section of ancther object [fudal offset fr| |
No. System eix eiY eiz2 ejix ejy | ejz y-Fods z-Fds Object Type | Object No. y-Fods z-fwis  Member Sta
[ Giobal 00| 00| 00 00 00|Mdde |Midde Member & | Middle Bottom (+2) L
2 | Global 150.0 0.0| -175.0 0.0 0.0 0.0 Mdde Middle None 0| Middle Middle ] T
3
4
5 =
< 1 | r
Nodal Supports | Line Supports | Surface Supperts | Line Releases | Cross-Sections | Member Hinges | Member Eccentricities | Member Divisions | 4[4[ 01

Table 1.15 Member Eccentricities

Reference System
The member eccentricity can be related to one of the following axis systems:

= Local member axis system x,y,z, in consideration of member and cross-section rotation
= Global coordinate system X,Y,Z

Use the Display navigator or the shortcut menu of the member to display the local member axes xyz
(see Figure 4.169 3.
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Relative Automatically Offset

Crozz-section alignment

©

*

Relative Automatically Offset

Crozz-section alignment
L

. - "

e

Transverse offset from cross-
zection of other object

Object: Mo.

) Member 1 - ‘:‘
@ Surface

Az offset

Eccentricity member start / member end

In the Absolute Offset dialog section or in table columns B to G, define the eccentricities for the
Member start i and the Member end j. The distances refer to the selected axis system, indicated by the
upper- and lower-case indexes, which are also shown in the dialog graphic.

In the dialog box, you can use the [V ] and [ | buttons to transfer the values from one side to the other.

Cross-Section Alignment

In the Relative Automatically Offset dialog section, use the nine selection options to define the
cross-section point relevant for determining the eccentricity. In the table, specify the position of the point
in columns H and I. The point defines the distance by which the cross-section is moved on the start or
end node.

By defining the point in the middle of the top flange, as shown in the figure on the left, you can, for
example, attach a horizontal beam with its top edge to a column with a flush connection (without
extension).

Transverse offset from cross-section of another object

With a Transverse offset, you can arrange a member in a particular distance parallel to an object
(member in surface, member in same direction). Select the number of the relevant object - a Member or
a Surface - from the list or use [%] in the work window. The eccentricity is determined from the
Cross-section alignment defined above and the Axis offset (cross-sectional geometry or surface
thickness) that you define by selecting one of the available nine or three check boxes. In the table,
define the axis offset in the columns L and M.

For example, by defining the points on the edge of the top flange and on the bottom side of the surface
as shown in the figures on the left, you can arrange a steel cross-section on the edge under a plate with
a flush connection.

Axial offset from adjoining members

The last option in the Relative Automatically Offset dialog section allows you, for example, to easily
connect a member eccentrically to the flange of a column. The offset can be arranged separately for
Member start and Member end. The eccentricity is automatically determined from the cross-section
geometry of the adjacent members. In the table, assign the axial offset in the columns N and O.

The Axial Offset dialog graphic is interactive with the input, illustrating the effectiveness of the selected
check boxes.

You may prefer the input in the Relative Automatically Offset dialog section, because you can directly
adjust the eccentricities when cross-sections are changed. RFEM automatically takes modified surface
or cross-section dimensions into account.

Assigning eccentricities graphically

Furthermore, eccentricities can be graphically assigned to members in the work window. Use the menu
option

Insert — Model Data — Member Eccentricities — Assign to Members Graphically
or

Edit — Model Data — Member Eccentricities — Assign Graphically to Members.
First, define the reference system and the eccentricities.

After clicking [OK], members are divided graphically at one-third division points. Then you can click
the member sides you want to apply the eccentricity to (see Figure 4.143 @ ). To assign an eccentric
connection to both member ends, click the member in its center area.
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4.16

Member Divisions

General description

Member divisions are used to define points on members for which internal forces and deformations are
later displayed in the results tables and numerical printout. A member division neither influences the
determination of extreme values nor the grcphico| results diogrom (RFEM internc”y uses d more
refined partition). Member divisions are therefore not required in most cases.

Do not confuse member divisions with FE divisions for members. FE nodes on "free" lines (not belonging
to a surface) with member properties are only generated if the lines have an FE mesh refinement (see
Chapter 4.23 @).

New Member Division l&]

No.
1

Relative Distance

Number of Intermediate Points

4

Member Division

x1 0.2000 5 »
R 0.4000 5 »
3 | 06000[2) o L d Y.
pTe 0.8000 5+ | %,

= | T

- o

= 1 x3

g

Comment

-
(0] 3 ][ Cancel ]

New Member Division dialog box

1.16 Member Divisions x
EE EHE3E O FEE H e E= R A%
B [ ¢ [ b [ E [ F [ &6 [ H [ 1 [ J 1] K -
Divigion | Number of Relative distance of point from the member start F
No. Pairts x1 Xz x3 x4 X5 X& x7 X2 x3 Comment
4 0.2000| 0.4000| 0.6000| 0.8000
0.1000| 02000] 0.3000] 04000 0.5000( 0.6000 E
3
4
5
6 -
Member Eccentricities | Member Divisions | Members | Ribs | Member Elastic Foundations | Member Nonlinearties | Sets of Members | 4[4[ 1
MNumber of dividing peints

Table 1.16 Member Divisions

Number of Points

You can enter a maximum number of 99 division points in the dialog box. An entry divides the member
into the desired number of equidistant points.

Relative distance of point from the member start

When you create a new division in the dialog box, the distances of three intermediate points are
preset. They represent the relative distances in the interval of O (member start) to 1 (member end).
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¥X NP XK

4.17

Member Single...
Member Continuous...

Inserted Member...

Select Lines...
Set of Members... l

Member list button

It is also possible to define irregular divisions for the specified points, as you can enter the relative
distances freely. Be sure to follow the correct order of intervals: x7 <x2 <x3 ...

Graphically, any x-location on the member can be specifically evaluated (see Chapter 9.5 @). Thus, in
most cases, manually entering member divisions and tediously determining relative distances is

unnecessary.

Members

General description

Members are attributes of lines. By assigning a cross-section (which also defines a material), the

member receives a stiffness. When generating the FE mesh, 1D elements are created on members.

Members can only be connected with each other on nodes. When members cross each other without
sharing a common node, no connection exists. No internal forces are transferred on such crossings.

Graphically, you can apply members as Single, Continuous, or to already existing Lines. The Inserted

Member option is described in Chapter 11.4.13 @.

-
New Member

S

General |Option5 I Effective Lengfhsl Modify Stiﬁ'n&ssa|

Member No.
13

Node No.
215

Line No.
23

Member Rotation via

=
<3

Member Type

[ Beam

HE A 300

LE B: 1
() Help node Mo |Inside %1 [H=
In plare: @ ey
Cross-Section
Merberstat: [WIT 3 | HEA 30 | Steel 5 235 u -
Memberend:  None = — =
Member Hinge
Member stat:  None . =
Member end:  None - -
[ ok ][ Ccancel

L

Image 4.161 New Member dialog box, General tab

1.17 Members x
[MEEE EEIE O FHEEE K= | FHE Ee @@ 2 A%
E [ F G [ H I J K L M N[ =
Cross-Section No. Member Rotation Hinge Mo.. |Eccentr. |Division| Taper | Length | Weight il
Type BI1 Start End No. MNo. | Shape L [m] W kal

1 | Angle 000 0 0 1 0 4.000 T069| Z
2 1 | Angle 000 0 0 0 0 4.000 769 Z || 2
3 2 | Angle 0o 1 1 0 6000 15000[ Y [|5

4 5 | Angle 50.00 0 3.000 290| Z

5] 3 | Angle 0o 1 1 0 0 6.059 ha75| YZ

6 3 | Angle 0.00 0 3.843 M09 Z

7 4 | Angle 000 0 0 0 0 Linear 3.000 2720| Z

8 5 | Angle 45.00 0 6.059 h85| YZ
9 3 | Angle 000 0 0 0 0 3.843 M5 Z |~
< [T | G
Member Eccertricities lMember Divisions | Members | Ribs lMember Elastic Foundations lMember Nonlinearities lSets of Members J 44 v [

Member type (F7 to select)

Image 4.162 Table 1.17 Members
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New Member l&]

| General | Options | Effective Lengthsl Modify Stiffnesses

Member No.
17

Member Eccentricity

2 |G | 150.0.0.0-175.0 | 0.0.0.0.00 | - -
Member Division

1402040808 -
Member Elastic Foundation

None - )
Member Nonlinearity
[1- Yielding RIE=IE)

Taper Shape

Linear -

Comment

" (=)
OK ][Cancel

New Member dialog box, Options tab

Line No.

Enter the number of the line with member properties info the text box of the dialog box or the column in
the table. In the New Member dialog box, you can also select the line graphically.

The start and end nodes of the line define the member orientation, which also affects the position of the
member's local coordinate system (see "member rotation" in this chapter). The member orientation can
quickly be changed in the graphic: Rightclick the member and select Reverse Member Orientation in
the shortcut menu.

Member Type

The member type allows you to define the way internal forces are absorbed, or which properties are
assumed for the member.

Different options are available for selection in the Member Type list. Each member type has an
assigned Color that can be used to display different kinds of members in the model. Colors are
controlled in the Display navigator with the Colors in Rendering According fo option (see Chapter
11.1.9m).

B Compression

B Gucking

[ cable

[ cable on Pulleys

[ Mew Cable on Pulleys...
I Resutt Beam...

[l Definable Stifness...
. Coupling Rigid-Rigid
|:| Coupling Rigid-Hinge
|:| Coupling Hinge-Hinge
. Coupling Hinge-Rigid
|:| Spring...

[l Dashpot..

W hul
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Member Type

Short Description

Beam

Bending-resistant member that can transmit all internal forces

Rigid

Coupling member with rigid stiffness

Rib

Downstand beam considering the effective slab width

Truss

Beam with moment hinges at both ends

Truss (only N)

Member with stiffness E - A only

Tension

Truss (only N) with failure in case of compression force

Compression

Truss (only N) with failure in case of tension force

Buckling

Truss (only N) with failure when compression force > N,

Cable

Member that only transfers tension forces. Calculation is performed
according to the large deformation analysis.

Cable on Pulleys

Member on polyline, can only be shifted in longitudinal direction,
absorbing only tensile forces (pulley)

Result Beam

Member for integration of surface, solid, or member results

Definable Stiffness

Member with user-defined stiffnesses

Coupling Rigid-Rigid

Rigid coupling with bending-resistant connections at both ends

Coupling Rigid-Hinge

Rigid coupling with bending-resistant connection at member start
and hinged connection at member end

Coupling Hinge-Hinge

Rigid coup|ing with hinged connections at both ends (oniy axial
and shear forces are transmitted, but no moments)

Coupling Hinge-Rigid

Rigid coupling with bending-resistant connection at member end
and hinged connection at member start

Spring

Member with spring stiffness, definable activity zones, and
damping coefficients

Dashpot

Member with viscous damping properties for RF-DYNAM Pro @

Null

Member that is ignored in the calculation

Member types
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Beam

A beam does not have any releases defined on its member ends. When two beams are connected
with each other and no release has been defined for the common node, the connection is bending-
resistant. Beams can be stressed by all types of load:s.

Rigid

This member type couples the displacements of two nodes with a rigid connection. Thus, in principle, it
corresponds to a Coupling member @. You can use a rigid member to define members with a high
stiffness while considering hinges that may also have spring constants and nonlinearities. Hardly any
numeric problems occur, as the stiffnesses are adjusted to the system. RFEM also shows internal forces
for rigid members.

The following stiffnesses are assumed (also applies for couplings and Dummy Rigids):

= Longitudinal and torsional stiffness:

E-AandG -l 101-# [Slunit] (#=member length)

= Flexural resistance:

E-I: 108-£2 [Slunit]

= Shear stiffness (if activated):

G, 0rG,, 1 10%-7° [Slunit]

Due to this type of member, it is no longer necessary to define a Dummy Rigid (see Chapter 4.13 @)
and assign it as a cross-section.

Rib
Ribs are described in Chapter 4.18 @.

Truss (only N)

This type of a truss member absorbs axial forces in the form of tension and compression. A truss
member has internal moment hinges on its member ends. Therefore, an additional release definition is
not allowed. RFEM only shows node internal forces (which are transferred to the connecting members).
The member itself shows a linear distribution of internal forces. An exception is the concentrated load
on the member, which means that no moment diagram is visible as a result of selfweight or a line load.
The boundary moments are zero because of the release; a linear distribution is assumed along the
member. The nodal forces, however, are calculated from the member loads, which guarantees correct
transmission.

The reason for special treatment is that a truss girder, according to general understanding, only
transfers axial forces. Moments are of no interest. Therefore, they are deliberately not shown in the
output, nor are they calculated as a part of the design. To display moments from the member loads,
use the member type Truss.

For the member type Truss (only N), buckling perpendicular to the principal axes is not possible. Effects
of member buckling are therefore not considered in the calculation!
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Tension / Compression

A tension member can only absorb tension forces, and a compression member only compression
forces. The calculation of a framework structure with these types of members is carried out iteratively: In
the first iteration, RFEM determines the internal forces of all members. If tension members have negative
axial forces (compression), or if compression members have positive axial forces (tension), an
additional iteration step is started in which the rigidity of these members is no longer considered - they
have failed. This iteration process continues as long as tension or compression members fail.
Depending on modeling and loading, a system may become unstable due to failure of tension or
compression members.

A failed tension or compression member can be considered again in the stiffness matrix if it is
reactivated in a later iteration step due to redistributions in the system. In the menu, select Calculate
— Calculation Parameters to open the Global Calculation Parameters dialog tab where
you can set the Reactivation of Failing Members. You can find detailed information about these
functions in Chapter 7.3 @.

Buckling

A buckling member absorbs unlimited quantities of tensile forces. Compressive forces, however, can
only be absorbed until the critical Euler load is reached.

2,
TE|
N = e where 7, =¢

cr
cr

With this type of member, you can often avoid instabilities that occur in nonlinear calculations
according to the second order theory or large deformation analysis due to buckling of truss members.
If you realistically replace trusses by buckling members, the critical load is increased in many cases.

Cable

Cables only absorb tension forces. They are used to analyze cable chains with longitudinal and
transversal forces through iterative calculation and by taking the cable theory into account (large
deformation analysis - see Chapter 7.3.1 @ ). For that purpose, it is required to define the complete
cable as a cable chain consisting of several cable members.

To quickly create a catenary, go to the menu and select Tools — Generate Model - Members —
Arc (Chapter 11.7.2 ). The more accurately the starting shape of the catenary corresponds to the
real cable chain, the more stable and the faster you can perform the calculation.

It is recommended to prestress cable members in order to prevent compression forces that would result
in failure. Furthermore, cables should only be used if deformations have a considerable part in
changes of the internal forces, that is, when large deformations can occur. For simple, straight riggings
such as transverse bracings (projecting roof), tension members are completely sufficient.

When evaluating deformations of cable members, set the scaling factor in the control panel (see Figure
3.19 @) to "1" so that tightening effects are represented realistically.

www.dlubal.com
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Member Type
[ Resutt Beam

Cable on Pulleys

This cable type only absorbs tensile forces and is calculated according to the cable theory (large
deformation analysis). In contrast to a cable, it can only be applied to a polyline with at least three
nodes. This member type is suitable for flexible tension elements whose axial forces are passed on by
means of deviating points (e.g. pulley).

In contrast to a normal cable member, only a displacement within the internal nodes in the longitudinal
direction uy is possible. The member must therefore not be stressed by member loads acting in the local
directions y or z.

The displacement in longitudinal direction is not allowed to be free at the ends of the cable.

| \
T00KN ¢

100 kN +#
100K +

Cable on pulleys

10.0KN +

Cable 10.0KH +

10.0 ki )
0.0 kN +
100K L

1 10.0kN ¢

100 kM + 100 kM«
100 KM «

100 kN =

System with cable on pulley and cable member — axial forces and support reactions

For the internal nodes of the polyline, it does not matter whether a nodal support is available or if the
member is connected to another construction: RFEM analyzes the total model of the cable member
along the length of the polyline.

For members of the member type Cable on Pulleys, RFEM only considers displacements uyx and axial
forces N.

Result Beam

Like a cut through the model, a result beam can be placed anywhere in the model as a virtual member.
Use it to display the internal forces of surfaces, members, and solids in the form of integrated results.
This allows you, for example, to read the resulting shear forces of a surface used for masonry design in
the display.

The result beam requires neither a support nor a connection to the model. It is not possible to apply
loads to a result beam.

The integration parameters must be set in a dialog box (see Figure 4.163 @) that you open by using
the [Edit] button.

In the Integrate Stresses and Forces dialog section, define the result beam's zone of influence. The
dialog graphic illustrates the parameters relevant for the individual options.
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Project Navigator - Display x

BE‘% Model =

-] g Modes

-] g Lines

EE Surfaces

-[w] i Solids

-.[w]i Solid Orthotropies

-..[w]i Openings

-[w]k Modal Supports

-[w]i Line Supports

-.[w]i Surface Supports

-5 Members

- [¥]& Member Elastic Foundatio

-1 Member Axis Systems xy.2

D% Member Axis Systems u,v,’

] Member Orientations

- [¥]& Member End Releases

[ Material Descriptions
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[ Cross-Section Outlines
Dg Cross-Section Description:
Dg Line Mode at Member Enc
Iz‘g Eccentricities

E% Cross-Sections of Result B

T,

E% Front Areas Distinguished

[ Iz‘g Sets of Members

Dg FE Mesh Refinements

- % Loads 4

4 1 | 3

m

e e [

e

|

ﬁData |§Di5play ,é\ﬂews

Edit Parameters for Member of Type 'Result Beam'

Integrate Stresses and Forces
() Within cubaid - quadratic
vz [ Effm
@ "Within cuboid - general
mo v o
z+: iz fm)
0 within cylinder

A —

() Fram listed include objects

Include Objects
Mo,

Surfaces: Al

4

Solids: None

Members: Al

4

4

F)

Except from Including Objects
Mo,

Surfaces:

Solids:

Members:

SEE

(0] 8 ] [ Cancel

Member Type

B Stiffnesses -

Edit Parameters for Member of Type 'Result Beam' dialog box

The Include Objects dialog section allows for a specific selection of model elements whose results
should be taken into account for the integration: surfaces, solids, members.

When the result beam is defined, you can activate and deactivate the display of integration areas in

the Display navigator (see figure shown on the left).

Definable Stiffness

The member stiffnesses can be directly specified in a dialog box that you open with the [Edit] button.

Thus, the assignment of a cross-section is unnecessary.

p
Edit Memiber Stiffnesses

=5

Torsion and Flexural Stiffnesses

Torsion stifress GIE 5000.000 55| [kNm?]
Flexural stifnesses Ely : | 420000.000 5 [KNm?]
El;: |420000.000 5| [kNm?]

Axial and Shear Stiffnesses

Pudal stiffness E4 . | 890000.000 | [kN]

Shear stiffnesses Gy | 75000.000 5] [kN]
Ge, | 75000000/2]:] k]

Parameters for Self-Weight

Spechc wen v

Cross-sectional area A 125000.00 5| [cm?]

Coefficient of Thermal Expansion
Themal expansion @o 1.0000E-05 5+ | [1/K]

i b o
Hoar o

Edit Member Stiffnesses dialog box

To display the definition of the stiffness matrix, use the [Info] button.
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Coupling

A coupling member is a virtual, very stiff member with definable rigid or hinged properties. It is
possible to couple the degrees of freedom of the start and end nodes in four different ways. The axial
and shear forces, or torsional and bending moments, are transferred directly from one node to the
other. Couplings can be used to model special situations for the transfer of forces and moments.

Stiffnesses of couplings are calculated depending on the model to preclude numerical problems.

With the Rigid @ variant, you can also define coupling members while considering springs and
nonlinearities of releases.

To control the display of coupling results, use the Display navigator.

Project Navigator - Display =
[l Model -
[O4 Loads
1=-[#][F] Results
[#1[F Result Values
[ Title Info 3

- [#1[] Max/Min Info

-[B][F Deformation
B[ Members ™
@[ Two-Colored

O with Diagram
O[] Without Diagram
O[] Cross-Sections

[ Result Diagrams Filled
-[#1[] Hatching
-1 All Values

[ Display Hidden Result Diagram
-[1JF] Reverse Results V-y and V-z
i (e

[B] [ surfaces

B[ Solids

- Type of Display
[¥][F Ribs - Effective Cooperation Surface/Member

-[#][F] Result Beams

-[JJF] Results Within Column Area =

[QData [EfDisplay| A views © Results

Activating the display for results of coupling members in the Display navigator

Spring

If Spring members are set, you can open a new dialog box by using the [Edit] button or [ in the table.

Edit Parameters for Member of Type ‘Spring’ X

General | Sef-Weight
Definition Type
(®) Parameters
() Diagram

+M

Spring Constant
Puial Stiffness

(SR 75.000 5+ | [cN/m]

Slippage
Use

ETH 0.030%* | [m]
U 0.0001% ) Im]

Limits.

Use

Type:
(O Deformation
(®) Force

Namin £ 0.000 5 | feN)
Nmax:|  10.00015 ]| KNI

2 @ B& ol

Edit Parameters for Member of Type 'Spring' dialog box
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Define the spring properties via Parameters or in a Diagram. The spring constant C1,1 describes the
stiffness of the member in its local x-direction according to the following relation:

EA

Kk = ——
£

The Slippage specifies a zone of the deformation where the spring does not absorb any forces.
You have two options for defining the spring Limits:

= Deformation: The values umin and umax define the geometric activity zone of the spring. The
spring acts as a rigid member (stop) for deformations outside of the specified zone.

= Force: The values Npin and Nimax define the activity zone for the forces that can be absorbed by
the spring. If the axial force is beyond the defined limits, the spring fails.

Use the Diagram tab to define spring properties more precisely. These settings are largely identical
with the parameters available for nonlinear member releases (see Chapter 4.14@).

Dashpot

This member type is relevant for time history analyses in the dynamics add-on modules RF-/DYNAM

Pro - Forced Vibrations @ and RF-/DYNAM Pro - Nonlinear Time History @. You can specify the
member properties in a dialog box that you can access by using the [Edit] button in the dialog box or [
in the table.

Edit Parameters for Member of Type 'Dashpot’ X

General Sef-Weight Dashpot

Parameters
\iscous damping coefficient
B2 0.010 % v| [kMs/m]

Available only for linear and nonlinear Newmark solver
and explicit solver in RF-O0YNAM Pro

D E@j =] E Cancel

Edit Parameters for Member of Type 'Dashpot' dialog box

This linear viscous damping element corresponds to the member type "Spring" described above. In the
Dashpot tab, the Viscous damping coefficient ¢ must also be specified. The forces that are dependent
on the velocity can thus be considered in the dynamics modules. With regard to viscoelasticity, the
member type "Dashpot" is similar to the Kelvin-Voigt model, which consists of the damping element and
an elastic spring (both connected in parallel).
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Null

A dummy member with its loads is not considered in the calculation. Use dummy members to, for
example, analyze changes in structural behavior if certain members are not effective. You do not need
to delete these members; their loading is kept as well.

Cross-Section No. member start / member end

The two text boxes or table columns are used to define the cross-sections for the member start and end.
The cross-section numbers refer to the entries in Table 1.13 Cross-Sections (see Chapter 4.13 @).
Assignment is made easier by colors related to different cross-sections.

\ When you enter different numbers for the start and end cross-section, a taper is created. RFEM

¢ interpolates the variable stiffnesses along the member according to polynomials of a higher grade.
Tapered member Input of nonsense such as a taper consisting of an IPE cross-section and a round steel will be identified
by the plausibility check before the calculation starts.

The internal determination of tapered cross-section values is controlled by the Taper Shape in the
Options tab or the corresponding table column (see Chapter 4.17 @).
Member Rotation

The member-related coordinate system xyz is defined clockwise by right angles. The local axis x
always represents the centroidal axis of the member, connecting the start node with the end node of
the line (positive direction). Member axes y and z, or u and v for asymmetrical cross-sections
represent the principal axes of the member.

End

* P (XY.2)

Help Node
y in Plane x-y
Start y
Here
z Y B<0°

Member rotation and local member axes x,y,z (any spatial position)

The position of the local axes y and z is set automatically: Axis y is perpendicular to the longitudinal
axis x and parallel to the global plane XY. The position of the axis z is determined by the right-hand
rule. The z' component of the z-axis is always pointed "downwards" (i.e. in direction of the gravity),
irrespective of whether the global axis Z is oriented downward or upward.
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Edit Line...
Edit Member...

Delete Line

Delete Member

Divide Member 3
Create Node 'On Line’ »

Connect Members...

Extend Member...

Set Parallel Member...

Extrude Member into Surface...

Extrude Member into Grid...

Generate Surfaces from Member

Reverse Member Orientation

Create Set of Members...

Centroid and Info...

Move/Copy...
Rotate...

Mirrar...

Local Axis Systems of Lines on/off
Local Axis Systems of Members on/off

Members' Orientation on/off

RI:I Display Properties...

@ Visibility by Selected Objects
a Visibility by Hiding Selected Objects

Member shortcut menu

To check the member position, use the 3D rendering. You can also use the Display navigator or the
member shortcut menu to display the Member Axis Systems x,y, z.

Project Navigator - Display x

m

- [ Lines
-] Surfaces
- [w] i Solids
[#]& Solid Orthotropies
[J& Openings
[#1& Nodal Supports
-[#]& Line Supports
: [#1&/ Surface Supports
[#]%/ Members
Eg Member Elastic Foundations
I Ve s e
[ Indexes
=[] Member Axis Systems u,v,w
[v] & Indexes
[[J& Member Orientations
[#]&/ Member End Releases =
m 3

<
ﬁData ,g’DispIa',' A views

Selecting the local member axis systems in the Display navigator

Table column N provides information on the global axis the member is parallel to or in which plane
spanned by the global axes the member lies. If there is no entry, the member is in an arbitrary spatial
position.

If a member is aligned parallel to the global axis Z, and therefore in vertical position, the local axis z
naturally has no Z-component. In this case, the following rule applies: The local axis y is aligned
parallel to the global axis Y. Then the position of the z-axis is determined by the righthand rule (see
Figure 4.170@).

I<X
ki
Z

Vertical member position for members with different member orientations (p = 0°)

When a member in a continuous set of column members is not precisely in vertical position (due to
minor deviations of the nodal coordinates X or Y), the axes of the member can change their
orientation: RFEM classifies the position of a member that is minimally inclined as "general". If you still
want to classify members in general position as vertical, select Tools — Regenerate Model in the
menu (see Chapter 7.1.3 @).

Member rotations can be applied in two ways:

= Member rotation via angle

Define an Angle 8 by which the member is rotated. If the rotation angle B is positive, the axes y and z
are rotated clockwise around the longitudinal member axis x.

Please note that the member rotation angle f and the cross-section rotation angle a' (see Chapter
4.13 @) are summed up.

In 2D models, only member rotation angles of 0° and 180° are allowed.

www.dlubal.com
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= Member rotation via help node

The member axis system is directed to a particular node. First, select the axis (y or z) you want affected
by the help node. Accordingly, the help node defines the plane xy or the plane xz of the member.
Then, enter the help node, select it graphically, or create a new one. However, the node may not lie
on the straight line that is defined by the x-axis of the member.

The following example shows columns that are aligned towards the center point.

Member Rotation via mn

e -
@ Help node No.: 15 - ":3

In plane: @y

Member rotation via help node

Changes of the local member axis system may affect the algebraic signs of internal forces. The
following figure illustrates the general sign convention.

positive side of section

Positive definition of internal forces

The bending moment My is positive if tensile stresses occur on the positive member side (in direction of
¢ the z-axis). Mz is positive if compressive stresses occur on the positive member side (in direction of the
y-axis). The sign definition for torsional moments, axial forces, and shear forces conforms to the usual
conventions: These internal forces are positive if they act on the positive section in a positive direction.

Hinge No. member start / member end

In these two text boxes or table columns, you can define hinges that control the transfer of internal
forces on nodes. The hinge numbers refer to the entries available in Table 1.14 Member End Hinges
(see Chapter 4.14 @).

For specific member types, entries are not possible because internal releases already exist.
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Eccentricity No.

In this table column or text box of the Options dialog tab (see Figure 4.161 @), you can assign an
eccentric connection to the member. The numbers of the eccentricities refer to Table 1.15 Member
Eccentricities (see Chapter 4.15 @). A connection type determines the eccentricities of both member
start and member end.

Division No.

Member divisions control the numerical output of internal forces and deformations along the member
(see Chapter 4.16 B ). Use the settings in the table column or the text box of the Options dialog tab to
assign divisions or create new ones. The numbers of the divisions refer to the entries in Table 1.16
Member Divisions.

A member division neither has any influence on the determination of extreme values nor on the
graphical results diagram (RFEM internally uses a more refined partition). As member divisions are not
required in most cases, the default setting is 'None' or '0".

Member elastic foundation

In this text box of the Options tab (see Figure 4.161 @), you can assign an elastic foundation to the
member. The numbers of the elastic foundations are managed in Table 1.19 Member Elastic
Foundations (see Chapter 4.19 @).

Member nonlinearity

This text box in the Options dialog tab (see Figure 4.161 @) makes it possible to provide the member
with nonlinear properties. The numbers of the nonlinearities refer to the entries in Table 1.20 Member
Nonlinearities (see Chapter 4.20 @).

Taper Shape

If different cross-sections are defined for the member start and member end, this table column or text
box in the Options tab provides a choice between a Linear and a Quadratic taper application. This
allows you to describe the taper geometry for the determination of the interpolated cross-section
values.

In most cases, there is a linear taper course: The height of the cross-section changes evenly from the
start of the cross-section to its end; the width remains more or less constant. However, if the width of the
cross-section also changes distinctly along the member (e.g. taper made of solid sections), it is
recommended to use a square function for the interpolation of cross-section values.

Length

This table column states the absolute length of the member as the distance between start and end
node. Eccentricities are taken info account.

You can also read the member length in the work window: Place the mouse pointer on a member and
wait a moment until the ScreenTip of the member appears.

Weight

The mass of a member is determined from the product of the cross-sectional area A and the specific
weight of the material. RFEM applies g = 10 m/s as the gravitational acceleration. If necessary, you
can adjust this value in the Options tab of the General Data dialog box (see Figure 12.32 @).
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Position

Table column N provides information about the global axis parallel to the member, or in which plane
spanned by the global axes the member lies. If there is no entry, the member is in an arbitrary spatial
position.

When a member located in a continuous set of column members is not exactly in vertical position
(because of minor deviations of the nodal coordinates X or Y), the axes of the member can change
their orientation: RFEM classifies the position of a member that is slightly inclined as "general". If you
still want to classify members in general position as vertical, select Tools — Regenerate Model in
the menu (see Chapter 7.1.3@).

If continuous members do not have a uniform member position, problems may arise, for example,
when applying aligned imperfections. The following FAQ provides an example including a solution:
https://www.dlubal.com/en-US/support-and-learning/support/faq/000619 @
Effective Lengths

The Effective Lengths dialog tab manages the Effective Length Factors ker,y and ke, 2.
("eait Member F=)

Member No.
1
Effective Length Factors Effective Lengths IPE 400
Kery 1000 ~ A Lery: 3.000 5| m] =
kerz: 1500 =+ [ Lerz: 4500052 [m]
_________ -
¥
(o= ]
]
r
Member Length Critical Buckling Load
L: 3.000 [m] Mer: 1345.508 [kN]
[7] Check exceeding of critical buckling load on
calculation

oK | [ Cancel

Edit Member dialog box, Effective Lengths tab

The effective length factors can be adjusted separately for both member axes. The dialog fields on the
right show the Effective Lengths that result from the entered factors and the member length.

Effective length factors are significant for add-on modules such as RF-STEEL EC3 where stability
analyses are performed, but they play a secondary role for RFEM, because buckling lengths for
buckling members, for example, are determined internally from the boundary conditions and taken into
account accordingly.

The Critical Buckling Load dialog section allows you to specify if the flexural buckling load of the
member is checked during the calculation. By default, the check box is selected for truss, compression,
and buckling members. The Global Calculation Parameters dialog tab of the Calculation Parameters
dialog box (see Figure 7.27 @) provides a global setting option for this kind of control.
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Modify Stiffness

With the Modlify Stiffness dialog tab, you can influence member stiffnesses.

If you have made any changes at cross-section stiffnesses (see Chapter 4.3 @), they will additionally
¢ be taken into account during the calculation.

Edit Member

General Options Effective Lengths Modify Stiffness
Member No.

Definition Type HE A 300

Muttiplier Factors w

Multiplier Factors.

Multiplier factor

Torsion stiffness kes: [

Flexural stiffness kEly [ ",
2 ‘

Axial stiffness kea: [

Shear stiffness kGay [1

(e g

2 Ef i} @1 0K Cancel

Edit Member dialog box, Modify Stiffness tab

Definition Type

You can select the Definition Type of the stiffness adjustment from the list. If you select None (no
Multiplier Factors ~ |

modification of stiffness), all stiffness components with the factor 1.00 are taken into account for the
MNone

Wutiplier Factors calculation.
According to AISC 360-10 C2.3(2)
According to ACI 318-14 Table 6.6.3.1.1(3)

Use the Multiplier Factors option to customize the stiffness factors k for torsional, bending, axial, and
shear stiffnesses of the member (see Figure 4.174@).

When you select the According to AISC 360-10 C2.3(2) definition type, there are different options in
the dialog tab, which are in alignment with the American Steel Standard.

Definition Type
According to AISC 360-10 C2.3(2) w

Settings for AISC 350-10 C2.3(2)

Determine Th: (®) Iterative
Osetto 1
Design method: @LRFD (o: 1.0)
Oasp  (o: 1.6)
Multiplier factor
Flexural stiffness KEly : [
2
Axial stiffness kea: [

Multiplication Factors dialog section for AISC 360-10

When determining internal forces according to ANSI/AISC 360-10, you have to consider a reduction
factor tp for all members whose bending stiffnesses contribute to the stiffness of the structure. This factor
is dependent on the member's axial force: The larger the axial force, the larger 13 is as well.

www.dlubal.com
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Columns

Walls uncracked

Walls cracked
Beams
Flat plates and flat slabs

If Tg is to be determined Iteratively, you have to specify the Design Method — LRFD or ASD. The factor
is calculated according to equation (C2-2a) or (C2-2b) of AISC 360-10 in several steps until a
convergence is reached.

Independent of the factor tp, the reduction factor 0.8 is applied for all members for the bending and
axial stiffnesses, as required in AISC 360-10. Use the Set fo T check box to avoid the iterative
determination of Tp so that only a stiffness reduction of 0.8 is applied.

The definition type According to ACI 318-14 Table 6.6.3.1.1(a) shows the reduction factors
according to the American reinforced concrete standard depending on the component type. The list
provides different options to select the corresponding factors for columns or beams, for example.

To assign stiffness modifications to several members, select them using the multiple or window selection,
then double-lick one of the members to edit them.

Member as surface model

The Generate Surfaces from Member feature can be used to convert a member (1D elements) into
adequate surface elements for detailed designs. The feature is described in Chapter 11.7.1.5@.
Double members

Generally, overlapping members in the model are not desired. If you define a new member on the
nodes of an existing member, RFEM automatically deletes the old member.

To prevent RFEM from deleting previously defined members, select Edit — Allow Double
Members in the menu. With this, RFEM considers the stiffnesses of both members in the calculation.
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218 Ribs

General description

Ribs are a special type of members. To create a rib, @ member must already exist. Ribs can be used to
display T-beams in the FEA model by defining eccentricities and effective widths.

\ Ribs are primarily suited for models with reinforced concrete elements: You can use the rib internal

¢ forces and rib cross-sections for design in the RF-FCONCRETE Members add-on module. However,
when you want to model a steel plate with a welded "rib", use a surface with an eccentrically
connected member.

