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INTRODUCTION

Thank you for choosing FEM-Design.

This user manual provides a detailed coverage of FEM-Design principles and operation by covering the
basic concepts, input, analysis and design calculations and result documentation.

We hope you will enjoy using the program and its features and possibilities. We wish you success.

StruSoft, the developers
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ABOUT FEM-DESIGN

FEM-Design offers a powerful, yet easy to use package that can be tailored to suite the exact analysis and
design needs of the structural engineers using finite element method.

FEM-Design runs on Microsoft Windows ® 7, Vista and XP operation systems.

Single elements or a complete building, made from any number of materials and structural elements can be
analyzed with ease related to Eurocode 2, Eurocode 3 and Eurocode 5.

FEM-Design Modules

The FEM-Design software system is a group of modules developed for different 2 and 3 dimensional
structural problems, but it provides additional special features such as 2D drawing services and 3D solid
modeling too.

The following tables summarize the design and auxiliary modules with their features and functionality.

A The list of available modules depends on what license you have.

Plane Strain 3D Frame PréDesin
Problem description
Slabs, slab- Plane stress Structure with Two and three- 3D structures Pre-calculation
systems or other | problems, shear long extension dimensional include for reactions and
2D elements and load bearing and uniform frames and combinations of | internal forces of
loaded walls, elements section such as trusses with shell elements, load bearing
perpendicularly loaded in their retaining walls, arbitrary loads | slabs, walls, bars, walls and
to their planes planes pipes etc. beams and columns of 3D

columns with structures.
arbitrary loads

Ana
Linear Linear Linear Linear Linear Linear
Non-linear Non-linear Non-linear Non-linear Non-linear Non-linear
Dynamic Dynamic Dynamic Dynamic Dynamic Cracked-section
Cracked-section | Cracked-section Imperfections Imperfections
Second order Second order
Stability Stability
Seismic Seismic
Cracked-section Cracked-section
RC Design
RC slab RC wall RC bar RC shell
RC beam RC bar
Punching Punching
Steel Design
Steel beam Steel bar Steel bar
Steel bar-shell
Timber Design
Timber slab Timber panel Timber bar Timber panel
Timber beam Timber bar

File format

.pla | .wal | .pls | frm | .str | .prd

Table: The Design Modules
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Starting Program
FEM-Design modules can be started from dialogs appear after choosing one of the following ways:

- Click Start button of Windows status bar and select All Programs > FEM-Design...
- Click Windows Taskbar > FEM-Design System Tray @, if it is installed by default.
- Double click the short-cut r@ , if it is placed on the Desktop.

Starting a design module (or a new project) offers codes for structure design. Code selection influences:
- the range of available modeling materials,
- automatic combination of load groups, and
- the method and result of foundation, reinforcement, steel and timber design.

General options

Code

[] Code independent

@ Euocode

m Euwrocode [Na: Britizh]
ﬂ Ewrocode [Na: Danish)
@ Eurccode (NA: Finrish]
@ Eurocode (NA: German)]
m Eurocode [Na: Morwegian]
m Euwrocode [Na: Swedish]

Quety code at start time

Figure: Design codes

A The current code of a project can be modified any time during input process (structure and load
definition) at Settings > All... > FEM > Code. Changing a code will modified all materials and design
parameters according to the selected new code by using an editable conversion table.



BAsic CONCEPTS

User Interface

Each module has a similar user interface and contains the following parts:

- Menu bar
- Toolbars
- Tabmenus
- Status bar
- Application window
- Tool palette
- Dialog
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Figure: FEM-Design user interface

Menu Bar

The Menu bar contains file operations (File), drawing (Draw) and editing commands (Edit), assistant tools

(Tools), settings (Settings), views (View), window-system (Window) and user-guides (Help).

Menu commands having icons next to their names can be organized in Toolbars around the Application

window. Some commands can be executed by hotkey displayed behind the command name.

Toolbars

The Menu bar commands can be grouped in toolbars with their icons and placed next to Application window.

By default, the Standard and the View toolbars are displayed and the other toolbars are hidden. If you right-
click anywhere on the menu or on one of the displayed toolbars, a list appears, where toolbars can be set

visible or hidden.
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Figure: Available Toolbars and the Customize tool

Customize... allows you to edit the command content of the toolbar, on which the right-click is used.

A toolbar can be moved into new position by dragging it with its “thick vertical line” start.

Tabmenus

Tabmenus contain the main functionalities and their order displays the recommended structural design

workflow.

| Structure |

Tools to define axis and storey system, structural elements, supports and connections

| Loads |

Tools to define load cases, loads, load combinations and load groups

| Firite glements |

Tools to define finite elements and finite element mesh

| analysis | Tools to run analysis for the current project and to display results
| RC design | Tools to run automatic and manual design for concrete elements and to display results
| Steel design | Tools to run automatic and manual design for steel bars and to display results

| Timber design |

Tools to run automatic and manual design for timber elements and to display results

Table: Tabmenu types

By default, Tabmenus have different Object layer settings to protect their elements from the others. That
means, for example, structural elements (defined at Structure tab) are protected against load editing (Load
tab) although they can selected for load definition. Of course, the available layers of tabs can be customized
(Status bar > Current layer).

The optional module Documentation can be launched from the Tabmenus bar.

Status Bar

The Status bar is situated under the Application window and separated into the following parts.

= Layer box Object snap |
s Command line Co-ordinate box Point/Direction tools
D -
3 | - | : __eqhtor _ I
Select objects by box (LB = Box: RB = Object: SHft+RE = Select type: Ctt+..| |G iemsom  6agrem  0000m || Lavers )-S5 1O [Smae £ i b & @ Lk X O

Figure: The parts of the Status bar

- Co-ordinate box



It shows the exact coordinates of the crosshair cursor in the current co-ordinate system. Coordinates
can be also given for point/direction definition in a dialog appears after clicking on the Co-ordinate
box (see Entering Co-ordinates).

- “Current layer” button
Clicking the button opens a dialog contains the layer-system of the current project. All layer
operations like defining new, renaming, color-assignment, showing/hiding and deleting are
available in the layer-system dialog. The “Current layer” button displays the name of the current
drawing layer.

- “Current style” button
This button shows the line type currently available for drawing lines, arc, circles, edges etc. (Draw
menu). Clicking the button opens a dialog, where new line type can be defined or line types can be
edited.

- Point/Direction editor
Editor tools provide reference points and lines by using existing lines and points during element
definition, drawing and editing.

- Object snap tools
Here you can set the snapping distance and turn object snaps on and off.

- “Current color” button
Here you can set the drawing color independently from the color of the current drawing layer. This
color is used for numeric values on result figures too.

- “OK” and “Cancel” buttons
These tools approve or reject the current operation.

- Command line
Here you can directly communicate with the program for example by typing coordinate values in it.
In the command line coordinates can be defined in several ways (see Entering Co-ordinates).
Command line also displays additional messages to show the steps of the current command.

Application Window
Two main windows types are available in FEM-Design:

- Graphical window
It works as a drawing board and displays the model defined in the current project.