Member Type You can define a rib directly with the Ribs navigator shortcut menu or through dialog input. When you
M rib create a new member and you select the Member Type Rib (see Chapter 4.17 @), you can use the
[Edit] button to define the parameters. It is also possible to access the dialog box below by using the
shortcut menu in the navigator or the menu.

(" New Rib =)

Member No.
1

Position
@ On +z-side of surface
() On -z-side of suface

) Centric
Uszer defined via member
eccentricity
Effective Width - Side 1 Effective Width - Side 2
Connecting surface Mo.: Connecting surface Mo.:

1|Plane |14 | 1]180 2 | Plane | 3968 |1 | 180

Width b1 (0 L/ Width bz (0 L/
@ L8 @ L8

o[ Efm o[ Effm

Stiffness Reduction

without activity of plate Torzion stiffness
component activity: 10005 | [%]
Comment

i)

=4 [ aK ][ Cancel ]

New Rib dialog box (for model type 2D - XY)

1.18 Ribs *
IE EEEHBNEO EEEE X+ FEE S M| E AL
[ A [ B8 [ ¢ [ Db [ E | F H
Member | Position of | Effective Width - Side 1 | Effective Width - Side 2 Stiffness Reduction
Na. Rib Surface MNo. b1 [m] Surfface No. | bz[m] |Without Plate Component | Eff. Torsion Stiffness [%] Comment
| On z-Edge 2 0.704 2 0.704
2 | Onz-Edge 1 0.704 2 0.625 0.00
3 | Centric 1 0.375 1 0.625
Members | Ribs | Member Elastic Foundations | Member Nonlinearities | Sets of Members | FE Mesh Refinements | 4[4[ 0]
Torsion stiffness effectivity in %.

Table 1.18 Ribs
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Position of Rib

Generally, a rib is a member that is eccentrically arranged. The eccentricity is determined
automatically from half of the surface thickness and half of the member height (Table 1.15 Member
Eccentricities is not affected). You can also define it manually. The rigidity of the model is increased due
to the eccentricity of the rib.

The following arrangement options are available:

On +/—z-side of surface

The eccentricity as the sum of half of the surface thickness and half of the web height is automatically
applied in direction of the positive or negative surface axis z. To display and check the surface axes
x,y,z in the graphic, use the Display navigator (see Figure 4.122 @).

@

Ribs on positive zside (left) and negative zside (right) of the surfaces

Centric

The rib is modeled without eccentricity. The centroidal axis lies in the center of the surface.

User-defined via member eccentricity

You can define the member eccentricity perpendicular to the plate plane in the New Member
Eccentricity dialog box, or in Table 1.15 (see Chapter 4.15 @). Then you can assign it to the member.

You can check the rib position in the rendering mode without problems: In the Display navigator, select
the two display options for solid models: Members — Cross-sections and Surface — Filled
incl. thickness.

Project Mavigator - Display x

-[¥]5 Model o

w14 Loads

-1 Results

- [#]E FE Mesh

- [B] == Sections

- [Z] ¢ Average Regions

[-[B] 5§ Guide Objects

- M &Y General

-] Mumbering

[-[E]& Colors in Rendering According to

- [E]p Rendering

E-[E @ Model

O Wireframe Model

-+ & BT

..... I Transparent

..... [CIp Textures

=[] Members

..... O\ Centroidal Axes

Contours
W Cross-sections

----- W Cross-Sections with Edges =

=B Surface

m

|:--® @ Filled incl. thickness
----- OWp Filled incl. thickness with edges  ~

ﬁData gDisplay ,é\c'iews

Display navigator: Rendering - Solid Model

[ 16a ]
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-1 Results
[#I[F Result Values
I Title Info
- Z[E Max/MinInfo
- [B1[ Deformation
- B Members
--[BF Surfaces
- [ Solids
B[ Type of Display
BT ke crecheCoopmton Saceember
" [[f} On Members Addition of Surface Components
. [JF On Surfaces Subtraction of Rib Companents
[Pl Result Beams
][ Results Within Column Area
- [B1[F Support Reactions
[ Transparent

.‘.:‘lﬂk & fF - % - . .

Effective Width

When modeling 3D structures, the effective width has no influence on the stiffness because the
increased stiffness is already taken into account due to the eccentric member. The effective width only
affects the internal forces. For 2D models (model type 2D - XY), however, the stiffness is controlled by
the settings applied for the Stiffness Reduction (see paragraph below).

If an eccentrically connected beam is used instead of a rib, the RFEM model yields internal forces of
both the member and the slab. But in reinforced concrete design, the member and a certain part of the
surface are considered a single unit — T-beams. To determine the internal forces for the floor beam,
the bending moment in the member must be increased by the product of the axial force in the slab and
the eccentricity. To determine the axial force in the plate, you have to know the area where the axial
forces are summed up. Therefore, you have to specify the effective widths as well as the surfaces.

Connecting surface

The effective widths of the rib must be defined separately for the left and right side. In most cases, you
can keep the Autodetect setting in the Connecting surface list of the New Rib dialog box. Only if more
than two surfaces adjoin each other along the line of the rib do you have to explicitly determine the
connecting surfaces.

Effective width

The effective Width b1 or b2 can be entered directly into the text box or calculated automatically from
the member length by selecting the options L/6 and L/8. When confirming the dialog box, RFEM
determines the effective widths and fills in the values.

Please note: When the member length is modified retroactively, the effective widths are not adjusted
automatically!

After the calculation, the effective components of the surfaces can be considered for the member results
in the Display navigator: Results — Ribs - Effective Cooperation Surface/Member. The
member result diagrams also allow for a specific evaluation of the rib internal forces (see Chapter
9.5m@).

Stiffness Reduction

This dialog section and these table columns are only shown if the model type 2D - XY has been set in
the general data (see Figure 12.23 @ ). In contrast to spatially defined models where ribs can be taken
info account as eccentrically arranged members in the FE analysis anyway, RFEM uses a different
analysis approach for floor beams.

Without activity of plate component

For the calculation, RFEM applies a substitute cross-section whose stiffness is determined from the
member cross-section and the effective plate component of the surfaces. Thus, the stiffness of the plate
is determined twice for eccentrically arranged ribs because it is effective in the substitute cross-section
as well as directly through the surface elements. If the Without activity of plate component check box is
selected, the stiffness component of the plate is not considered in the substitute cross-section.

Torsion stiffness activity

This text box is used to reduce the torsional rigidity of the rib.

| www.dlubal.com
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4.19

*

Member Elastic Foundations

General description

While nodal supports provide a support on both member ends, member elastic foundations provide an
elastic support of the member along its entire length. You can use elastic member foundations to model
foundation beams while considering soil properties, for example. If the elastic foundation is not
effective in case of tensile or compressive stresses, it is possible to consider nonlinear effects in the
calculation.

s ™
New Member Elastic Foundation ﬁ

No. On Members No.

1] 2

Spring Constants

Tranglational spring constant Shear =pring constant

Cr 0.0005 | [MN/m?] Ca 00005+ | [MM]
Ciy: 0.0005 | [MN/m?] Cay: 00005+ | [MM]
Ciz: | 75000.0000% | [MN/m?] Czz 00005+ | [MM]

Fiotational spring constant

Co: 00005 x| [MMm/radim]

Foundation Ineffective

[None v]

Comment

(0] 3 ] [ Cancel

New Member Elastic Foundation dialog box

1.19 Member Elastic Foundations x
HEEE EE € O EEEH K| FHE Ee = F AR
I A [ 8 [ ¢ [ b [ E [ F [ & [ ® -
Found. Cix Ciy C1z Cax Czy Ca2z Cs Foundation F
No. | On Members No. | kN/m2] | [N/m2] | [kNim2] [kN] [kN] kN]  |kNm/rad/m] Ineffectiveness Comment
5 0.000 0.000 | 75000.000 0.000 0.000 0.000 0.000 None L
16 0.000 0.000 | 50000.000 0.000 0.000 0.000 0.000 i
None
If contact stress is positive -
Member Divisions | Members | Ribs | Member Elastic Foundations | Member Nonlinearities | Sets of Members | Intersections | 144 [» [0

Ineffective foundation ('N'one / Under 'T'ension / Under 'C'ompression / FT to select)

Table 1.19 Member Elastic Foundations

On Members No.

Member elastic foundations can only be defined for the member type Beam. Enter the number of the
member info the table column or text box, or select it graphically.

Spring Constants

Translational spring constant

You have to specify the parameters of translational springs in direction of the local member axes x, y,
and z.

The stiffness moduli Es of Table 4.8 @ serve as reference values. Please note that input in RFEM refers
to the bedding modulus, which must be determined while taking the form factor into account.
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.F
A
&
A

s 2P

Edit Line...
Edit Member...

Delete Line

Delete Member

Divide Member 3

Create Node 'On Line’ »

Connect Members...

Extend Member...

= | Set Parallel Member...

* | Extrude Member into Surface...

Extrude Member into Grid...

Generate Surfaces from Member

Reverse Member Orientation

Create Set of Members...

Centroid and Info...

Move/Copy...
Rotate...

Mirrar...

Local Axis Systems of Lines on/off
Local Axis Systems of Members on/off
Members' Orientation on/off

Display Properties...

Visibility by Selected Objects
Visibility by Hiding Selected Objects

Member shortcut menu

Soil Type Es Es
static loading dynamic loading
Sand, compact 40-100 200-500
Gravel sand, compact 80-150 300-800
Clay, semi-solid to solid 8-30 120-250
Clay, stiff-plastic 5-20 70-150
Mixed soil, semi-solid to solid 20-100 200 - 600

Stiffness moduli of selected soil types in [N/mm?]

The values of Table 4.8 @ represent area-related characteristic values: They describe the area force in
[N/mm?] that is required to compress the soil by 1 mm. Thus, the unit would be interpreted in a
solid-related way as [N/mm?®]. The spring stiffnesses are considered design values.

For foundation beams used to model strip foundations, for example, you have to determine the spring
coefficient while taking the cross-section width info account. Thus you obtain a translational spring
related to the member in [N/mm?]. The spring indicates the member force in [N/mm] required to
compress the soil by 1 mm, hence the unit [N/mm?] for the input. The result must be entered as the
translational spring C1 ,: For strip foundations (members in horizontal position), the local z-axis is
usually directed downwards.

Use the Display navigator or the shortcut menu of the member to display the local member axes (see
Figure 4.169@).

Shear spring constant

Shear springs can be used to determine the shear capacity of the soil. The spring constants C2 are
determined with the product v-Cj 5, with Poisson’s ratio v being between 0.125 and 0.5 for sand and
gravelly soil, and between 0.2 and 0.4 for clay soil.

Rotational spring constant

Enter the constant of a rotational spring into the text box or table column. The constant hinders the
member's rotation about its longitudinal axis.

Foundation ineffective

If the elastic foundation is not effective in case of tensile or compressive stresses, assign the nonlinear
property Failure to the foundation type.

Please note that the failure criterion Failure if negative or positive only refers to the local member axis
z. The nonlinearity does not apply to the translational springs in direction of the local axes x or y!
Thus, a biaxially effective failure of foundation members is not possible.

Failure in case of a negative contact stress has the following meaning: The foundation is without effect
if a member element moves in the opposite direction of the local axis z.

If failure criteria are applied, it is recommended to check position and orientation of the local z-axes
(see Figure 4.169 @). It might be necessary to rotate members.

The division of members with elastic foundations can be adjusted in the Global Calculation Parameters
dialog tab of the Calculation Parameters dialog box (see Chapter 7.3 @).
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4.20

Member Nonlinearities

General description

Member nonlinearities can be used to represent nonlinear relations between forces (or moment) and
strains in members.

Some nonlinear properties can already be specified when defining the member type: A tension
member, for example, is a truss for which the strain increases proportionally with the tension force, but
whose strain may rise under compression without a verifiable force being required for it.

In principle, member nonlinearities can be assigned to any type of member. Of course, combinations
have to make sense. A compression member with the design criterion "Failure under compression"
would cause problems during the calculation. Member nonlinearities are therefore not allowed for
tension members, compression members, buckling members, and cable members, as well as for
members with cross-sections of the type Dummy Rigid @.

~
New Member Nenlinearity M
No. On Members No.

1 s

Parameters Tension

+N

-

Type:

[ielding -
Failure under tension

Failure under compression ‘
Failure under tension with slippage £
Failure under compression with slippage =
Slippage

Tearing under tension

“Yielding under tenzion Compression

Tearing under compression
Yield_ing under compression

TeannE
Flastic hinge -

[ 0K ] [ Cancel

—bN,,r—

New Member Nonlinearity dialog box

1.20 Member Nonlinearities x
HEEE EE € O EEEH K| FHE Ee = F AR
 » eeeeesessssss c [ 0 [ F [ F [ G [ & —
Monlin. Type of Monlinear Parameters F
No.  |On Members No. Nonlinearity Npi kNl | Vypl NI | Vzpl [kN] |MT,g1 [kNm]| My gl lkNm]| Mz gl [eNm] | Comment
1 10 Tearing 300.00 300.00
2 5 Failure under compression E
3 23 Failure under tension with slippage 6.00 r
4 Flastic hinge -] 599500 9959.00| 9995.00| 9959.00|  150.00| $999.00
5]
& | 4
7 -
Member Eccertricities lMember Divisions lMembers lHjbs lMember Hlastic Foundations | Member Norlinearities | Sets of Members J 44 v [
Type of nonlinearity (F7 to select)

Table 1.20 Member Nonlinearities
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Nonlinearity

Diagram

Description

Failure under tension

Tension

Compression

The member cannot absorb tensile forces.

Failure under
compression

N4

h

Tension

The member cannot absorb compressive
forces.

Compression
Failure under tension NA i The member cannot absorb tensile forces.
with slippage Compressive forces are not absorbed until the
—» Uy f— . i
slippage uy is overcome.
/ o
Compression
Failure under NA The member cannot absorb compressive

compression

Tension

forces.

with slippage / Tensile forces are not absorbed until the
ux slippage ux is overcome.
Compression
Slippage NA i The member only absorbs axial forces after
having exceeded a strain or shortening by the
— Uy fe—
i value uy.
iy Please note: A line refinement on a member
e with Slippage causes an internal member
Compression division into small member parts. The slippage
criterion is applied to each of these partial
members.
Tearing under NA The member absorbs compressive forces

tension

\er

Compression

Tension

without limitation, but fails if tensile forces
exceed Nic.

Yielding under
tension

N4

s

Compression

b Tension

-,

ux

The member absorbs compressive forces
without limitation, but only a maximum tensile
force of Nio.

If the strain increases, the tensile force remains
constant in the member.

www.dlubal.com
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Tearing under
compression

N
B Tension

—|7 P tux

Compression

The member absorbs tensile forces without
limitation but fails if compressive forces exceed

NFTOITh

Yielding under
compression

N
& Tension

_—/' 5 Tu

The member absorbs tensile forces without
limitation, but only a maximum compressive
force of Niom.

If the strain increases, the compressive force

3
-1 remains constant in the member.
Compression
Tearing NA e The member fails when the compressive force
Nfrom or the tensile force Ny, is reached.
Compression
Yielding N The member starts to yield if the compressive
Tension . .
force Nfom or the tensile force Ny, is reached:
If the strain increases, the force remains
constant.
Compression
Plastic hinge If a plastic design force is reached on a
L | . . .
x Nl gr location of the member, a plastic hinge for the
/I‘(--.:_;y-:‘:m |nfer'nc| force is formed there.
s The internal forces must be entered as
v :
# absolute values. For components of internal
Mz p

forces not resulting in plastifications, you have
to enter high values.

Member nonlinearities
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4.21

Member Single...

Member Continuous...

Inserted Member...

Select Lines...

Set of Members...

Member list button

Sets of Members

General description

Sets of members must be understood as combined members. Use them to treat several members as one
member, as this may be preferable for some locations in the structural system (e.g. for lateral-orsional
buckling analysis, design of continuous beams, load application).

2000

(0L Ry Set of member with trapezoidal load

The figure above shows a trapezoidal load that acts on the complete length of a set of members.

ra ™y
New Set of Members u

No. Description

1 Frame beam -

Type
@ Continuaus members

() Group of members

Members No.

1317

Comment

(] 3 ] [ Cancel

“ =

[LLEE RV A New Set of Members dialog box

1.21 Sets of Members x
HEHEE SO F=EE K= FE L Ee | F A%
A [ B | = D E F -
Set of M. Set of Members Length Weight B
No. Description Type Members No. m] kgl Comment
1 Frame beam A-A Continuous 11-13 13.408 685.4
Frame beam B-B Continuous | 6-10 23445 2106.0 | Frame for FE buckling design =

3 | Column CL Group 2414 10.029 12417

4 | Pudin Group 13 10.000 22069

5 L

[ -
Members | Ribs | Member Elastic Foundations | Member Nonlinearities | Sets of Members | Intersections | FE Mesh Refinements | 4[] [r1
Type of the set of members ('C'ontinuous / 'G'roup / F7 to select)

Image 4.188 Table 1.21 Sets of Members

Description

You can enter any name for the set of members. You can also use the list to select a name. Manually
entered descriptions are saved in the list and immediately available for selection.
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e

Type
There are two different types of member sets: continuous members and groups of members.

A continuous member is created by connected members that do not branch out. It would be
possible to draw them with a pencil without having to lift it once.

Continuous members

A group of members consists of connected members that may branch out.

Group of members

In some add-on modules, you can design sets of members. Usually, the design can only be performed
for continuous members because parameters such as buckling lengths must be clearly definable.

Members No.

Enter the numbers of the members that form the set of members into the text box of the dialog box or
the column in the table. You can also use [ % | to select them graphically in the work window. Use the
button to change the order of member numbers and thus the direction of the member set.

The quickest way to define a set of members is as follows: Select the relevant members in the work
window by using the pointer to draw a window, or with the multiple selection by holding down the
[Ctrl] key. Then, right-click one of the selected members. The shortcut menu of the member opens where
you select Member — Create Set of Members or Create Set of Members. The New Set of
Members dialog box opens where the numbers of the selected members are preset.

[ 172 ]
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4.22

Length

The total length of the set of members is determined from the sum of the individual member lengths.

Weight

The mass of the set of members is determined from the sum of the individual member masses.

Intersections

General description

If surfaces intersect and internal forces are transferred on the common line, you have to create an
intersection. Otherwise, you would have two independent subsystems without any connection. The
following example demonstrates the effect.

Deformations due fo self-weight without intersection (left) and with intersection (right)

Each time the model is changed, RFEM must recalculate the intersections. When complex models are
designed, recalculating data is very time-consuming for the graphical representation. The input is
slowed down accordingly.

I ™y
New Intersection @

No.
1

Intersection through two surfaces

Mo
st Surface No.: 1 -
2nd Surface 2 -

Line Numbers Generated by Intersection

Comment

0K

] [ Cancel

New Intersection dialog box
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1.22 Intersections x
EEE 3E © EENEE I ==Y
A B E D -
Inters. st Surface 2nd Surface Line Mumbers [
Na. Mo. Mo. Generated by Intersection Comment
1 1 3 47
4 35 a0 Pipe connection L
3 =
4
5
& L
7 -
Members | Ribs | Member Elastic Foundations | Member Nonlinearities | Sets of Members | Intersections | FE Mesh Refinements | 4[] [r1
MNumbers of lines generated by intersection

[nEEen Bl Y Table 1.22 Intersections

Intersection through two surfaces

In the text boxes or table columns, enter the numbers of the two intersecting surfaces. In the New
Intersection dialog box, you can select the surfaces from the list. You can also use | % | to select them
graphically.

Intersections (of more than two surfaces, if need be) can be created quickly in the graphic: Select the
surfaces by drawing a window. You can also use the multiple selection by holding down the [Ctrl] key.
Then, right-click one of the selected surfaces. The shortcut menu opens where you select Surface —
Create Intersection. RFEM creates the intersection automatically.

| Surface | & Edit...
Delete ¥ | Delcte

= e - FE Mesh Refinement 3

Insert CErl+ |Q! Create Intersection... I

Move/Copy...

Rotate... Regenerate

e | Create Solid with Contact
Froject Extrude »

Scale...

i | Shear... Reverse Local Axis System

4T

Split Surface...

Centroid and Info...

Visibility by Selected Objects
Visibility by Hiding Selected Objects

i
.
&
REI Display Properties...
4
Y
4

Create Mew User-Defined Visibility...

[t m LSy Shorteut menu Surface — Create Intersection

Line Numbers Generated by Intersection

When creating an intersection, RFEM generates a line that is shared by both surfaces ("intersection
line"). The number of the new line is shown in the dialog field and table column.

Intersection lines are labeled as the line type Intersection in Table 1.2 Lines. The comment identifies
them as Generated lines. The Edit Line dialog box can also be used for intersection lines so you can
assign member or support properties.
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Active surface components

An intersection line divides a surface into components that can be individually set active or inactive.
Inactive surface components are not displayed in the work window. Neither are finite elements created
nor is loading applied for this. Only active surface components exist for the equation solver.

Components of intersections can be activated and deactivated as follows:

= Edit Surface dialog box

Double-click the original surface in the Data navigator. When you double-click the surface in the
work window, use the [Go to] button available in the Component dialog tab (see Figure 4.72 @) to
open the edit dialog box of the original surface.

The Active Surface Components section of the Integrated / Components dialog tab lists all surface
components created during the intersection's generation.

Edit Surface

| General I Support / Eccentricity I FE Mesh I Releases | Integrated / Components |Pmes I Grid |

Surface No.
34

Integrated Nodes in Surface Options
3 | B Automatic object detection 4 | B4

Integrated Lines in Surface

Integrated Openings in Surface

- -
4 =}

Active Surface Components (Generated by Intersections)

[] 3/34 - L-80
4/34- NG5, L72, NB6, L73, N67, L74, N6g, L75

2] & @ @ &) [ ok ][ cancel

" J

[LLEn by Edit Surface dialog box, Integrated tab

The surface component marked in the list is highlighted in color in the work window. To deactivate a
component, clear the corresponding check box. The inactive surface component is subsequently
displayed without filling color.
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= Shortcut menu of surface component in the Data navigator / shortcut menu

Directly rightclick the Surfaces navigator entry or the component in the work window. Then, use the
shortcut menu to activate or deactivate the surface component.

Project Mavigator - Data x
=28 Model Data -
-2 Nodes — Edit Component...
-0 Lines
- () Materials Deactivate Component
=)&) Surfaces Activate Meighboring Componets
< 3: Component; 534; Inactive; Standard; 80; 2 3z Edit Component's Parent Surface
< 4: Component; 534; Active; Standard; ; 2 3
<4y 5: Component; 535; Active; Standard; ; 2 FE Mesh Refinement 4
= J6: Component; 535; Active; Standard; ; 2 >
34| G edi. Enter pe
- _35' Mew Surface b o
----- |5 Solids (]
_____ @ Openin < GotoTable
. (1]
(& NodalJ g¢ | perete Del
..... |54 Line Su Extrude L
----- |%) Surface Deactivate Component
..... |2 Line Re L\\, !“:. Reverse Local Axis System
""" IZI e Edit Component's Parent Surface X
..... [#) Orthot
-3 Cross-S [ | select ,:E Centroid and Info...
e-E Memb | coject integrated Objects % | Move/Copy
(-2 Membe ) T
..... [ Membe # | Find G | Rotate...
""" [ Membe 1\ | Info on Input Errors... 4 Mirror...
..... [ Ribs )
_____ 3 Membs REI Display Properties... Local Axis Systems on/off
----- ) Member Nenlinearities REI Display Properties...
----- | Sets of Members
-[#] Intersections of Surfaces % Visibility by Selected Objects
-y 2:3435; 80 84 | visibility by Hiding Selected Objects
-] FE Mesh Refinements -
4 | 1 | 3

ﬁData gDisplay ,!S\iiews

Shortcut menu of a surface component in the navigator and work window

The shortcut menu provides further useful features for editing the component or original surface.

A The geometric information of the original surface is kept internally by the program as it is needed for
¢ recalculating the intersection after modifications. Therefore, inactive surface components cannot be
deleted, only hidden.
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4.23

FE Mesh Refinements

General description

If no FE mesh refinements have been defined, the FE mesh is generated with the preset target FE length.
The global parameters of the FE mesh are described in Chapter 7.2.2 @.

The concept of the FE-mesh generator does not allow retroactive adjustments to the mesh. However,
you can use FE mesh refinements to influence the mesh generation for specific areas. With this, a
user-defined discretization is done, which may be required, for example, in nooks, for connections of
members to surfaces, or for a dynamic analysis of members.

The Adaptive mesh refinement function (see Chapter 7.2.2.3 @) allows you to automatically create
refinement areas in the FE mesh, in which case you do not have to manually define FE mesh
refinements.

MNew FE-Mesh Refinement *
No. Node No.
2 | 2 S

FE-Mesh Refinement Applied to

(® Node - circular

(O Node - rectangular
(O Line - FEdength
(O Line - division

(O Line - gradually
() Surface

() Solid

Parameters

i .
Target FE length

- Iner im]
.

Comment
| V||
?| & |@ Cancel
(0Lt n i ey New FE-Mesh Refinement dialog box
1.23 FE Mesh Refinements x
FMEEEEEIE O FHEEE K> FEE E ] E LA
B C D E | F G -
FE Mesh Refinement Mumber Sphere Target FE-Length [m] F

applied to Nodes No. Divisions Radius [m] Inner Outer Comment
Node - Circular -| 3415 2.500 0.100 0.500
Surface 2 0.200 L
Line via FE-Length 10,11 0.250 3
Solid 5 0.200

2
3
4
5
6
=

Members | Ribs | Member Elastic Foundations | Member Nonlinearties | Sets of Members | Intersections | FE Mesh Refinemerts | 4] 4] v [

Type of FE Mesh Refinement (F7 to select).

Image 4.198 Table 1.23 FE Mesh Refinements

www.dlubal.com

[ 177 ]



n Model Data ® RFEM 5 - User Manual

FE Mesh Refinement Applied To

bode -Cirgular | The settings in this dialog section or table column allow you to control, which objects are included by
Node - Rectangular the FE mesh refinement and how the refinement is carried out. Different options are available for

Line via FE-Length selection.

Line via division
Line gradually
Surface

P Circular refinement around a node
Lelll

Define a radial refinement area around a node that is extended in all spatial directions.

=]
)
A

anzun! |
—_J
B

gﬁ"ﬁ—' aadl
ey |
FiftnseaN

__lg_)_‘.l_f
mys!

[ k2 Circular refinement around a node

Rectangular refinement around a node

Instead of a circular refinement area, you can specify a rectangular zone for refinement.

_EQ ; -

1
T DO
I~ |

S

[l Rectangular refinement around a node

Refinement on a line via FE length

Define regular spacings of FE nodes on a line.

Image 4.201 Refinement on line by FE length

[ 178 ]

www.dlubal.com



n Model Data = RFEM 5 - User Manual

Refinement on a line via division

The FE mesh of a line can be refined in regular intervals. This type of refinement is especially useful for
lines with member properties.

[yl Refinement on line by division

Gradual refinement on a line

The finite elements adjoining the line can be divided by a defined number of n rows. In this way, you
can, for example, cover boundary areas of surfaces with a refinement. This type of refinement is
comparable to the FE mesh refinement generation along lines generation option (see Chapter 7.2.2 @)
available for 2D plates.

[kl Gradual refinement on lines by two rows
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Refinement on surface
Specify a lateral length of finite elements that is set as the target mesh size for the entire surface.

Conversely, this type of refinement can also be used for surfaces with low significance for the analysis:
As a "refinement", enter a mesh size that is larger than the global target FE length.

'
L

()

[LLE LSy Refinement on surface

Refinement on a solid

FE mesh refinements can also be defined for solids to influence the generation of 3D elements.

(ULl Refinement on solid
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Nodes / Lines / Surfaces / Solids No.

In the text box of the dialog box or the column of the table, enter the numbers of the objects that the
refinement of the FE mesh should be applied to. In the New FE Mesh Refinement dialog box, you can
use | 4] fo select the objects graphically.

Parameters

Radius

When you select a circular refinement around a node, you have to specify the radius of the refinement
area. In addition, you have to define the Target FE Length in the center (Inner) and at the periphery
(Outer) of the circle. If the FE length on the boundary of the refinement area corresponds to the global
target length, RFEM gradually refines the mesh from the outside to the inside.

If there is a major difference between the inner and outer FE length, specify a broader radius. In this
way, you can avoid generating acute-angled triangular elements within the refinement area.

Side length

When you select a rectangular refinement around a node, you have to define the area of refinement
by its side length. In addition, you have to specify the Target FE length in the center (Inner).

Number of division nodes

When you select a line refinement by division, you have to define the number of division nodes. Then,
the defined number of equally spaced FE nodes is generated on the line.

Number of rows

When you select a gradual line refinement, you have to define the number of rows n. Then, RFEM
divides the finite elements of the surface that directly adjoin the line into the corresponding number of
rows. Thus, a refinement in direction of the line is generated.

FE Length for Line / Surface / Solid

If the refinement on a line, surface, or solid has been selected, the target FE length for the
corresponding object must be entered.

| www.dlubal.com



RFEM 5 - User Manual

4.24

Nodal Releases

General description

With a nodal release, the model can be decoupled at a location. It is thus possible to consider, for
example, that a beam lies only loosely on another one. You need to define a release with appropriate
conditions for the nodal release. You can also consider nonlinear effects.

For nodal releases, RFEM generates nodes which belong to different parts of the model. An invisible
member is generated between these nodes. The internal forces are the same as for a member with the
start in the original node and end in the decoupled node.

MNew Modal Release *
No. Node No.
)
Release
Member hinge:
[O:lwa |O=0O 000 M=
Mode
Local axis system from:
(®) Member O Line
Mo. Mo, ‘t; Released objects
Released Objects
Members No.:
Generated
5,10 | ﬁ released node : Release
Surfaces Mo.: Original node
Location of Member Hinge
Solids No.: (® Original node
| | ﬁ (O Released node
Comment Generated Released Node No.
| V@] [ ]
2 Cancel
(LD New Nodal Release dialog box
1.24 Nodal Releases x
EEE EE 3E O EEEHE K= F[E | @2 L%
A B cC | D [ G H I J "
Release | Mode Member Local s System Released Objects Release Released
Na. Mo. Hinge Mo. From Mo. Members Mo. | Suffaces Mo. | Solids MNo. Location Mode No. Comment
1 15 2 Member [ 510 Original Node 17
3 1 Member 5 3 5 Original Node 18
3
]
5
6 v
FE Mesh Refinements | Nodal Releases | Line Release Types | Line Releases | Suface Release Types | Suface Releasss | 4 r]m
List of members (e.g. '1,3,5-7)

[l 4y Table 1.24 Nodal Releases
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Node

The number of the relevant node can be entered, selected from the list, or defined graphically in the

work window using .

Member Hinge

The hinge properties can be assigned by means of the member hinges, which are available in the list.
Use the [3] or [ button to open the New Member Hinge dialog box for entering another hinge type.
This dialog box is described in Chapter 4.14 3.

Local Axis System

If you refer to a local axis system, you have to specify, which Member or Line is used as a reference.
For hinges defined with regard to the global axis system, you cannot enter data in the text boxes.

Released Objects

The released Members, Surfaces, and Solids can be directly entered or graphically selected in the

work window with .

Release Location

As already mentioned, RFEM creates a copy of the node. You can define whether the member end
release should be placed at the Original node or at the Released node. This definition should not affect
the results.

Example: Beam crossing with lifting forces

A cantilever lies loosely on a downstand beam. For lifting loads, the node is released if a shear force
release in direction u, with nonlinear action is defined.

No. Node No
(Y &
Release

Member hinge:

- [E2]we [ODE|OOO M=

Local axis system from:

(@) Member OiLine
5
Released Objects
20kN Members No.:
*
[22 5
Edit IMember Hinge *
—— N > I
2 ! ’1\
= b

(®) Local member axes x,y,z ""‘\\1! v
O Global x,v,Z 4 )
(O User-defined axis system: 2

Rotated

&

] 2 ¥ [
Release Conditions.
Release Spring constant Monlinearity
O w tw [ 2] None =
[ wy Cuy I:l None =
1z Cuz [kym] Fixed if positve Vz M=

Deformation with hinge definition

www.dlubal.com
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4.25

Line Release Types

General description

By using a line release, it is possible to decouple the model along a line - for example, if surfaces are
loosely connected or if only compression forces can be transferred.

First, you have to define a release with specific properties in a Line Release Type. Then you can assign
them to members, surfaces, and solids that jointly use one line (see Chapter 4.26 @).

MNew Line Release Type *
No.
ol
z
Criginal line
x
u,“'* x
uy| Uy y
Vz
z
"Released line
Translational Release
Spring constant Monlinearity
[ ux Cux ¢ I:I [kM/mi] MNone ~ ||
[ uy Cuy ¢ I:I [kM/mi] MNone ~ ||
Uz Cuz : [kM/m?] Fixed if negative vz ~ ||
Rotational Release
Spring constant Monlinearity
[ Cox : [kMNm/rad/m] None v || =
Comment
| V][
| & Cancel

1.25 Line Release Types

[ LSS New Line Release Type dialog box

x
_ = | € O EEEIHE K= FE|E Ee x| E L
B [ C D E "
Release Puial/Shear Release or Spring kN/m2] Moment Release or Spring
Type No. ux uy uz x [kNm/frad/m] Comment
1 ] a Fixed if negative vz
ﬁ Diagram... 7|
3
]
5
6
7 v
Nodal Releasss | Line Release Types | Line Releases | Surface Release Types | Surface Relsases | Connections of Two Members | Joints 14«1

Release condition ("Y'es / 'N'o / Spring Constant / F7 to select)

(UL A0 Table 1.25 Line Release Types
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Monlinearity

Partial activity...

=

MNone

Diagram...

Friction vy,
Friction vz.

Fixed if negative n
Fixed if positive n
Partial activity...

Coupled diagram - permanent release

Friction vy vz...
Friction vy +vz...

Axial/Shear Release or Spring ux / uy / u;

A release oriented longitudinally or transversely to the line direction is defined by selecting the
corresponding displacement in the dialog box or in the table. With the properties of a Spring, you can
also model flexible releases.

The directions of displacements x, y, and z refer to the line's axis system. Use the Display navigator or
the shortcut menu of a line to display the line axes (see Figure 4.103 @).

You can also assign nonlinear properties to the releases. Select the Nonlinearity from the list and
define it with the [E] button in the dialog box. The input of nonlinear release properties is described in
Chapter 4.14 3. The Coupled diagram - permanent release option allows you to apply the failure
criterion of a certain degree of freedom for the other directions as well: If the transfer of an internal
force is prevented, all other degrees of freedom are also solved. You can find an example of this in the
following article:

https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /001446 B

Moment Release or Spring ¢x

With @ moment hinge about the longitudinal line axis x, you can release the rotation of the line
(torsion) between objects.

You can find an example of the definition of a line release in the following article:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /001110 @

www.dlubal.com
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4.26

Line Releases

General description

By creating line releases, it is possible to decouple a model at a location or to transfer only certain
forces or moments along a line.

For a line release, you have to define a Line release type first (see Chapter 4.25 @).

MNew Line Release *

Line No.

MNo.
E—L |

Release

Line release type:
[1]00@ |

=l
Local axis system from: “‘—-—1‘:_-:-_-_._..‘:
(® Original line Released

objects
(O Member on original line )

(O z-axis perpendicular to surface MNo.: t]
(O Help node
X
Mo, t] 5| Inplane: g
XZ

SRERTIC0N

Line release rotation via angle

Released Objects

Members No.: Location of Line Release

| | (® Original line

P e (O Released line

E Y

Solids Mo.: Generated Released Line No.

| [ |

Comment Use these nodes as the definition nodes:

| @) | |

ok | concd |
New Line Release dialog box

1.26 Line Releases x
: B[ [E]| K] | W &= | EWEE E L
A B c_[ D E F H I J ~

Release | Line |Line Release Type| Local Awis System Rlotation Released Objects Release Released

Na. Mo. Mo. From Angle B[] | Members No. | Sufaces No. | Solids Mo. Location Line Mo.
3 1 Original line 0.00 1 | Original line 7

2

3

]

5

6 v
£ >
Nodal Releasss | Line Release Types | Line Releases | Surface Release Types | Surface Releases | Connections of Two Members | Joints 14«1

List of surfaces (e.g. '1,3,5-7)

[LLE A PEY Table 1.26 Line Releases
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Line Release Type
No.
I =
1 00

Create new

Local s System
From

Original line 2

Original line

Member on original line

Z-avis perpendicular to suface
Help node

_/ 42: Polyling; 16,47; L: 12 mm

_/ 44: Copy; 5,31; L: 1000 mm

Line

You can enter the number of the relevant line manually, select it from the list, or use to select it
graphically in the work window.

Line Release Type

In this table column or text box, you have to assign a release type to the line that has been defined in
Table 1.25 (see Chapter 4.25 @ ). Use the =!I button for the selection. It is also possible to create a
New Line Release Type in the list. The dialog box shown in Figure 4.203 @ appears.

Local Axis System

For the line release, you have to specify which local axis system is used as a reference. You can select
different options in the list or in the dialog section. If the axis refers to a surface or a help node, you
have to specify the corresponding objects.

Rotation

It is possible to rotate the line release by an angle B, if required.

Released Objects

The released Members, Surfaces, and Solids can be directly entered or graphically selected in the

work window using .

You can find an example of the definition of released objects in the following technical article:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /001137 @

Release Location

RFEM internally generates a copy of the line at the same location that allows the released
displacements. You can specify whether the release should be positioned at the Original line or at the
Released line. This definition should not affect the results.

Released Line

The number of the line that RFEM generates for the line release is displayed. In Table 1.2 Lines and in
the navigator, this generated line is marked by the line type Copy; you cannot edit it.

The line release is shown as a transparent cuboid in the model.

Line release in the model

www.dlubal.com
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427 Surface Release Types

General description

With a surface release, it is possible to decouple the model at a surface - for example, if surfaces are
linked flexibly or transfer only compression forces. So it is possible to define nonlinear contact
properties for surfaces, for example, without generating a contact solid between surfaces.

You have to define a release with specific properties in a Surface Release Type first. You can then

¢ assign them to members, surfaces, and solids that share a surface (see Chapter 4.28 @).
Mew Surface Release Type *
No.

7/ Criginal surface

Y.
z
Release
Spring constant Monlinearity
[ ux Cux =N | None =
[ uy Cuy 7 4| [kNAm3] None =
Uz Cuz : [kM/m?] Fixed if positive pz ~ | |
Comment
| V)&
D| | Cancel
New Surface Release Type dialog box
1.27 Surface Release Types x
MEEEE EE 36 QIFEE H K HE| L S| 2 A%
A I B D A
Release Release or Spring [kM/m 2]
Type No. U uy uz Comment
] ] Fixed f positive pz__~[...
2 Diagram... Diagram... Fixed ff posttive pz
3
4
5
6
7 v
Line Release Types | Line Releasss | Surface Release Types | Surface Releases | Connections of Twa Members | Joints I<| 4 I » I H
Release condition ("Y'es / 'N'o / Spring Constant / F7 to select)

Table 1.27 Surface Release Types

Release or Spring ux / uy / u;

You can define a release within the surface plane (ux, uy) or perpendicular to the surface (uz) by
selecting the corresponding displacement in the dialog box or table. With the properties of a Spring,
you can also model flexible releases.

[ 188 ]
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Monlinearity

Partial activity...

MNone

Fixed if negative px
Fixed if positive px
Partial activity...
Diagram...
Coupled diagram - permanent release
Friction pz...

4.28

The directions of the displacements x, y, and z refer to the axis system of the surface. You can display
the surface axes by using the surface shortcut menu or the Display navigator (see Figure 4.75 @).

You can also assign nonlinear properties to the releases. Select the Nonlinearity from the list and
define it with the button in the dialog box. The input of nonlinear release properties is described in
Chapter 4.14 @

Surface Releases

General description

Surface releases allow you to decouple the model at a surface or only transfer certain forces at
surfaces. Unlike with contact solids, you do not need to model artificial distance between the surfaces.

For the surface release, you have to define a Surface Release Type first (see Chapter 4.27 @).

Mew Surface Release *
Ho. Surface No.
ﬁ Surface
Release
Surface release type:
[1]00= MlE==]
Generated
released
Released Objects surface
Members Mo, :
Original
Surfaces No.: autiace
| IS
Location of Surface Release
Solids Mo, : (®) Original surface
| 1 | ﬁ (O Released surface
Comment Generated Released Surface No.
| V@l ]
) e
New Surface Release dialog box
1.28 Surface Releases x
MEEEE EE 36 OIFEE H K= HE L S| F A%
A B c D F G H Ja
Release | Suface | Surface Release Released Objects Release Released
Na. Mo. Type No. Members Mo. | Surffaces Mo. Solids Mo. Location Surface Mo. | Comment
1 1 3] Released Suface 12
2 18 1 Released Surface 28
3 8 1 Released Surface 29
]
5 v
Nodal Releases | Line Release Types | Line Releases | Surface Release Types | Surface Releases | Connections of Two Members | 44 v [
List of solids (e.g. '1,3,5-7)

Table 1.28 Surface Releases

Surface

You can enter the number of the relevant surface manually, select it from the list, or use to define it
graphically in the work window.
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Surface Release
Type No.
1 [
1 0g
2 @EO
Cre e

i<y 2T: Plane; 73-76; Null
iy 28: Copy; 77-80; Null

Surface Release Type

In this table column or text box, you have to assign a release type that has been defined in Table 1.27
(see Chapter 4.27 @) to the surface. Use the I button for the selection. You can also create a New
Surface Release Type in the list. The dialog box shown in Figure 4.208 @ appears for this purpose.

Released Objects

The released Members, Surfaces, and Solids can be directly entered or graphically selected in the

work window with .

Release Location

At the same location that allows the released displacements, RFEM internally generates a copy of the
surface. You can specify whether the release should be positioned at the Original surface or at the
Released surface. This definition should not affect the results.

Released Surface

The number of the surface generated by RFEM for the surface release is displayed. In Table 1.4
Surfaces and in the navigator, this generated surface is marked by the surface type Copy.

Example: Funnel model

For a funnel-shaped component, the cap should only act with compression forces. For this, you have to
define a surface release type with the action Fixed if positive pz and then assign it to the conic
boundary surfaces.

Mew Surface Release X

-

Release

Surface No.

F__Im

Surface release type:

1 [@E@ ME=1E)

Generated
released
Released Objects
Members MNo.:
Criginal
Surfaces Mo.: Surface
Location of Surface Release
Solids Mo.:

(®) Original surface ‘

| U | (CIReleased surface
Comment Generated Released Surface No.

| &) ] |
ok || cameel |

[ Ay Funnelshaped cap component with nonlinear contact properties
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4.29

Connection of Two Members

General description

If two members with bigger cross-section depths are connected at a node, the eccentricities and, if

applicable, the connection stiffnesses affect the determination of the internal forces (at connections in
timber construction, for example). You can define the connection as a unit to jointly manage
eccentricities and releases of the connection.

This option is primarily important for the import from the RF-JOINTS Timber add-on modules: The
connection parameters are available as a result of the geometric conditions; you can export them to
RFEM. However, you can also define connections manually.

MNew Connection of Twe Members *
No.
- Generated node "On Line™
Connection Between
Main member (start) Connected member (end) Ge"e'_‘l_“ —_
member “Rigid™
oo (2§ e %
Side: (@) sStart Side: (@) Start
Oend OEnd
Main member
Connection Eccentricity
On main member (start):
| 1 |L | 125.0,0.0, 180.0 | MM v| imiil=} Connection eccentricity
at main member
On connected member (end): Release of rigid member
S t mai ber
[2|L]180.0,00,800 |mm v|[= [ el
Options
Member Hinge on Rigid Member Unlock connected member
On main member (start): [peactivate
|None ~ | imil ==
On connected member (end):
. — Generated Nodes of Type "On Line' No.
|None ~ | h [ | |
Comment Generated Members No.
| v @]| | |
D | Cancel
[ A2y New Connection of Two Members dialog box
1.29 Connections of Two Members x
=): BB G E K= | O E S« @2 AL
A [ B c [ D E G | H T [ IS
Connect. Main Member Connected Member Eccentricity Mo. at Member Hinge No. at Options
No. No. Side No. Side | Main Member | Connected Member | Main Member |Connected Member| Unlock | Deactivate
12| St E] Start 1 7 o 0 0 a
2 11 Start 10 Start 0 0 1 0 a
3
]
5
6 v
£ >
Line Releasss | Surface Release Types | Surface Releases | Connections of Two Members | Joints | Nodal Constraints | |<| 4 | ¥ | ¥l
Mumber of connection eccentricity at connected member (F7 to select)

Image 4.220 Table 1.29 Connections of Two Members
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Main Member

In accordance with RFJOINTS Timber, this member has the highest priority: It controls the parameters
of the other members and the cutting (e.g. purlin). You can use to select the member graphically in
the work window.

Connected Member

The second member is classified as a Connected member. A graphical selection is possible here as
well.

Eccentricity

You can define the connection eccentricity for the main member as well as for the connected member.
Use the [23) or [ button to open a dialog box where you can define the Offset with reference to the
local or global axes.

MNew Connection Eccentricity *
Connection Eccentricity No.

Absolute Offset Relative Offset

Reference system: Cross-section alignment

@ Local x,v,z o000

O Global X,Y,Z O ® O . v,

00O z

Eccentricity

ex: 200.0 |5 [mm]

ey 0.0 F5|+| [mm]

ez 45,0 F5{*| [mm]

Comment

| V)&

@] = =] " Cancel

New Connection Eccentricity dialog box

Member Hinge

You can define the degrees of freedom for the main member and the connected member by using
hinges that control the transfer of internal forces at the ends of the rigid member. You can select the
hinge type from the list or use the or [ button to open the New Member Hinge dialog box, where
you can define it (see Chapter 4.14@).

Options

With the default setting Unlock, you can generate a nodal release for the main member (see Chapter
4.24).

Optionally, you can Deactivate the connection without deleting the parameters by selecting the option
in the check box.
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4.30

4.31

Joints

The functions of the New Connection dialog box and Table 1.30 Joints are described in the previous

Chapter 4.29 @

Nodal Constraints

General description

A nodal constraint correlates the displacements and rotations between two or more nodes. This makes
it possible, for example, to display wall or ceiling slabs in member models without using surfaces.

MNew Modal Constraint *
Constr. No. On Nodes No. Constraint Type
| ] [516,19,20 |1 & Diaphragm Constraint v| =
Coordinate System
—— 1 2
[ 0] Global x¥z v| &= e e =R -
Constraint Plane ux(2) = ux(1) — pz(1)AY
@xy A uy(2) = uy(l) + ¢z(1)AX
Ov | ¢2(2) = ¢z(1)
Oz !
Constraint Condition
Translational constraints Rotational constraints AX = X{?) - x[]} AY = Y(-)] _ Y“)
g D
iy bl Comment
vz 9z wall v| (=
D] A Cancel

[P P8y New Nodal Constraint dialog box

1.31 Nodal Constraints x
360 Bl E xe HE MLY%
C D E [ F [ G H [ 1 [ K__|a

Constr Nodal Constraint Coordinate | Constraint |  Translational Constraints Rotational Constraints

Na. Type On Nodes No. System Plane ux uy uz QX QY 9z | Comment
Diaphragm Constraint [5,16.19.20 3] 0 | Global XYZ | YZ a O a [wa

2 Equal Condition Constraint | 4,20 0 | Global XYZ a a a

3

4

5

[3

7 v
Line Releasss | Surface Release Types | Surface Releases | Connections of Two Members | Joints | Nodal Constraints | |<| 4 | » | ¥

[P EEY Table 1.31 Nodal Constraints
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Nodal Constraint
Type
Diaphragm Constraint

Equal Condition Constrairt

Nodal Constraint Type

You have two options for the coupling: In the case of a Diaphragm Constraint, the displacements in the
constraint plane as well as the rotations perpendicular to the plane are coupled. Thus, you can model
stiffening slabs, for example.

With the constraint type Equal Condition Constraint, it is possible to individually specify the coupled
displacements and rotations between the nodes.

For diaphragm constraints, the degrees of freedom are automatically set in the Constraint Condition
dialog section or in the table columns E to J. For equal degrees of freedom, you can access all six
check boxes to define the constraint conditions.

On Nodes

You can enter the numbers of coupled nodes manually, select them from the list, or use [ % | to define
them graphically in the work window.

If you want to model a slab with the coupling, you have to enter all corner nodes of the plane.

Edit Nodal Constraint *
Constr. No. On Nodes No. Constraint Type
| 1] [15,1519,20 |1 % Diaphragm Constraint ~| [=

Coordinate System

.. 1 2
" | 1| Roof \’| ar| =] " -
ﬁ Constraint Plane uy(2) = uy(l) — gu(1)AV
z Ouy = uv(2) = uy(1) + ¢v(1)AU
Oww “;/T‘*U ew(2) = ewl(l)
@®uw ST

Coupling of a roof plane

Coordinate System

You have to define the reference axis system for the coupling. You can select the global XYZ
Coordinate System or the user-defined UVW coordinate systems from the list or the dialog section. You
can also create a New Coordinate System by using the button. The dialog box shown in Figure
11.49 @ appears.

To adjust the user-defined coordinate systems, use the and [ buttons.

User-defined coordinate systems make it easier to enter inclined diaphragm constraints for roofs (see
Figure 4.218@).

[ 10a ]
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Constraint Plane

Constraint Plane This dialog section and the table column D can only be accessed for diaphragm constraints. You have
@xv . to specify, in which plane a coupling of the displacements or rotations takes place. For the global
Ovz 2 gl coordinate system, you can select the planes XY, YZ, and XZ. For a user-defined coordinate system,
Oxz ! you can select the planes UV, VW, and UW.

This setting controls, which constraint conditions are automatically activated in the dialog section below
and in the table columns E to J.

Translational constraints ux / uy / uz

The check mark at a component of the translational constraints indicates that the displacement is
coupled in direction of the corresponding global (or user-defined) axis.

\ The fields are only accessible for the constraint type Equal Condition Constraint. In the case of
¢ diaphragm constraints, RFEM automatically defines the constraint conditions through the constraint
plane.

Rotational constraints ¢x / ¢y / ¢z

You can also define constraint conditions for rotations that control the transfer of moments. The three
global (or user-defined) axes are available for selection.
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5

Load Cases and Combinations mn

The loads that act on the model are managed in different load cases. It is possible to superimpose
these load cases in load and result combinations - either manually or automatically (see Chapter
12.2.1®).

Before you can define loads (see Chapter 6 @), you have to create a load case.

Load Cases

General description

The loads from a particular action are stored in a load case (LC). Load cases can be, for example,
self-weight, snow, or live load.

The loads in the load case should be defined as characteristic actions, which means without
factors. The partial safety factors can be considered later when the load cases are superimposed in
load or result combinations.

For each load case, you can separately define, which calculation method (linear static, second order,
or large deformation analysis), approach, and calculation parameters (load increment factor, stiffness
reduction by partial safety factor of material) you want to use.

Creating a new load case

There are several ways to open the dialog box for creating a new load case:

= The Insert — Loads Cases and Combinations — Load Case menu option

= The [New Load Case] button in the toolbar

E™ Fije

B99EEvRInaFRQENSEIE |i~i= s
e / ‘:}; T U T 'i ) oy - Wm-a-9-% _I‘-lewL-:uad Case | I I B % - }%

The New Load Case button in the toolbar

Edit View Insert Calculate Results Tools Table Options Add-on Modules Window Help

= Shortcut menu of the Load Cases navigator entry

Project Mavigator - Data x

E™ RFEM

E| @ Exercise®

] Model Data

= Load Cases and Combinations

=% Actions

=% Combinati
=% Action Co
% Load Coml

o

o Result Com

“§ MNew Load Case..

s

Go to Table

| Results
[ Sections
..... ) Average Regions
(-] Printout Reports
(-] Guide Objects

[#-_J Add-on Modules

aData €Display A views

Shortcut menu of Load Cases in Data navigator
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i=3]

The Edit Load Cases and Combinations dialog box appears. A new load case is preset in the Load

Cases dialog tab.

'Edit Load Cases and Combinations g‘
Load Cases | Load Combinations | Resuit Combinations |
Existing Load Cases LC No. Load Case Description To Solve
c |LC Seff-weight . 1 Sefaweight -
Action Type
Il Pemanent -
Self-Weight
[¥] Active
Factorin direction:
X 0.0005H A
Y 0.000F H
Z 1.0005H H
- | | comment
wE X -
=
[ [ 1<f»  Edit Load Cases and Combinations dialog box, Load Cases tab
= |tis also possible to enter a new load case in an empty row of Table 2.1 Load Cases.
2.1 Load Cases x
EE EEDE O EHEE H K+ FEE M« ==
B G D [ E [ F T G H .
Load Load Case Self-Weight - Factorin Direction F
Case Description To Solve Action Category Active X Y z Comment
LC1 | Seff-weight ¥ HEE Permanent ¥ 0.000 0.000 1.000
LC2 | Imposed load ¥ Imposed O L
LC3 | Snow ¥ [P Snow /ice O r
LC4 |Windin +Y ] Wind u
LC5 | Imperfection in +Y ¥ I Imperfection O
c7 | -
Load Cases | Load Combinations | Resuft Combinations |
Load Case Description

Image 5.4 Table 2.1 Load Cases

Load Case No.

The number of the new load case is preset but can be modified in the LC No. text box. If the entered
number has already been assigned, RFEM displays a warning when you close the dialog box.

The creation of load cases should be well organized. Gaps in the numbering are allowed so that you
can insert additional load cases later. The order of load cases can be changed retroactively with the
[Renumber] dialog button (see Table 5.1 @ and Chapter 11.4.8 @).

www.dlubal.com
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Prestress

Imposed load

Snow

Wind

Wind in +X

Wind in -X

Wind in +Y

Wind in -Y

Temperature

Accidental Load
Seismic

Imperfection towards +X
Imperfection towards -X
Imperfection towards +Y
Imperfection towards -
Imperfection in +Y

Classification of Load Cases and Combinations

According to Standard: Mational annex:
ERIEN 1990 * HECEN o~

| Create combinations automatically I
@ Load combinations

() Result combinations for linear analysis only)

Settings for standards in the Model - General Data
dialog box

Load Case Description

You can enter any name manually. You can also choose a name from the list to briefly describe the
load case.

To Solve

The check box allows you to control if the load case is taken into account as an independent load case
in the calculation. In this way, it is possible to exclude load cases from the calculation which do not
occur in isolation (e.g. wind without considering self-weight) or whose results are not relevant for a
preliminary design.

Action Category
The standards mention different action categories that control the superposition of load cases, as well
as the partial safety factors and combination coefficients. Each load case must be assigned to a

category.

The list in the dialog box or table provides several categories for selection. They depend on the
standard set in the Model - General Data dialog box (see Chapter 12.2.1 @).

Action Type EN 1990 | CEN
IEH Permanent -
G Pemanent 1
Prestress 2
IEH Imposed - category A: domestic, residential areas JA
IEH: Imposed - category B: office areas 3B
IEHE Imposed - category C: congregation areas ic
95 Imposed - category D: shopping areas iD
IE03 Imposed - category E: storage areas 3E

Imposed - category F: traffic area - vehicle weight < 30 kN 3F
& Imposed - category G: traffic area - vehicle weight = 160kN 3G

Imposed - category H: roofs 3H
182" Snow (Finland, lceland, Norway, Sweden) 44
8= Snow (H>1000masl) 4B
8= Snow (H<1000masl) 4C

=T Wind 5

Temperature {non fire) 6

N Accidental 7

I3 Earthquake 8

I Imperfection

Action categories according to EN 1990

These categories are significant for combining load cases manually or automatically. The classification
of the load case determines, which factors are applied when creating load and result combinations.

Self-Weight

If you want to take the construction's self-weight into account as a load, select the Active check box.
The load's direction of action can be defined in one of the three text boxes by means of the self-weight
factor. The default setting is 1.00 in the direction Z or -1.00 if the global axis Z points upwards.

If the automatic self-weight is applied in several load cases, you have to consider this for the
combination of load cases.

Comment

Here you can enter a user-defined note or select an entry from the list to describe the load case in
detail.

Calculation Parameters

The Calculation Parameters tab in the Loading dialog box provides different options for controlling the
calculation. You can find a detailed description of these parameters in Chapter 7.3.1 @
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Editing the general data of a load case

There are several ways to change the general data of an existing load case:

= Menu option Edit — Load Cases and Combinations — Load Case - General Data

(current load case)

= Menu option Edit — Load Cases and Combinations — Load Cases
(selection from all load cases)

= Shortcut menu or double-click of a load case in the Data navigator

Project Mavigator - Data

X

-

E|_{ Load Cases
| LC1: Self-weight

E™ RFEM
=-4¥| Combi of actions [E les]
+--) Model Data

= Load Cases and Combinations

|_J LCZ2: Permanent load

..... |20 Average Regions
(-] Printout Reports
(-] Guide Objects

(-] Add-on Modules

| LC3: Snow
= SR
3 LCS: Wind in +Y{ i1 Editer [ Enter
5-°3 Actions “§ | New Load Case...
[-0% Combination Expre{ 42 Go to Table
-0 Action Combinatiol 37| Copy Load Case...
D"E} foad Comblr?atl&.m & | Add Load Cases...
----- o Result Combinatio
-2 Loads 4" | Delete Del
-] Results
-0 Sections

-ﬂData gDisplay _ﬁ\iiews

[[[:[1 3> Shortcut menu of a load case

= The [Edit load cases and combinations] button in the toolbar of the loads tables (current load case).

www.dlubal.com

2.1 Load Cases X
HAERE S8 3E0 = B == ] =2 AT
A = | Edit load cases and combinations [ | G H -
Load Load Case EN 1980 |CEN Sel-Weight - Factorin Direction F
Case Description To Solve Action Category Active X Y Z Comment
LS Self-weight ] IEE Pemanent ¥ 0.000 0.000 1.000
LC2 | Permanent load [v] HEE Pemanent O L
LC3 | Snow ¥ @=1 Snow (H de= 1000mas.) O T
LG4 |Windin =X & Wind O
LC5 |Windin =Y & Wind O
LCE |5
LC7 | -
Load Cases | Load Combinations | Result Combinations |
m [Edit load cases and combinations] button in the toolbar of the loads tables
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Existing Load Cases

=l LC1 Self-weight

| . Jlew] Pemanent load

=

LC4 Wind in +X

I LC5 Imperfection towards +X
& LC6 Imperfection towards +Y
L7 Wind

i & Blet] Live load

BB ] &) @) Ex

m

]

Buttons

In the Edit Load Cases and Combinations dialog box, there are several buttons available below the

load case list (see Figure 5.3 @ ). The buttons have the following functions:

Creates a new load case.

Creates a new load case as a copy of the selected load case (see below).

If several load cases are selected, all contained loads are copied to a new load case

(see below).

Assigns a new number to the selected load case. Specify the number in a separate
dialog box. You may not enter a number that has already been assigned.

(&)

Selects all load cases.

@)

Cancels the selection in the list.

[ s}
&

Inverts selection of load cases.

£

Deletes the selected load case.

Copying and adding load cases

You can use existing load cases to create new ones.

Buttons in the Load Cases tab

To copy a load case, select the relevant load case in the Existing Load Cases list. By clicking the
[Copy] button, you can create a copy of the load case with the next available number. You can

subsequently adjust the description of the new load case and the loads.

When adding load cases, the loads of several load cases are copied into a new load case. First,
select the relevant load cases in the Existing Load Cases list (multiple selection by holding down the
[Ctrl] key). Then, use the [Add] button to copy the loads into a new load case.
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5.2

Classification of Load Cases and Combinations

National annex:
~ [EICEN

According to Standard:

ENEN 1590

- =)

| Create combinations automatically I

@ Load combinations

() Result combinations for linear anatysis anly)

Check box in the Model - General Data dialog box

Project Mavigator - Data x
E™ RFEM
£-¥| Combination of actions* [Examples]

) Model Data
228 Load Cases and Combinations
-3 Load Cases

& el

Actions

General description

When using the latest standards, such as EN 1990 or ASCE 7-16, it is often time-consuming to
consider all eligible load situations and to select the decisive situations for the designs. In the Model -
General Data dialog box, you can automatically create the combinations (see Figure 12.23 @).

The load cases defined in Table 2.1 (see previous Chapter 5.1 @) represent the base data for the
automatic superpositioning. RFEM distinguishes between two load case categories: standard load
cases and load cases of the type Imperfection. Moreover, for combining load cases, it is important to
know, which action category the standard load cases have been organized into.

Standards provide rules for the combination of independent actions in various design situations.
Actions are independent of each other if they arise from different origins and if the correlation between
them may be neglected with regard to the reliability of the structural system.

In accordance with this concept, Actions to which load cases are assigned must be defined for the
automatic superposition in RFEM. The action type defined for the load cases (see Chapter 5.1 @)

59 Al: Permanent load controls the assignment to action categories in accordance with the standard.
| A2: Live load
8 A3 Imposed I'[dit Load Cases and Combinations ﬂ‘
=0 Ad: Wind
E} Combination Expressions ‘ Load Cases ‘ Actions |Cnmbmatmn Expressions I Action Combinations I Load Combinations I Result Combinations
=% Action Combinations Existing Actions AN, Action Description
=% Load Combinations Pemanent load B 1 Permanent load -
¥ Result Combinations Lai e vd Live load
-3 Loads I A3 Imposed General
----- 23 Results e Wind Action Type EN 1880 | CEN
(-1 Sections I Permanent -
----- |_J Average Regions Acting Simultaneously
(-] Printout Reports @ Aemative
[#-_J Guide Objects
E]"'I;l Add-on Modules Unassigned Load Cases Load Cases in Action A1
L . = G_JE] Seff-weight =
ﬁ Data g Display _!s Views
| | comment
Bx xJ -
Edit Load Cases and Combinations dialog box, Actions tab
2.2 Actions x
EEEE EFINECO | #[=E [ K FEE M« = = A
A B b [ E [ F G -
Action EN 1350 | CEN Load Cases in Action ¥
Action Description Action Category Acting LC.1 LC2 LC.3 Comment
Al | Permanent load MEN Pemanent LC1
A2 | Live load X Imposed - category B: office areas LCE8 L
A3 | Imposed T Imposed - category A: domestic, resider LC2 r
(R Wind Wind Atemative __~
3
AB Simuttaneoushy |
AT | | -
Load Cases | Actions | Combination Expressions | Action Combinations | Load Combinations | Result Combinations |
Alternative
Table 2.2 Actions
[ 20
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EN 1590 | CEN
Action Category
Pemanent

Pemanent
X3 Imposed - category B: office
Qs Snow (H=1000masl)

Altemnatively

Simuttaneously
Differenthy

Action No.

The actions are already created when you define load cases. They are numbered consecutively. The
sequence is not important but, if necessary, it can be modified by means of the [Renumber] button
available in the dialog box.

In the table, you can add actions manually in order to, for example, assign load cases by user-defined
specifications when huge models are designed.

Action Description

The description of the action is derived from the action type that has been selected for the load cases.
The preset description can be changed, if necessary.

Action Category

The standards mention different action categories that control the partial safety factors and
combination coefficients (see Chapter 5.1 @ ).

The list in the dialog box and table only provides the categories that were used for the definition of the
individual load cases. Therefore, in order to create a new category, a new action type must be
assigned in the general data of a load case.

Acting

Two or more load cases can be defined as acting Simultaneously, Alternatively, or Differently. The
following example serves to illustrate the differences between these three options:

LC1 Action Al Action category "Permanent"
LC2, LC3, LC4 Action A2 Action category "3.A Imposed"
Depending on the definition of the Action A2, different possible combinations arise.

Simultaneously

All load cases of the action can be combined as required. It is also possible to use them simultaneously
in a combination. The following load combinations are generated in the example:

CO1t: 1.35LC1

CO2: 1.351C1 + 1.50LC2

CO3: 1.35LC1T + 1.50LC2 + 1.50LC3

CO4: 1.35LC1T + 1.50LC2 + 1.50LC3 + 1.50LC4
COS: 1.35LC1T + 1.50LC2 + 1.50LC4

CO6: 1.351C1 + 1.50LC3

CO7: 1.35LC1T + 1.50LC3 + 1.50LC4

COos: 1.351LC1 + 1.50LC4
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Alternatively

Only one of the load cases of the action can be effective (e.g. wind from different directions). The
following load combinations are generated in the example:

CO1: 1.351C1
COS: 1.351C1 + 1.50LC3
CO2: 1.351C1 + 1.50LC2
CO4: 1.351C1 + 1.50LC4
Differently
Load Cases in Action A . You can define detailed relations between the load cases of an action. If you select this option, an
o] r:gz Impos:; E::cnmm G?UD additional column appears in the Load Cases in Action dialog section. There you can assign load
| cases to a Group so that they are mutually exclusive (as is the case for the action Alternatively). You
— e e F can select the number of the group from the list.
2
If you define LC2 and LC3 as a group in the example, the following load combinations are generated:
Assigning load case to a Group
CO1l: 1.351C1
CO2: 1.35LC1 + 1.50LC2
COS: 1.351C1 + 1.50LC2 + 1.50LC4
CO4: 1.35LC1 + 1.50LC3
COSs: 1.35LC1 + 1.50LC3 + 1.50LC4
CO6: 1.351C1 + 1.50LC4

Load Cases in Action

Load cases are assigned according to the specifications of the LC action type, so assignment is largely

automatic.
Load Cases in Action To remove a load case from an action, select the load case in the Load Cases in Action column of the
lc1 | 2 | Lc3 ) . . .
~ L& dialog box. Use the button or double-click the entry to transfer it to the Unassigned Load Cases
Lca dialog section. You can also set a load case inactive in the table: Select the empty entry in the list of
= hﬂ Le2 | e vl the relevant table cell.

Manually removed load cases are transferred to the Unassigned Load Cases list while considering the
action type. This also means that only load cases of the same action type can be included in an action
category. For example, it is not possible to select load cases of the type "Imposed" for actions of the
type "Snow" — neither in the dialog box nor in the list of the table (see figure on the left).
Type-different load cases are therefore not visible in the Existing Load Cases list. Use the [Show
Unused] button to display load cases of other categories. They are shown as locked and cannot be
selected.

\ Load cases that are not assigned to any action are not taken into account when generating
¢ combinations.
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Comment

Enter a user-defined note or select an entry from the list.

The buttons in the Actions tab of the Edit Load Cases and Combinations dialog box have the following

functions:

Creates a new action.

2l
=

Renumbers the selected actions.

(&)

Selects all actions.

@)

Cancels the selection in the list.

o
&

Automatically assigns unassigned load cases to actions.

£

Deletes the selected actions.

Buttons in the Actions tab
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5.3

Project Mavigator - Data X
E™ RFEM
= -@ Combination of actions™ [E
] Model Data
iz Load Cases and Combinations

_§ Load Cases

=% Actions

: ] Al: Permanent load
I AZ: Wind

i ) A3t Imposed

-5 ¥ [Combination Expressions

] CE2: 5LS - Charact.
- ) CE3: 5L5 - Frequent
----- =% Action Combinations

- Loads

(-] Results

[~ Sections

..... ) Average Regions
(-] Printout Reports
(-] Guide Objects
(- Add-on Modules

ﬁData €Display A views

Combination Expressions

General description

The standards describe how to combine actions. For example, EN 1990 requires the design of the
ultimate and the serviceability limit states. Ultimate limit states for load bearing capacity have to be
designed in four design situations, which are subject to certain combination rules:

= Permanent situations that comply with the common conditions of use of a structural system, as well as
temporary situations that refer to time-limited stages of the structure (e.g. construction stage, repairs)

As a combination rule for permanent and temporary situations (basic combination), you have to
apply either

j;ge,jG ki TPt 90, Q1 i>Zng,iyO,iQk,i

or the more unfavorable combination with Equation 5.2 @ and Equation 5.3 @ for the limit states STR
and GEO.

jggG,jG kit 9Pt 90V 0:Qu1 T i§go,iyo,iQ ki

Pzixjge,jG i T IePkt 90.Qua T i>Zng,iyO,iQk,i

L] Exfroordincry situations referring to extrdordinary actions of the structural system or its environment
(e.g. fire, explosion, collision)

ZHk,j+ P+A+ 0/1,10ry2,1)Qk,1+ i>Zly2,iQk,i

j>1

= Situations in case of earthquakes

_ZGk,j+ Pyt At _Zyz,iQk,i
i1 i>1

According to EN 1990, you have to design serviceability limit states in three design situations
which are subject to the following combination rules.

= Rare situations with irreversible (lasting) effects on the structural system

_ZGk,j+ PtQy,t _Zyo,iQk,i
j21 i>1
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= Frequent situations with reversible (non-lasting) effects on the structural system
Z Gy tPty, Qi t _Zyz,iQk,i
j21 i>1
Equ n 5.7
= Quasi-permanent situations with long-term effects on the structural system
_ZG K +P t _Zyz,iQk,i
21 i1
Equation 5.8
| Bl Emer Eri )
Load Cases [ Actions | Combination Expressions | Action Combinations | Load Combinations | Result Combinations |
Existing Combination Expressions CE No. Combination Expression Description Use
uts -
S ca
SQn CE4 Design Situation EN 1590 | CEN
S ULS (STRYGEC) - Pemanent / transient - Eq, 6.10 MG
Seftings
Consider:

[] Favorable permanent actions
mperfection load cases. ..
Differently for each combination expression

® @

Individually/simultaneously acting load cases...
[T Differently for each combination expression

Reduce number of generated combinations

by:

[ Reducing number of load cases. ..

ez rgE s Result Combinations

[¥] Generate addtionally Either./Or resuft combination
{result envelopes)

Generate additionally a separate Either/Or result combination for
each combination expression

[[] selecting leading variable actions...

Numbering of Generated Combinations ‘Generated Load Combinations
=g eted Method of analysis: [ Second-order analysis (P-Deta)  ~|
Load combinations: 1 EI
Result combinations: 1 EI Generated Action Combinations
List and number: AC1 .. AC13(13113) -

Comment ‘

@ -

L&

@B

[y Edit Load Cases and Combinations dialog box, Combination Expressions tab

2.3 Combination Expressions

o= (€ | &= [3]| 00| K= | =L o & BB E A%

A B C D F G [ H 0
Combin. |Combination Expression EN 1350 | CEN Consider Reduce number due to Generated
Express. Description Use Design Situation Favorable G Actions Imperfection LC's|Ex/Inclusive LC’s | Examining Results|Leading Actions Action Combinations

CE1_[uLs & ULS {STR/GEO} - Per a O O &
SLS & |S¢h SLS-Ct i 0 O O O

CE3 |sLs O |SFR SLS - Frequent O O O 0

CE4 |5LS O §@8 5LS - Quasipermanent O O O O

CE5

CE6 |

<[ T
m&:mbmaﬂun Expressions | Action Combinations | Load Combinations | Result Combinations |

Image 5.11 Table 2.3 Combination Expressions
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Uttimate Limit State

ULS

Uttimate Limit State

Uttimate Limit State (EQU)

Ultimate Limit State (STR/GEQ)

Uttimate: Limit State - Permanent/ Transient
Uttimate Limit State - Accidental

Uttimate: Limit State - Seismic

SLS

Serviceability

Serviceability - Characteristic
Serviceability - Frequent
Serviceability - Quasi-pemmanent

Combination Expression No.