- Detailed result window
Analysis and design results with detailed background calculation formulas (code references), figures
and tables can be displayed by single elements or by design groups in separate windows. Quick
navigation is powered with zooming details.

An arbitrary number of windows can be opened (Window menu) to show for example a model in different
views at the same time. The list of the currently available windows is shown at the bottom of the windows
(tabs) and in the Window menu. You can swap between the windows by clicking on their name tabs or by
choosing the requested one in the Window menu. Applied windows can be arranged by Window > Arrange.
Right-clicking on a window tab, the window’s name can be edited.

14
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Figure: Application windows

Tool Palette and Dialog

In most cases, a command/ tool has own palette (Tool palette) that contains its definition and setting tools.
Beam @
Jz ot tl/leco 1]

l | Beam/Column properties ﬁ
General I Section End conditions Tl'__I.' Material
o

Defau It Identifier (position number) ... E]
settings

Enter identifier of bar (max 50 characters). The position number iz
generated automatically when "Tools”, "Refresh numbering™ function is
called. Initially it is set to 0.

Figure: An example for tool palette (Beam command in 3D Structure module)

The parts of a tool palette are:
- Toolbar
It gives the editing modes and their additional tools. The main editing modes are:

=7 Define: creates new objects according to its current settings (“ Default settings”).
See more Element Definition.

? Properties: asks and/or changes the properties of selected object(s).
See more Object Properties.

- “Default settings”
If this button has 3D shape, then you can set all default parameters for the new object. Otherwise, it
only shows the symbol of the function.

- Main settings
The frequently changed parameters of the new object (Define) can be set directly in tool palette.

You can usually use a dialog to modify the settings, the properties of a command; it contains text and
number fields where you can set parameter values.

The main difference between dialogs and Tool palettes is that you can work beside an opened tool palette, but
cannot at a dialog.

There are three main switch types at a dialog or a tool palette: check boxes, radio and chain buttons.
In case chain button exists and it is “Active” (pushed in), any changes made to the related edit box will be

transferred to the next edit box automatically. It gives a quick definition of defining surface elements with
constant thickness, loads with constant intensities etc.

Surface load @
eI |
g1 kN/m2] ... [10.000 rl Surface load =]
2 kN/m2] ... [10.000 V]3] 1 2 o/l
g3 [kN/m3Z] .... 10.000 al kN/m2] . [10.000 [[3)

g2 kN/m2] ... 10.000 ]|
g3 kN/m2] .... [10.000 r

Figure: Function of chain buttons
Program Settings

Clicking Settings > All opens a dialog with all available settings of the program and the current project.
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Figure: Project and program settings

The settings are valid for the current project, but they can be extended for later projects by saving them as
default settings. OK closes the dialog and validates the settings for the current project. Save as default set the
“selected” project settings available for next projects and new files.

A “Selected” means that Save as default works only for the branch belongs to the list/folder title selected
by the cursor. For example, apply Save as default for “ Environment” to save the General, the Directories

and the Cursor settings as default, or select “Settings” and click Save as default to store all current
settings as default values.

The range of available settings depends on the currently opened Tabmenu. For example, all setting are
available at launched “Structure” tabmenu, but the settings are reduced with e.g. finite element (Mesh)
settings in case of activated “Analysis” tabmenu.

The program stores project and default settings in the fem.ini file can be found in the “FEMData”
folder of the installed program.

New program release can use the default settings of the previous release, if you keep them after the
first running of the new release in a warning message dialog.

Environment

General settings enable the user to adjust the main program settings affect on startup, system, rendering and
display style.

- Check for update at start

By default, the program informs the user if a new official release of the current FEM-Design version
is available.

- Check for upgrade at start
It sends a message if a newer commercial FEM-Design version is released. In this case, the newer
version can be downloaded, but it can be run only in demo mode till renewing the current license
agreement (please contact your local distributor).
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Auto load last drawing
Checking this box opens the last project at program start-up.

Language
By default, the user interface is displayed in the installation language. Ask your local distributor
about the available languages in your country.

Timesave [min]
It defines the time period in minute for automatic project saving. Read more at Data safety.

Undo steps
The number of executable undo steps can be set in the field. But do not forget, that there are some
complex calculation processes (analysis, mesh preparing etc.) Undo does not work on.

Graphic engine
The suitable graphic engine can be set here by choosing “DirectX” or “OpenGL” according to the
video card.

A If you have any rendering problem with the default graphic engine, apply the other one. In
case of further troubles, download the latest driver of your graphic card.

“Safe mode” is developed to protect the program from possible video drive crashes. If no
graphic problem is detected with the current driver, uncheck this box to take the full
advantage of the new powerful graphic engine and to reach the maximum rendering speed.

Enable XP/Vista style
By default, the user interface is developed in the height of Microsoft Windows Vista and XP fashion.
Unchecking the box a simpler interface will be available after restarting the program.

Window background

The color of the drawing background (graphical windows) can be set here. The default and
suggested color is white. Objects having the same color with the background are always displayed
in inverse color.

Display information pop-up

If there is no running command, moving the cursor over an element displays an Information pop-up
with the element’s main properties. Depending on the currently used working mode (Structure,
Loads etc.), pop-up is available for different elements (structural elements, loads etc.) only. For
example, the pop-up displays the ID, the material, the thickness, the alignment and orthotropic
features for Plates in Structure mode.

Wiew

Enable <P / Vista / 7 style

It will effect only after restarting
FEM-Design.

‘window backgraund :]

Display infoimation pop-up

L= IR C35/45

- ... 0,200
L
n_kﬂ'_;» _—_ R Alignment Center

0.000

1.000
0.000
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Figure: Information pop-up examples
Directories settings allow the user to specify the location of FEM-Design files.

- Temporary
The program stores temporary files during calculations and mesh generations in the given folder,
which will be automatically removed, if the operations are done successfully. Remained temporary
files can be erased from the Temporary folder after closing the currently opened project. The changes
made in Temporary directory will affect after the program is restarted.

- Working
The default favorite folder can be set here for the open and save commands.

The style of cross-hair cursor can be set in Cursor dialog. It can be full-sized in graphical windows or custom-
sized (Limited) by the scroll tool.

Drawing

Title dialog allows the user to specify the content of drawing title block (Draw > Title information table) and
the header title of printing (File > Print). Project, Description, Designer, Signature and Comments attributes are
autotexts. That means, modifying their content updates all titles used in the current project. These five title
attributes can be used in documentation and reinforcement list templates with the help of Field tool (Draw
menu).

N
Title information Settings ' [
Concrete Structre L
Geormetr {d Settings Title
Strusoft . L3 Envirormert
] £ Drawing
= B Tile Project Concrete Structure
e | L1350 Scale
e 1 # Param Description Geomety
- A Text
3 FEM Designer Strusoft
£ Solid model
3 Display Signature
3 Window
COMMEtS ........

Figure: Title information table

Scale has effect in displaying texts, line types and wall hatches in graphic windows. Of course, printing scale
can be set independently from drawing scale.

Param settings allow the user to specify the default initial settings for drawing (Draw menu commands) in
the current or later projects (Save as default). Line type, pen width and drawing color can be edited
independently from the default values with the Status bar tools “Current style”, “ Current layer” and “Current
color” .