When you access the dialog box or table, the combination rules of the following design situations are

preset for EN 1990:

ULS : Ultimate limit state for permanent or temporary situation

SLS : Serviceability limit state for characteristic situation

SLS : Serviceability limit state for frequent situation

SLS : Serviceability limit state for quasi-permanent situation

You can create a new combination rule in another table row or in the dialog box by using the [New]
button. The design situations described below are available for selection.

Combination rules marked in the dialog list can be deleted with the [Delete] button.

Combination Expression Description

The short descriptions of combination rules can be changed retroactively. The list provides some

suggestions for selection.

Use

The check box allows you to control if the selected combination rule is considered when creating result
combinations. In this way, it is possible to reactivate design situations or exclude them from the

generation.

Design Situation

The standards describe the situations for which designs of structural systems must be fulfilled. These
design situations determine the conditions expected during the construction and use of the building.

The following design situations for EN 1990 are available for selection in the list:

Design Situation

EN 1880 | CEN

ULS (STRAGEOD) - Permanent / transient - Eq. 6.10

B[(:)

ULS (EQU) - Permanent / transient
ULS (EQU} - Accidental - psi-1,1
ULS (EQU} - Accidental - psi-2,1
EFE ULS (EQL) - Seismic

STR ULS (STR/GEQ) - Permanent / transient - Eq. 6.10

ULS (STRAGED) - Permanent / transient - Eq. 6.10a and 6.106
J LS (STR/GEQ) - Accidental - psi-1,1

) LS (STR/GEQ) - Accidental - psi-2,1

EFHE ULS (STR/GED) - Seismic

S€h 5LS - Characternistic

SFrl 5LS - Frequent

8008 SLS - Quasi-permanent

Design situations according to EN 1990

For the standards DIN 1055-100, DIN EN 1990, and EN 1990 + DIN EN 1995, RFEM additionally
provides the design situations Accidental - Snow where the factors for the North German Plain are

taken into account.
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Settings

Consider:
Faveorable permanent actions
Imperfection load cases...
[ pifferently for each combination expression

Individually/simultaneously acting load cases...

[ pifferently for each combination expression

Reduce number of generated combinations
by:
[ Reduding number of load cases...
[C1Examining results...

[[] selecting leading variable actions. ..

©)

Use the [Info] button to check the combination rule of the current design situation. A dialog box opens
explaining the equation with the relevant parameters.

Info About Design Situation ﬁ

EM 1990 | CEN
LLS (STRIGED) - Permanent ! transient - Eg. 6.10

2 Y6, Gk + YpP + vq1Qu1 + Z YoiWo, Qi

jz1 i>1

TG : Partial factor for permanent actions
Gkj : Permanent actions
TP : Partial factor for prestress actions
P . Pre-stressing action
a1 o Partial factor for leading variable action
Gkt o Leading variable action
T : Partial factor for non-leading variable actions
wo,i o Coefficient for combination value
Gl o Cther variable actions
\ J

Info About Design Situation dialog box

Favorable permanent actions

With this option, RFEM distinguishes between favorably and unfavorably acting permanent actions
during the generation. They are considered in the superpositioning along with different partial safety
factors; additional combinations are generated.

The settings of this check box only affect design situations for load bearing capacity. The distinction
between favorably and unfavorably acting permanent actions is done automatically for the design
situation "Static equilibrium", whereas permanent actions are not differentiated for the design situation
"Serviceability".

Imperfection load cases

RFEM distinguishes between two load case categories: standard load cases and load cases of the type
Imperfection. Due to this special treatment of imperfections, it is possible to form any possible load
combination once with an imperfection and once without.

Imperfection load cases are only taken into account when generating load combinations.

With the Differently for each combination expression check box, it is possible to separately assign
imperfections for the combination expressions: According to EN 1992-1-1, for example, imperfections
have to be considered for the ultimate limit state designs. Serviceability limit state designs can be
performed without imperfections.
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When the check box is selected, the [Settings] button or the [ button is enabled. Use the buttons to
access the Settings dialog box with specific settings for imperfection load cases.

Settings @
Imperfection Load Cases

Use Load Cases of Type Imperfection’
LC Load Case Description Use Only with Load Cases MNever with Load Cases
LC5 | Imperfection towards +X LC7
TS imperiection towards +Y :ﬁr_
L L
Select Load Cases {/ @
[ | L Selfweight -
[T = L2 Permanent load
[ |meEn L3 Sriow
LC4 | Wind in+
] LC7 | Wind in+1
[C] e s Live load
Options
All imperfection load cases as altemative
[7] Remove co-existence of the same load combination with and
without imperfection
Remove all load combinations without imperfection —

| Subject to specific load cases [ ok ] [ Close ]

[ Prefer common assignment of imperfections

[ OK ][ Cancel ]

Settings dialog box with Select Load Cases dialog box for selecting load cases

The Use Load Cases of Type 'Imperfection' dialog section lists all load cases that were classified
as the action type "Imperfection" (see Chapter 5.1 @). Use the check boxes in the Use column to
specifically control, which of the load cases is included in the generation of load combinations.

The Only with Load Cases and Never with Load Cases columns are shown if the imperfection load
cases are Subject to specific load cases (see description below).

The Options dialog section controls how imperfection load cases are taken into account. If All
imperfection load cases act as alternative, RFEM applies only one imperfection load case for each
load combination.

You can reduce the number of generated load combinations by selecting the Remove co-existence of
the same load combination with and without imperfection check box: The constellations without an
imperfection load case are suppressed for similar combinations. It is also possible to Remove all load
combinations without imperfection.

If several imperfection load cases are available, you can select the Prefer common assignment of
imperfections check box to prevent separate assignment to load combinations.

With the Subject to specific load cases option, you can further reduce the number of generated load
combinations. If the option is selected, the two columns Only with Load Cases and Never with Load
Cases are additionally shown in the dialog section above. Click into a cell to enable the [ button,
which opens the Select Load Cases dialog box where you can define a relation between the
imperfection load case and one or more related or mutually exclusive load cases (see Figure 5.14 @).
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Individually/Simultaneously Acting Load Cases

To further reduce the number of created load combinations, it is possible to classify load cases as
mutually exclusive or occurring only together. By selecting the Differently for each combination
expression check box, you can separately define the constellations of the load cases for combination
expressions.

If you select the check box, the and [ buttons become available, which open a dialog box with
more detailed settings for assigning load cases.

Imperfection Load Cases  Individually/Simuttanecusly Acting Load Cases

| Individually Acting Load Cases
|

No. Select Load Cases Mot to combine with load cases ~
LC4 L7 LC8 =
2 | |
3 | Select Load Cases X
4
3 : [ |mEM Lc1 Self-weight A
s 1O |2 Permanent load
; - | O [pos Les Snow
3 1 LC4 Wind in -+
10 | Lc7 Wind
11 : [ AE QT Seismic

Simultaneously Acting Load Cases |
No. Select Load Cases Combine only together with Ig
LC4 LC7 (LCT

<

2| B2 |Bx Al

f VI'I

oK Cancel

Settings dialog box, Individually/Simultaneously Acting Load Cases tab with Select Load Cases dialog box

First, enter a load case into the Select Load Cases column in the Individually Acting Load Cases
dialog section or define it with the [ button in the Select Load Cases dialog box. Then, in the Not to
combine with load cases column, define the load case(s) that you never want taken into account
together with the load case in the load combination. In this way, it is possible, for example, to avoid
the combination of snow with human load cases.

In the Simultaneously Acting Load Cases dialog section, you can analogously specify settings
for load cases that you want to always have appear together in each load combination. However,
these relations are only effective if the Reduce number of generated combinations due to Examine
results option (see below) is not activated.

Specifications in the Simultaneously Acting Load Cases dialog section are only taken into account for
the generation of load combinations, not for result combinations.
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Settings

Consider:

[CJFavorable permanent actions

Imperfection load cases. .. =
[ mifferently for each combination expression

Individually fsimultaneously acting load cases... | &
[ pifferently for each combination expression

Reduce number of generated combinations
by

Reducing number of load cases. ..
] Examining results...
[]Selecting leading variable actions. ..

Reduce number of generated combinations

The complexity of the structural system as well as the number of actions and load cases have a
significant influence on the number of generated combinations. RFEM provides three ways to reduce
the number of constellations effectively. The first two procedures are only available for the generation
of load combinations, not for result combinations. They are described in an example @.

Reducing number of load cases

With this option, you can generally limit the number of load cases that occur in the load combinations.
Access to the check box is available in the General tab of the Combination Expressions (see Figure
5.10 @). RFEM examines, which load cases provide positive or negative internal forces and
deformations. Then, all positively acting and all negatively acting load cases are combined. Thus,
combinations take only the load cases into account that are relevant for the maximum or minimum
values.

The advantage of this method is that it is possible to considerably reduce the number of combinations,
which has a positive impact on the speed of the calculation and evaluation. A disadvantage may be
the fact that if there are unfavorable load arrangements and specifications for the reduction, there is a
certain factor of uncertainty for finding the extreme values.

When you select the check box, the additional Reduce - Number of Load Cases tab appears. In this
tab, you can specify in detail, which load cases, internal forces, and objects you want considered for
the creation of governing combinations.

General Reduce -Number of Load Cases  Options for Combinations

Choice of Load Cazes Examining Resultz.
O Manually D 1 Global Deformations
) ], La Members
® automatically 1,2+ Local Deformations
(®) Maximum number of the most relevant load =-[#],La Internal Forces
cases (plus load cases from permanent load < f
or coupled LCs): =
(O MNeglect load cases with lesser relevance in [2%]
comparison with the most relevant load case e
than: 10 5
Cansidered Load Cases (- [2]® Surfaces
roup ~ - [vr] &% i
[ Support Reactions
No. Considered Load cases ™ * PP
1 LC1
2 LC1.Lc2 [[] Assign separately for each object
3 LC1-LC3
4 LC1-LC3LCT Examining Results of Objects
5 LC1.LC21C4
: : MNodes No.:
B |LClLC2LCALCT odes o .
7 _|Lciicaics (13,14 %] O
8 LC1,LC2LC5,LC7 —
5 [Lcricalce nes o
10 LC1.LC2LCE.LCT | 133 | t& CJa
11 LC1.LC2LC7
12 LC1.C3 Surfaces No.:
13 LC1.LC3LCT v D Hal
£ - Determine automatically
_— ! All
Combination type:
(®) Combine considered load cases Members No.:
(O Indude considered load cases together in groups = All

Reduce - Number of Load Cases tab for combination expressions

The load cases can be selected Manually or determined Automatically on the basis of relevance
criteria. Clicking the [Determine automatically] button starts a calculation for determining the maximum
and minimum internal forces, deformations, and support reactions in the load cases.

When the automatic determination is selected, specify the Results (deformations, internal forces of
members and surfaces, support reactions) and Objects (nodes, surfaces, members, etc.) that you want
considered for the evaluation of the load cases. The relevant objects can be selected graphically using
once the All check box is disabled. You can use the Assign separately for each object check box
to assign specific result types to objects for the analysis.
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Settings

Consider:

[JFavarable permanent actions

Imperfection load cases. .. =
[ pifferently for each combination expression

Individually fsimultaneously acting load cases. .. | &
[ mifferently for each combination expression

Reduce number of generated combinations
by:

[ reducing number of load cases...
Examining results...

[ Selecting leading variable actions. ..

The number of load cases contained in a Group after calculation depends on the settings defined in
the Choice of Load Cases dialog section:

= When the Maximum number of the most relevant load cases option is selected, a
group provides either the specified maximum number of load cases or only positively or
negatively acting load cases in a smaller number.

= |tis possible to Neglect load cases, which only contribute slightly to the maximum and
minimum values. The percentage refers to the internal forces, deformations, and support forces
of the load cases that respectively provide the extreme values.

Imperfection load cases are not considered when the automatic creation of groups is set.

Examining results

RFEM only creates the governing load combinations (this option is not available for result
combinations).

When selecting the check box, the new Reduce - Examine Results tab is added to the dialog box.

Reduction Method Examining Resultz.

@ BExamine results of automatically generated E‘ U;D
temporary result combinations =[], La Members
-[],%4 Local Deformations

7], L. Intemal Forces
BTARCT - ULS (STR/GEQ) - Permanent /transient - « || | | | i [, N

Reduce - Examine Results

() Examine existing result combination:

..... I
Examining Results of Objects E"“ My

Members No.: [#-[],La Cortact Forces

69.11 t Al E—]E‘ © Surfaces
=[] Basic Intemal Forces

Surfaces No.:

S mAa || L M muay

Solids Mo.. | e e vy
a |l - Mo nx

[-[]%> Stresses
(-] Contact Stresses

& Solids
4* Support Reactions
-[#] 4 Nodal Supports

-[#] 4% Line Supports

ez
=)

Note:

All load cases that are imelevant to these initial result
combinations (inear analysis) will not be considered, which
reduces the number of possible combinations.

Reduce - Examine Results tab for combination rules

With the first Reduction Method, you can automatically evaluate generated temporary result
combinations. Temporary result combinations include all load cases created in the model and consider
all existing relations between them. By means of the results available on each FE node, RFEM
analyzes, which simultaneously acting load cases produce a maximum or minimum at the
corresponding locations. The reduction method is based on the assumption that only the combinations
that contain exactly these simultaneously acting load cases can be governing.

Alternatively, it is possible to use the results of a user-defined result combination for the results
reduction.

In the Examining Results dialog section to the right, you can define the deformations, internal forces,
stresses, or support reactions that you want taken into account for the determination of extreme values.

The Examining Results of Objects section provides options to restrict the extreme value analysis to
results of selected members, surfaces, and solids. You can use | % | to select the objects graphically.
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Settings

Consider:

[JFavarable permanent actions

Imperfection load cases. .. =
[ pifferently for each combination expression

Individually fsimultaneously acting load cases. .. | &
[ pifferently for each combination expression

Reduce number of generated combinations
by:
[ reducing number of load cases. ..

(] Examining results...
Selecting leading variable actions...

Generated
Action Combinations
AC1 ... AC13(13/47)
AC14 ... AC26 (13/47)
AC27 ... AC35 (13/47)
AC4D ... AC47 (8/47)

=

Selecting leading variable actions

The third way to reduce the number of generated combinations is to only classify selected actions as
leading actions. This option is available for the generation of both load and result combinations.

When selecting the check box, the new Reduce - Leading Variable Actions tab is added to the dialog
box.

General | Reduce - Leading Variable Actions |

Select Leading Variable Actions.

Action EN 1950 | CEN Leading

Action Description Action Category Load Cases in Action Actions
A2 Wind T Wind LC4
Al Imposed IEH3 Imposed - category | LCB a
I Snow @51 Snow (H de> 1000

Reduce - Leading Variable Actions tab for combination rules

The list of leading actions contains only variable actions.
When you remove the check mark of an entry in the Leading Actions column, the corresponding action

is only superimposed as an accompanying variable action.

Numbering of Generated Combinations

Entering data in this section of the Edit Load Cases and Combinations dialog box (see Figure 5.10 @)
affects the First number of generated Load combinations or Result combinations that are created in
RFEM.

Result Combinations

Optionally, you can Generate additionally an 'Either/Or' result combination (results envelopes). This
result combination superimposes the extreme values of all load or result combinations according to the
following scheme:

"CO1/permanent or CO2/permanent or CO3/permanent, etc."

If several combination expressions are specified for the generation, it is possible to Generate
additionally a separate 'Either/Or' result combination for each combination expression.
Method of analysis

Use the list to decide, which method of calculation you want to apply for analyzing combinations (see
Chapter 7.3.1.1 @). RFEM presets the nonlinear calculation according to the second order analysis
(P-Delta) for load combinations.

Generated Action Combinations

This dialog section or table column is filled during the generation, which starts automatically when
closing the dialog tab or table. The dialog field shows a short overview of the number of generated
combinations.

With the data entered in the dialog box or table, RFEM creates "Action Combinations" (AC). They are
described in the following chapter. You can use the entries shown in the current dialog box to estimate
how combination rules affect the number of combinations.

In the example shown on the left, a total of 47 action combinations are generated for the four
specified design situations.
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= ULS (STR/GEO):
AC1to AC13

= SLS - characteristic:
AC14 to AC26

= SLS - frequent:
AC27 to AC39

= SLS - quasi-permanent:

AC40 to AC47

When jumping to the next tab with the [ > | dialog button, RFEM automatically determines the action
combinations. The first action combination created with the current combination expression is selected

in that dialog tab.

Comment

Enter a user-defined note or select an entry from the list.

Example: Reduce number of generated combinations

The aim of combining actions is to find the most unfavorable load arrangement for each location in the

structural system. To that end, you can

= either determine all combinations that are mathematically possible

= or try to find logical relationships before combining the actions to reduce the number of possible

combinations.

For example, a symmetrical two-hinged frame has the following load cases:

E= Reduction, LC1 [ |= [ | 52 Reduction, LC2 (===
L1 : Self-weight LiC2 : wWind ta the right
Loads [kiim] Loacs [kiin]
0262
T t T
D@52 D@52
2.000
¥ Reduction, LC3 [= @ [=®= ] | ¥ Reduction, LC4 == =]

L3 wind lifting
Loads [kMAin]

LC4 - Snowr

Loads [khin] 1.200

bl

[ 2y Twohinged frame with four load cases
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Settings

Consider:

[JFavarable permanent actions

Imperfection load cases. .. =
[ pifferently for each combination expression

Individually fsimultaneously acting load cases. .. | &
[ pifferently for each combination expression

Reduce number of generated combinations
by:
Reducing number of load cases...

] Examining results...

[ Selecting leading variable actions. ..

Reducing number of load cases option

The load cases result in the following axial forces available in the columns:

Load Description Acting Axial Force Axial Force
Case Left Column Right Column
1 Self-weight Permanent Compression Compression

2 Wind to the right Alternative Tension Compression

3 Wind lifting Alternative Tension Tension

4 Snow Alternative Compression Compression

Tensile and compressive forces of columns

The following eight combinations are theoretically possible:

CO1: LC1 +LC2 + LC3 + LC4
CO2: LC1

COa3: LC1 +1C2

CO4: LC1 +LC3

COs: LC1 +1LC4

COé¢: LC1 +LC2 + LC3

CO7: LC1 +LC3 + LC4

COs: LC1 +1C2 +1C4

These eight combinations can be reduced if we only want to find the arrangements with the extreme
values of the columns' axial forces, for example. It is possible to create a group of load cases that
provides only tensile and compressive forces for each column in consideration of the permanently

acting LC1.
Group Left Column Right Column
Tension LC1, LC2, LC3 LC1, LC3
forces

Compression
forces

LC1, LC4

LC1, LC2, LC4

Groups of load cases

Thus, the result is no longer eight but just four combinations of load cases.
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Settings
Consider:
[CJFavorable permanent actions
Imperfection load cases. ..
[ mifferently for each combination expression

=

Individually fsimultaneously acting load cases. .. | &

[ pifferently for each combination expression

Reduce number of generated combinations
by

(] Reducing number of load cases. ..
Examining results...

[]Selecting leading variable actions. ..

by

= selecting the Reduce number of load cases check box,

This reduction can be done in the Edit Load Cases and Combinations dialog box (see Figure 5.10 @)

= selecting only the axial forces in the Examining Results dialog section of the Reduce - Number of

Load Cases tab,

= and entering only the numbers of the column members in the Examining Results of Objects
dialog section (see Figure 5.20 @).

After clicking the [Determine automatically] button, RFEM performs a short calculation. Then the table
in the Considered Load Cases dialog section lists the four groups of load cases that are also shown in

Table 5.4@.

General | Reduce - Number of Load Cases |

Choice of Load Cases
() Manualy
@ Automaticaly
(@ Maximum number of the most relevant

load cases:

() Nedlect load cases with lesser relevance in
comparison with the most relevant load
case than

Considered Load Cases

Group
No. Considered Load cases
1 LC1-LC3
2 LC1.LC2,LC4
3 LC1.LC3
4 LC1.LC4

<— Determine automatically
—

Combination type:
() Combine considered load cases

@ Include considered load cases together in groups

Examining Results

([ Global Deformations

- E|,I. Members

i L. Local Deformations

== Intemal Forces
I

[ Assign separately for each object

Examining Results of Objects

Automatic determination of load cases in groups

Examining results option

Al

With this method, a linear result combination is created from the load cases. For each point, RFEM
evaluates the extreme values and the involved load cases so that a max- and a min-combination of

load cases is available in each case. These extreme combinations are then used for creating the load
case combinations.
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The load cases result in the following axial forces N in the columns:

LC Description Acting N Left Column N Right Column

1 Self-weight Permanent Compression (—10 | Compression (=10
kN) kN)

2 Wind to the right Alternative Tension (5 kN) Compression (=5

kN)

3 Wind lifting Alternative Tension (3 kN) Tension (3 kN)

4 Snow Alternative Compression (—12 | Compression (—12
kN) kN)

Tensile and compressive forces of columns

RFEM creates the following temporary result combination: LC1/permanent + LC2 + LC3 + LC4

For the axial forces of the columns, the following extreme values result when superimposing:

Group

Left Column

Right Column

Maximum N

—2 kN (LCT, LC2, LC3)

—7 kN (LCT, LC3)

Minimum N

—22 kN (LCT, LC4)

—27 kN (LC1, LC2, LC4)

Groups of load cases

Again, the result is no longer eight, but just four combinations of load cases.

Setting specifications in the Reduce - Examine Results tab is similar to Figure 5.20 @.
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Project Navigator - Data

5.4

ET RFEM

-4¥| Combination of actions [Examples]
_J Model Data

=428 Load Cases and Combinations
-_§ Load Cases

2% Actions

-o% Combination Expressions

5 34 [ Combnatiors |
-2 AC1:135G

) AC2:135G +1.50Qs

20 AC6:1.35G + 1.50Qw

- ACL0: 135G + 1.50QiB

-2 Load Combinations
-} Result Combinations
< n

[ AC3:135G + 1.50Qs + 0.90Qw
[0 AC4:135G + 1.50Qs + 0.90Qw +
[ AC5:1.35G + 1.50Qs + 105QiB

) ACT: 135G + 0.75Qs + 1.50Qw
|0 ACS: 135G + 0.75Qs + 1.50Qw +
-0 ACS: 135G + 1.50Qw + 1.05QiB

[0 ACI1:1.356 + 0.75Qs + 1.50QiB
[0 AC12:1.356 + 0.75Qs + 0.90Qw
120 AC13:1.356 + 0.90Qw + 1.50QiB

m

ﬂData \gD\splay _g Wiews

Action Combinations

General description

When you open this dialog tab or Table 2.4, actions are automatically superimposed according to the
combination rules and identified as so-called "action combinations". This overview is sorted by actions.
It corresponds to the way actions are described in the standards. Now you can define the action

combinations that will eventually be worth considering for the generation of load or result

combinations.

An action combination includes all ways how load cases can be combined in the action. It should
therefore not be confused with a load or result combination that represents only a single variant of

these possibilities.

p
Edit Load Cases and Combinations

=)

Existing Action C
IS0 AC1 1.35G =
STR [l 1.35G +1.500s
&0 AC3 1.35G + 1.500s + 0.90Qw

| 1.35G + 1.500s + 0.90Gw + 1.05
B3 ACS 1.35G = 1.50Qs « 1.05QiB
S5 ACE 1.35G + 1.50Qw
B ACT 1.35G = 0.750s + 1500w
[STR [le:} 1.35G = 0.750s + 1.500w + 1.05C
G0 ACY 1.35G =+ 1.50Qw + 1.05QiB
B AC10 | 135G + 1.50QB
BRI ACTT [ 1.35G + 0.75Qs + 1.500iB
B AC12 [ 1.35G +0.750s + 0.90Gw + 1.50C
B AC13 | 1.35G +0.900w + 1 50GiB
SEh AC1Y [ 100G =
SR AC15 | 1.00G +1.000s
SICH AC16 [ 1.00G +1.00Qs + 0.60Qw
SICH AC17 | 1.00G + 1.00Qs + 0.60Gw + 0.70C
SICH AC18 [ 1.00G + 1.00Qs + 0.70GiB
SICH AC19 [ 1.00G « 1.00Qw
SIEH AC20 | 1.00G +0.500s + 1.00Gw
SIEA AC21 | 1.00G + 0.500s + 1.00Cw + 0.70C
SIEH ACZ2 [ 1.00G +1.00Qw +0.70GiB
SR ACZ3 [ 1.00G + 1.00aB
SIEH AC24 | 1.00G +0.500s + 1.00GiB
SIEH AC25 | 1.00G + 0.500s + 0.60Cw + 1.00C
SIEH AC26 [ 1.00G +0.60Qw + 1.00GiB
S AC27 | 1.00G W

1.00G = 0.00Qs + 0.00Cw

1.00G = 0.00Qs + 0.00Gw + 0.30C

1 W2 2 N o NANER i

-

| Load Cases | Adtions | Combination Expressions | Action Combinations | Load Combinations | Resul: Combinations |

AC No.

Action Combination Description

4 1.35G + 1.50Qs + 0.90Qw + 1.05QiB

General

Use

@] @m

Design Situation

EM 1990 | CEN

| ULS (STR/GEQ) - Permanent / transient - Eq. 6.10

Actions in Action Combination AC4

List and number
CO11 .. CO4 (#/71)

Genarated
load combinations

Comment

Mo. | Factor Action Description Leading T W Load Cases
1 1.350 {HEH A1 Pemanent load [m] 135 LC1 LC2

2 1500 @80 A2 | Snow 1.50 Lc3

3 0.500 A3 Wind &l 150 060|LC4 LCS

4 1.050 A4 Imposed load Bl 150 0.70(|LCE

==
. J
Image 5.21 Edit Load Cases and Combinations dialog box, Action Combinations tab
2.4 Action Combinations x
EEE =8 [3€0 & | @ E A%
B C F [ G H [ 1 J [ K L ]
Action Combination EN 1930 | CEN Action 2 Action 3 Action 4 Generated
Description Use Design Situation Factor | Mo Factor Mo. Factor Mo Load Combinations
1.35G ] ULS (STR/GEQ) CO1 ... CO3 (3/47)
AC2 |1.35G +1.50Qs ¥ ULS (STR/GEQ) C04 ... CO6 (3/47)
AC3 || 1.35G + 1.50Qs + 0.90Qw [ ULS (STR/GEQ) CO7 ... CO10 (4/47)
AC4 | 1.35G + 1.50Qs + 0.90Qw + 1.05GiB ¥ ULS (STR/GEQ) 1.05 A4 [COT1..CO4 (4/47)
ACS || 1.35G + 1.50Qs + 1.05QiB [ ULS (STR/GEQ) CO15 . CO17 (3/47)
ACE | 1.35G + 1.50Qw | ULS (STR/GEQ) CO18 .. CO21 (4/47)
ACT | 1.35G + 0.750s + 1.50Qw ¥ B ULS (STR/GED) C022 .. CO25 (4/47)
ACE | 1.35G + 0.75Qs + 1.50Qw + 1.05QiB | ULS (STR/GEQ) 1.05 A4 [CO26 ... CO29 (4/47)
ACY | 1.35G + 1.50Qw + 1.05QiB ¥ ULS (STR/GEQ) CO30 ... CO33 (4/47)
AC10 || 1.35G + 1.50QB [ ULS (STR/GEQ) CO34 . CO36 (3/47)
AC11 | 1.35G + 0.75Qs + 1.50QiB = ULS (STR/GEQ) C037 ... CO39 (3/47)
AC12 || 1.35G + 0.750s + 0.90Qw + 1.50GiB ¥ Bl ULS (STR/GEQ) 1.50 A4 | CO40 .. CO43 (4/47)
AC13 | 1.35G + 0.90Qw + 1.50QiB = ULS (STR/GEQ) CO44 | CO47 (4/47)
4 [ r
Load Cases | Actions | Combination Expressions | Action Combinations | Load Combinations | Result Combinations |
Action Combination Description

Image 5.22 Table 2.4 Action Combinations
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Action Combination No.

The combinations generated from actions are numbered consecutively. An action combination includes
all the possibilities how the load cases contained in the action can be considered. These possibilities
depend on the action category and the combination expressions.

In the bottom left corner of the Existing Action Combinations section in the Edit Load Cases and
Combinations dialog box, it is possible to filter generated combinations by design situation or
relevance.

¥ Touse l:]
Al
7 Mot to use
ULS (STRAGEOD) - Permanent / transient - Eq. 6.10
S€h 5LS - Characteristic
B8 5LS - Quasi-permanent

Filter option in the Edit Load Cases and Combinations dialog box

Action Combination Description

RFEM automatically assigns short descriptions that are based on the safety factors and symbols of the
actions, and that express combination rules. You can change these descriptions, if necessary.

Click the dialog button to jump to the previous dialog tab where the combination expression is
selected that the current action combination was created with.

Use

The check box allows you to control if the selected action combination is considered for creating load
or result combinations. In this way, it is possible to exclude action combinations from the generation or
reactivate them.

If RFEM creates an action combination twice because of special constellations, one of them is
automatically deactivated.

Design Situation

The design situation of the current action combination is indicated once more so that you can check
data. Use the [Info] button to look at the combination rule of the design situation. A dialog box with
explanations opens (see Figure 5.13 @).

Actions in Action Combination

The columns provide information about actions with the corresponding partial safety factors and
combination coefficients.

If an action is assumed to be Leading in the combination, it is marked accordingly in the dialog box. In
this case, it is inserted as the action Qi1 in Equation 5.1 @ to Equation 5.7 @ (see Chapter 5.3
Combination Expressions @ ).

The values shown in the Factor table column are based on coefficients that depend on the selected
standard. For EN 1990, they are the partial safety factors v, the combination factors v, the reduction
factors &, and, if applicable, the reliability factors Kr of each action, which result from the design
situation and action category.

| www.dlubal.com
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Use the [Settings] button to check and, in case of a user-defined standard, adjust the partial safety
factors and combination coefficients. The factors are organized in several tabs of the Coefficients

dialog box. The first tab, Partial Safety Coefficients, is shown in Figure 12.27 ®. The Combination
Coefficients tab manages the factors y and &.

Coefficients - EN 1990 | CEN =5
Partial Safety Coefficients | Combination Coefficients | Consequences Class

Combination Coefficients of Variable Actions

Action Category wo w1 w2

3A Imposed Loads  -Category A - Domestic, residential areas 070 050 030
3B -Category B - Office areas 070 050 030
ic -Category C - Congregation areas 070 0705 060
3D -Category D - Shopping areas 070 0705 060
3E -Category E - Storage areas 1.00=5 090 080
3F Traffic Loads -Category F - - Vehicle weight < 30 kN 070 0705 060
3G -Category G - Vehicle weight < 160 kN 070 050 030
3H -Category H - Roofs 000 000 000
44 Snow /lce Loads - Finland, lceland, Norway, Sweden 070 050 020
4B - Other - Sites at altitude H > 1000 m 070 0501 0201
4C - Sites at altitude H < 1000 m 0.500 0.201 0.00
5. Wind Loads 060 020 000
6. Temperature fire excluded) 060 050 000

Combination Rule According to Equations 6.10a and 6.10b

Reduction coefficient of permanent unfavorable actions for

combination rule according to Equation 6.10b 0.850 =

v

B X d| =) |08 aK ][ Cancel

Coefficients dialog box, Combination Coefficients tab

The Actions in Action Combination dialog section lists the Load Cases contained in the actions, with all
possibilities how they can be taken into account in the action. These possibilities depend on the action
type and the defined action (simultaneous or alternative). It is assumed that all assigned load cases are
always used together for the action types "Permanent loads" and "Prestress”, unless the relation is
defined as "Alternative". In case of variable, extraordinary, and seismic actions, assigned load cases
can be superimposed in all relevant combinations.

Generated load/result combinations

This dialog section or table column is filled during the generation that starts automatically when closing
the dialog tab or table. The entries provide a short overview of the numbers and quantity of generated
load or result combinations.

Load and result combinations are described in the following Chapters 5.5® and 5.6 3.
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Generated
Load Combinations
CO1...CO3(3/47
4 ... CO6 (3/47

CO44 | CO47 (4/47)

Example

In the example shown on the left, a total of 47 load combinations are generated for the design
situation ULS. For the action combination AC12 (penultimate row), the four load combinations CO40
to CO43 occur with the following background:

The first action A1 has been categorized as the "Permanent loads" action category and is provided
with the factor y = 1.35 in the generated load combinations. The contained load cases 1 and 2 occur
together in all load combinations.

As the second action A2, we have the "Snow" action category, included in the load combinations with
the factor y = y = 1.50 « 0.50 = 0.75.

The third action A3 doubles the number of generated load combinations, because the "Wind"
category is available with the two alternatively acting load cases 4 and 5. This action is multiplied with
the factor y -y =1.50 - 0.60 = 0.90 in the load combinations.

The fourth action A4 is classified as the "Imposed load category B" action type and provided with the
factor y = 1.50 in all four load combinations. This action is a leading action.

(4/47) = in Action Combination AC12

Mo. | Factor | Action Description Leading T W Load Cases | -
1 1.350 (HEH A1 Permanent load ] 135 LC1 Lc2
2 0.750 (WaEN A2 Snow ] 150 050|LC3
3 0.500 (NEXE A3 Wind ] 150| 060|LC4 LCB
4 1.500 |IEHEA A4 Imposed load 1.50 LCE
Genarted List and number

load combinations:  COA0 .. CO43 (4/47)

Actions in action combination AC12

In addition, we have to take the two imperfection load cases 7 and 8 into account, which are coupled
with the directions of both wind load cases. We want to create load combinations, once with
imperfections and once without.

With these specifications, RFEM forms the following load combinations for AC12:

COA40: 1.35LC1 + 1.351LC2 + 0.75LC3 + 0.9LC4 + 1.51Cé6
CO41: 1.35LC1T + 1.35LC2 + 0.75LC3 + 0.91LC4 + 1.5LC6 + LC7
CO42: 1.35LC1T + 1.35LC2 + 0.75LC3 + 0.9LC5 + 1.51LCé
CO43: 1.35LC1T + 1.35LC2 + 0.75LC3 + 0.9LC5 + 1.5LC6 + LC8

Click the dialog button to jump to the Load Combinations dialog tab where the first combination
created from the current action combination is selected.

Comment

Enter a user-defined note or select an entry from the list.

| www.dlubal.com
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5.5

Difference between load and result
combination

Classification of Load Cases and Combinations

According to Standard: Mational annex:

EEN 1950 ~ [ECEN -

| Create combinations automatically I

@ Load combinations

() Resuft combinations for linear analysis only)

Check box in Model - General Data dialog box

Load Combinations

General description
Load cases can be superimposed in a load combination (€O) and in a result combination (RC).

Whilst taking partial safety factors into account, a load combination combines the loads of the
contained load cases into "one big load case", which is subsequently calculated. In a result
combination (see Chapter 5.6 @), the included load cases are calculated first. Then these results are
superimposed in consideration of the partial safety factors.

Load cases can be combined manually (see Chapter 5.5.1 @) or superimposed automatically by
RFEM (see Chapter 5.5.2 @), depending on settings in the Model - General Data dialog box (see
Figure 12.23 @ ). These Settings also affect the appearance of the Result Combinations dialog tab in
the Edit Load Cases and Combinations dialog box.

If you want to calculate combined load cases according to the second-order or large deformation
analysis, you generally have to create load combinations. The same applies to models with nonlinear
elements. The following example is used to demonstrate the subject.

Two load cases act on a slab with elastic foundations: In load case 1, the surface load acts on the
entire plate; in load case 2, it stresses only part of the surface. The self-weight is not taken into account.
The elastic foundation of the slab is ineffective in case of tension. Hence, no lifting forces are absorbed.

Max w 0.2, Min w 0.2 mim

Load and deformation in LC 1

The foundation in load case 1 is effective for the entire surface.

Mz w11, Minw 0.0 mm

Load and deformation in LC 2

The foundation in load case 2 is only effective for the right part of the surface. The left part of the slab
is lifting.
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When combining both load cases in a result combination, a warning appears because adding up
results would be unacceptable due to nonlinear effects: Deformations in both load cases are based on

different structural systems. For a result combination, you would see the lifting in the left zone shown in
the second case.

It is therefore correct to superimpose the two load cases in a load combination. The figure below
shows that the elastic foundation is effective for the added loads without failure.

Max w: 06, Minw 0.2 mm

[ 5710y Load and deformation of the load combination
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B3|

5.5.1 User-Defined Combinations

Creating new load combinations

There are several ways to open the Edit Load Cases and Combinations dialog box to create a load

combination:

= Menu option Insert — Load Cases and Combinations — Load Combination

= [New Load Combination] button in toolbar

Table Options Add-on Modules Window Help
I ENE 28 @ MR sl
B9 G 1Ay WAAGS

E} Load Cases and Combinatorics...

Mew Load Case...
Mew Load Combination... L\\)
Mew Result Combination...

Mew Action...

WL

Mew Combination Expression..,

New Load Combination button in toolbar

= Shortcut menu of Load Combinations navigator entry

Project Mavigator - Data x
ET™ RFEM
2-4¥] Load combination* [Examples]
] Model Data
=28 Load Cases and Combinations

-3 Load Cases

j ] Load Combinations

- el
¥ Result Combinatio

(-0 Loads TF New Load Combination... L\\,
[+ Results E? Go to Table
----- | Sections

----- |_J Average Regions )

----- | Printout Reports
[#-_J Guide Objects
- Add-on Modules

ﬁData ﬂDisplay ,ﬂ\c’iews  Results

Shortcut menu for Load Combinations in Data navigator

The Edit Load Cases and Combinations dialog box appears. A new load combination is preset in the

Load Combinations dialog tab.
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Goveming Load Combination -]
Goveming Load Combination

Design Intemal Forces
Characteristic values
Deflection analysis
Foundation loads
Second Order Theory

e =)
Load Cases | Load Combinations | Resut Combinations |
Existing Load Combinations CO No. Load Combination Description To Solve
I CO1 Self-weight, Snow. Wind = 1 w  Self-weight, Snow, Wind -
General | Calculation Parameters
Existing Load Cases Load Cases in Load Ci col
Seff-weight = 1.35 Lc1 Self-weight =
Permanert load 135 |HEHLC2 Pemanent load
Snow Snow
Imposed load
Imperfection towards +X
Imperfection towards +Y @
==~ - 150 -
- | | comment
u - X -

&

m Edit Load Cases and Combinations dialog box, Load Combinations tab

The following description relates to the General tab. The Calculation Parameters dialog tab is
described in Chapter 7.3.1 3.

= |tis also possible to enter a new load combination in an empty row of Table 2.5 Load Combinations.

2.5 Load Combinations x
BEEE &0 AIE a1 I IP=R
C D [ E F [ G H [ 1 J [ K L [ M |-
Load | Load Combination LC.1 LC2 LC3 Lc4 LCH F
Combin. Description To Solve | Factor No. Factor No. Factor No. Factor No. Factor | No.
CO1 | Seff+weight, Snow, Wind 1.35 HEE LC1 1.35 MM LC2 | 150 P@EN LC3 | 050 LC4 L
CO2 | Seff-weight, Snow 1.00 [HEH LC1 1.00 MM LC2 | 1.00 |B@Ed LC3 3
CO4 L
[ Ccos | -

gl

I

Load Cases | Load Combinations | Resuft Combinations |

Load Case Description

Image 5.32 Table 2.5 Load Combinations

Load Combination No.

The number of the new load combination is preset but can be modified in the CO No. text box. The
order of the load combinations can be adjusted retroactively with the [Renumber] dialog button (see
Table 5.7 @ and Chapter 11.4.18 @).

Load Combination Description

You can enter any name manually or select it from the list to briefly describe the load combination.
Since manually entered descriptions are stored in the list, they are also available for other models.

www.dlubal.com
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Classification of Load Cases and Combinations

According to Standard: Mational annex:

EEN 1930 + HECEN ~

[ Create combinations automatically
(@ Load combinations

Result combinations for linear analysis only)

Specification of standard in Model - General Data
dialog box

To Solve

You can use the check box to control if the load combination is considered in the calculation. In this
way, it is possible to enable load combinations or exclude them from the calculation.

Load Cases in Load Combination
The columns provide information about the load cases with the corresponding factors.

The values indicated in the Factor table column are based on coefficients that depend on the selected
standard. For EN 1990, they are the partial safety factors v, the combination factors W, the reduction
factors &, and, if applicable, the reliability factors Kry of each action, which result from the design
situation and action category.

To check or adjust the partial safety factors and combination coefficients, use the [Details] button. The
Coefficients dialog box opens where the various factors are organized in several tabs. The first tab,
Partial Safety Coefficients for EN 1990, is shown in Figure 12.27 @. The Combination Coefficients tab
manages the factors y and & (see Figure 5.24 @). The reliability factor K| can be selected in a list of
the Consequence Classes dialog tab, or you can enter a user-defined value.

Combining load cases

In the Edit Load Cases and Combinations dialog box, you can assimilate load cases in combinations
as follows: Select the relevant load cases in the Existing Load Cases list by clicking them. You can use a
multiple selection by pressing the [Cirl] key (as familiar from MS Windows). Use the | | button to
transfer selected load cases to the right into the Load Cases in Load Combination list; at the same time,
partial safety factors and combination coefficients are added automatically.

General | Caleulation P

Existing Load Cases

Load Cases in Load Combination CO1
135 |HEELCH Seff-weight -
150 I Lc3 | Snow
0.50 LC4 Wind in +X

Wind in +X

m
B

m

B

Al - 150

Comment

- =)

Multiple selection of load cases and created load combination according to EN 1990

The factors are created in accordance with the standard set in the Model - General Data dialog box
(see Chapter 12.2.1 ®@).

The preset factors can be checked and, if necessary, customized in the Coefficients dialog box that you
open with the [Details] button (see Figure 5.24 @ and Figure 12.27 @).

To modify the coefficient of a load case that has been transferred into a load combination, select the
load case in the Load Cases in Load Combination list. Now you can enter the appropriate factor into
the text field below or select it from the list. Click the [Set Factor] button to dpp|y the new factor to the
load case.
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Al

IEE Permanent
=1 Snow /ice

Wind

T Imperfection

@ .

To remove a load case from a load combination, select the load case in the Load Cases in Load
Combination column of the dialog box. Use the [ 2| button or double-click the entry to return it to the
Existing Load Cases column.

Several filter options are available at the bottom of the Existing Load Cases list. These options make it
easier to assign the load cases sorted by action categories or to select them from load cases that are
still unassigned. The buttons are described in Table 5.7 3.

To manually define load combinations, use the [Edit] button in the bottom right corner of the Loading
dialog box.

Load Combination CO1 [

Load Cases in Load Combination
1.35°LC1 + 1.5°LC3 + 0.9°LC4 -

Examples:
a) 1.35°LC1 + 1.5°LC2 + 0.85°LC3
b) LCT +LC2 +1.3°LC3

oK.

] [ Cancel

Load Combination dialog box for definition via editing field

In the Load Cases in Load Combination text box, load cases can be added (or subtracted, if
necessary) by any factor. Nesting of input is not permitted.

LC1 +0.5*LC3
To the simple loading of load case 1, half the load of load case 3 is added.

Example:

Use the [Set Input] button to transfer the entry to the Load Cases in Load Combination list of the initial
dialog box.

Comment

Enter a user-defined note or select an entry from the list to describe the load combination in detail.

Calculation Parameters

The Calculation Parameters tab in the Loading dialog box provides different options for controlling the
calculation. You can find a detailed description of these parameters in Chapter 7.3.1 @

www.dlubal.com
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Editing load combinations
There are several ways to change load combinations retroactively:

= Menu option Edit — Load Cases and Combinations — Load Combinations
= Shortcut menu or double-click of a load combination in the Data navigator

Project Mavigator - Data x
E™ RFEM
2-4¥] Load combination* [Examples]

=1~ Load Cases and Combinations
_§ Load Cases

# Load Combinations
) CO1: Self-weight, Snow, Wind
] CO2: Self-weight, Wind

Result Combinaticns = Edit.. L\\) Enter
- Loads ¥ New Load Combination...
3 Results “F GotoTable
----- | Sections
. . Copy Load Combination...
----- |_J Average Regions e | Copy Load Combination
_____ (2] Printout Reports E_El Apply Default Load Combination Parameters

[#-_J Guide Objects
- Add-on Modules

ﬁData ﬂDisplay AViews

% | Delete Del
=

Shortcut menu of a load combination

In the Edit Load Cases and Combinations dialog box (see Figure 5.31 @), select the CO by clicking it.
Then you can edit the definition criteria.

Buttons

In the Edit Load Cases and Combinations dialog box, there are different buttons below the Existing
Load Combinations and Existing Load Cases lists. They have the following functions:

Creates a new load combination.
Creates a new load combination as a copy of the selected combination.
Ly Assigns a new number to the selected load combination, which must be specified in a

separate dialog box. This CO number must be unassigned.

(x] Deletes the selected load combination.

The list only shows the load cases that are not yet contained in the load combination.
2 Selects all load cases in the list.

! Inverts selection of load cases.

Buttons in the Load Combinations tab
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5.5.2 Generated Combinations

When switching to the Load Combinations dialog tab or to Table 2.5, RFEM automatically creates the
combinations. As the load cases are not superimposed manually, the General tab looks different (see
Figure 5.31 @, for user-defined combinations).

(Edit Load Cases and Combinations ﬂ‘
‘ Load Cases | Actions I Combination Expressions | Action Combinations | Load Combinations | Resutt Comblnanonsl
Existing Load C CO No. Load Combination Description To Solve
1.35°LC1 +1.35°LC2 il 7 STR 1.35°LC1 + 1.35°LC2 + 1.5°LC3 + 0.9°LC4 E]
135°1C1 +1.35°LC2 + LCT
135°LCT = 135102 + LCB [ General | Calculation Parameters|
1 35:LCW +1.35:LC2+T.5:LC3 Load Cases in Load C cor
1E5LCT 1 35C2 1 5UCS No. | Factor Load Case Action Leading T, AT
1.35°LCT +1.35°LC2 + 1.57LC3 + T
1.35°LC1 + 1.35LC2 + 1.5'LC3 L Gl sl 2o e 5Nl edeiber :
1.35°C1 = 1.35C2 « 15-.C3 = 2 1.350 IEM LC2 - Permanent load M A1 - Standige Laste =] 135
35O + 1 T + 1 LT« 3 | 1500 BN LC3 - Snow @& A2 - Schnee 1.50
[STR [eeRl] 1357C1 + 135702 + 157LC3+ | 4 0.500 LC4 - Wind in +X I A3 - Wind [} 150| 080
[STR Jeeall 135C1 + 1.35°1C2 + 15°C3+ |
[STR Juelbd 1.35°1C1 +1.35°LC2 + 1.5°LC3 +
& Co13 1.35°LCT +1.35°LC2 + 1.5°LC3 +
[STR [eeats 1.35°1C1 + 1.35°LC2 + 1.5°LC3 +
B Co15 1.35°1C1 + 1.35°LC2 + 1.5°LC3 +
B Co16 135°1C1 +1.35°LC2 + 15°LC3 +
B Co17 1.35°1CT +1.35°LC2 + 1.57LC3 + E
[STR Jeelt: 1.35°1C1 +1.35°LC2 + 1.5°LC4
[STR Juelk:] 1.35°1C1 +1.35°LC2 + 1.5°LC4 +
co20 135°C1 +1.35"C2+ 15°LC5
co21 1.3571CT +1.35°LC2 + 1.57LCh +
coz2z 1.35°1C1 + 1.35°LC2 + 0.75°LC3 +
co23 1.35°1C1 +1.35°LC2 + D.75°LC3 +
Coz24 1.35°LCT +1.35°LC2 + 0L757LC3 +
C025 1.35°1C1 + 1.35°LC2 + 0.75°LC3 +
CO26 1.35°1C1 +1.35°LC2 + 0.75°LC3 +
co27 1.35°LCT +1.35°LC2 + DL757LC3 +
coz8 1.35°LCT +1.35°LC2 + 0L757LC3 + L4
co2% 1.35°1C1 + 1.35°LC2 + 0.75°LC3 + ac
s |1500 100150 |||
Al AL T
\. J

Edit Load Cases and Combinations dialog box, Load Combinations tab

Load Combination No.

7 Genewted v Load combinations generated from action combinations are consecutively numbered.

Al
L oot You can filter the generated combinations according to specific criteria using the selection field in the
o solve

bottom of the Existing Load Combinations dialog section.

8= User-defined
Load Combination Description

RFEM assigns short descriptions that express combination rules and are based on the safety factors
and load case numbers. You can change these descriptions, if necessary.

Click the [ 2] dialog button to jump back into the Action Combinations dialog tab (see Chapter 5.4 @)
where the action combination that the current load combination was created with is selected.

To Solve

This check box controls the result determination for the load combination(s) selected in the Existing
Load Combinations dialog section.
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Load Cases in Load Combination

The columns show the load cases including the corresponding partial safety factors and combination
coefficients. It is not possible to modify the factors of generated combinations.

A load case acting as Leading in the combination is marked accordingly in the dialog box.

To check the partial safety factors and combination coefficients, use the [Details] button. The
Coefficients dialog box is divided into several tabs (see Figure 12.27 @ and Figure 5.24 ®).

Adding load combinations

The generated load combinations cannot be edited, only deleted or excluded from the calculation with
the To Solve check box.

You can add a user-defined combination with the [New] button in the bottom left corner of the Existing
Load Combinations dialog section (see Figure 5.37 @ ). For the manual definition, the General dialog
tab's look is adjusted.

- N
Edit Load Cases and Combinations =5

Load Cases [ Actions | Combination Expressions [ Action Combinations | Load Combinations | Resut Combinations

Existing Load Combinations CO No Load Combination Description To Solve
CO1 | 1351CT +1.35°1C2 )= 3 v Userdefined load combination -

coz 1.35°LC1 + 1.35°LC2 =+ 1.5°LC3

003 [1351C1+ 135102+ 15103+ General | Calculation Parameters
s 35}“ * 1'35'LC2”'? |:c4 Existing Load Cases Load Cases in Load Combination COS
B cos 135 LC1 +135°C2+ 07503 I 135 N2 | Pemanstiond =
S 75 e oo 2 |Pemanentload 150 [WEENLC  [Snow
05003 | Snow 090 |ow IC4  |Windin+X
I LC4 Wind in +X
A - 135
- | | comment
Al - [®] v

Adding a user-defined load combination

Chapter 5.5.1 @ describes how load combinations can be created manually.
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5.6

Difference between load and result
combination

Classification of Load Cases and Combinations

According to Standard: Mational annex:

BRI EN 1990 ~ [ECEN -

| Create combinations automatically I

@ Load combinations

() Resuft combinations for linear analysis only)

Check box in the Model - General Data dialog box

=2

Result Combinations

General description
Load cases can be superimposed in a load combination (€O) and in a result combination (RC).

In a result combination, included load cases are calculated first. Then the results are superimposed
while considering the partial safety factors. A load combination (see Chapter 5.5 @) combines the
loads of the contained load cases into "one big load case" while taking the partial safety factors into
account, and then calculates it.

Load cases can be combined manually (see Chapter 5.6.1 B) or superimposed automatically by
RFEM (see Chapter 5.7 @), depending on settings in the Model - General Data dialog box (see Figure
12.23 @). These Settings also affect the appearance of the Result Combinations dialog tab in the Edit
Load Cases and Combinations dialog box.

Result combinations are not suitable for nonlinear calculations because they lead to falsified results: In
most cases, failure of nonlinear elements (e.g. tension members, foundations) happens differently in the
individual load cases. Redistribution effects occur, so the internal forces from different models would be
combined (see example in Chapter 5.5 @).

In a result combination, you can superimpose the results of load cases, load combinations, and results
of other result combinations.

The internal forces are usually summed up. In principle, subtractions are also possible. Please note,
however, that in this case, signs of the internal forces are reversed: Tensile forces become compressive
forces, etc. As an alternative, it is therefore recommended to copy the load case (see Chapter 5.1 @)
and to set the load factor to —1.00 for the load case copy in the Calculation Parameters dialog tab.
Then the load case can be added in a result combination.

5.6.1 User-Defined Combinations

Creating new result combinations
There are several ways to open the loading dialog box for creating a result combination:

= Menu option Insert — Load Cases and Combinations — Result Combination

= [New Result Combination] button in the toolbar

Table Options Add-on Modules Window Help
7 ||EIE] #a Ll -seif-weight -2 PR
-rB-9-GiF-|B-tERBY- RAADF ||

2} Load Cases and Combinatorics...

“§ | New Load Case...

¥ New Load Combination...

TF  New Result Combination... l}
E}S Mew Action...

2} Mew Combination Expression...

New Result Combination button in the toolbar

| www.dlubal.com
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= Shortcut menu of the Result Combinations navigator entry

Project Mavigator - Data

X

[=

T RFEM
2-4¥] Load combination* [Examples]

+--| ) Model Data

E| ‘.l Load Cases and Combinations
: -_4 Load Cases

% Load Combinations

S 1 Fesult Combinationsge

..... |20 Average Regions

----- [ZJ Printout Reports A | Delete

(-0 Loads % | Edit Result Combinations
-0 Results | ¥ Mew Result Combination... [} |
----- |2 Sections “§  GotoTable

(-] Guide Objects
[#-_J Add-on Modules

]@ Combinations_of_actions™ [Examples]

-ﬂData gDisplay _ﬁ\iiews

[ i<l 8y Shortcut menu of Result Combinations in the Data navigator

The Edit Load Cases and Combinations dialog box appears. A new result combination is preset in the
Result Combinations dialog tab.

r
Edit Load Cases and Combinations

i |

Load Cases | Load Combinations | Result Combinations |

Existing Result C

M RC2? Characteristic values

RC1 Design Intemal Forces =

RC No. Result Combination Description

2 = Charactenstic values

General | Calculation Parameters

To Solve
-

Existing Loadin

EEmCT | Sefweight

| c_Jlw] Pemmanent load
a@=l LCc3 Snow

LC4 Wind in X

LC  Load Cases

Comment

N - X

IC5 | Imperection towards X

*

W[
©

m

B

MIETIED)

Loading in Result Combination RC2

1.35 |HEM LC2 Permanent
150 [W@sd LC3 Varizble

090 LC4 Varizble

135 v (@ Permanent 1 v

(2) Variable

- @)

"

[y Edit Load Cases and Combinations dialog box, Result Combinations tab

The following description refers to the General tab. The Calculation Parameters dialog tab is described
in Chapter 7.3.2 @
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ntemal Forces

' Characteristic values
Deflection analysis
Foundation loads
Self-weight, Wind
Self-weight, Snow, Wind
Self-weight, Snow

| Gover
Design |

= |tis also possible to enter a new result combination in an empty row of Table 2.6 Result
Combinations.

2.6 Result Combinations

EEEE EEI3EO == 3 |EHELE M =A%
(AN C [ 0 [ E [ F [G[HT T [ J [K[ECT[ ™M [N
Result Result Combination Loading.1 Loading.2 Loading.3
Combin.| pg Description To Solve| Factor Mo. Crit. | Gr. | Factor Mo. Crit. | Gr. | Factor Mo. Crit.
Design Intemal Forces 1.35 [HEM LC1 1.50 [@En LC3 0.50 [IETE LC4 1
| RC2 | Characteristic values 1.35 [HEM LC1 1.35 [HEM LC2 1.50 [WEEN LC3 i
| RC4 | L
<

4 | i

Load Cases | Load Combinations | Result Combinations |
Load Case Description

Table 2.6 Result Combinations

Result Combination No.

The number of the new result combination is preset but can be modified in the RC No. text box. The
order of the result combinations can also be adjusted retroactively with the [Renumber] dialog button
(see Table 5.8 @ and Chapter 11.4.18 @).

Result Combination Description

You can enter any name manually or select one from the list to briefly describe the result combination.
As manually entered descriptions are stored in the list, they are also available for other models.

To Solve

Use the check box to control if the result combination is considered in the calculation. In this way, it is
possible to exclude result combinations from the calculation or reactivate them.

Loading in Result Combination

The columns provide information about the load cases, load combinations, and result combinations,
including related factors.

The values indicated in the Factor table column are based on the coefficients that depend on the
selected standard, among other things. For EN 1990, they are the partial safety factors v, the
combination factors y, the reduction factors &, and, if applicable, the reliability factors K of each
action, which result from the design situation and action category.

To check and, if necessary, adjust the partial safety factors and combination coefficients conforming to
standards, use the [Details] dialog button. The Coefficients dialog box opens where you can find
various factors, organized in several tabs. The Partial Safety Coefficients tab for EN 1990 is shown in
Figure 12.27 @. The Combination Coefficients tab manages the factors y and & (see Figure 5.24 @).
The reliability factor Kf can be defined in a list in the Consequence Classes dialog tab, but you can
also enter a user-defined value.

Combining loadings

In the Edit Load Cases and Combinations dialog box, you can superimpose load cases, load
combinations, and result combinations in a combination as follows: Select the relevant entries in the
Existing Loading list by clicking them. As familiar from MS Windows, you can use a multiple selection
by pressing the [Ctrl] key (see Figure 5.42 @ ). Use the and dialog buttons to transfer the
selected entries into the Loading in Result Combination list on the right.
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Classification of Load Cases and Combinations

According to Standard: National annex:
| - EN 1330 v ECEN -

|| Create combinations automatically
@ Load combinations

Result combinations for linear analysis only)

Standard settings in the Model - General Data
dialog box

W -]

Pemanent
Variable

General | Caleulation P

Existing Loading

=l LC1 Self-weight

| . Jlew] Pemanent load
0=l LC3 Snow

aw LC4 Wind in +X
Imp [LCS Imperfection towards +X

Loading in Result Combination RC4
1.35 |HEH LC1 Pemanent

| »
| »

150| ow LC4 N Varicble
1.00 |l LC5 Permanent 1

Multiple selection for alternative analysis of two load cases

The load case factors are applied according to the standard set in the Model - General Data dialog
box. If required, you can adjust the preset partial safety factors (see Chapter 12.2.1 @) by using the
[Edit Settings] dialog button.

To remove a load from a result combination, select the load case in the Load Cases in Load
Combination column of the dialog box. Use the button or double-click the entry to return it to the
Existing Loading dialog section.

The load cases, load combinations, and result combinations contained in the result combination can be
superimposed in accordance with their effect:
= Loading Criterion

- Permanent Effect

If you want to apply the loading permanently or unconditionally, the Permanent criterion or /p
must be added to the loading.

- Variable Effect

A loading with the Variable criterion is only considered in the superposition if its internal forces
make an unfavorable contribution to the result.

= Criterion for Superposition
- Additive Combination

The results of loadings are combined additively with the "+" criterion. Use the (%] button in the
dialog box to transfer the marked load cases, load combinations, and result combinations into
the definition list of the result combination.

- Alternative Combination

For the alternative analysis using the "or" criterion or the abbreviation "o", RFEM treats the results
of particular loadings as mutually exclusive. RFEM only considers the values of the loading that
makes the maximum unfavorable contribution. Use the dialog button to transfer selected
loadings to the definition list of the result combination.

Loadings that act alternatively are marked with the same number in the Group table column.

The criterion "orto" ("or to") combines a list of alternative loadings from the first to the last object.
Obijects that lie in-between are not listed.

All loadings listed in the alternative combination group must be uniformly marked as 'Permanent'
or 'Variable'. Thus, it is not allowed to, for example, enter "LC1/p or LC2".

It is possible to individually adjust the factors of transferred loadings: Select the loading(s) in the
Loading in Result Combination list, and then enter a suitable factor into the text box or select it from the
list. Finally, click the [Set Factor] button to apply the new factor to the loading(s).

Analogously, you can retroactively change the loading criterion (permanent or variable effect) or the
group dffiliation of an alternative loading. To assign the new criterion to the selected loading, use the
[Set] dialog button.
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L Load Cases EEY Several filter options are available below the Existing Loading list. They make it easier to assign

- loadings sorted by load cases, load combinations, action combinations, and action categories. In

20 Lond Corbinations addition, it is possible to restrict the listing to unassigned loadings. The buttons are described in Table
RC  Result Combinations 58m@.
M Fermanent

Qs Snow /ice
I Wind
T Imperfection
You can manually define result combinations in a separate dialog box by using the [Edit] button in the

bottom right of the Edit Load Cases and Combinations dialog box.

Result Combination RC3 ﬁ

Loading in Result Combination
1.35°LC1 4 + 1.5°LC4 or 1.5°LCH -

-

Examples:
a] 1.35"LC1/p + 1.5*LC2 + 0.85*LC3 or 0.85°LC4

b CO1or COZ or 1.2°CO3

c] RC1/p or RC2/p or 1.2°RC3/p

d] RC1/p or ta RC100 + 0.9°RC101 or to RC150

Motes:

p' . Permanent superposition [if '/p' missings -» variable superposition)
‘or' : Alternative group

‘or o' : Alternative group ‘from to'

(0] 3 ] [ Cancel

Result Combination dialog box for definition via edit box

In the Loading in Result Combination text box, load cases can be added with any factor or combined
with the "or" criterion. Nesting of input is not permitted.

Examples:

= LC1/p + LC2/p + LC3
Load cases 1 and 2 are superimposed as permanent, load case 3 as variable.
= LC1/p + CO2 + LC3 or LC4 or LC5 (corresponds to LC1/p + CO2 + LC3 orto LC5)

Load case 1 is considered permanent in the superposition and load combination 2 variable. The
most unfavorable among load cases 3, 4, or 5 is also variably superimposed with the criterion
(i.e. only one of them is effective - if it increases the result values).

= 1.2CO1/p + 0.2RC1 or -0.2RC1

The 1.2-fold of load combination 1 is superimposed as permanent with the most unfavorable
contribution of the positive or negative 0.2-fold of result combination 1.

= RC1/p o RC2/p o RC3/p o RC4/p (corresponds to RC1/p orto RC4/p)

Result combinations 1 through 4 are compared among each other as permanently acting. The
envelope is determined as the most unfavorable result.

v The [Set] button transfers the entry into the Loading in Result Combination list of the initial dialog box.
ry 9 9

Comment

Enter a user-defined note or select an entry from the list to describe the result combination in detail.
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Calculation Parameters

The Calculation Parameters tab in the Loading dialog box provides different options for controlling the
calculation. You can find a detailed description of these parameters in Chapter 7.3.1 @

Editing result combinations
There are several ways to change result combinations retroactively:

= Menu option Edit — Load Cases and Combinations — Result Combinations

= Shortcut menu or double-click of a result combination in the Data navigator

Project Mavigator - Data x
[
E| @ Load combination™ [Examples]

=28 Load Cases and Combinations
-_4 Load Cases

% Load Combinations

¥ Result Combinations

|_J RC1: Design Internal Forces
(e | RC2: Characteristic values

(2B Loads Edit... Ly Enter
- Results 2']- Mew Result Combination...

..... 3 Sections °F GotoTable

""" ) Average Regions E@ Copy Result Combination...

----- _J Printout Reports

[#-_J Guide Objects E} Delete Del

[#-_J Add-on Modules
[]---‘@ Combinations_of_actions™ [Examples]

ﬁData ﬂDisplay ,ﬁ\c’iews

Shortcut menu of a result combination

In the Edit Load Cases and Combinations dialog box (see Figure 5.40 @), select the RC by clicking it.
Then you can edit the definition criteria.

Buttons

In the Edit Load Cases and Combinations dialog box, several buttons are available below the Existing
Result Combinations and Existing Loading lists. The buttons have the following functions:

Creates a new result combination.

Creates a new result combination as a copy of the selected combination.

L Assigns a new number to the selected result combination, which must be specified in a
separate dialog box. It is not allowed to enter an RC number that has already been
assigned.

£

Deletes the selected result combination.

H

The list only shows load cases not contained in the result combination.

av Selects all load cases in the list.
£ Inverts the selection of load cases.

Buttons in the Result Combinations tab
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#  Generated i : I

Al
V' Tosolve
71 Mot to solve

8= Userdefined

5.6.2 Generated Combinations

When switching to the Result Combinations dialog tab or to Table 2.6, RFEM automatically creates the
combinations. As the load cases are not superimposed manually, the General tab looks different (see
Figure 5.40 @ for user-defined combinations).

~
Edit Load Cases and Combinations @

‘ Load Cases | Actions I Combination Expressions | Action Combinations | Load Combinations | Result Combinations

Existing Result Combinations RC No Result Combination Description To Solve
I RC1 1.35°LC1/p +1.5°.C2/p + 0.75°LC gl 1 - -
RCZ 1.35°LC2
RC3 1571C3 General | Caleulation Parameters
EE; : 3;;;1/ 15RC2 + 0.75°RC Existing Loading Loading in Result Combination RC1
RCE 1 35‘LE‘UD {T i]5'LC2+ 1 5’\_[23. L1 Sefweight -
— P N MEN LC2 Pemanent load 1.50 [MEH LC2 Pemanent
8=l 1C3 Snow 0.75 |Bas8 LC3 Vanable
LC4 Wind in +X 050 Lc4 Variable
p¥
=]
.

- 135 ~ . (@) Permanent I

() Variable

LC  Load Cases

+ | | Comment

n - (X - [@]

Edit Load Cases and Combinations dialog box, Result Combinations tab

Result Combination No.
The result combinations generated from action combinations are numbered consecutively.

In the bottom left of the Existing Result Combinations dialog section in the Loading dialog box, you can
filter the generated combinations according to different criteria.

Result Combination Description

RFEM assigns brief descriptions, which are based on the combination rules (safety factors and load
case numbers). You can change these descriptions, if necessary.

Click the [ 2] dialog button to jump back to the Action Combinations dialog tab (see Chapter 5.4 @)
where the action combination that the current result combination was created with is selected.

To Solve

The check box controls the result determination for the result combination(s) selected in the Existing
Result Combinations dialog section.
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Loading in Result Combination

The columns provide information about the load cases, including the corresponding partial safety
factors and combination coefficients. It is not possible to modify the factors of generated combinations.

If a load case is assumed to be Leading in the combination, it is marked accordingly in the dialog box.

To check and, if necessary, adjust the partial safety factors and combination coefficients, use the
[Details] dialog button. The Coefficients dialog box is divided into several tabs (see Figure 12.27 @
and Figure 5.24 @),

Adding result combinations

The generated result combinations cannot be edited, only deleted or excluded from the calculation by
using the To Solve check box.

With the [New] button in the bottom left of the Existing Result Combinations dialog section, you can
add a user-defined combination. The look of the General dialog tab is adjusted to enable the manual
definition.

- N
Edit Load Cases and Combinations =5

‘ Load Cases | Actions I Combination Expressions | Action Combinations | Load Combinations | Result Combinations

Existing Result Combinations RC No Result Combination Description To Solve
RC1 ULs il 2 = Userdefined result combination -

I RC2 User-defined result combination

General | Calculation Parameters

Existing Loadin Loading in Result Combination RC2
ICT | sefweight - 100[ 5 LC1 | /P Permanert | - B
| c_Jiw] Permanert load 100 |HEM LC2 Varizble

0=l 1C3 Snow 1.00 (WasN LC3 Variable

LC  Load Cases - R T
| | comment
" - X -
L J

Adding a user-defined result combination

Chapter 5.6.1 B describes how result combinations can be created manually.
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5.7

Combination Scheme

Load case constellations can be saved as a Combination Scheme and reused for similar applications.
To open the corresponding dialog box, select

Tools — Combination Scheme.

Combination Scheme =Ny X
Description Standard
1 -] (B [ %] En1ss0ICEN
Load Cases
LC LC Description Load Case Type Seff-weight |LC Factor| =«
1 | Seff-weight Pemanent 1.00
2 | Permanent load Pemanent 1.00
3 | Snow Snow (H <le> 1000m asl) 1.00| (2
4 | Windin +X Wind 1.00
5]
[ -

Load Combinations

co Load Combination Description Load Cases in Load Combination -
RS -] 1351C1+1351.C2
2 | Goveming Load Combination -1.35%LC2 + 1.5°LC3
3 | Design Intemal Forces -1.35°LC2 + 1.5°LC3 + 0.5°L.C4 E
4 | Characteristic values -1.35°LC2 + 1.5°LC4
5 | Deflection analysis -1.35°LC2 + 0.75°LC3 + 1.5°1C4
6 | Foundation loads -
Second Order Theory

Self-weight, Wind

Result Combinations

RC Result Combination Description Combination Criteria -
uLs CO1/p orto CO5
[ sLs FLCTCar e
3 =
4
5
[ -

(] 3 ][ Cancel

Combination Scheme dialog box

In the Description dialog section, you can select a combination scheme from the list or use the [New]
button to create a new one.

When load cases have already been defined in the model, they are entered in the Load Cases dialog
section. Load cases can be added by confirming the last row of the list with the [Enter] or [Tab] key. In
the LC Description dialog column, you can select predefined descriptions from a list.

The Load Combinations and Result Combinations dialog sections manage the conditions of
superpositioning for load combinations (see Chapter 5.5 @) and result combinations (see Chapter
56m).

To save the combination scheme, click the button. Use the button to create the load cases,
load combinations, and result combinations.

Do not forget to enter the loading: The combination scheme only generates a frame of load cases,
load combinations, and result combinations!

For models based on the same load scheme, you can generate all load cases, load combinations, and
result combinations without entering more data: Open this dialog box, select the scheme from the
Description list, and import it by clicking [OK].
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6 Loads

u
@

Insert menu

Insert | Calculate Results Tools

Table

Model Data »
Loads L3

Load Cases and Combinatorics  #

Section...

Dimensions 3

Comments...

Guidelines 3

Line Grid
Clipping Plane
Visual Object

Opening the input dialog box

Options Developers Add-on Maodules

|_|. ] ¥4 L1 -Seffweight

3§ | Mew Load Case...

31 Modal Loads
3.2 Member Loads
3.3 Line Loads

3.4 Surface Loads
3.5 Solid Loads

3.6 Free Concentrated Loads
3.7 Free Line Loads
3.8 Free Rectangular Loads

You can access the input dialog boxes and the graphical input in different ways.

Window Help

MR -

19 - 4AQ&g

ﬂ Graphically
S Dialog Box...

& Table

2 AL T

&F | Background Layer... 3.9 Free Circular Loads
3.10 Free Polygon Loads
311 Imposed Nodal Deformations
312 Imposed Line Displacements
313 Imperfections

Insert — Loads menu
Insert toolbar
Insert

w896l EEERY-

Insert toolbar

Project Navigator - Data

Shortcut menu in Data navigator

T RFEM

=-4¥| Combinations_of_actions*

|ZJ Model Data
|2J Load Cases and Combinations.

&8 Loads

£ LCL: Seff-weight
(1) Nodal Loads
{2 Member Loads
20 Line Loads

%) Surface Loads
(3 Solid Loads

m

€3] Frec Concentrated Loads

%) Free Line Loads

[#) Free Rectangular Loads
(8] Free Circular Loads

3] Free Polygon Loads

() Imposed Nodal Deformat
&) Imposed Line Displacemq
(3 Imperfections

[#) Generated Loads

[ LC2: Charge permanente

<

1.
] ]

o & @

F ol

Mew Free Concentrated Load... I}
Go to Table

General Data...

Units and Decimal Places...

Display Properties...

Iy Data (& Display A Views © Results

Shortcut menu of load objects in Data navigator

Just as with the model data, there are different ways to enter loads: You can define loads in a dialog
box, a table, and often directly in the graphic.
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|@| Shortcut menu or double-click in table

3.1 Nodal Loads

v o x

=E = [ € o o | 1= L@ Ye | 16 - snow -]«

B C E_ F [ G H -
Force k] Moment [lcMm] [l

No. On Nodes No. Px Py Pz M M~y Mz Comment
2 | 32| CopyR Crtl+2 3

3 | 3| Empty R Cirl+
4 L
5 | & Ctrl= -
Nodall| | - rface Loads ] Solid Loads ] Free Concentrated Loads | Free Line Loads | W[4 v [n
| Mew via Dialog Box... l} |

[0 Shorteut menu in load tables

The input dialog box can be accessed by means of the shortcut menu (or by double-click) of the row
number.