Text settings enable the user to set the default font style and sizes for general text items.

| Text setting effect

Drawing Title block yes
Structural element ID and label yes
Design data label yes
Load label yes
Mass label yes
Support ID and label yes
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Default settings of Draw > Text yes
Default settings of numeric result values yes
Draw > Dimension no
Grid axis label (Structure > Axis) no
Storey label (Structure > Storey) no
Finite element and node ID no
(Settings > Display > Mesh)

Table: List of elements on which Text setting has effect or not

Dimension, Axis and Storey tools and the finite element display have individual text settings from the general
Text settings.

2 Script solves the character problems of different languages. For example character “6” appears as “0”
in “Western”, but as correct “6” in “Central European” script.

Size is defined in real values (mm), so text size varies on drawings by modifying its Scale.

The Width factor 1.0 refers to the normal character width, so factor smaller/greater than 1.0 results a
condensed/extended text.

For “italic” style use Slant between 10 or 15 degrees.

FEM
FEM includes settings influence structural behavior, finite element mesh generation and calculation.

Code displays the current and available design code for the current project. Code influences:
- the range of available modeling materials,
- automatic combination of load groups, and
- the method and result of reinforcement, steel and timber design.

Changing the current code erases the materials, the design parameters and the results in the project, so these
properties have to be redefined to run valid calculations later.

Read more details from other FEM settings in the connected topics:

- “Rigid” values
The default value of “infinite rigidity” can be set for supports, connections and fictitious bars by

types.
- Mesh and Calculation

Mesh and peak smoothing settings of automatic finite element mesh generation.
Perform gives additional features to data safety.

- Result
Options define the calculation sections of bars and affect on detailed results of bars.
Display

The current and default display settings of the drawing elements, numbers, structural objects, loads and
finite elements/mesh can be set here.
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Figure: Display settings (of Beams, Columns and Trusses)

Window

Co-ordinate systems include the display settings of the Global and the User-defined (UCS) co-ordinate system
symbols. The symbols are shown in the defined size in working windows, but they can be hidden by
unchecking the Display co-ordinate systems box.

Grid defines the distribution settings of the visible Construction grid. The grid can be hidden by unchecking
the Display grid box. The grid lines can be set to be parallel with the axis directions of the Global (Ground) or

UCS system.

All default settings of Object Snap tools are grouped in Snap dialog.

Units setting offers various unit types for modeling (length, angle, force, mass and cross-sectional data) and
for results. Stress and displacement units can be set independently of the length and force units.

,
Settings r ﬁ
@ Settings | H |
--1_] Environment Un|t5
+-_J Drawing
{1 FEM Units
{1 Solid model
R | Digplay Length ........c....... E
=i Window
; &3 Co-ordinate systems Angle oo
Grid
2" Snap Sectional data ..... @
p el Lnits
Force ..o kN -
Displacement ....... @
SEress o
Save as default
. = =

Data Safety

Figure: Available units
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Time saving and protection system ensures more the data safety of working files.
Time Save
FEM-Design automatically saves copy of the working file by given time period.

The saving time period can be set in minutes at Settings > All > Environment > General > System > Timesave.

Working on a project file called e.g. “steel construction.str” in the 3D Structure module with a 15-
minute time save period, an extra file will be generated and updated by the time period (0, 15, 30min
...) with special extension and in a hidden folder:

Rules of time save:

- Incase of a program crash, the last saved copy opens automatically in the right module.

- If you successfully exit from FEM-Design after saving the current project, its time save copy will be
erased from the recovery folder.

- The location of time save files cannot be modified for data safety.

A Additional automatic savings can be set before and after calculations at Settings > FEM > Calculation >
Perform, but automatic savings overwrite the original project file.

Recovery files

Recovery file command in File menu is for managing time-save files which are generated after some
unexpected events. Its tool-window:

7o o
Recovery
File Date Size || F Wersiar: 11.00.000
TR 15 St TITEn ToS T User name: femtester
untitled_l?.str 11}'13}'201 1... 413 KB File creat!ald: ) 11/212001170:48 AM
untitled_la.str 11“&{201 1... OKE Lazt modification: 1121200197118 Ak

untitled 19 st 11/15/2011.., OKE
untitled_2.skr 1op4fz011/... OKB
untithed_20,skr 11/158/z011... OKB
untitled_21.skr 11/18/2011... 0 KB
untitled 22 str 11/18/2011... OKE
itled 11/15/2011.., OKE
112102011, 570 KB
untitled_25,skr 11/23/z011... OKB
untithed_26.skr 11/23/z011... OKB
untitled_27 sty 11/29/2011... 0 KB
untitled 25 str 11}29/2011.., OKE
untitled 29 st 11}29/2011.., OkE |
unkitked_3, str 10/13/2011.., OKB %
untithed_30,skr 11/29/z011... OKB .
untitled_31.str 11/29/2011... O KB T .
untitled_32.str 11/29/2011... OKE —
nnkitled 33 sk 1117912011 ... nkr ¥

[ Qpen drawing H Close ]

Figure: Recovery file dialog

You can open the desired version and delete the useless ones, and you can also set the sorting criterion, by
clicking on File / Date / Size.

Protected Work File

All working files are locked not to be modified, overwritten by another user or process. Starting a project, a
file having the project name with .Ick extension is generated automatically, which guarantees the protection
till closing the working file.
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Opening a protected file sends the warning message: “The file is locked by another user or process.” You are
allowed to open and modify the content of a protected file, but changes can be saved only under a new name
(File > Save as).

Element Types

Two main types of elements are available in FEM-Design: Drawing elements and (structural) Objects. These

element types are stored in different Layer-systems and have different kind of property and display settings.

Drawing Elements

Type Command Property and Display Settings
Point " Draw > Point Settings > Drawing > Param, “ Current layer”
Line 7 Draw > Line Settings > Display > Drawing elements,
“Current style”, ” Current layer”
Rectangle -] Draw > Rectangle Settings > Display > Drawing elements,
“Current style”, “ Current layer”
Arc & Draw > Arc Settings > Display > Drawing elements,
“Current style”, “ Current layer”
Circle © Draw > Circle “Current style”, “ Current layer”
Region " Draw > Region Settings > Display > Drawing elements,
“Current style”, “ Current layer”
Solid ™ Draw > Solid Settings > Display > Drawing elements,
“Current style”, “ Current layer”
Text A Draw > Text Text tool > Default settings,
Field [ Draw > Field Field tool > Default settings
Dimension | ¥ Draw > Dimension Dimension tool > Default settings, “ Current style”
Title Draw > Title information table Text tool > Default settings, “ Current style”,
information Settings > Title, “ Current layer” (! Object layer)
table
Table: Drawing elements
Objects
Type Command Property and Display Settings
Axis | Structure | @ Axis Auxis tool > Default settings, “ Current layer”
Storey | Structure | < Storey Storey tool > Default settings
i Structure i ; i ; i i
Soil , Soil Settings > Display >Soil and foundation, Soil tool > Default
settings
Borehole | Structure | ® Borehole Settings > Display >Soil and foundation, Borehole tool > Default
settings
Isolated | Structure | Isolated foundation | Settings > Display >Soil and foundation, Isolated foundation
foundation tool > Default settings
Wall Lstructure | 1 W foundation Settings > Display >Soil and foundation, Wall foundation
foundation tool > Default settings
Foundation | Structwe | = Foundation slab Settings > Display >Soil and foundation, Foundation slab
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slab tool > Default settings