Opening an edit dialog box

There are different ways to open the dialog box for editing a load object.

o
Edit menu
Edit | View [Insert Calculate Results Tools Table Options Developers Add-on Modules Window
¥4 Undo ai-z b @ AT ||E|E) #a L1 - setfweight -
fFa | Redo trl+A = g g g g g
- ta-0-9-FF- -t HHBBY- W
H3 | copy
B | Insert Crl=V
Select 4 E Load Cases...
ﬂ Edit Selection... Alt+Enter E D
ﬁ Find via Mumber...
3.1 Modal Loads 3
WK | Delete Selection Del T —— N
By Delete Al 3.3 Line Loads »
o% Move/Copy... | 3.4 Surface Loads L4 E Dialog Box...
CD Rotate... 3.5 Solid Loads 4 .ﬁ Table
A | Mirror.. 3.6 Free Concentrated Loads »
@l | Project.. 3.7 Free Line Loads 3
il | Scale.. 3.8 Free Rectangular Loads »
irt
i Shear- 3.9 Free Circular Loads 3
y Allow Double Members 3.10 Free Polygon Loads 3
ﬁ Units and Decimal Places... 311 Imposed Modal Deformations  »
312 Imposed Line Displacements 3
Model Data 3
| Loads 3 313 Imperfections 3
Load Cases and Combinatorics 4
Dimensions 3
Comments 3
Guidelines 3
Line Grids 3
Background Layers 3
aE Edit Parameters...

[y Edit — Loads menu

The Dialog Box option can only be accessed if the load object was selected beforehand.
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Shortcut menu or double-click in graphic

50.00 kM
| £ Edit Nodal Load... %

Copy Modal Load...
Delete Nodal Load

Copy Parameters to Clipboard

| Insert Parameters from Clipboard
Convert to Area Load...

Incr

Decrease Size

J- 0 )

REI Display Properties...

[0 Shorteut menu of a load in the work window

Shortcut menu or double-click in Data navigator

Project Mavigator - Data x

=-¥] Exercise-Building A* [Examples] -

7-2J Model Data

|_J Load Cases and Combinations

ol Loads £

- LC1: Self-weight

=¥ LCZ: Permanent load

=) Modal Loads

Pl 1: Modes: 15,16: P: 0, 0, 10.0 kN,

..... [ Member Loads | £ Edit... [} Enter |
f=]

----- |4 Line Loads ¥ | New Modal Load...

----- |5 Surface Loads £ GotoTable

..... |4 Solid Loads

----- |2 Free Concentrated Loads F Delete Del
----- |4 Free Line Loads

----- |#) Free Rectangular Loads ) select

..... [#) Free Circular Loads ‘; Convert to Area Load...

----- |5 Free Polygon Loads
----- | ) Imposed Nodal Deformations

----- |£) Imposed Line Displacements RE' Display Properties...

4 LI} ¥ 1T
ﬂData gDisplay ﬁ\-’iews |

[ 174> Shortcut menu of load obijects in Data navigator

_f} Info on Input Errors...

Shortcut menu or double-click in table

3.1 Nodal Loads *
== B € |6 | [ =] (5] | [ | 3 &= 3 | [ = || #a @ | Lc2-ermanent load -
B [ C [ D E [ F T & H .
Force k] Moment [lcMm] [l
No. On Nodes No. Px Py Pz M M~y Mz Comment
0.000 0.000 10.000 0.000 0.000 0.000
2 | 42 | copyRow Crtl=2 3
= E
7 K | Empty Row Ctrl=Y
g && | Insert Row Cirl=1
7| 3¢ | Delete Row Cirl<R |
Nodal || BF ~Edit via Dialog Box... [+ |uface Loads |Solid Loads | Free Concentrated Loads | Fres Line Loads | W[ r ]

List of Modes with nodal load (e.g. '1-3,5,7")

Image 6.8 Shortcut menu in load tables

The edit dialog box can be accessed by means of the shortcut menu (or by double-click) of the row
number.
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# 4

Table input

Input and modifications carried out in the graphical user interface are immediately shown in the tables
and vice versa. To access the load tables, use the third button from the left in the table toolbar.

3.1 Nodal Loads

X
E E|E= | B D€ | 5 = [5]| 5H| # &= 3= | 5 5= G ||@]| s @ | .c2-rermanent load |~
Table 3. Loads B [ ¢ [ o [ E T F T G ] H | »
Force [kM] Moment [lkkMm] F
No. On Nodes No. Px Py Pz Mx M~ Mz Comment
[ 1516 0.000 0.000 10.000 0.000 0.000 0.000
2 -
3 =
4
5
6 | 4
7 -
Nodal Loads | Member Loads | Line Loads | Surface Loads | Selid Loads | Free Concentrated Loads | Free Line Loads | [«[»[r

List of Modes with nodal load (e.g. '1-3,5,7")

[Table 3. Loads] button

Spreadsheet data in tables can be quickly edited or imported (see Chapter 11.5@).

In each dialog box and table, it is possible to add a comment that specifies the load. You can also use
predefined comments (see Chapter 11.1.4@).

To control whether loads in the current table or in all tables are summarized or listed row-by-row, select
Table — Optimize Load Data on the menu. You can also use the buttons in the table toolbar
shown on the left to activate these settings; they can be found to the right of the load case list.
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6.1 Nodal Loads
. oo
General description
lx:q, Nodal loads are forces and moments that act on nodes (see Chapter 4.1 @).
a
To apply a nodal load, a node must already be defined.
New Modal Load X
No. On Nodes No.
[ || 2 I
‘q’“x
Nodal Load Y
(®) By components 7 e
Coordinate system:
| 01Giobal xvZ V||
Pz
Force Moment
My My
o W - T ~ /“/
5
W o Tt
W o
() By direction 5000
Diirection type:
=
Force tdoment
o o PR o L
YT # R .
T.50
Z
Comment
| v|[&] ) EEE O &
D | | oK Cancel
[LLC Ly New Nodal Load dialog box
3.1 Nodal Loads x
[ EE = DI & | [ [ 5] | 8] | 3 &= 3 | = ||| 29 (| Lc2-imposedioad = | Q[ > |3} 3 | &
B C D [ E [ F G [ H [ 1 i K L M ~
Definition Coordinate Force [kM] Moment [lkMm] Direction Force Moment
No On Nodes MNo. Type System Px Py Pz Mx M~ Mz Type PkN] | MkNm] | Comment
1 2 By components | 0 | Global XYZ -7.50 0.00 50.00 0.00 0.00 0.00
26,44 1z} By componerts | 0 | Global XYZ 0.00 0.00 12.35 0.00 0.00 0.00
3
1
5 ¥
Nodal Loads | Member Loads | Line Loads | Suface Loads | Solid Loads | Free Concentrated Loads | Free Line Loads | Free Rectangular Loads | Free Circular Loads | 14[ 4 [ # [»1
List of Modes with nodal load (e.g. '1-3.3,7)
m Table 3.1 Nodal Loads
The nodal load's number is automatically assigned in the New Nodal Load dialog box and can also
be changed there. The numbering's sequence is not important.
On Nodes No.
In this text box, specify the numbers of the nodes on which the load acts. You can also select nodes
graphically with .
% . When you have selected the graphical input by clicking the toolbar button, you have to enter the load
|l| data first. After clicking [OK], you can select the relevant nodes one by one in the work window.
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Definition Type

It is possible to define nodal loads By components with reference to the axes of the global or
user-defined coordinate system or By direction with reference to an object.

Coordinate System

In most cases, forces and moments are related to the global coordinate system as vectors By
components. A user-defined coordinate system can also serve as a reference.

Force Px /Py / Pz

For the By components definition type, you have to enter the values of the forces in these text boxes or
table columns. If the model type has been restricted to a planar system in the general data, you can
only access the relevant boxes.

Moment Mx / My / Mz

These text boxes and table columns manage the values of the moments.

A positive moment acts clockwise about the corresponding positive global or user-defined axis. Input is
facilitated by the global axes of coordinates in the RFEM graphic.

Moments can not only be displayed as vectors but also as arcs. To control the display properties (see
Chapter 11.1.2 @), use the menu option

Options — Display Properties — Edit.

The Display Properties dialog box opens where you set the Category Loads — Nodal Loads —
Nodal Moments. Then the Arc display option is available for selection on the right.

Category Soreen | Printout Repart

(- Colors
Objects by Color

+- Model Data

=) Loads

(- Selfweight

I Nodal Loads

i Modal Forces

odal Moments

- Line and Member Loads
H- Suface Loads

£ Solid Loads

|- Free Concentrated Loads
- Free Line Loads

t- Free Rectangular Loads
|- Free Polygon Loads

- Free Circular Loads

H- Line Displacements

|- Imposed Modal Defarmations
H- Imperfections

t- Generated Loads

asults

eneral

dd-on Modules

I

q-
(-
3]

Loads - Nodal Loads - Nodal Moments

Display option: @ Arc
() Wector 12.000

Line color +/-: - -

Line thickness: 2 -
Walues
Alignment; @

4.000
Puosition / Size
Angle: 250001 [

1 [kNm]: 1.00012 ]| [m]

ldentical Settings

[ For screen and printout report

Section of Display Properties dialog box: Nodal moments with Arc display option

Itis also possible to import nodal loads from Excel spreadsheets (see Chapter 12.5.2 @).
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Direction

Type
[ Twonodes T[]
Rotated
Coordinate system
Direct to node

Two nodes

Same as member
Same as line

Direction Type

For the definition type By direction, it is possible to describe the load direction independent of a
coordinate system. For this, there are different definition options available in the list.

When you select an option, the Edit Direction dialog box opens where you can enter additional

parameters.

Edit Direction

Direction
(O Rotated

e

Ar|[ar

(O Coordinate system:
0| Global XYZ

(O Direct to node

(® Two nodes
st node
No.. (15

M5

() Same as member

() Same as line

2nd node

5 B

ry

KB E G |

Cancel

Edit Direction dialog box

Force P

For the definition type By direction, you have to enter the values of the forces in these text boxes or

table columns.

Moment M

These text boxes and table columns manage the values of the moments.
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ol

Edit Modal Load...
Copy Modal Load...
Delete Nodal Load

Copy Parameters to Clipboard

43 Convert to Surface Load...

s

=, | Decrease Size

RI:I Display Properties...

Converting nodal loads into surface loads

Nodal loads often result in singularities because the load is concentrated when introduced in a single
FE node. To reduce this effect, select the Convert Nodal/Line Load to Surface Load option in
the Tools menu. You can also use the shortcut menu of a nodal load shown on the left to access the

dialog box for converting nodal loads. As usual, right-click the object to open the shortcut menu.

A dialog box opens (see Figure 6.14 @) where you can define the parameters for distributing the
load. After clicking [OK], the corresponding free rectangular or circular load is created.

Convert Nodal Load to Surface Load

==

Fiotation of

Created Free Surface Load

Nodal Load
No. 1 P: 50,000 [kN]
On Surface No
1
Parameters
Laad distribution type: @ Quadrat
) Circle
Load distribution
angle 9 45.001 1| 1]

Effective thickness d: 100,005+ [em]
rectangular load o 11

No. 1
Load area A 4000 [mé]
Surface load p: 12500 [kMmd ]

Convert Nodal Load to Surface Load dialog box
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62 Member Loads

General description

Member loads are forces, moments, temperature actions, or imposed deformations that act on
members.

To apply a member load, a member must already be defined.

MNew Member Load X

Reference to On Members No. Load Type ‘Force’

No.
(®) Members 1 | Load Distribution Trapezoidal
(O List of members Ii‘, E)

() Sets of members

Load Parameters
i
, i

pe [ S um)
o =]

Comment

o
b o

[ Relative distance in %

[[]Load over total length of
member

]
Load Type Load Distribution Load Direction F1
(@ Farce () Concentrated: Local Ox
= related to true R :
O Moment P ~ 5% member length: Oy u ! 1
@z v
O Temperature O Uniform O A
N . Global oL B
8:\303\ strain @) Trapezoidal relatgd 1? hu; On
Axial displacement member length:
() Tapered Oz
Parabolic
() Precamber O Global Ow
== | related to projected
Initial prestress varying. .. :
8Eﬂd 5 " o i S5 member length: 8“’ Load Direction "Local 2
prestress i)
O Extra: a
Displacement ~ | |

-

2] &

m New Member Load dialog box

3.2 Member Loads

x
| I@I _’i @ LCZ - Permanent load =~ | @ | is ig

@ =EE= [B€ e ] | W &= 3 | B |
A B D E F [GT H T1[ J T K L M -
n Sets of Member Load Load Member Load Parsmeters Distance [Over Total [
No. | Reference to No Load Type | Distrbution | Direction | P [kN] Pz Alm] B in % Length
1 Members | 8,11 Force Trapezoidal x 15.000 0.000 0.000| 1.000 O O
2 List of Membe | 12 Initial Prestr Uniform x 5.000 O O
ﬁ Sets of Memb | 10 Force 7] Concentrated |z 0.000 0.000 O o |-
4 | List of Membe | 2.4 orce - lal z 15.000 10.000 0.000| 1.000 O O T
5 Moment
[ Temperature
7 Hudal Strain
2 Hodal D T (= L5
5 Precamber -
a Initial Pregtress = | .
End Prestress
Nodal Loads | Member Loadsl Line Loads |: Displ it ds lFree Concentrated Loads lFree Line Loads LFree Rectangular Loadsj 1] 4] e[ n

Load Type (F7 to select)

Rotation -

[LEEER Y Table 3.2 Member Loads

The member load's number is automatically assigned in the New Member Load dialog box, but it can

also be changed there. The numerical order is not important.
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Members k
List of Members
Sets of Member

RN

=

Reference to

Define the model elements to which you want to apply the member load. The following options can be
selected:

Members

The load acts on one member or on each member among several.

List of members

The load acts on all members, which have to be specified in a list. Thus, when trapezoidal member
loads are used, load parameters are not applied individually to each member but as a total load to all
members of the member list. The load effects of a trapezoidal member load on single members in
contrast to a member list are shown in Figure 6.17 3.

You can use a member list to apply loads over all members without defining continuous members.
Moreover, it is possible to quickly change the load reference to individual members.

Sets of members

The load acts on a set of members or on each among several sets of members. Similar to the member
list described above, load parameters are applied to all of the members included in the member set.

Sets of members are divided into continuous members and groups of members (see Chapter 4.21 @).
While it is no problem to apply loads on sets of members to continuous members, member groups have
to be handled with care: The reference to a member group is usually problematic for trapezoidal
loads.

5.00 kklim

5.00 krim

5.00 kiim
500 kMim

1.00

1.00kRN

Trapezoidal load with reference to members (left) and to a list of members (right)

On Members No.

In the text box, enter the numbers of the members or sets of members on which the load acts. You can
also select nodes graphically in the dialog box.

If you have selected graphical input by clicking the toolbar button, you have to enter the load data
first. After clicking [OK], you can select the relevant members or sets of members one by one in the
work window.

For trapezoidal or variable loads with load reference to a member list, you can adjust the member
numbers by using the [Reverse Orientation of Members] dialog button shown on the left.
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Load Type

Lroee S Specify the load type in this dialog section. Depending on your selection, certain parts of the dialog

m box and columns of the table are disabled. The following load types can be selected:

Temperature
Podal Strain
Auial Displacement | = Load Type Short Description
Precamber

Initial Prestress

End Prestress

Displacement Force Concentrated load, distributed load, or trapezoidal load
Rotation -

The [E] button allows you to set a load eccentricity.

Moment Concentrated moment, distributed moment, or trapezoidal moment

Temperature Temperature load uniformly distributed over member cross-section, or
temperature difference between top and bottom side of member
Load applied as uniform or trapezoidal over member length or as
trapezoidal over cross-section. A positive load value means that the
member or the upper side is heating.

Axial strain Imposed tensile or compressive strain € of member

A positive load value means that the member is extended. Thus, a
prestress as a member contraction must be entered negatively.

Use the dialog button shown on the left to determine the strain due to
shrinkage from the parameters for contraction and drying shrinkage
(see Figure 6.25@).

Axial displacement Imposed tensile or compressive strain Al of member
Precamber Imposed curvature of member
Initial prestress Prestressing force that acts on the member before calculation

A positive load value means that the member is extended.

End prestress Axial force expected to be available on member after calculation (not
possible for rigid members and cables)
A positive load value means that the member is extended.

Displacement Displacement by quantity A for determination of influence lines
Rotation Rotation about angle ¢ for influence lines

Pipe internal pressure

Rotary motion
Pipe content - full Distributed load due to complete filling of pipe

Specify weight density v of pipe content.

Pipe content - partial Distributed load due to partial filling of pipe
In addition to weight density ¥ of pipe content, specify filling height d.

Pipe internal pressure Constant internal pressure of a pipe

Rotary motion Centrifugal force from mass and angular velocity ® on member
The rotation axis can be defined by using the button.

Load types
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Load Distribution

The graphic in the upper right of the dialog box shows the selected load type including the influence of
the signs of forces and strains.

The Load Distribution c|i<:||og section provides different options for disp|aying the effect of the load. The
dialog graphic in the top right corner may be helpful.

Load
Distribution

Diagram

Description

Concentrated
P

Load Type 'Force'
Load Distribution *Concentrated®

Concentrated load, concentrated moment
Specify the size of the concentrated load or
concentrated moment and the distance of the
point of load application in relation to the
member start as Member Load Parameters.

Concentrated
nxP

User-Defined. ..
Multiple loads

Load Type 'Force’
Load Distribution 'n x P*

Ry

ESLILY

Multiple concentrated loads or moments

The list provides several arrangement options
for load pairs or multiple concentrated loads
such as axle loads. You can also define
User-defined loads in a separate dialog box,
which can be opened with the button.

The option shown on the left is suitable for
single forces, which are equal in size and act at
a uniform distance.

Define the size of the concentrated load, the
distance between first load and member start,
and the spacing between the load as Member
Load Parameters.

Uniform

Load Type 'Force'
Load Distribution *Uniform*

LI

ie————————|

Uniformly distributed load, uniformly distributed
moment

Specify the size of the uniform member load or
uniform moment as Member Load Parameters.

Trapezoidal

Load Type Force'
Load Distribution Trapezoidal'

Trapezoidal load, trapezoidal moment

As Member Load Parameters, define both load
values and distances for a linearly variable
load distribution as shown in the dialog
graphic. A triangular load is created by setting
one load value to zero.

If the Relative distance in % check box is
selected, the distances can be specified relative
to the member length.

Tapered

Load Type Force'
Load Distribution 'Tapered'p‘

T

Triangular-trapezoidal load, triangular-
trapezoidal moment

For a linearly variable load distribution, specify
the load values and distances as Load
Parameters as shown in the dialog graphic.
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Parabolic

Load Type Force’ . .
I D e e rabolic’ Parabolic load, parabolic moment

P3 The load acts as a parabolic load on the entire
ﬂmm member. The load values at the member start
pI .
and member end, as well as in the member
ioe——————j center must be entered as Load Parameters.

| _os1 |

Varying

ts:g E‘;’::i;‘iif:'wwing_ Polygonally distributed load
o) Ps Clicking the button opens the dialog box
Pl p P4 shown in Figure 6.18 @ where you can enter
or import the parameters of the load
s distribution.

If you want

Load distributions

to display a variable load, you can freely define the x-locations on the member with the

corresponding load ordinates p. You only have to make sure that the x-locations are defined in an
ascending order. Use the interactive graphic to check your input immediately.

( Edit Varying Load =)
Load
x[m] p [kN/m]
0.000 0.000 s g = s = 5
1.000 2.000 R B B E E
2500 3.000 [kNir]
4500 3.500 4.900
6.500 4.500
a0 4900 4,000
3.000
2.000
1.000
0.000
A s LA A WA At ) L) LA LA LA e Uil
0000 1000 2000 3.000 4000 5000 6.000 7.000 8ilm]
E B ] 2 2 ]
= 2 & = 2 =
xJ

The buttons

Edit Varying Load dialog box

in this dialog box have the following functions:

Button

Function

Table export to MS Excel

g

Table import from MS Excel

Inserts a blank line above pointer

[#)

Deletes active row

£

Deletes all entries

Buttons in the Edit Varying Load dialog box
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x - Localinx (1)

y - Localiny (2)

u - Local in Principal Auis u

v - Local in Principal fuis v

XL - Global in X on true length

YL - Global in Y on true length

ZL - Global in Z on true length

XP - Global in X on projected length
YP - Global in * on projected length
ZP - Global in Z on projected length

Load Direction

The load can be effective in the direction of the global axes X, Y, Z, or the local member axes x, y, z or
u, v (see Chapter 4.13 @). For a calculation according to the linear static analysis, it does not matter
whether a load is defined as local or equivalent global. For geometrically nonlinear calculations,
however, differences between locally and globally defined loads are possible: If the load is defined
with a global direction of action, it keeps this direction when the finite elements start to twist. In case of
a local direction of action, however, the load twists on the member according to the distortion of
elements.

If the model type has been reduced to a planar system in the general data, you cannot access all load
directions.

Local

The orientation of member axes is described in Chapter 4.17 @, paragraph Member Rotation @. The
local axis x represents the longitudinal axis of the member. For symmetrical sections, axis y represents
the so-called 'strong' axis of the member cross-section, axis z accordingly the 'weak' axis. In case of
asymmetrical cross-sections, loads can be related to the principal axes u and v, as well as the standard
input axes y and z.

Examples for loads defined as local are temperature loads, wind loads that act on roof structures, or
prestresses.

Globadl

The position of the local member axes is irrelevant for the load input if the load acts in direction of an
axis of the global coordinate system XYZ.

Examples for loads defined as global are snow loads acting on roof constructions and wind loads on
wall and gable columns.

The load impact can be related to different reference lengths:

= Related to true member length
The load is applied to the entire member length.
= Related to projected member lengthin X /Y /Z

The application length of the load is converted to the projection of the member in one of the
directions of the global coordinate system. Select this option to, for example, define a snow load on
the projected ground-plan area of a roof.

RFEM always applies member loads in the shear center. An intended torsion originating from the
cross-sectional geometry (centroid unequal shear center) is not considered. Therefore, when
asymmetrical cross-sections are used, a torsion moment determined from load multiplied by distance to
the shear center must additionally be applied if, for example, loading is introduced in the centroid.

Member Load Parameters

In this dialog section / these table columns, the load values and, potentially, additional parameters are
managed. The text boxes are labeled and accessible depending on the previously activated selection

fields.

Load p1 / p2

Enter load values into the fields. Match the algebraic signs with the global or local orientations of axes.
For prestresses, temperature changes, and axial strains, a positive value means that the member is
strained and consequently extended.

When a trapezoidal load is selected, specify two load values. The dialog graphic in the upper right
corner illustrates the load parameters.
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Distance A/ B

For concentrated and trapezoidal loads, enter the distances from the member start into these fields. The
distances can also be defined relative to the member length by selecting the Relative distance in %
check box (see below).

The dialog graphic in the upper right corner and the [/ button in the graphic below are useful when
entering parameters.

If the Load Direction is projected to the member length XP, YP, or ZP, you also have to define the
distances A and B in relation to the projected member length.

Relative distance in %

Select this check box to define the distances for concentrated or trapezoidal loads relative to the
member length. Otherwise, the entries in the Distance text boxes described above represent absolute
ranges.

Over Total Length

The check box can only be activated for trapezoidal loads. Select this option to arrange the linearly
variable load from the member start to the member end. The Load Parameters A / B text boxes are no
longer relevant and therefore disabled.

Example

In the following example, member loads are applied to a planar frame structure. You can see that it is
not necessary to divide members by intermediate nodes to apply concentrated loads.

10.0 kiim
Y R R S R
> T
o ‘/ 20.0 kM
FS0KN
3 ]
G
l > 1 P 2
Z
3.2 Member Loads x
= SO =i K] K& $ @) % | Le2-Manual “le
C [ D [ E T F TG H [T T 0 T KT L Ja=
Load Load Member Load Parameters Distance

Na. Reference to | On Members Mo. | Load Type | Distrbution | Direction | P [lkN] pz Alm] B in %
Members | 7 Force Uniform ZL 10.0 [
I Wembers Force | Concentrated | ZP 50.0 1.000 o |7

3 Members ] Force Concentrated z 200 1.000 ]

4 Members 5 Force Concentrated ZL 350 1.500 ]

5 -
4| i L2
Nodal Loads | Member Loads | Line Loads | Surface Loads | Solid Loads | Free Concentrated Loads | Free Line Loads | Free Rectangular Loads | 14/ 4 [ » [#1

Framework with uniform load on upper chord and concentrated loads on diagonals
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6.3

|28

Line Loads

General description
Line loads are forces and moments that act on lines (see Chapter 4.2 @).

To apply a line load, a line must already be defined.

Line loads are very similar to member loads. For line loads, however, it is not possible to allocate

material properties (e.g. temperature loads, axial strains).

Line loads can act on members because a member is the property of a line. However, to apply a line
load to a member, the line must belong to a surface. Consequently, line loads cannot be applied to

members in models that only consist of members.

Mew Line Load

Reference to On Lines No. Load Type "Force’

Mo.
(®)Lines 14 Load Distribution Trapezoidal

(O List of lines ﬁ J"‘l =)
P2
Load Type Load Distribution Load Direction P1
® Force O Concentrated: Lolca\ : Ox
— related to true N :
(O Moment P S5 line length: Oy ! 1
@z
(O Uniform LA
Global [@F B
Trapezoidal relatad to true
®rap line length: o
(O Tapered On
Parabolic
o Global Owp
O varying = related to projected
line length: O Load Direction ‘Local '
(@F:
i
X
X
Lf i Y
z
Load Parameters z
i 0.000 [5[+/| [kMm] A 0.000 | [m]
P I/l B [ 3500 k] m
[relative distance in %
[JLoad over total length of
line:
Comment
| ~|[E]| ([
‘}) ‘ 3( ﬁ Cancel
New Line Load dialog box
3.3 Line Loads b4
B REE B BE O | [ = 5] [ K== 3| 5= |m| 2 | 1c2-Lveload MR AT
A B 5 E F [ 6 T H T 1 J K .
Load Load Line Load Parameters Distance |Over Total|[ |
No Reference to On Lines No Load Type Distribution | Direction P [kN] pz Alm] B in% Length
1 Lines n Force Uniform ZL 50 =
2 List of Lines |45 Force Trapezoidal z 0.0 5.0 O
Lines 2 Force Congentrat = KL 88 1.350 O |
4 Lines 2 Moment YL 25 1.350 a -
Uniform
< ) | D
Trapezoidal
Nodal Loads | Member Loads | Line Loads | Suface Loads [ Solid Loads Varying ated Loads | Fres Line Loads | Free Rectangular Loads | W[ v

Type of Line Load Distribution (F7 to select]).

Table 3.3 Line Loads

The number of the line load is automatically assigned in the New Line Load dialog box but can also be

changed there. The numerical order is not important.
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Reference to

Define the objects to which you want to apply the line load. The following options can be selected:
nes
Lines

The load acts on one line or on each among several lines.

List of lines

The load acts on all lines, which have to be specified in a list. Thus, when trapezoidal line loads are
used, load parameters are not applied individually to each line but as a total load to all lines of the
line list (see Figure 6.17 @).

On Lines No.

In the text box, enter the numbers of the lines on which the load acts. You can also select them

graphically by using .

[% . If you have selected the graphical input by clicking the toolbar button, you have to enter the load data
@ first. After clicking [OK], you can select the relevant lines one by one in the work window.
Load Type

Define the type of load in this dialog section. Depending on your selection, certain parts of the dialog
box and columns of the table are disabled. The following load types can be selected:

Load Type Short Description
Force Concentrated, distributed, trapezoidal, or variable load
Moment Concentrated, distributed, or trapezoidal moment

Vel e

Load Distribution

The Load Distribution dialog section provides different options for displaying the effect of the load. The
graphic in the right corner of the dialog box may be useful as an illustration. Use the [%&] button in the
graphic below to display the load in the rendering.

Load Distribution Short Description
At'\ie‘;jztzdds Concentrated Concentrated load, concentrated moment, or multiple concentrated
loads/moments
Uniform Uniformly distributed load, uniformly distributed moment
Trapezoidal Trapezoidal load, trapezoidal moment
Tapered Triangular-trapezoidal load, triangulartrapezoidal moment
Parabolic Parabolic load, parabolic moment
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=

x-
y-
z-

XL -
YL-
ZL-
HP -
YP -
ZP -

Local inx (1)

Local iny (2)

Localin z (3)

Global in X on true length
Global in Y on true length
Global in Z on true length
Global in X on projected length
Global in Y on projected length
Global in Z on projected length

Varying Polygonally distributed load
The dialog box shown in Figure 6.18 @ opens where you can enter the
parameters of the load distribution.

Load distributions

The load distributions of line loads largely correspond to the ones of member loads. The diagrams are
described in detail in Table 6.2 @.

Load Direction

The load can be effective in the direction of the global axes X, Y, Z or the local line axes x, y, z. For a
calculation according to the linear static analysis, it does not matter whether a load is defined as local
or equivalent global. For geometrically nonlinear calculations, however, differences between locally
and globally defined loads are possible: If the load is defined with a global direction of action, it
keeps this direction when finite elements start to twist. In case of a local direction of action, however,
the load twists on the line according to the distortion of elements.

Local

The orientation of line axes is illustrated in Figure 4.103 @. The local axis x represents the longitudinal
axis of the line. The axis z is usually aligned parallel to the global axis Z.

Globadl

The position of the local line axes is irrelevant for the load input if the load acts in direction of an axis
of the global coordinate system XYZ.

The load impact can be related to different reference lengths:
= Related to true line length

The load is applied to the entire, true line length.
= Related to projected line lengthin X /Y / Z

The application length of the load is converted to the projection of the line in one of the directions of
the global coordinate system. The projection lengths are illustrated in the dialog graphic to the right.

Line Load Parameters

In this dialog section / these table columns, the load values and, possibly, additional parameters are
managed. The text boxes are labeled and accessible depending on the previously activated selection

fields.

LoadP/p/p2/M/m/mj

Enter the load values into these fields. Adjust the signs to the global or local orientations of axes. When
a trapezoidal load is selected, specify two load values. The dialog graphic in the upper right corner
illustrates the load parameters.

Distance A/ B

For concentrated and trapezoidal loads, enter the distances from the line start info these fields. You can
also define the distances in relation to the line length by selecting the Relative distance in % check box
on the right (see below).

The dialog graphic in the upper right corner and the [%s] button in the graphic below are useful when
entering parameters.
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Relative distance in %
Select this check box to define the distances for concentrated and trapezoidal loads relative to the line
length. Otherwise, the entries in the above-described Distance text boxes represent absolute ranges.
Over Total Length
The check box can only be activated for trapezoidal loads. Select this option to arrange the linearly
variable load from the line start to the line end. The Load Parameters A / B text boxes are no longer
relevant and therefore disabled.
Converting line loads into surface loads

3| Edit Line Load.. Often, line loads result in singularities because the load is concentrated when introduced in a single

Copy Line Load
Delete Line Load

Copy Parameters to Clipboard

Convert to Surface Load... l}

Increase Size

dF o

Decrease Size

Coarser Hatching Division

RI:I Display Properties...

Shortcut menu of line load

line. To reduce this effect, select the Convert Nodal/Line Load to Surface Load option in the
Tools menu. The option can be used for straight lines. You can also use the shortcut menu of a line
load shown on the left to access the dialog box for converting line loads. As usual, rightclick the object
to open the shortcut menu.

Convert Line Load to Surface Load @
Line Load
Mo 1 p1: 5.000 [kM/m] P12

On Surface No.

1 :;
Parameters
Load distribution type: @ Overlapping

(1 Cut on line ends

Load distribution

angle L3 45005+ | [

Thickness of

floring d: 100.0 % | [mm] <,
Created Free Rectangle Load [ ] I I I P %
Ma.: 1 ———

Load area B 1.240 [mi]

Surface load p: 25.000 [kMAmd]

Ok ] [ Cancel

Convert Line Load to Surface Load dialog box

A dialog box opens where you can define the parameters for distributing the load.

The corresponding free rectangular or polygonal load is created after clicking [OK].
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6.4

L]

Surface Loads

General description
Surface loads act on all 2D elements of a surface (see Chapter 4.4 @).
To apply a surface load, a surface must already be defined.

If a surface is divided into surface components because of an intersection (see Chapter 4.22 @), the
surface load does not act on components that are set inactive. Openings are omitted from the surface
load as well.

MNew Surface Load *
No. On Surfaces No. Load Type "Force'
|1 | |1 | m Load Distribution "Uniform’
Load Type Load Direction
(®) Force Local O
T related to true area: Oy
(O Axial strain ®z P
8 :reca'“ber | Global OxL
otary motion.... i g
ry % | related to true area: o
Load Distribution Oz
® Uniform Global Oxp
- related to projected
() Linear aron IYP
() Linearin X P
(O Linearin Y
(O Linearin Z
O Radl... s Load Direction 'z'
Load Magnitude
Mode No. Magnitude
e [ 2 ey
S S
s i S e o]
=3
It
Comment
| V)&
D| i@ % Cancel
[ L0V EED  New Surface Load dialog box
3.4 Surface Loads X
EEE = EE | IEO [ [#[E ] e | [0 @) 2@ a-setweignt - | 9[> |34 36| [
A [ B | c ] E | F [ & H T ] | ] K [P
Load Load st Comer Poirt 2nd Comer Poirt 3d C[]
Mo On Surfaces Mo. Load Type Distibution | Direction | No p1 kN/m2] No pz [kN/m2] No
1 1 Force Uniform ZL 1.50 E
2 Force ~| Linearin Z z 3 0.00 [ -64.00
3 E
4 | Temperature =
“ ’— %ﬂﬁl Stl?m 1 ‘ 3
Nodal Loads lMember Loads lLine lﬁn‘tary metion  *ads | Solid Loads lFrEe Concentrated Loads lFree Line Loads lFree Rectangular LnadsJ 1] [ r[n

Load Type (F7 to select)

[LLEP L0y Table 3.4 Surface Loads

The number of the surface load is automatically assigned in the New Surface Load dialog box but can
also be changed there. The numerical order is not important.
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K

Force
Temperature
Aozl Strain
Precamber
Rotary motion

On Surfaces No.

In this text box, define the numbers of the surfaces on which the load acts. You can also select them

graphically by using :

If you have selected the graphical input by clicking the toolbar button, you have to enter the load data
first. You can select the relevant surfaces one by one in the work window after clicking [OK].

Load Type

Define the type of load in this dialog section. Certain parts of the dialog box and columns of the table
are disabled depending on your selection. The following load types can be selected:

Load Type

Short Description

Force

Uniformly distributed, linearly variable, or radially acting force on surface

Temperature

Temperature load that is radially arranged or distributed uniformly or
linearly variable over thickness of surface
A positive load value means that the surface or its upper side is heating.

Axial strain

Imposed tensile or compressive strain € of surface

A positive load value means that the surface is extended.

To determine the shrinkage strain, use the button shown on the left. The
dialog box shown in Figure 6.25 @ opens where you can enter the
parameters for shrinkage.

Precamber

Imposed curvature of surface

Rotary motion

Centrifugal force from mass and angular velocity ® on surface
The rotation axis can be defined in a separate dialog box that you open

with the button.

Load types

The parameters for surface and member loads due to shrinkage can be defined in a separate dialog
box, accessible with the button (see Figure 6.25 @ ).