Beam ST ) Beam Settings > Display > Drawing elements and Beam and Column,

Va7

“Current style”, " Current layer”, Beam tool > Default settings

Column structure | | Column Settings > Display > Drawing elements and Beam and Column,
“Current layer”, Column tool > Default settings

Intermediate SR |} Intermediate section | Intermediate section tool > Default settings Drawing elements

section and Beam and Column

Apex Stuoctincl| Apex Apex tool > Default settings

Truss member | | Structure | N Truss member Settings > Display > Drawing elements and Beam and Column,
“Current style”, “ Current layer”, Truss member tool > Default
settings

i

Plate StrOckiiel], Plate Settings > Display > Drawing elements and Plate and Wall,
“Current layer”, Plate tool > Default settings

Wall structwre | P g Settings > Display > Drawing elements and Plate and Wall,
“Current layer”, Wall tool > Default settings

Profiled panel | | Structure | S50 profiled panel Settings > Display > Drawing elements and Plate and Wall,
“Current layer”, Profiled panel tool > Default settings

Timber panel structure | == Timber panel Settings > Display > Drawing elements and Plate and Wall,
Timber panel tool > Default settings

Support Sti0ciieN], % &» i— QQ.. @ , | Settings > Display > Drawing elements and Support,

Supports Settings > FEM > “Rigid” values, Support tools > Default

settings, “ Current layer”

Connection structure | § E , Connections Settings > Display > Drawing elements and Connections,
Settings > FEM > “Rigid” values, Connection tools > Default
settings, “ Current layer”

Fictitious bar structure | i , Fictitious bar Settings > Display > Drawing elements, “ Current layer”
Settings > FEM > “Rigid” values, Fictitious bar tool > Default
settings

W, L, 2= ¢ , . ,

Load Loads |, i I, Settings > Display > Load, “ Current layer”,

Loads Load tools > Default settings,

Finite element Finte elements | Finite element tools Settings > Display > Mesh, “ Current layer”,

Settings > FEM > Mesh and Calculation
: ]

RC bar Re- design | o Settings > Display > Design, “Current layer”,

Auto design and Manual design Auto design and Manual design tools > Default settings

Steel bar Steel design | i “Current layer”

stiffener Steel bar stiffener

Table: Objects
Layers
The FEM-Design layer-system helps you to work in a well-organized way in drawings and in models while
constructing and documenting. The layers can be considered as transparent papers put on top of each other
will seem to be one drawing. All layers can be reached in a dialog appears by pressing the Current layer
button.

Layer Types

Regarding the element types there are two main layer types: “Drawing” and “ Objects”.
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Figure: “Drawing” and “Objects” layers

“Drawing” layer contains all drawing elements defined by the Draw menu commands or generated from
DWG and DXF imports. Drawing layers can be renamed and erased, and their colors and states can be
edited. Only the default “0” layer cannot be deleted and edited. At the same time only one drawing layer
called “Current” can be used for drawing. The name of the “Current” layer is appears on the Current layer
button. The “DIM” layer is a special drawing layer for the dimensions. It is automatically created by using
the Dimension command (Draw menu).

“Objects” layers are built-in layers for objects like plate, wall, column, supports, loads etc. Each object type

has an own layer (e.g. walls are displayed on the “Wall” object layer). Objects layers are not allowed to be
deleted and renamed, but their states and the display colors and pen width of objects can be edited.

Layer Status

Layer Status [§shgnlslol Function

Hidden E| The layer content is hidden in graphic windows

Protected 5 The layer content is visible, but protected from editing
Active IIi_ ' | The layer content is visible and editable in graphic windows

Table: Layer status

Editing Layers
Tool 0 Available for laye of:
Make current | Sets selected layer to be the current one Drawing
New... Creates new layer in the available layer list Drawing
Rename... Modifies the name of the selected layer Drawing
Delete Deletes the selected layer from the layer list Drawing
A Delete function cannot be undone
All elements will be erased of a deleted layer
Clear Removes all elements of the selected layer Drawing
A Clear function cannot be undone
Color... Modifies the current color of the selected layer | Drawing, Objects
Defines the current drawing color Drawing
[?innes the display color of Objects Objects
I Color can be modified by elements with
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Edit > Change appearance
Pen... Sets the pen width assigned to the selected layer | Drawing, Objects
Defines the current drawing pen width Drawing
Defines the display pen width of Objects Objects
¥ Pen width can be modified by elements with
Edit > Change appearance
Select all Quick selection of all layers Objects
Deselect all Deselecting currently selected layers Objects
Objects Quick selection structural object layers Objects
Statical system | Quick selection of Supports, Modeling tools and | Objects
finite element/mesh layers
Load cases Quick selection of load (cases) layers Objects

Table: Editing layers

The full content of an Objects layer can be erased with Tools > Delete all. The objects deleted with Delete
all can be restored with Edit > Undo. Delete all erases the objects of protected layers too!

Co-ordinate Systems

Various co-ordinate systems are available in FEM-Design with different function, properties and display

settings.
Global co-ordinate User-defined co-ordinate Local co-ordinate
system System (UCS) System
Function Definition of co-ordinates Definition of co-ordinates -
Definition of directions Definition of directions Definition of directions
Interpretation of results - Interpretation of results
- - Definition of profiles
Type Right-handed Cartesian Right-handed Cartesian Each structural object has got
Its own right-handed Cartesian
co-ordinate system
Axes XY, Z XY, (2) xX,y,2
Symbol //[\
Symbol color | Fixed 3 colors, Fixed 2 colors, User-defined 3 colors,
X = green X =cyan Settings > All >
Y =red Y = orange Display > Local systems
Z =Dblue
Position Fixed User-defined: Fixed for an object
- View > UCS
= I moves the origin to the
position of the cross-hair cursor
shift ‘
e+ L2 moves origin
back to the origin of the Global
system
Direction Fixed User-defined: Changeable:
- View > UCS Edit > Change direction
Shift ‘
-+ L2 resets the
directions to the original state
Show/Hide Settings > All > Window > Settings > All > Window > By element types:
Co-ordinate systems Co-ordinate systems Settings > All > Display
Symbol size Settings > All > Window > Settings > All > Window > By elements types:
Co-ordinate systems Co-ordinate systems Settings > All > Display
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Table: Co-ordinate systems
User-defined co-ordinate system (UCS) is developed in order to easily define coordinates and directions in a 2D
user-defined working plane.
Point Definition with Co-ordinates

Points can be defined with their co-ordinates in Descartes or Cylindrical co-ordinate systems.

Co-ordinates

alfed].......... 60

d1m) ] 12
[:7-4 1 p— 0.00000

Cylindrical

T - ]

ucs Descartes
T[]
Dk’ M
Origin
2 & -

Figure: Co-ordinate system types for point definition
Point co-ordinates can be defined in various unit types available at Settings > Units (Length and Angle).

The crosshair cursor position can be displayed on the Status bar in the Descartes or in the Cylindrical co-

ordinate system by clicking the (&) symbol of the Co-ordinate box.

Descartes Orthogonal Co-ordinate System
(Cartesian co-ordinate system)

The individual co-ordinates represent the distance of the point from the origin of the orthogonal co-ordinate
system (absolute) or from a previously defined point (relative) measured along X, Y and Z axes. Cartesian co-
ordinate system is available for co-ordinate definition both in the Global co-ordinate and the UCS systems.

Cylindrical Co-ordinate System
(Polar co-ordinate system)

Point is defined by three components: an angle (al) and two distances (d1 and d2). The al and d1 co-
ordinates define the point position in the XY plane of the Global co-ordinate and the UCS systems, d2 sets the
distance from the XY plane. The angle and the distances can be given from the origin of the co-ordinate
systems (absolute) or from a previously defined point (relative).
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Co-ordinate Definition Modes

Point co-ordinates can be defined by typing them in the Command line or the Co-ordinate box of the Status
Bar, or just by mouse-clicking combined with the Object snap tools in the drawing area or in special points.

Absolute co-ordinate definition

Co-ordinates of a point are defined as distances/positions from a co-ordinate system origin.

(e SN
X[m) 2 [ox
Y [m] 4 Cancel
Zfm...........[0.00000 |

ucs Descartes
ﬁ_—(> v TL v
Crigin

Dk} » Co-ordinate box

Command line —

(= ]ﬂ 3513m  -10026m  0000m | Layers |

Figure: Absolute co-ordinates given in Command line and Co-ordinate box

Descartes Orthogonal System | Cylindrical co-ordinate system
Global co-ordinate UucCs Global co-ordinate UucCs
system system system system

Command - X YorXY - P _al_dil
line

Example: Example:

Faint [LB. RE = Place paoint] : |4 2 Faint [LE, RE = Place point] : [P 45 5

Point [LE. RE = Place paint] : 4.2
Co-ordinate Co-ordinates Co-ordinates Co-ordinates Co-ordinates
box

K] D al[deg] ...
Y] AT
Model Descartes ucs Descartes Model Cylindrical ucs Cylindrical
£/ R VRl I N P PR 1| /P SRR 1 PP
Origin Crigin Origin Origin
3D

Command - XY ZorX)Y,Z - P_al_d1_d2
line

Example: Example:

Point (LB, RE = Place paint] : (4 25 Point[LE.RE = Flace point) : P 455 2

Paint (LB, RB = Place paint] : [4.2.5
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Co-ordinate
box

s 7
Co-ordinates Co-ordinates

7 F

)8 1) [— 4

Y Ml s 2

Fd 1) [ 5l

Model Descartes ucs Descartes
A

EX/ RN Tt - 1 -
Origin Origin

Dk T Dh T

Co-ordinates Co-ordinates
ELN 1| [— 45
dim] . 5
A2 |
Model Cylindrical ucs Cylindrical
A
M= L - &
Origin Origin

Table: Absolute co-ordinate definition modes

Rules of co-ordinate definition:

- Co-ordinates given in Command line are valid only in UCS. But, if the UCS and Global system are in the
same position (same origin and same axis directions), the defined point will be in the similar position in

both two systems.

- Decimal point has to be defined as “. ” and not

“u o “u oy
7 .

- If you do not give Z value in the 3D modules, its value will be automatically zero.

Relative co-ordinate definition

There are three ways to define a point with given distance from another point (called “relative co-

ordinates”).

Relative coordinates can be defined both in the Descartes and the Cylindrical co-ordinate systems and both in

the Global and the UCS systems.

Relative (A): Distance from the last defined point

Distance from the last point can be defined in the Command line or with the Co-ordinate box. This mode is

useful while creating line/ polyline/polygon/surface with the distance from the start/ previous point.

Steps
1

Command Line

Define the start/ previous point

Co-ordinate box

2

2D

Type the distance co-ordinates as:
R_X_Y or @X,Y

Example:
Beam - Define - Straight line - End point (LB, RE = Flace paint] : R E-4

Bearn - Defing - Straight line - End point (LB, RB = Flace point) :  |[&6,-4

Launch the Co-ordinate box dialog,
change Origin to Last point, and give the
distance co-ordinates.

Laszt point

H 2
£ ¢ .

Example:

Co-ordinates @

ucs Descartes
: - A -
Last point

;”432‘ e

B

3D

Type the distance co-ordinates as:
R_X_Y_Zor@X)Y,Z

Launch the Co-ordinate box dialog,
change Origin to Last point, and give the
distance co-ordinates.
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Laszt point

Example: I I 8
Bearn - Define - Straight line - End point (LB, RB = Flace point) : B 6 -4 3.5 ¥ |
Beam - Define - Straight line - End point (LB, RE = Flace paint] : [{#6.-4,3.5 Example:
[ Co-ordinates &J‘
Xpil......[s
Yeil.....[4
) (SO i X
ucs Descartes
Last point
D=
X

Table: Relative (A) co-ordinate definition modes

Figure: Meaning of Relative (A) way in case of beam and plate definition

Relative (B): Distance from a selected point

With the help of function key " and the Co-ordinate dialog box, a point can be defined from the point on
which the cross-hair cursor is left. The steps of definition:

1 Leave the cursor above the required point found by one of the Object snap tools, which you would
like to define the distance from.

F12
2 Click function key.
3 Set the distance co-ordinates in the Co-ordinate dialog according to a selected co-ordinate system.
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7 B
Co-ordinates relative to current point ﬂ

X oo 2|

Zm] 0.00000

ucs Descartes g
F12 r

-
Co-ordinates relative to current point ﬂ Fiz

X[m] ................|0.0000D
Yim 2
Zm] ... | 000000

ucs Descartes

Figure: Column definition with the distance from a slab corner or from a beam endpoint (Relative (B) way)

Relative (C): Point defined on line/edge with the distance from the end point

With the help of function key - and the Co-ordinate dialog box, a point can be placed accurately on a
line/edge defined with a given distance from the closer end point of the line/edge. The steps of definition:

1 Leave the cursor above the required line/edge found and next to its end point you would like to
define the distance from. The == “Nearest” Object snap tool helps you to find the line/edge.

2 Click = function key.
3 Set the distance (d) from the closer end-point you left the cursor in the appeared dialog box.

Relative distance ﬂ

Distance from the nearest end poirt
dim]

Relative distance ﬂ
Distance from the nearest end pairt
1

Figure: Column definition on a beam by using the Relative (C) definition mode
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Calculator

If you press while defining numeric values in a field of a dialog box, the Windows Calculator comes up.
It is automatically filled with the content of the edit box. When you close the Calculator, the value calculated
or typed in it will be written into the numeric field. It can be used with both Normal and Scientific views of
the Calculator.

ate

in

lnlle) (] (L
ENEIENON - -0 ==
[ooe) (2] (] (o] (PR o) (] ]

‘/—‘ = Calculator =[O Glose
G R=d | =gl Calculator
] t1m]...... 0.20000 c P 0.20000
¢ Y Ot ©Bn | ©Degess y/(l |
o B [ [ (e AU 2 o d w@ GO
& Bl E R e - =
I [ = / 0200 3] ... (R

Figure: Calculator used in numeric fields of dialog boxes
Working Plane

The default working plane - where the points and coordinates are defined - is the following by different
FEM-Design modules.