Generate Surface Load Due to Shrinkage

i |

According to Standard
) DIN 104541

Consider

Diying shrinkage
Autogenous shiinkage
Shrinkage Parameters
Considered age of concrete
Motional size of surface

Mean compressive strength
Type of cement

Relative humidity

Age of concrete at beginning of

shrinkage

Calculated shrinkage

@ EM 1992-1-1:2004-12 (Ewrocode 2)

£
h:

Fom @

IType:
RH:

kst

&esll,bs) :

Schematic Drawing of Time Depending
Autogenous and Drying Shrinksge

Concrete Strength

8 Normal RH - 65
“ — = High
- 65
o “1” beying
182605 [Daps] . 1 P
- ) S
0.2001% ) (m] @ ,/ I o= T
38,002 [kN/em?] g 1 f=="1 Release
[
| .
s I Autogenous
50.00 5 [%] / | shrinkage
1
/1| —
285 Daps] 1}
t
000051 = [ Age of Conerete

Duration of Drying t-tg

Generate Surface Load Due to Shrinkage dialog box
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Uniform
Linear

Linearin X
Linearin ¥
Linearin £
Badial

Shrinkage as a time-dependent change in volume without external load action or effects of
temperature can be classified into drying shrinkage, autogenous shrinkage, plastic shrinkage, and
carbonation shrinkage. The shrinkage &c(t,ts) at the moment of the considered concrete age t is
determined from the essential inﬂuencing variables in the shrinkcge process (relative humidity RH,
effective structural thickness h, concrete strength fem, type of cement Zrype, age of concrete at beginning
of shrinkoge ts).

Click [OK] to transfer the value to the New Surface Load dialog box as the axial strain €.
Load Distribution
The load can act on the surface as Uniform, Linearly variable, or Radial.

Linear

Define load values for three nodes. The nodes are used to define a plane.

10.00 khim*2

Linearly variable surface load

LinearinX/Y/Z

If the surface load is variable in the direction of an axis of the global coordinate system, load values of
two nodes are required. The nodes may lie outside of the stressed surface, provided that FE nodes are
generated there (i.e. the nodes are not allowed to be free).

Surface load that is linearly variable in direction Z

| www.dlubal.com
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[z

x - Localinx (1)
y - Localiny (2)
z-Llocalinz (3)

#L-
-
ZL-
XP -
YP-
zP-

Global in X on true area
Global in Y on true area
Global in Z on true area
Global in X on projected area
Global in Y on projected area
Global in Z on projected area

Radial

For radially acting forces and temperature loads, you have to define the axis of the radial distribution
in a separate dialog box. Use the button to open the dialog box.

Axis of Radial Distribution *

Definition Type

P
(®) Point and parallel axis: X o~ v I 23
(O Two points z

1KY, Z)
Coordinates

1st point
W 4500+
Y: 10.000 5
zZ: 0.000

+| Im]
[m]

* | Im]

Ar|[an]far

Y

o

"

? Cancal

Axis of Radial Distribution dialog box

Load Direction

The load can act in the direction of the local surface axes x, y, z or the global axes X, Y, Z.

Local related to true area

Loads that act perpendicular to the surface are usually defined as local in direction z. Examples of
application are wind loads that act on roof surfaces or internal pressure on tank shells.

To display the axes, use the Display navigator where you select Model — Surfaces — Surface
Axis Systems x,y,z. You can also use the shortcut menu of a surface (see Figure 4.122 @ ).

Global related to true area

The orientation of the local surface axes is irrelevant for the calculation according to the linear static
analysis, if the load acts in direction of an axis of the global coordinate system XYZ. For nonlinear
calculations, however, differences between locally and globally defined loads are possible: If the load
is defined with a global direction of action, it keeps this direction when finite elements start to twist. In
case of a local direction of action, however, the load twists according to the distortion of elements.

Global related to projected area

The load is converted to the projection of the surface in one of the directions of the global coordinate
system. Select this option to define a snow load on the projected ground-plan area of a roof, for
example.

The graphic in the lower right of the dialog box illustrates the projected surfaces.

Surface load parameters

In this dialog section or these table columns, the load values and, if applicable, the assigned nodes are
managed. The text boxes are labeled and accessible depending on the previously activated selection

fields.
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Magnitude

. =

]

[ &7

:|’| ®  Calculator

o

fx Edit Formulas
@ Full Precision
EE Multilayer Composition

Loadp/p2/p3/T/AT/e/R/®/a

Enter the load values into these fields. Adjust the signs according to the global or local orientations of
axes.

If a linearly variable load is selected, you have to specify several load values. The dialog graphic in
the upper right corner illustrates the load parameters.

Node No.

If a linearly variable load is selected, specify three nodes on which the load magnitudes can be
determined. The nodes are used to define a plane. You can also select nodes graphically with .

Load of multilayer structure

It is possible to create loads from area weights of materials that act as laminated layers. In this way,
you can easily determine the structure of floorings or floor coverings., for example

You can access the function in the New Surface Load dialog box (Figure 6.23 @) by using the |*
button to the right of the text box of the magnitude. In the shortcut menu, select Multilayer Composition.

The Multilayer Composition Library opens where you can select material layers or define new
compositions.

Multilayer Compaosition Library *
Filter Mutltilayer Composition to Select
Category: Muttilayer Comp. Description d [cm] g [kN/m"2] Category Comment )
Hin S w || | 01_Aluminium trapezoidal sheet 8.07 0.051 | Roof structure
02_Aluminium trapezoidal sheet | 0.201 | Roof structure
Thickness: 03_Aluminium trapezoidal sheet 8.07 0.054 | Roof structure
All ~ || | 04_Roofing tiles "Harzer Pfanne 10.00 0.448 | Roof structure
05_Roofing tiles Braas "Taunus 12.40 0.664 | Roof structure
Sz 05_Roofing tiles "Creaton Magn 12.40 0,636 | Roof structure
Al ~
v
Favorites only... U= = K
L 12 Aluminium trapezoidal sheet (=0,7mm) (0.07 cm)
~ 2: Roof frame 5/8cm (grid 1,00m) (8 cm)
~ 3: Counterbattens (2.5 cmj)
[~ 4: Formwork (2.8 cm)
o]
o]
o]
2 Cancel

Multilayer Composition Library dialog box
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The concept of the multilayer database matches that of the material library (see Chapter 4.3 @ ). Use
the |2/ and buttons to create or modify user-defined multilayer compositions.

Layers
B [ C [ D [ E
Layer Layer / Material Thickness | Specific Weight |  Area Weight
Na. Description d [mm] 7 kMN/m?] a [kN/mZ] Comment

Steel 5235 10,0 78.50 0.735

PVC-U 30 13.50 0.042
160.0 25.00 4.000
Id: 1730 Iy 4.827

Caomment:

New Multilayer Composition dialog box, Layers section

The Layers can be composed individually. Moreover, you can use the [ button to access the material
library (see Chapter 4.3 3).

RFEM determines the area weight (table column E) from the Thickness and Specific Weight. An arrow
shown in the dialog graphic indicates the current layer.

Confirm all dialog boxes with [OK] to import the area weight into the initial dialog box. A green
triangle appears in the text box (see graphic @ shown on the left in the page above), indicating the
parameterized input value. Click the triangle to once more access the input parameters for
modifications.
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6.5 Solid Loads

General description
|%| Solid loads act on all 3D elements of a solid (see Chapter 4.5 @).

To apply a solid load, a solid must already be defined.
New Solid Load (S0

No. On Selids No. Load Type 'Temperature'
i i

Load Type Load Direction

() Faorce Global: ® + Te

emperature N
() Strain @z

() Buoyancy

() Ratary motian.... &= To posttive - warming

Load Distribution Load Distribution ‘Uniform'’
@ Uriform

() Linear in %

() Linear in*Y

() Linear in £

Load Magnitude
Mode Mo. Magnitude

15t [1 S Te| aoBf] ro
2n [1 ) [ Efj

Comment

[ Ok J [ Cancel

New Solid Load dialog box

3.5 Solid Loads *
ZEEE EE|YE O EEE[E e | [F=E @ Y 1o -Tempertue 7 | 9| 2
A [ B | C D | E F [ G H .
Load 1st Comer Point 2nd Comer Point B
Na. On Solids No. Load Type Distribution Na. Tet Na. Tez Comment
1 Temperature  ~| Linearin £ 40.0 L
5 E
3
4 | 4
5 -
Nodal Loads | Member Loads | Line Loads | Surface Loads | Solid Loads | Free Concentrated Loads | Free Line Loads | 4] 4] v [m
Load Type (F7 to select)

Table 3.5 Solid Loads

The number of the solid load is automatically assigned in the New Solid Load dialog box, but can also

be changed there.

On Solids No.

In the text box, enter the numbers of the solids on which the load acts. You can also select them

graphically by using %] .

[% _— When you have selected the graphical input by clicking the toolbar button, you have to enter load
data first. After clicking [OK], you can select the relevant solids one by one in the work window.
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Force L3
Temperature

Strain

Buoyancy

Rotary motion

Load Type

Specify the load type in this dialog section. The load types and definition parameters are visualized
dynamically in the dialog box. The following load types can be selected:

Load Type Short Description

Force Solid load acting uniformly in one of the global directions

Temperature Uniformly distributed or linearly variable temperature change in the
solid

A positive load value signifies a heating.

Strain Imposed tensile or compressive strain of the solid that is uniformly
distributed or linearly variable
A positive load value means that the solid is extended.

Buoyancy Weight of displaced material whose density can be entered or selected
in a [Library]

The Environment Density of Air refers to a standard atmosphere of
15°C at sea level.

Rotary motion Centrifugal force from mass and angular velocity ® on the solid
The rotation axis can be defined in a separate dialog box that you can
open with the button.
Load types

Additional forces can be applied on a solid in the form of surface or line loads.

Load Distribution

The load can act on the solid as Uniform or Linearly variable. It refers to one of the global axes X, Y, or
Z

If linearly variable loads are selected, specify the load values of two nodes. Nodes are allowed to lie
outside of the stressed solid, provided that FE nodes are generated there.

Load Magnitude
In this dialog section / these table columns, the load values and, if applicable, the assigned nodes are

managed. The text boxes are labeled and accessible depending on the previously activated selection

fields.

Node No.

If linearly variable loads are selected, specify two nodes that the load magnitudes refer to. These
nodes are used to define a plane. You can also select them graphically using :

Magnitude

For a uniform load distribution, only one numerical value is required. For a linearly variable change in
temperature or axial strain, specify two load values.
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6.6

2]

Free Concentrated Loads

General description

A free concentrated load acts as a force or moment on any location of the surface. No FE nodes are
generated at the point of load application.

To apply a free concentrated load, a surface must already be defined.

Nodal support forces imported from another model by using the Import Support Reactions as Load
function (see Figure 8.13 @) are handled as free concentrated load:s.

New Free Concentrated Load lé]
No. On Surfaces No.
1 All
Projection Plane of Load Load Direction
@ ¥ Plane Local: @ x
(1 %2 Plane @y
(71 ¥Z Plane @z
Load Type and Magnitude Glabal: B
@ Force = ¥
() Moment 9z

P 00005+ | [kM]

Load Position

% [mi
v [
z [

Comment

Ok ] [ Cancel

New Free Concentrated Load dialog box

3.6 Free Concentrated Loads x
FB| = | o B (D6 O | [ (] (3] ][] | 3 &= 3 | 5 55 (] || ]| O (| 11 -setrweignt - | < | &
[ A [ 8 [ ¢C E [ F [ G ] H | -
Load Load Load Position Magnitude B
No. On Surfaces No. Projection Type Direction X [m] Y [m] P [kN] Comment
Al X1 Force z 0.250 7.020 10.000
1 X1 Foce [z -] 3.200 0.420 5500 1
3 x - Localinx (1) r
4 y - Localiny (2)
5 z-Llocalinz (3)
[ X - Global in X
7 Y - Globalin Y e
Z - Globalin 2
Nodal Loads ll‘u‘lember Loads ll_ine Loads lSurface Loads lSoIid Loads | tree Concentrated Loads lFree Line LoadsJ | | » |>|

Direction of Free Concentrated Load (F7 to select).

Table 3.6 Free Concentrated Loads

On Surfaces No.

In this text box, enter the numbers of the surfaces on which the load acts. You can also select them

graphically using .

Starting from the defined Load Position, an imaginary straight line is "set" perpendicular to the
projection plane. If the line intersects any of the listed surfaces, the concentrated load is applied at the
point of intersection. In this way, it is possible to quickly allocate similar loads to several surfaces.
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Projection Plane

The load can be projected onto one of the global planes XY, YZ, or XZ. As described above, an
imaginary line is generated, starting from the load position and running perpendicular to the projection
plane. The load is applied wherever the imaginary line intersects a surface.

The projection plane may not be perpendicular to a surface on which the load acts: There is no clear
intersection point with the surface.

10.00 kM

| s
e

) -

i )

Free concentrated load acting on ceiling: load projection plane XY with impact on ceiling slab and floor slab

Load Type

Specify whether a single force or concentrated moment is applied. In the dialog text box below, you
can enter the numerical value of the load.

Load Direction

The load can act in the direction of the global axes X, Y, Z or the local surface axes x, y, z. To display
the axes, use the shortcut menu (see Figure 4.122 @) or the Display navigator where you select
Model — Surfaces — Surface Axis Systems xyz.

Load Position

Enter the coordinates of the load position into the text boxes. In the dialog box, you can also select the
position of the load graphically by using the button.

Magnitude

In the table column or text box, enter the numerical value of the concentrated force or moment.
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6.7 Free Line Loads

General description

|.a'.:| A free line load acts as a uniform or linearly variable force along any freely definable line of a
) surface. No FE nodes are generated along this line.

To apply a free line load, a surface must already be defined.

Line support forces imported from another model by using the Import Support Reactions as Load
function (see Figure 8.13 @) are handled as free line loads.

New Free Line Load M

No. On Surfaces No.

1 All — ‘* p
— e L

Y- & e Wil 1

Projection Plane of Load Load Direction l

@ ¥ Plane Local z N T ACHZ)e . . _

Y2 P related to true line — S

KT length: -

() ¥Z Plane

Load Distribution and Magnitude Global X

) related to true line

@ Uniform length:

() Linear

. - Global
P 3.500(js] (kN /m] related to projected line -
. length:
: kM _
S —c T

Load Position
% m] ¥ m] z [m]
1[0 s 2180 (] [ oooofEl]

||
2 [ amwola] [ asBl] (%)

Comment

[ Ok J [ Cancel

New Free Line Load dialog box

3.7 Free Line Loads x
| | B BE | | [ =] (5] | 56 | K &= 3= | 5 5= G ||| 5 @] 16 -Trafficloads 7 [ Q| »
A L C D E [ F T & T H I [ .
Load Load Load Position Magnitude [lkM/m] [
Na. On Surfaces No. Projection | Distribution | Direction X1 [m] Y1 [m] Xz [m] Yz [m] p1 pz
1 Al X LUniform 7L 1.520 2.180 3.160 4320 3.500
13 XY Lingar _~ ZL 4700 4.760 8.120 3.300 2.000 E
3
4
5 | 4
[ -
4 1 | +
Member Loads | Line Loads | Surface Loads | Selid Loads | Free Concentrated Loads | Free Line Loads | Free Rectangular Loads | |<| 4 | » | H

Table 3.7 Free Line Loads

On Surfaces No.

This text box manages the numbers of the surfaces on which the load acts. You can also select them

graphically by using [ %] .

Starting from both points defined by the Load Position, two imaginary straight lines are "set"
perpendicular to the projection plane. If the lines intersect any of the listed surfaces, the load is applied
to the connecting line of both intersection points. In this way, it is possible to quickly allocate similar
loads to several surfaces.
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[z

x - Localinx (1)
y - Localiny (2)
z-Llocalinz (3)

XL -
YL-
ZL-
HP -
YP -
ZP -

Global in X on true area
Global in Y on true area
Global in Z on true area
Global in X on projected area
Global in Y on projected area
Global in Z on projected area

Projection Plane

The load can be projected onto one of the global planes XY, YZ, or XZ. As described above, two
imaginary lines are generated, starting from both load positions and running perpendicular to the
projection plane. The start and end points of the free line load are assumed wherever the lines infersect
a surface. The projection plane may not be perpendicular to a surface on which the load acts: There
are no clear points of intersection with the surface.

Load Distribution

Specify whether a uniform or linearly variable force is applied. In the dialog text box below, you can
enter one or two numerical values.

Load Direction

The load can act in direction of the local surface axes x, y, z or the global axes X, Y, Z. Loads acting
perpendicular to the surface must generally be defined as local in direction z.

If a globally acting load is not perpendicular to the line, then the load impact can be related to
different reference lengths:

= Related to true line length
The load is applied to the entire true line length.
= Related to projected line lengthin X /Y / Z

The application length of the load is converted to the projection of the line in one of the directions of
the global coordinate system. The projection lengths are illustrated in the dialog graphic in the lower
right.

Load Position

Enter the coordinates of the load position into the text boxes. In the dialog box, you can also select the
position of the load graphically by using the [ ] button.

Magnitude

In this table column or text box, enter the numerical value of the line load.
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6.8 Free Rectangular Loads

General description

lﬁ] A free rectangular load acts as a uniform or linearly variable surface load on a rectangular, freely
definable zone of a surface.
New Free Rectangular Load M
No. On Surfaces No.
1 1
Projection Plane of Load Load Direction
@ ¥ Plane Local
©)¥Z Plane related to true area:
() ¥Z Plane
Load Distribution and Magnitude Glabal
related to true area:
@ Uriform
() Linear in %
() Linear in*Y Global

< related to projected
| e
o [ B

Load Position
% [m] ¥ [ Z [m]
1o ol [ psaoll] (] | ]
2 [ oemolEl] | assni]] (%) i

Comment P

[ 0K ] [ Cancel
New Free Rectangular Load dialog box

3.8 Free Rectangular Loads x
|| = | o D6 6D | [ (5] (5] | 6] | K &= 3 | B9 5 ||| Fa (| 106 -Trafficloads v [ Q| B
A B C Mmm £ [ F [ G [ H I J -
Load Load Load Position Magnitude kN/m2] [
No On Surfaces No. Projection | Distibution | Direction X1 [m] Y1 [m] Xz [m] Yz [m] p1 pz
1 1 X LUniform 7P 1.740 2.540 0.850 4430 4.500 L
1 XY Linear in X C 3410 3.200 4.450 4.100 2000 5500
3
4 L
5]
[ -
< [T | G
Line Loads | Surface Loads | Solid Loads | Free Concentrated Loads | Free Line Loads | Free Rectangular Loads | Free Gircular Loads | 44 v [
Direction of Free Rectangle Load (F7 to select).

[ 0REAy Table 3.8 Free Rectangular Loads

On Surfaces No.

This text box manages the numbers of the surfaces on which the load acts. You can also select them

graphically by using :

Starting from the corner points defined by the Load Position, imaginary straight lines are "set"
perpendicular to the projection plane. When these lines intersect any of the listed surfaces, the
boundary line of the load that is to be applied is the connecting diagonal of both intersection points. In
this way, it is possible to quickly allocate loads of a similar type to several surfaces.
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[z

x - Localinx (1)
y - Localiny (2)
z-Llocalinz (3)

XL -
YL-
ZL-
HP -
YP -
ZP -

Global in X on true area
Global in Y on true area
Global in Z on true area
Global in X on projected area
Global in Y on projected area
Global in Z on projected area

Projection Plane

The load can be projected onto one of the global planes XY, YZ, or XZ. As described above,
imaginary straight lines are generated, starting from both load positions and running perpendicular to
the projection plane. The definition points of the rectangle are assumed wherever the imaginary
straight lines intersect a surface.

The projection plane may not be perpendicular to a surface on which the load acts: There are no clear
points of intersection with the surface.

Load Distribution

Specify whether a uniform or linearly variable force is applied. In the dialog text box below, you can
enter one or two numerical values.

Load Direction
The load can act in the direction of the local surface axes X, Y, Z or the global axes x, y, z.

= Local related to true area
Loads that act perpendicular to the surface are usually defined as local in direction z.
= Global related to true area

The orientation of the local surface axes is irrelevant for the calculation according to the linear static
analysis if the load acts in the direction of an axis of the global coordinate system XYZ. An example
of a load reference to the true area is self-weight.

= Global related to projected area

The load is converted to the projection of the surface in one of the directions of the global coordinate
system. A case of application is, for example, snow load. The graphic in the lower right of the dialog
box illustrates the projected surfaces.

Load Position

Enter the coordinates of the load position into the text boxes. In the dialog box, you can also select the
position of the load graphically by using the [ ] button.

Magnitude

Enter the numerical value of the area load in this table column or text box.
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69 Free Circular Loads

General description

|'?| A free circular load acts as a uniform or linearly variable surface load on a circular, freely definable
part of a surface.

New Free Circular Load ﬁ

No. On Surfaces No.
1 1
Projection Plane of Load Load Direction

9 Y Plane Local
related to true area:

() YZ Plane
() ¥Z Plane
Load Distribution and Magnitude Glabal
_ related to true area:
@ Uniform
() Linear

- Global
. 2
(= 10.00F= | [kN/m?] related to projected

Load Position and Radius
# [m] Y [m] Z [m]

e[ seooEl] [ 1m0l (%) | ]

Comment

[ (0] 3 J [ Cancel

New Free Circular Load dialog box

3.9 Free Circular Loads x
(= | 6 | D€ 6 | (5] [=] (5] ][] | 3 &= 3 | 5 B (4] ||| s (%] 1c6-Trafficloads = [ Q| >
A [ B | G D E [ F G H [ 1 J .
Load Load Load Position Radius Magnitude kN/mZ] F
N On Surfaces No. Projection | Distibution | Direction X1 [m] Y1 [m] R [m] pc PR Comment
Al -] Unifom zL 3200 4150 1.750 10.000 E
2
3 |
4 -
Surface Loads lSoIid Loads lFree Concentrated Loads lFree Line Loads lFree Rectangular Loads | Free Circular Loads | Free Polygon LoadsJ 44 v [
Projection Plane of Load.

Table 3.9 Free Circular Loads

On Surfaces No.

This text box manages the numbers of the surfaces on which the load acts. You can also select nodes

graphically by using :

Starting from the defined Load Position, an imaginary straight line is "set" perpendicular to the
projection plane. When the line intersects any of the listed surfaces, the circular load is applied at the
point of intersection as the circle center with the radius R. In this way, it is possible to quickly allocate
loads of a similar type to several surfaces.
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Projection Plane

The load can be projected onto one of the global planes XY, YZ, or XZ. As described above, an
imaginary straight line is generated, starting from the load position and running perpendicular to the
projection plane. The center of the circular load is assumed wherever the imaginary straight line
intersects a surface.

The projection plane may not be perpendicular to a surface on which the load acts: There are no clear
points of intersection with the surface.

Load Distribution

Specify whether a uniform or linearly variable force is applied. In the dialog text box below, you can
enter one or two numerical values.

Load Direction

The load can act in the direction of the global axes X, Y, Z or the local surface axes x, y, z. The load
directions are described in the previous Chapter 6.8 @.

Load Position

Enter the coordinates of midpoint C of the circle load into the text boxes. In the dialog box, you can
also select this point graphically by using the button.

Radius

Enter the radius R of the circular area load into the text box or table column. You can also define it
graphically in the work window by using the [ % | button in the dialog box.

Magnitude

In this table column or text box, enter the numerical value of the area load.
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Free Polygon Loads

General description

A free polygon load acts as a uniform or linearly variable surface load on a polygonal, freely
definable zone of a surface.

New Free Polygon Load ﬁ

No. On Surfaces No.

1 1
Load Projection Load Direction
@ ¥ Plane Local
©)¥Z Plane related to true area:
() ¥Z Plane
Load Distribution Gilobal

) related to true area:
@ Uniform
() Linear
() Linear in % Global

- 08 . related to projected
() Linear in v’ aea

Linear in £

Load Position
Corner point coordinates ®o.o [m]

7.0:0.00615.381. 14 65 L |:|

Corner Point Numbers and Load Magnitudes

p: [ B [kN/m2]
P [2 ) [ El] wuma
p: 3 ) [ EP] i

Comment

ok ] [ Cancel

New Free Polygon Load dialog box

3.10 Free Polygon Loads x
E HEE | E [ HE | | [# =[5 06| 3 2= 3« | F[ =L@ % @ 16-Tafficloads 7 [ 9] &
B C D E FI G H [ I J | K .

Load Load | Surfface base area nodes [m] | 1st Comer Point | 2nd Comer Point | 3rd Comer Point ||

On Surfaces No. | Projection | Distribution | Direction | X4.Y1; X2 Y2 Xa Yz . No. |p1 kN/m2]| No. | pz kN/m2] |No.| pakN/m2] || _

1 XY LUniform ZL | 7.0:0,0:0,6:15.3809,14.6502 10.000 1

3 | @
4 | i L2
Free Line Loads | Free Rectangular Loads | Free Circular Loads | Free Polygon Loads | Imposed Nodal Deformations | 4[4[ r[n

Enter the surface number!

Table 3.10 Free Polygon Loads

On Surfaces No.

This text box manages the numbers of the surfaces on which the load acts. You can also select nodes

graphically by using :

Starting from the corner points defined by the Load Position, imaginary straight lines are "set"
perpendicular to the projection plane. If these lines intersect any of the listed surfaces, the boundary
line of the applied load is the connecting diagonal of both intersection points. In this way, it is possible
to quickly allocate loads of a similar type to several surfaces.
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[z

x - Localinx (1)
y - Localiny (2)
z-Llocalinz (3)

XL -
YL-
ZL-
HP -
YP -
ZP -

Global in X on true area
Global in Y on true area
Global in Z on true area
Global in X on projected area
Global in Y on projected area
Global in Z on projected area

ES b

Load Projection

The load can be projected onto one of the global planes XY, YZ, or XZ. As described above,
imaginary straight lines are generated, starting from the load positions and running perpendicular to
the projection plane. The corner points of the polygon load are assumed wherever the lines infersect a
surface.

The projection plane must not be perpendicular to a surface on which the load acts: There are no clear
points of intersection with the surface.

Load Distribution

Specify whether a uniform or linearly variable area load is applied. In the Corner Point Numbers and
Load Magnitudes dialog section below, you can enter one (Uniform), two (Linear in X /Y / Z), or three
(Linear) numerical values.

Load Direction

The load can act in direction of the global axes X, Y, Z or the local surface axes x, y, z. The load
directions are described in Chapter 6.8 @.

Load Position

Enter the Corner point coordinates into the text boxes. It is recommended to graphically define the
polygonal chain by using the button in the dialog box. In the text box or table column, enter the
corner point coordinates separated by commas; coordinate pairs must be separated by a semicolon.

Example: corner point coordinates X, Y [m] 2, 3; 1.6, 4.7; 5, 45; 6, 25; 3, 2

The third coordinate component is automatically defined by the plane of load projection. In the
example, it is the Z-coordinate that can be specified separately in a text box of the dialog box. When
defining coordinates graphically, the component is irrelevant because the active work plane is
decisive.

Corner Point Numbers

When defining linearly variable area loads, enter two (Linear in X / Y / Z) or three (Linear) corner
points with the corresponding load values. You can only define or graphically select corner points that
are used to define the boundary lines in the Load Position dialog section. It is not possible to select
RFEM nodes. Thus, the numbers of corner points are related to the sequence of the Corner point
coordinates.

Load Magnitude

In this table column or text box, enter the numerical value of the area load. For a linearly variable
distribution, two or three values must be entered.

i T T
f’ 1.00 khlin/ e — T T e
; q Eﬂ'ﬁf‘z‘-f\'
2.00 Khin"2 ¢ \(
T = 200 <\1rn“2_)/?

N,
™
4.00 khim"2 ¢ N

Polygon load that is linearly variable in direction Z: load projection plane YZ and local load direction in z
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6.11 Free Variable Loads

General description

With this function, you can define surface loads that act uniformly or variably over the depth and
perimeter of surfaces. You can use free variable loads to, for example, model tank and wind loads for
rotationally symmetric components.

)

MNew Free Variable Load *
No. On Surfaces No.
1 || [357 S
Load Distribution Projection Plane of Load
In Z-direction: (O XY Plane
(O Uniform (O YZ Plane
(® Varying... = (®) XZ Plane
Load Direction
Along perimeter: Local Ox
@® Uriform related to true area: Oy
(O Varying... = ®z
Global (L
related to true area: oYL
oz
Load Position and Magnitude
X [m] Z [m] p [kN/m?]
1: 200 [ oonlEH [
2: [ 2000i]] [ soo0ffr] [Ty
Comment
| V][
2| |
[0 New Free Variable Load dialog box
3.11 Free Variable Loads x
= ] D€ 6 | [ =] (5] ][] | K &= 3= | 55 55 [ ||@)| % (4| Lc11-imposedioad v | Q| &
B C [ D E F [ G [ H T 1 J K ~
Distribution Load Load Position Magnitude
On Surfaces No. | Projection | in Z-Direction |Along Perimeter | Direction | X1 [m] Z1[m] Xz [m] Zz[m] [kN/m2] | Comment
357 [ *Z Varying LUniform z 2.000 0.000 -2.000 5.000 -5.00
2
]
]
5]
6
7 v
Free Concentrated Loads | Free Line Loads | Free Rectangular Loads | Free Circular Loads | Free Polygon Loads | Free Variable Loads 14 3]
Enter the surface number,

Ly Table 3.11 Free Variable Loads

On Surfaces No.

This text box manages the numbers of the surfaces on which the load acts. You can also select them

graphically by using .

Starting from the corner points defined by the Load Position, imaginary straight lines are "set"
perpendicular to the projection plane. If these lines intersect any of the listed surfaces, the boundary
line of the applied load is the connecting diagonal of both intersection points. In this way, it is possible
to quickly allocate loads of a similar type to several surfaces.
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Projection Plane

The load can be projected onto one of the global planes XY, YZ, or XZ. As described above,
imaginary straight lines are generated, starting from the load positions and running perpendicular to
the projection plane. The points of the rectangle are then assumed as a surface at all intersection points
of the straight line.

The projection plane must not be perpendicular to a surface on which the load acts.

Load Distribution

The surface loads can act in Z-direction and/or Along perimeter as uniform or varying. You can define
the parameters of varying loads in separate dialog boxes by using the buttons.

Edit Varying Load Along Perimeter *
Rotation Axis
First axis point 51 A
L, X
w7
Y 0.000 12| m] z
= 0,000 £+ [m]

Second axis point Sz

X 0.000 (2| [m] Y

Y: 0.000 ¢ [m]
e 7.500 5| [m]
Start angle

b: § )

Load
a[] kall
0.00 1.00
45.00 0.50
50.00 0.70 -1
135.00 030 i
180.00 0.10
225.00 0.30 0.75
270.00 0.70
315.00 0.50 0.80
000 100
0.25
0.00
0b0 2865 = 8584 = 14324 ' 20054 = 25783 = 31513 360.96 []
5 ®] ][ X
5@ = canc

Edit Varying Load Along Perimeter dialog box

The factor kg in Figure 6.47 @ establishes the relation to the load magnitude p of the initial dialog box

(see below).

=z - : :

i Load Direction
x - Localinx (1)
y - Localiny (2)
z-Localinz (3 The load can act in the direction of the local surface axes x, y, z or the global axes X, Y, Z. The load
XL - Global in X on true area d . d b d . Ch 6 8 )
YL -Giobal n ¥ on true area irections are described in Chapter 6.8 @.
ZL - Global in Z on true area

Load Position

INES The coordinates of a rectangle according to the dialog graphic determine in which area the load can
act. You can define these corner points in the dialog box by using .
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Magnitude

In this table column or text box, enter the numerical value of the area load. For a linearly varying
distribution, you can define the load ordinates in the Edit Varying Load dialog box (see Figure
6.47 @),

You can find examples for free variable loads in the following articles of our Knowledge Base:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /000965 @
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base /000988 @

Imposed Nodal Deformations

General description

An imposed nodal deformation is a displacement of a supported node, for example, due to a column
settlement.

Imposed nodal deformations can only be applied to nodes that have a support in the direction of the
deformation.

New Imposed Nedal Deformation

(o |

No.
1

On Nodes No.

813 5
.
Y
Imposed Deformation

Imposed u: [rm] z
dizplacement:

o

uz: 20,0012 [mm] Y

Imposed 0 000005 [rad]

Tatation:
e , A b
= ' x|/
om0l o O
oz ra f\'. % |
V) bz
< S
Comment N
Imposed Rotations
v Pasitive if Right-Handed
(0] 3 ] [ Cancel

New Imposed Nodal Deformation dialog box

3.12 Imposed Nodal Deformati

A EEE 33O #E=E ] H

x
K == 3= | [F = |EE| ¥y | LC2-Displacement * | @ | >

B [ ¢ [ 0 [ E T F T G ] H | «
Imposed displacement Imposed rotation F
Na. On Nodes No. u [mm] uy [mm] uz [mm] i [rad] oy [rad] 9z [rad] Comment
0.00 0.00 20.00 0.0000 0.0000 0.0000 E
2
3 | 4
4 o

d Line Displ

s | Imperfections ] RIRI

Free Circular Loads | Free Polygon Loads | Imposed Modal Def ions | Imp
List of supported nodes with imposed deformation (e.g. '1-3,5,7).

Table 3.12 Imposed Nodal Deformations

The number of the load is automatically assigned in the New Imposed Nodal Deformation dialog box,
but it can also be changed there.
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On Nodes No.

In this text box, define the numbers of the nodes on which the imposed deformation acts. You can also
select them graphically by using .

If you have selected the graphical input by clicking the button, you have to enter the deformations first.
After clicking [OK], you can select the relevant nodes one by one in the work window.
Imposed displacement ux' / vy / uz

Imposed displacements can be applied in directions parallel to the global coordinate system. If a
displacement of the supported node does not act parallel to one of the global axes, its components X,
Y, and Z must be determined and entered into the corresponding text boxes.

For support rotations, imposed displacements are related to the rotated axes.

The graphic in the dialog box explains how displacements and signs are effective.

Imposed rotation ¢x' / ¢y / ¢z

Node rotations refer to the global coordinate system XYZ as well. A skew imposed rotation requires
the division in X, Y, and Z components.

A positive imposed rotation acts clockwise about the corresponding positive global axis.

Imposed Line Displacements

General description

An imposed line displacement is the displacement of a supported line due to, for example, a
foundation seftlement.

Imposed line displacements can only be applied to lines that are supported in the direction of the
displacement or rotation.

MNew Imposed Line Deformation *
No. On Lines No.
] | [s P
Displacement
Line start Line end
i 0.00 (S| [mm] e i 0.00 5| fmm]
Wy 0.00 ¥/ [mm] uy 0.00 || [mm]
uz.i 20,00 (5| +| [mm] uz 20.00 5]+ [mm]
Rotation
Line start Line end
By 0.0000 (3| [rad] By 0.0000 (5| [rad]
Comment
| v][@
D| i Cancel

New Imposed Line Deformation dialog box
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3.13 Imposed Line Deformations ®
S HE O EE [ K = | s W LC1 - Selfweight M- R
B_[ ¢ [ b [ €& 1 F T & [ #H T 1 T J Ja
Displacement at Start [mm] Displacement at End [mm] Rotation [rad]

No. On Lines No ux.i uyi uz,i ux,j uy,j uz,j Pxi Py Comment
1 5 0.00 0.00 20.00 0.00 0.00 20.00 0.0000 0.0000

2 11923 0.00 0.00 25.00 0.00 0.00 25.00 0.0000 0.0000

3

4

5 v
Free Circular Loads | Free Polygon Loads | Free Variable Loads | Imposed Nodal Deformations | Imposed Line Deformations | Imperfections | R

List of supported lines with displacements (e.g. '1-3,5,77.

Table 3.13 Imposed Line Deformations

The number of the load is automatically assigned in the New Imposed Line Displacement dialog box
and can also be changed there.

On Lines No.

In this text box, define the numbers of the lines on which the imposed displacement acts. You can also
select them graphically by using .

If you have selected the graphical input by clicking the button, you have to enter the values of the
Displacement or Rotation first. After clicking [OK], you can select the relevant lines one by one in the
work window.