Design modules Section Editor
Global XY plane | Global XY plane Global YZ plane
Gravity direction
Global Z direction | Global Y direction

Table: The default working plane by FEM-Design Modules

As the User-Coordinate system defines the working plane, its custom position can be set by the UCS

definition tools. The UCS command (View menu or toolbar) gives different definition ways depending
on the applied FEM-Design module.

User Co-ordinate System

[ s RN EXR V. N

Maove origin

UCS definition tools

Function

@ Axis

Defines vertical working plane by the
global Z axis and a selected axis

Note
Available only in the 3D modules

i: Storey

Defines horizontal working plane in
the plane of a selected storey

Available only in the 3D modules

--= Object plane

r=="
1
L

Defines working plane in the
plane/reference plane of a selected
drawing/structural region

Available in all modules, but it has not
effect on the default working plane in 2D
modules, where only the position of the
origin changes

'{} 3 points

Defines working plane with 3 given
points in their common plane

Available in all modules, but it is useful in
3D modules, where the working plane can
be set in arbitrary 3D position with 3
arbitrary points

i:’ Global XY plane

Sets the working plane in the global XY
plane

Available in all modules, but it has not
effect on the default working plane in 2D
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modules, where only the position of the
origin changes

T—) Global XZ plane

Sets the working plane in the global XZ
plane

Available only in the 3D modules

Global YZ plane

Sets the working plane in the global YZ
plane

Available only in the 3D modules

I—) Origin

Move the current working plane
parallel with its original position into a
given point

Available in all modules, but it has not
effect on the default working plane in 2D
modules, where only the position of the
origin changes

Table: UCS - working plane definition tools (in Design modules)

>

=%

Figure: Working plane set into one of the global coordinate planes
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g\ Storey >z

Figure: Custom-defined working planes

A It is very important to set correct position (plane) for the structural model. For example, although the
default working plane is the Global XY plane in the 3D design modules, place the model of a 2D frame
in a vertical (Global Z) plane with the help of a vertical working plane, because the gravity direction is
always the Global Z axis direction.

2, Global Z d

e
45@&%(? x
“go

Global Z dir.

T ’ = 7

Figure: Correct model (plane) definition of a 2D frame done in the 3D Frame module

The program automatically sets the working plane into the reference plane of a planar element (plate, wall,
surface support, surface load etc.), if you use the Hole tool to cut hole in a structural element or a load.
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Figure: Hole definition automatically sets the working plane into the plane of the attached object

Grid Systems

The program offers a number of aid tools finding specific points and directions while drawing and editing.
These are the Grid system and the Object snap tools.

Two grid systems are available in the program: Construction grid and Snap grid.

Construction grid

By default, Construction grid is the grid visible in the working plane. Of course, it can be hidden at the
program settings (Settings > All > Window > Grid). That grid sets the characteristic sizes of your project.

AT -

9 Settings 7
{3 Environmert | Grld
(- Drawing

-3 FEM Options

-3 Solid model

"E Display Display grid
20 =+ Window Xdir fr. ... [20000 3]

-2 )

[=) Ydir. [m] ......
@ ucs
) Ground

Figure: Construction grid and its settings
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You can snap to the raster points of the Construction grid permanently by activating the *+ “Raster” Object

snap tool and temporarily by holding down - function key. By default, the grid directions are parallel
with the UCS axis directions, so you can rotate the grid together with the UCS.

Snap grid

Although Snap grid is an invisible grid, you can join to its raster points permanently (Raster tool) or

temporarily " as written before at Construction grid. The distribution of the grid can be set at Object snap
tools or at Settings > All > Window > Snap. The grid distribution can be set as default for the project/program
in the latter setting dialog.

|
Snap foi

| L . 20 -, ,’J/_lﬂ:lv— Ogtiors Cumors
Al \ LI mE=g 70t crer ok ]

3 SN ]—ﬁf‘\ xor fal,... 1500 T2l 7lymbel cumser —

=1
i | LB ven e
1°)

=)l %heiexo

P e w— ] o0m  i000n 0000 | e

Figure: Snap grid and its settings

The X and Y directions are always parallel with the UCS axes.
Settings affect the Snap grid (Raster dialog box):
- Dot cursor
If it is active, a small black dot shows the grid points at applied Raster snap.

- Sensitivity
It sets the sensitivity area of the raster snap for both the grids and other snapping tools. The
sensitivity is constant while zooming.

Object Snap Tools

The Object snap tools finds and joins to special points of drawing elements and objects. The cursor form
changes to the symbol of the actually used Object snap tool. A snap tool can be activated permanently by
clicking its icon on the Status bar or checking its box in the Raster dialog box. The dialog shows the hotkeys
of the snap tools activate the current tool temporarily while holding down the key.

Objectsnap too
Select closest/ ++ Two states: finds the closest | - R ——
Farthest point + | O the farthest point/element ' N
-+ | from the overlapped ones
L
Raster * *+ | Activates the Snap grip and | |
** | finds its points
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Orthogonal I:L Defines straight directions | | r2
parallel with the UCS axes
Available  for  line-type

elements
End point ¢ | Joins to point, corner point | | F3
- and endpoint
Middle 1.-":2 Joins to line/edge midpoint Fa
il
Center [E:l Joins to the center of circle/ F5
arc/circular surface I“'l
-
Nearest J | Finds line/edge with its | |6

points
It joins to line/edge with the
closest point to the cross-hair

Perpendicular I:_.L Locates the point on an | | 7
element that forms a
perpendicular line to it from
the last set point

Intersection }{ Finds the nearest intersection F8
point of two elements

Tangent _{j Locates the point on a Fo
circular/ curved element
that forms a tangential line
from the last set point

Table: Object snap tools

Settings affect to the Object snap tools (Raster dialog box):
- Dot cursor
If it is active, a small black dot shows the points found by the applied Raster tool.

- Symbeol cursor
If it is active, the symbol of the current Object snap tool when the cursor finds the similar snap point.

- Sensitivity
It sets the sensitivity area of the raster snap for both the grids and other snapping tools. The
sensitivity is constant while zooming. Too high Sensitivity value makes more difficult to find a point
from the neighbors close to it.
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Input Devices

The following figure summarizes the main keyboard and mouse functions. Of course, these functions, which
depend on the current working mode (drawing, editing, selection, documentation or no command is
running), are mentioned at the related topics of this user manual.

Edit commands Right button (RB)
Animate pan Middle button(MB)
Animate rotation Ctrl+MB

F1 Raster snap Animate zoom Scroll
F2 Orthogonal
F3 End point
F4 Middle point
F5 Center
F6 Nearest F11 Distance from the nearest end point
Esc Quit F7 Perpendicular /' F12 Relative coordinates from crosshair

‘ F8 Intersection |/ | Back space Back in steps

; B S ey et F9 Tangent |/ | + Increase result scale
. ‘ : - Decrease result scale
NN

L ,
r T L T

4 N 8/

/
| T /
Shift+RB Select each | | "
Shift+Ins Reset UCS | Space Restart definition |
Ctrl Multiply selection \ Enter Alt+PgUp One storey up
Ctrl+RB Draw commands (S]Calcyl::&; Execute Alt+PgDn One storey down
Ctrl+MB Animate rotation Repeat command Alt+Home Goto storey
Ctrl+A Select all End selection Ins Move UCS to crosshair

Figure: Keyboard and mouse functions

From the above displayed buttons, the following ones have special functionalities during drawing/editing:
- - Activate temporarily the Object snap functions.
Defines point on a line or edge by giving distance from the closest end point (Relative (C)).

Inserts a relative point from the position of the crosshair cursor (Relative (B)).

LJ Moves UCS to the position of the crosshair cursor.

;J Moves UCS back to the Global co-ordinate system position (original state).

=5 Quits from the current command.

Lo Opens the properties dialog (Default settings) of the current command.
E_J Confirms data input / repeats the last command / finishes multi-selection.
S Restarts the steps of the current command.

= | Goes back to previous step in a multi-step command.

Some commands can be accessed by hotkeys. See those commands in the Menu bar or in the Toolbars.

Selections

Mouse and keyboard selection

FEM-Design offers various selection modes to select objects for requiring and modifying their properties and
for editing. If selection is possible, the available selection modes appear in the Command line.

‘wiall - Properties [LE = Box; RE = Object; Shift + RE = Select type; Ctrl+d = Select all; Ctil = Multiply selection] : |
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Figure: Selection modes displayed in the Command line

Use L2

to restart selection, if you make mistakes while selecting.

Box selection

Rectangular selection box can be defined with two points placed with the (52 mouse button. Depending on
the box definition, the box selects elements:
- that are fully in the defined rectangular area — the end corner of the box is on the right
from the start one,
- that are fully or partly (intersected) in the defined area — the end corner of the box is on the left
from the start one.

Select/included

Select intersected

Figure: Box selection modes

Object selection

Use <97 on an object to select it directly. If you click on a common part of more objects, the first drawn one
will be selected.

Selection of same type elements
It is a quick selection to select visible elements defined with the same command (e.g. selection of all walls

created by the Wall command). Just hold down g and select on element (e.g. one wall element) with

, and all same type elements will be selected (e.g. all walls) independently their properties differ or not.

Select all
Depending on the current command, all visible elements (e.g. for the Edit > Move command) or all visible

same type elements (e.g. for the Properties tool) will be selected by using '« and - together.

Multiple-selection
In some situations elements cannot be selected by one selection mode or with one selection box. With = the

previous selection ways can be combined. Multiple selections can be finished with =
Filter selection

Filter is a pop-up window in the workspace, which helps to select the requested objects easily for all kind of
editing and modifying functions. When clicking on it, the following appears:
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[ Filter - |

[=]- Storey P
- Foundation (0.000)

- Storey 1 (+3.000)

- Storey 2 (+6,000)

- Storey 3 (+9.000)

[=)- Structural element

BEEIITI

- Calumn

[=I- Analytical element

- Point support

- Point suppart group |E|
- Line support

- Line support group

[=- Identifier

m

” + oo
4

With the cursor pointing on Point support group and buttons appear, enabling the user to add
or remove point support group elements. If you want to select most, but not all of the point support groups,
you should click ”+”, and then “Continue” for deselecting the few individual supports not needed for the
selection.

The button works as an “AND” boolean operator: If you want to select the columns on the second
storey, you have to click ”+” at column and then at storey 2.

After closing the Filter palette, it can be switched on again by a right click on any toolbar, or on the main
menu zone. Another way is available through Settings>All...>Environment>General>View

where filter palette can switched on and off:

View

Enable %P | Wista | W7 stvle

window background | :]
Hilight calour ..., E

[IFilcer palette
Display infarmation pop-up

Animate view changes

[ OF. l [ Cancel

User defined filter in Tools menu is a function for saving some frequently used selections. If you define
a filter of your own, it will appear at the bottom of the list. When defining, a name has to be given and then
desired objects have to be selected. A window appears “Filter has been created.” After this, if needed, with
properties ”?”, the name of the block can be modified; with “+” you can add other members, and with “-”,
you can remove undesired ones.

It also can be exploded with
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Fam -
" [ -
Filter
FirstFilter
Explode
Mame ...... | |

At first (like in the figure above) “OK” is grey, but after clicking on Explode button “OK” becomes active.
Don't forget to validate the explosion with “OK”, before closing this window.

Point/Direction Editors

The program offers tools for defining special points and directions while drawing and editing. You can reach
them from the Status bar.

Object snap tool Function ~ Example
Multi steps [}{] Fixes reference points | Define a new point with

defined by  the | X=Y=1m distances from the

following tools virtual intersection of two Line o
predefined lines: &4 New point
Launch  Point  (Draw

Intersection |1m
X

menu), and then activate

+— Im

both [K] and | . :
Define the  virtual ek
. . A0S
intersection of the two
lines and place the cursor

F12
close to it. Press ‘= and

type 1 [m] for X and Y in
the Co-ordinate dialog box.

Pressing on Status

bar defines the new point.

Virtual T— Edits the intersection | Start a new line from the
intersections of of two lines crossed | virtual intersection of two L
lines virtually each other predefined lines: <0

Launch  Line  (Draw

menu), then activate
- — Intersection

| , and select the two )
lines one-by-one. The I\
. e
new line starts from the )
virtual intersection.

Divider point +— | Edits a point on a Draw a new line from the
straight-line with a | quarter point of another
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given ratio:

ratio = the distance of
the divider and start
point divided by the
section length

line:
Launch  Line  (Draw
menu), and then activate

H_'. Define the start
and end point of the line
(section), and set the
ration to 0.25 (from the
start point). The new line
starts from the quarter
point of the defined
section.

Start point

& Divider point
2%
s
T

%

End point

Parallel with line

J

Defines direction
parallel with a line

Draw a new line parallel
with another line starting
from a point:

Launch  Line  (Draw
menu), and define the
start point of the new line
in the point. Activate

— and select the line.
Click the point again and
finally define the end
point of the new line.

& N
~*xStart point 5,

Perpendicular
from line

Defines direction
perpendicular from a
line

Draw a  new  line
perpendicular from a fixed
point of an arc:

Launch  Line  (Draw
menu), and define the
start point of the new line
in the fixed point.

Activate l and select
the arc. Click the fixed
point again and finally
define the end point of
the new line.

End point

ey e

Tangent from line

Defines tangent
direction from an arc

Draw a new line tangent
with an arc and starts from
a fixed point of the arc.
Launch Line (Draw
menu), and define the
start point of the new line
in the fixed point.