Displacement ux' / uy' / uz

Line start

Imposed displacements refer to the global coordinate system XYZ. Three text boxes are provided for
the displacement on the start node of the supported line.

If a displacement of the supported line does not act parallel to one of the global axes, its X, Y, and Z
components must be determined.

Line end
In these text boxes, enter the displacement on the end node of the supported line.

To visualize the line orientation, use the Display navigator: Activate Model — Lines — Line
Orientations in it (see Figure 4.26 @).

Rotation @4

Line start

In the text box, you can specify an imposed rotation at the start of the line. It acts locally about the
longitudinal axis x of the line.

Line end

In this text box, you can enter the imposed rotation at the end of the line.

| www.dlubal.com
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Imperfections

General description
There are two ways how imperfections can be determined in RFEM:

= Equivalent loads are applied to members.
= A pre-deformed equivalent model is used.

This chapter describes imperfections in the form of equivalent loads. For detailed information on how to
generate equivalent models using the RF-IMP add-on module, see Chapter 7.3.1.3 @.

To apply an imperfection, a member must already be defined.

Imperfections represent manufacturing deviations in model geometry and material properties. In
EN 1993-1-1, clause 5.3, the application of imperfections is organized into precamber (deflection)
and inclination (sway). Thus, imperfections are taken into account by equivalent loads.

initial sway imperfections mitial bow imperfections
Ne, Ne, Neg Neo
‘l’ ‘l’ ‘l’ ‘l’ 4 Neq €00
—> PNgg T :; €< L
>
>
—>
>
S
T8 NEEzeO o
— Lol > | B
>
—>
¢ 3
—>
>
)
> 4 NEd 0.4
<— PN, > €
Neg Neg Neq Neqg

Equivalent loads according to EN 1993-1-1

Equivalent loads are also taken into account by RFEM when calculations are performed according to
the linear static analysis. Please note, however, that a pure imperfection load case does not produce
any internal forces. The model must additionally have some "real" loads that induce axial forces in the
imperfect member.

It is recommended to manage loads and imperfections in separate load cases. They can be suitably
combined with each other in load combinations. Load cases with pure imperfections must be
categorized as the action type Imperfection in the base data for load cases (see Figure 5.3 @).
Otherwise, the plausibility check would display a message due to missing loads.

Generally, imperfections must be set affine to the lowest buckling eigenvalue in the most unfavorable
direction.
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auis:

Frincipal  iu

Inclination 1490 :

Precamber Lien :

Precamber activity
criterion:

Comment

A v

00005+ [

Err—C

New Imperfection
No. Reference to On Members No.
a=0 asl

1 @ Members 1

() List of members @ =

s, 2

() Sets of members

i
Direction Parameters
Local axis: Fieference: @ Relative i
() Abszaolute

[ (0] 3 ] [ Cancel

m New Imperfection dialog box

3.14 Imperfections x
[E= | EEI[3E O 2] [5]] [ | K 2= 3 | [ = [ |@] % @ | 1c2-Displacement = | Q| >
A B = D E F H -
Inclination Precamber Activity Applywo [

Na. Reference to On Members No. Direction | Reference 1/eoH lfeo Criterion from zo []
1 Members 4 z Relative 28324 300.00 | EN 1593-1-1(5.8) =

& Members 2 ¥ Relative 250.00 300.00 | EN 1593-1-1(5.8)
Ligt of Members | 1.2 ¥ Relative 200.00 300.00 [EN 19931-1(5. ~ |4
4 -
< [T | G
Free Circular Loads | Free Polygon Loads | Imposed Nodal Deformations | Imposed Line Displ ts | Imperfections | W[4 r][n
Please choose activity criterion of the camber or press F7 to select!

[LLE L0y Table 3.14 Imperfections

The number of the imperfection is automatically assigned in the New Imperfection dialog box and can
also be changed there. The numerical order is not important.

Reference to

Define the objects to which you want to apply the imperfection. The following options can be selected:

Members

The imperfection acts on one member or on each among several selected members.

List of members

The imperfection acts on all members, which have to be defined in a list. Thus, predeformations and
inclinations are not individually applied to each member but as a total imperfection to all members of
the member list. Load effects of an imperfection on single members in contrast to a member list are
shown in Figure 6.55 3.
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With a list of members, you can apply imperfections across members without having to define
continuous members.

I"'I1 fPhi= 200.00 - .'I {1 Phi= 200.00 -
30|/ | 27 /
4 L#E00.00 -
9 | I|
'\1 fPhi= 200.00 - i
i |
[ : |
26 |
[ |
]
i
/
J Lr30000 -
-
25
L 300.00 -
+

Imperfection with reference to members (left) and to a list of members (right)

Sets of members

The imperfection acts on a set of members or on each among several sets of members. Similar to the
member list described above, parameters are applied to all members included in the member set.

Sets of members are divided into continuous members and groups of members (see Chapter 4.21 @).
Imperfections for sets of members can only be applied to continuous members that lie on one line. They
are not adequate for member groups or continuous members that are buckled.

Precambers are assigned along the total length of the set of members. However, the equivalent loads
for inclinations refer to the contained single members.

On Members No.

In the text box, enter the numbers of the members or sets of members on which the imperfection acts.
You can also select them graphically by using .

If you have selected the graphical input by clicking the button, you have to enter all imperfection data
first. After clicking [OK], you can select the relevant members or sets of members one by one in the
work window.

For imperfections referring to a list of members, it is possible to suitably arrange the member numbers
by using the [Reverse Member Orientation] dialog button to, for example, reverse the inclination for
the graphic display. However, the sequence is irrelevant for calculations because of the identical
equivalent loads.

Direction

The imperfection can only be applied in the direction of the local member axes y or z. When
asymmetrical cross-sections are used, the principal axes u and v are additionally available for selection
(see Chapter 4.13 @). It is not possible to define a globally acting inclination or precamber. The
reference to the local member axes means: The imperfection is adjusted to the direction of the
deformation that occurs in the course of a nonlinear calculation. Thus, imperfections in RFEM are not
conservative, i.e. the original direction of the load changes with the member deformation.

The orientation of member axes is described in Chapter 4.17 3. For symmetrical sections, the axis y
represents the so-called 'strong' axis, axis z accordingly the 'weak' axis of the member cross-section.

If the model type has been reduced to a planar system in the general data, you can only access the
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EM 1993-1-1 [5.8)
DIM 18800-2 [207)
Manually

direction z.

Reference

The values for inclination and precamber can be defined in two ways: Relative allows for entering the
reciprocal values of @0 and e in relation to the member length, Absolute allows for directly specifying
geometric dimensions.

Inclination 1/¢o

@o indicates the degree of inclination as it is described, for example, in EN 1993-1-1, clause 5.3.2.
Enter the reciprocal value of g or the absolute value into the text box. An illustration of parameters
can be displayed in the dialog box by using the [Info] button.

In addition, the [Calculate inclination] button in the dialog box allows you to determine inclinations
according to different standards in a separate dialog box.

Calculate Value of Inclinaticn @
According to Standard Inclination according to
() EM 19921-1:2004-12 [Ewrocode 2] 0 e ie AU (REEEED S
@ EM 1993-1-1:2005-07 (Ewrocade 3)
() DIN 1045-1:2001-07
() DIM 18800:1990-11
() DIN 1052:2008-12
> =

Inclination Parameters B

] [ I |
Basic Value o 14 200005+ [ _[ I I _Z
Structure Height h: 7.094 x| [m]
Mumber of calumns in
one row m: 15 =g - ah *+ Gm

2 x 2
Reduction Factor LT 0751 [ Uh = —— 3
h =1.0
om: 1.000 [-]
Inclintion e 1/ 63| am = J0.6¢1+:0)
0.003755| [-]

Ok ] [ Cancel

Calculate Value of Inclination dialog box

The According to Standard dialog section controls, which text boxes are displayed in the Inclination
Parameters dialog section. Based on the values entered in the dialog text boxes, reduction factors and
inclinations are calculated in accordance with standards. Click [OK] to transfer the values to the initial
dialog box.

Precamber L/eg

The precamber wq or eg 4 defines the degree of deflection to be applied according to the standard
(e.g. DIN 18800 part 2, el. (204) or EN 1993-1-1, clause 5.3.2). The precamber depends on the
buckling stress curve of the cross-section and is related to the member length L or entered as an
absolute value.

Activity Criterion

The following options are available to select how precambers are handled in the interaction with
member inclinations:

= Always

Precamber is taken into account in all cases.
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= EN 1993-1-1 (5.8)

The influence of the precamber eq 4 is applied to members with a slenderness X determined according
to EN 1993-1-1:2005, clause 5.3.2 (6), Eq. (5.8).

= DIN 18800

wo is only applied if the member coefficient € exceeds a certain value. This regulation refers to DIN
18800, part 2, el. (207).

= Manually
The activity criterion can be specified by the user.

To display the criteria in the dialog graphic, use the [Info] button.

Apply wo from go

A precamber is considered in addition to the inclination if the member coefficient € is higher than the
value defined in this text box. DIN 18800-2 el. (207) specifies € > 1.6 for most cases.

6.15 Generated Loads

RFEM provides several generators that you can use to easily create loads (see Chapter 11.8 @).
Generated member or surface loads can be found in Table 3.15 and in the Data navigator.

Project Mavigator - Data x
E™ RFEM
= @ Load generation™ [Examples]
] Model Data
] Load Cases and Combinations

) LC1: Self-weight

I LCZ: Snow

'y LC3: Generated loads

----- 1) Modal Loads

-\ Member Loads

----- | Line Loads

-\ %) Surface Loads

..... &) Solid Loads

- %) Free Concentrated Loads

----- %) Free Line Loads

----- %) Free Rectangular Loads

----- %) Free Circular Loads

----- i) Free Polygon Loads

----- 1) Imposed Nodal Deformations
----- &) Imposed Line Displacements

..... &) Imperfections

S et Losc:

EJ 1: From Area Loads via Plane
= 2: From Snow Loads (Flat/Monopitch Roof)

..... ] Results

..... ) Sections

..... ) Average Regions
) Printout Reports
(-] Guide Objects
(-] Add-on Modules

I 2

el
ﬁData @Display ,ZiViews

Data navigator for Generated Loads
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w-[#]4 Load Values

..... [#]4 Title Info

..... 4 self-weight

- [#]d Object Loads

- [#]db Free Loads

i-[#]d Other Loads

—-[#]d Generated Loads
S Scparately |

..... [#]4 Action Category Pr

..... [#]4 Differentiate Negat »

>

g I e B

<
ﬂData gDisplay _ﬁ\iiews

u RFEM 5 - User Manual
3.15 Generated Loads x
E|m|- |%|E|&) % | [ =L |@| Y3 (% | L3 -Generatedloads ~ | @ | >
B ]
Na. Type Comment
1 From Area Loads via Plane
From Snow Loads (Flat/Monopitch Roof)
Free Circular Loads | Free Polygon Loads | Imposed Nodal Deformations | Imposed Line Displ ts | Imperfections | Generated Loads | W4 v [r
Enter the surface number!

LY Table 3.15 Generated Loads

The original generator dialog boxes are stored as specific load objects and can also be accessed for
modifications: Double-click a navigator item or use the [ button to once more open the initial dialog
box (see for example Figure 11.194 @) where you can adjust the load generation parameters.

In the load shortcut menu and the Display navigator, you can select whether the generated loads are
displayed as a surface load symbol or Separately as member loads.

Edit Generated Load...
Delete Generated Load

Display Separately |

Disconnect Generated Load

Display Properties...

[ 5512 Shortcut menu of generated loads
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7.1

| et |

Calculation r

Checking Input Data

Before you start the calculation, it is recommended to check the model and load data as well as the
modeling. RFEM checks if data for each model and load obiject is completely available, if references
of data sets are alright, and if the modeling is correct.

Possible input errors can be quickly corrected, as you can directly access the table row with the
relevant problem (see Figure 7.2 @).

7.1.1 Plausibility Check

You can check both model data and load data for their coherency of input. To open the dialog box for
the plausibility check, use the menu option

Tools — Plausibility Check

or the corresponding toolbar button.

A dialog box opens where you can define the input data that you want to check.

Plausibility Check [
Check Type of Check
todel data ) Marmal
Load data @ "With warnings

) Mone, only statistic
Which Load Cases

_) Current load case Option
@ Al Generate FE mesh
Detect callizsions

Plausibility Check dialog box

In the Type of Check dialog section, you can choose between three options:

= Normal

The standard option checks the completeness of input parameters and the correctness of data
records.

= With warnings

Select this option to carry out a detailed check of the input data that also searches for nodes with
identical coordinates or releases with unlimited degrees of freedom.

When a discrepancy is detected, a message appears with detailed information about the problem.
You can interrupt the check in order to correct the mistake.

RFEM
l *  Emor Ho. 415
Solid Mo. 1

The material is not defined.
Please check this in Table 1.5, or another related table!

Plausibility check with warnings
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= None, only statistic

Only a summary of input data is reported (model dimensions, total weight, number of nodes, lines,
supports, surface and member loads, etc.).

If the Generate FE mesh check box is selected, the FE mesh can be generated during the plausibility
check. For more detailed information, see Chapter 7.2 @

If the plausibility check was successful, the check's result appears, showing you a summary of input

data.
Plausibility Check [

&l data has been checked.

Mo emors found.

Model Data | Load Data
Object MNumber  from  to Numbering  *
Nodes 18 1 20 Discontinuo...
Lines 23 1 23 Continuous
Materials 2 1 2 Continuous
Surfaces 2 1 2 Continuous |z
Solids 1]
Openings 1 1 1 Continuous
Nodal Supports 1 1 1 Continuous
Line Supports 1 1 1 Continuous
Surface Supports 0
Line Releases 0
Cross-Sections 5 1 5 Continuous
Member End Releases 1 1 1 Continuous
Member Eccentricities 1 1 1 Continuous =

Result of plausibility check, Model Data tab

7.1.2 Model Check

In addition to the general plausibility check, you can use the model check to specifically search for
discrepancies produced during the modeling. Go to the menu and select

Tools — Model Check

where you can select one of several check options.

Identical Nodes

5 RFEM filters all nodes with identical coordinates. They are combined into groups and shown in a
dialog box.
lIdEnti(aI Nodes @

Groups of ldentical Nodes

| »

m

Mumber of groups: 1

What is to happen with Apply action to

Identical Modes? @ Al groups

(71 Nathing () Selected groups in the list

(0) Delete unused nodes
(@ Urite nodes/supports and delete unused
hodes
Tolerance

() Check. again with other v e (v
A m)

talerance

Result of model check for identical nodes
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In the What is to happen with identical nodes? dialog section, you can decide how double nodes are
treated. In the Apply action to dialog section, you can define whether your selection applies to all
groups listed above or only to the selected row.

In the Tolerance dialog section, a fine tuning is available to define the zone where coordinates are
evaluated as being identical. This feature is especially useful for models imported from CAD programs.
In such a case, lines are often short because of nodes that lie closely together. If such nodes are filtered
with a suitable tolerance and then unified, it is possible to avoid numerical problems due to short
members or lines.

Overlapping Members

Use this option to filter all members that overlap partially or entirely in their lengths.

If overlapping members are detected, they are shown in a dialog box where they are sorted by
groups. In the work window, the current group is indicated by an arrow. After clicking [OK], you can
fix the problem.

Crossing Not Connected Members

The check searches for members that cross each other but do not have a common node at the point of
intersection.

Crossing Mot Connected Members @ __________————____'

Groups of Crossing Not Connected Members S

83
3146
3646 \

3846 .,
54,64 al Y

Mumber of groups: 13 ’ .

Connect members of /, .,

-
-

|.m

What is to happen with
Crozsing not connected members? @ All groups /S .
() Mothing () Selected groups in the list / \

@ Connect members

[ Consider member eccentricities

0K ][ Cancel

Result of model check for crossing members

The check's results are shown in the Groups of Crossing Not Connected Members dialog section. The
crossing members are listed in groups. The group that is currently selected is indicated by an arrow in
the graphic.

In the What is to happen with dialog section, you decide what you want to do with the crossing
members. The Connect members option is useful for actual ways to transfer internal forces, but not for
ordinary diagonal crossings with ties, for example.

Overlapping Lines

Use this option to filter all lines that overlap partially or entirely in their lengths.

If overlapping lines are detected, they are shown in a dialog box where they are sorted by groups. In
the work window, the current group is indicated by an arrow. After clicking [OK], you can fix the
problem.
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Crossing Not Connected Lines

Use this option to search for lines that cross each other without sharing a common node at the point of
intersection. As with members, the result is shown in the Groups of Crossing Not Connected Lines
dialog section (see Figure 7.5 @). The crossing lines are listed in groups; the currently selected group is
indicated by an arrow in the graphic.

The What is to happen with dialog section allows you to decide how to handle the crossing lines.

Overlapping Surfaces
Use this option to filter all partially or entirely overlapping surfaces.

If overlapping surfaces are detected, they are shown in a dialog box where they are sorted by groups.
In the work window, the current group is indicated by its selection color. After clicking [OK], you can
fix the problem.

Minimally Curved Surfaces

With this control option, you can search for surfaces that have a minor plane deviation.

Minimally Curved Surfaces @

Minimalty Curved Surfaces

2 " —

Mumber of surfaces: 1

What is to happen with
Minimally curved sufaces?

Modify into plane surfaces:

Apply action to
@ Al surfaces in the list
() Selected surfaces in the list

@ Listed solitary sufaces only

(7 Listed surfaces and their bordering surfaces \
of type Duadrangle’
(7 Listed surfaces and all their bordering H-—-—q____
surfaces e
Tolerance
() Check again with ather P, :
tolerance b A 0.0005 | [m]

(] 8 ][Eancel]

Result of model check for minimally curved surfaces

If surfaces with minor curvatures are detected, they are shown in a dialog box where they are sorted
by groups. In the work window, the current group's node that deviates from the plane is indicated by
an arrow.

The What is to happen with dialog section provides specific control options for handling such surfaces.
The Apply action to dialog section allows you to decide whether your settings apply to all groups listed
above or only to the selected surface.

In the Tolerance dialog section, a fine tuning of the plane definition is available. In case of
modifications, it is possible to Check again with other tolerance on curved surfaces.
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Buttons
The buttons in the dialog boxes of the model check have the following functions:
Applies changes of What is to happen with dialog section.

Jumps to RFEM work window to adjust the view.

Exports listed objects to Excel table.

Creates a new partial view for each object group.

Buttons in dialog boxes of model check
7.1.3 Regenerate Model
[y RFEM automatically revises small inconsistencies in the model produced during the modeling process
or arising from data exchange with CAD programs. To access this function, use the menu option
Tools — Regenerate Model.

( Regenerate Model &J

Unite Close Lying Nodes Integrate Modes Automatically in Surfaces

... if the distance between the nodes is less ... it the vertical distance between is less than

than the following tolerance value the following tolerance value

Tolerance Tolerance: 0.00050 5+ [m]
Standard nodes: 0.00050}= ¢ [m]
if the distance between the node and a
Generated fixed nodes: 0000100 | [m] boundary line of the respective suface is less
than the fallowing talerance value

Consider Lines/Members as Vertical Talerance: 0.00050 =+ | [m]

.. i the projection in the =Y plane is less than

the following tolerance value Round Mode Coordinates

Tolerance: 0.00050 5= | [m] [ tuctive

Mumber of decimal places: Bl
Regenerate Model dialog box
In the Unite Close Lying Nodes dialog section, define a threshold for the distances of nodes: When
values fall below the Tolerance, nodes are considered to be identical and combined into a single
node. Since redundant nodes are deleted, a renumbering of objects may result.
The Consider Lines/Members as Vertical dialog section allows you to control the position of local line
and member axes. The orientation of axes for members in vertical position differs fundamentally from
members in general (inclined) position (see Chapter 4.17 @). To impose a vertical position for a
general position, you can use the Tolerance text box. Thus you prevent the member axes from
"switching", which is also favorable for load input and output of internal forces.
Use the options in the Integrate Nodes Automatically in Surfaces dialog section for nodes with only a
very small distance to a surface or boundary line to automatically include them in the list of integrated
objects of the surface (see Integrated Objects @ ). As a result, a manual integration of the nodes is
unnecessary. Please note that an internal check is carried out before the calculation starts: If the nodes'
distance to the surface is too large, they are considered as not belonging to the surface.
You can activate a feature to automatically Round Node Coordinates in the dialog section. For this,
define the relevant number of decimal places.
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Mot Used Loads

All Loads

All Nodal Loads

All Line Loads

All Surface Loads

Menu Tools — Delete Loads

7.2

7.1.4 Deleting Unused Loads

Loads can only be defined on objects that exist in the model. During the modeling process, members or
surfaces with assigned loads may be removed from the system. Normally, RFEM automatically deletes
their loads as well. If the plausibility check should still detect a flaw, it is possible to remove loads on
non-existent objects by using the menu and selecting

Tools — Delete Loads — Not Used Loads.

The menu is shown on the left. In this menu, you can specifically select other load objects for removal.

FE Mesh

With RFEM, you can analyze member elements, plates, walls, shells, and solids. Before you calculate
data, the FE mesh must be generated to create the corresponding 1D, 2D, and 3D elements.

The FE analysis requires the division of the structural system into small subsystems represented by finite
elements. Equilibrium conditions are set up for each element. A linear system of equations with a lot of
unknown factors is created. The more refined the mesh size of the finite elements is, the more precise
the results will be. On the other hand, computing time increases enormously due to the amount of
calculated data, as additional equations must be solved for every additional FE node.

The FE mesh is created automatically. However, there are some options that can be used to control the
mesh generation.

Useful information regarding discretization and the finite element method can be found in [5] 3.

7.2.1 Basics of Finite Elements in RFEM

1D elements

For member elements, it is assumed that the cross-section remains planar when deforming. 1D member
elements are used to display beams, trusses, ribs, cables, and rigid couplings. In total, a 1D member
element has 12 degrees of freedom: six at the start and six at the end of the element. They refer to
displacements (ux, uy, uz) and rotations (@, @y, ¢z). When calculating structural data linearly, tension,
compression, and torsion are expressed as linear functions of the member axis x, independent of
bending and shear. They are approximated by a 3" order polynomial in x, including influence of
shearing stresses resulting from the shear forces Vy and V.. The stiffness matrix Ki(12, 12) describes the
linear behavior of the 1D elements. The mutual interaction between axial force and bending in case of
geometrically nonlinear problems is expressed in the stiffness matrix Kni(12, 12). You can find more
information in [6] @ and [7] ®.

For calculations according to the large deformation analysis, it is recommended to use an FE mesh
refinement of lines (see Chapter 4.23 @) so that results can be calculated accurately.
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2D elements

Usually, quadrangle elements are used as 2D elements. The mesh generator adds triangular elements
where required.

The degrees of freedom in corner nodes of quadrangle and triangular elements are the same as for 1D
elements: degrees of freedom of displacement (uy, uy, uz) and rotation (x, @y, z). In this way, the
compatibility of 1D and 2D elements in nodes is guaranteed. The parameters are defined in the planar
local coordinate system of elements and are converted into the global coordinate system when
creating the global stiffness matrix.

¥ ¥
4 7 3 4 3
Mermbrane element [t 3ettya] Elimination of [ 30ty 3.923]
. intermediate nodes
(Serendipity element I [uy gty 6]
with eliminated 8 z [ X z X
intermediate nodes)
- [ty z:thy,2]
1 5 2 1 2 [uy 2ty 2.::]

)

A

_ 3 [t 20, 3/03] Connection of transversal
EATAXNITY, shear strains:
Bending elemant BQ D—s Txz=@1+ D1y in points A and C

(MITC4 according to Bathe) : * Tyz=02+ by in points B and D

= [uz,E-"px,ZacP}',E]
C 2

4 A 3
I [ty 3.ty 30Uz 3,4P5, 3Py, 34Pz,3]
Combined shell element BO S A :
X
1 f 2 [Ux_2-U}'_Erua_.l.":[)x.l-"{jy,bl}z,l]

Shell elements of RFEM (quadrangle)

The planar shell elements are based on the Mindlin/Reissner theory. Figure 7.8 @ shows the
approaches of elements graphically. To ensure a direct coupling with member elements, a square
approach in the shell plane (uy, uy) is chosen. By eliminating the intermediate nodes, a four-node
element with an additional degree of freedom @« is created. This allows for wall elements to be directly
coupled with beam elements. Based on a mixed interpolation of transversal deformations, cross-section
rotations, and transversal shear strains, the MITC4 elements (Mixed Interpolation of Tensorial
Components) as presented by Bathe and Dvorkin [8] @ are also applied.

Presently, member elements are considered by directly solving the differential equation according to
the second-order analysis. Drilling effects cannot be considered when using the Saint Venant torsion.

The analysis of membranes is based on the principles of Bergan [9]®, [10] @, [11]®. For triangular
elements, for example, the basic functions are divided into three rigid-body deformations, three
constant conditions of strain, and three speci0| linear grddienis of stress and strain. Within an element,
the deformation field is quadratic and the stress field is linear. The element stiffness matrix K| is
subsequently transformed into nine collective parameters of the types uy, uy, @z. The components of this
matrix are added to the overall stiffness matrix (18, 18) together with the components that cause
bending and shear effects. This matrix is the result of the Lynn/Dhillon concept. Then, so-called Mindlin
plates are applied, which means that plates with distinct shear distortion are analyzed according to
Timoshenko. Thus, RFEM is able to find the correct solution for both thick and thin plates (Navier
plates).

In case of geometrically nonlinear problems, the above-mentioned split of the stress-strain condition into
a planar state and bending with shear is not possible. The mutual influences of these states are
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considered in the matrix KNL. RFEM uses a rather simple but effective type of the Kni matrix that is
based on the approaches of Zienkiewicz [12] 3. The square component &2 of the Green/Lagrange
strain tensor € = &1 + &2 is applied. A linear distribution of u,(x, y) of the planar stress condition and
linear distributions of ux(x, y) and uy(x, y) of the interaction with bending is assumed. This assumption is
possible, because the main effect of the interaction depends on the first derivation of the differential
equation, and because the influence of components of a higher order decreases quickly with the
division into smaller elements. The correctness of this procedure has been proven in several numerical
analyses.

For shell elements, the thickness of the elements must be considerably smaller than their expansion. If
this is not the case, it is recommended to model objects as solids. Furthermore, when using shell
elements, a pointby-point introduction of torsional stresses should be avoided: The rotational degree of
freedom about the surface normal reacts very sensitively.

3D elements

The following 3D elements are implemented in RFEM: tetrahedron, pentahedron (prism, pyramid), and
hexahedron. For detailed information about applied elements and matrices, see [13] 3.
Corresponding documentation can be requested from Dlubal Software.

24 Z4
4| 14 3 4 3
0a” - [y, 30y, 3002,3] [, 30y, 302,304, 3,0y, 3,402,3]
15 .
& pF— 19 89— -
412 T 4e [uy 9.0y gtz 0] Elimination of ' '
. . >
I P IV ¥ intermediate nodes o ¥
//&1 13 z [ . 1 2
|- LR LE ux, 2.y 2.0z7,2] —_— //‘ﬁ- EEEE B
o 17 18 P - [uy, 2,00y, 2.002,2,4P, 2,40, 2402,2]
y B 16 8 e 5 B
X X

Serendipity solid element with
gliminated intermediate nodes

Solid element (hexahedron)

Generally, all rotational degrees of freedom must be regarded as critical for solids. As the deformation
of a solid is solely determined from the displacement vectors, the rotation of a mesh node, for example
due to singularly introduced torsion, does not affect the deformation within the solid.
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7.2.2 FE Mesh

| To open the dialog box for setting and checking FE mesh parameters, select the menu option

Calculate — FE Mesh Settings.

This dialog box consists of three tabs.

7.2.2.1 FE Mesh Settings

FE Mesh >

FE Mesh Settings  Mesh Quality Criteria Adaptive Mesh Refinement

General Surfaces

Target length of finite
elements

Fe | 0.500 [ [m]

Maximum distance between a
node and a line to integrate it into

Maximum ratio of FE

rectangle diagonals Ap 1.800 |5+ [

Maximum out-of-plane
indination of a single

the line B 0.001 |3 fm] quadrangle element o 0.50 ] [F — =
Maximum number of mesh nodes » ' v ' .
{in thousands) max: | 500 = FE mesh refinement along lines A
{with Model type 'Plate XY' only) o * \%

+ * - 1] -
v Fielationship Ap =+ ( LV >
Mumber of divisions fo jal f ¢ — + ¥
m"elr:nb:sn e = [ Integrate unutiized objects into surfaces
(cable, elastic foundation, taper, |
nonlinearity): = i

Shape of finite () Quadrangles only
Activate divisions for straight members, which are not elements: () Triangles only Ao = D D| 2 Dy
integrated in surfaces, with concrete material category group D D2 n

(necessary for nonlinear calculation) ® Triangles and quadrangles

X []5ame squares where
Minimum number of member

o= - possible .
: 10 [ Option
e |: Triangles for membranes
[+/] Activate member divisions for large deformation or [JRegenerate FE mesh on [OK]
post-critical analysis
[ Mapped mesh preferred
[ Use division for straight members, which are nat

integrated in surfaces, with
Solids.

[[1Refinement of FE mesh on solids containing doss
- nodes

Maximum number of elements
- (in thousands): 200

Use division for members with nodes lying on them

D| = [0B]|08 = Cancel

FE Mesh dialog box, FE Mesh Settings tab

General

The Target length of finite elements controls the global target length of the mesh. The finer the mesh s,
the more precise the results generally are. However, the amount of data to be calculated and the
computing time are increased as well, since additional equations must be solved for every additional
FE node. Furthermore, singularity effects occur more frequently in a fine-meshed FE mesh.

( The discretization is important for the subsequent FE analysis: A mesh size that is too fine slows down
¢ the calculation without significantly improving the quality of results. A target length that is too long
cannot determine boundary conditions in a satisfying way. The following recommendation can be
made for the appropriate lateral length of finite elements: Eight to ten finite elements should be
generated between the boundary lines of a surface. If possible, avoid defining less than four elements.

Specify the mesh node's allowable distance from a line in the second text box of this dialog section. If
the distance of a node is larger than the entered value, a new FE node is created for it.

The Maximum number of mesh nodes is defined with an upper limit in the last text box of the dialog
section fo restrict the number of generated nodes and thus ensure the efficiency of the program and
computer.
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Members

For cable, foundation, and tapered members or members with plastic properties, you can specify the
number of internal divisions. They lead to a real division of the member by intermediate nodes.
However, if a member is arranged on the boundary line of a surface or if the definition line has an FE
mesh refinement, the specification has no effect.

To also divide beams by intermediate nodes for a calculation according to the large deformation
analysis, select the Activate member divisions for large deformation or post-critical analysis option so
that these members are calculated with a higher accuracy. The number of member divisions is
determined in the text box above.

If you Use division for straight members, which are not integrated in surfaces, FE nodes are generated
on all free members and considered for calculations according to the linear static and second-order
analysis. The length of the finite elements is either determined by the global target length Ige set in the
General dialog section or entered manually.

With the Use division for members with nodes lying on them option, RFEM generates FE nodes on the
locations of the member where end nodes of other members are located, without there being any
connection between these members.

Surfaces

The most accurate results are determined for elements that are as close as possible to the shape of a
square. For a square, the ratio of diagonals is D1/D2 = 1. In the Maximum ratio of FE rectangle
diagonals text box, enter the limit value Ap for the diagonal ratio. If the value is set too high, there is a
risk that elements are generated with very acute or reflex angles. This may result in numerical
problems.

&
—1-—
M
torl * pS | .
< | < bo-—L 2D
' | 0= 5, | 2 D2

Elements with diagonals Dy and D2

A curved surface is transformed into planar elements when creating the FE mesh. The inclination angle
a defines the Maximum out-of-plane inclination of a single quadrangle element. This value describes the
angle between the normals of two elements (see the following figure with normals between two
triangular elements). If the allowable inclination angle is exceeded, it is divided into additional
triangular elements.

- 7

= A
2

T-‘_‘_'_‘_-'—l‘/’ 4 p
nq

a4
4 nz

Inclination angle o
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Mapped mesh preferred

If the model is defined as a plate of the type 2D - in XY, you can specify an FE mesh refinement along
lines to create smaller finite elements on all lines and thus better approximate, for exclmp|e, results
along supported lines. The relation 4b refers to the global mesh size. It describes the edge distance of
the refinement from the lines.

ESSESRRSEEE! g

FE mesh refinement along the boundary lines of a 2D slab

Select the Integrate unutilized objects into surfaces check box to also generate FE nodes on objects
that do not have any specific function for a surface (e.g. free nodes without support or load,
constructional lines in surfaces). This function is disabled by default so that structurally irrelevant objects
do not warp the FE mesh.

The Shape of finite elements can be determined with the following three options:

= Triangles and quadrangles: default setting
= Triangles only: option in case quadrangles cause strong mesh distortions
= Quadrangles only: option for higher accuracy of results

Use the Same squares where possible and Triangles for membranes check boxes to additionally
control the generation of the FE mesh.

The Mapped mesh preferred option tries to align the FE mesh with the boundary lines of surfaces. This
type of FE mesh generation can be individually defined for each surface (Edit Surface dialog box, FE
Mesh tab).

A mapped mesh is exclusively composed of quadrangles. In general, a mapped mesh provides "more
accurate" results. Since less unknown factors also occur in the equation system, this method is
recommended for generating the mesh.

Solids

If nodes are very close together on a solid, you can define an automatic FE mesh refinement. This way,
the FE mesh determines the nodes correctly. The mesh size of the solid is determined from the shortest
distance of the nodes. You can use the text box to limit the number of generated 3D elements.

It is possible to enter specific requirements regarding the FE mesh for each solid. This option is
described in Chapter 4.5 ®.
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7.2.2.2 Mesh Quality Criteria

The parameters of this tab allow you to evaluate the result of the automatic FE mesh generation.

FE Mesh X
FE Mesh Settings  Mesh Quality Criteria  Adaptive Mesh Refinement
Surfaces Jacobian Ratio
Define aiteria: Warning Failure
[ 1.1 Aspect ratio 20 IR [ w0 o
[ 1.2 Parallel deviations 2D ‘ 100,00 Eﬂ &l | 160,00 Eﬂ )
[ 1.3 Corner angles 2D
~Triangles [ wsoo 2 [ s [E e
- Quadriateral s HE [ e E
[ 1.4 Warping 20
- Membranes \ oot HE | 0. [ [
- Non-membranes \ woHn | +00 [ [
[~ 1.5 Jacobian ratio 2D ‘ 30.00 Eﬂ [ | 800.00 E" H
max det J;
Solids Re——'8
Criteria Warning Failure Jn;”: _daat U
[7]2.1 Aspect ratio 30 IR [ w0 B
] 2.2 Parallel deviations 30 [ w000 B 19 [ w0 F @
2.3 Corner angles 30
~Triangles | wsoo HE [ wsoo @ Mesh Qualty Color Indication
- Quadriateral [0 HE [ o EHE oK (070, 0.00%) a
[+] 2.4 Warping 3D ‘ 0.10 Eﬂ [ | 0.50 Eﬂ [ [l Warning (00, 0.00%) l:l
[]2.5 Jacobian ratio 3D B [AFailed (0/0, 0.00%) B
[ ]

[0y FE Mesh dialog box, Mesh Quality Criteria tab

S « You can set quality criteria for 2D elements of Surfaces as well as for 3D elements of Solids.
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7.2.2.3 Adaptive mesh refinement

This function allows you to automatically adjust the FE mesh to the requirements of the calculation. The
program performs a mesh refinement in several steps. In each step, the FE mesh is recreated based on
an error comparison of the results in the previous calculation step. The error indicator for the surface
element results is based on the method according to Zienkiewicz-Zhu.

An adaptive mesh refinement eliminates the need to define refinement areas manually. 