Activate I:j and select
the arc. Click the fixed
point again and finally
define the end point of
the new line.

Table: Point and direction editors
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Navigation
Thanks to the improved video engine, the advantage of all modern displaying technologies such as live pan,

live rotation, live zoom, special display modes and transparency (see the next chapter) is available in FEM-
Design.

5@ The suitable graphic engine can be set at Settings > All > Environment > General > Graphic engine.

Pan

Panning view on the drawing area can be done in different ways. “Panning” modifies the current view only
and not the position of elements.

= First start Animate pan from the View menu or View toolbar, then press @or Wand drag the mouse
to pan the current view. If you are in panning mode, you cannot edit the model and the currently

running command is also paused. Click = to exit panning mode and return to editing mode.

However, while in editing mode, you can temporarily simulate Animate pan by pressing the @to pan the
view. Release the mouse button to stop panning.

With the command Pan (View menu) the current view can be moved with a displacement vector defined by
two points.

Zoom
Different tools allow you to zoom on the current view.

Live zoom

I::l First start Animate zoom from the View menu or View toolbar, then press @or @and finally
move the mouse up to zoom in or move it down to zoom out. If you are in zooming mode, you cannot

edit the model and the currently running command is also paused. Click o to exit zooming mode
and return to editing mode.

However, while in editing mode, you can temporarily simulate Animate zoom by scrolling @forward to
zoom in or backward to zoom out.

Other zooming tools of View menu

Zooming tools Function
Zoom margin Fits the view to all visible elements and leaves a 5% additional margin around it

Zoom in Enlarges the view area defined with a box and fits it to the current window size

Zoom out Displays the current view in the defined box area

Zoom enlarge Zoom:s in to the 133% of the actual size

Zoom reduce Zooms out to the 75% of the actual size

IO

Table: Zooming tools
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Orbit

View rotation can be done in different ways. “Orbit” modifies the current view only and not the position of
elements.

x First start Orbit = from the View menu or View toolbar, then press &2 or @and drag the mouse to
turn the model around its center point. If you are in rotation mode, you cannot edit the model and the

currently running command is also paused. Click ‘= to exit rotation mode and return to editing
mode.

However, while in editing mode, you can temporarily simulate Orbit by pressing '~ together with Wto
orbit the model. Release the keys to stop rotating.

Figure: Temporary Orbit

Rotation view can be set in a dialog box too with the command 3D Rotation (View menu).
("3 Rotation =X

N
( Preview
Manual definition i_‘

™).

\_
2D Views . . . . .

Flare Bottom West East South North

3D Views ‘ . . - . ‘

==

Figure: Rotation by dialog box
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Views

Besides of navigation tools, specific built-in 2D and 3D views can be used to set the required project view.
All views can be stored with given names (user-defined views).

Built-in views
Just click one of the following view buttons to set a specific 2D view or a general 3D view:

Alt F1

@ Plane view (top view; lwa+lax)

Alt F2

@ South view (side view; lw+las)

At F3

@ East view (side view; lwu+lax)

Al F9

@ Space view (general 3D view; 'l + o)

User defined views and Home view

To return frequently to a view of the current project, you can save it as “Home view” (View > Home view >
Save as). Choose View > Home view > Return to set this view just with one-click. Home view is saved with the
project.

Current view can be also saved with names in a dialog appeared by clicking o (View > User defined views)

or using " +.".. Define a name and click Add to store the view. If you have more than one user defined

views, Select displays preview of them. To use a stored view as the current one, click Select and exit. The list
does not contain the Home view. User defined views can be saved with the 2D and 3D View commands too.

[ specifies a section view, which contains objects within a given range (Tolerance), while il defines a
space view perpendicular to a given plane. The section/plane can be defined with the following tools:

20 view @ 3D view @
=0 & Ol L b ] & O b e Lo

p Name ....o..o...... Custom2D p Mame ... Custom30)|

II Tolerance [m] ... [1.20000 "

— S 17

Figure: 2D and 3D View commands

Object plane

The section/view plane is parallel with a selected region (Plate, Wall etc.) plane. The final direction can be set
by moving the cursor at the selected storey. The view direction is always the opposite of the local Z’
direction of the selected surface object.

3 points

The section/view plane is defined by adding three points. The first point defines the origin, then the second
point defines the X direction together with the first one, and finally the third point defines the Y directional
extension of the plane. The last point also defines the view direction (an arrow shows it).

User Co-ordinate System
The section/view plane is set to the X-Y plane of the UCS. The view direction is always the opposite of the Z
axis of the UCS.

Dialog
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With this tool, you can define the position of the section/view plane in a dialog box. At 3D View, Dialog
opens 3D Rotation.

- ~
3D Rotation X

w o

-
SRS Plane Eattom Wiest East South Horth

LrtrEr L eme @@

+X view (cross section)

Distance from origin [m] ........ .

[E

Figure: Section/view plane definitions in dialogs

Swapping among views

Moving one step back from the current view, zoom operations etc., click ) (View > Previous view) or use

Alt P . Alt N
o+l To go to the next view, click ' (View > Next view) or use '+ .,

Select view

With this tool, you can select some specific views (Storey view, Axis view and User defined view).

\t;g FEM-Design 11.0 - 3D Structure - bibo12_27storey.str = kj
, File Edt Draw Modify Tools  Settings  View ‘window Help - O X

7 Shuctue | Loads  Firite elements Analysic ACdesion  Stesldesion  Timber desian

PO MANK MM me : 2 2 2R 131 OO

Datum Bar Shell Pretabricate.. Support Modeling tool Cover Reinf_. | Docu

— Euracods
Filter[d
L] A ¢ S
E, vrr) - i |
- L= P it
| == = Storey
E H: %@ Foundation (0,000}
=N s e Storey 1 {+3.000)
s = ‘7’5"—!-—‘——-' = Storey 2 (+6.000) o
o| 2| A e e == Storey 3 {+3.000) e
i al o= __‘-'_" e Starey 4 {+12,000) - |
o — A —f Starey 5 [+15.000)
—{ 1) B8 e = Auis @
[d = o — “':;- = Number [l
3 e = 1
E &= e e e e e e : g
—= e F——= e e e e e it 3
RE = ',/gaﬁé_—ﬁs-sﬁ-wf—-ﬁgg——-ﬁ : =
j s ] o Letter
il I/ﬁ-j 8 Ld
ol |+ e 0
A = |
GB i ) User defined view
® 3 \ A "
L] 1l I
al |- g
= 0 S
— . D |
A 3 O
| #] 5
= &
il =1
= Modsl 1 < l 1 Solution Explorer
Enter command (Enter = Repeat command: BB = Modiy) ‘ |69 eman  armEsm nmom [Lwes [0 S LG [ ¥ T h VO LR XT

Figure: Example for using Select view command
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= Storey
Foundation {0,000}
Storey 1 (43,0000
Skorey 2 (46,000
Skarey 3 (49,0000
Storey 4 (+12,000)
Storey 5 (+15,000)
= AHis
[=I- Mumber
1
2
3
El
= Letter
E
C
o]
A
= User defined wiew

Figure: List of selectable views

After choosing Storey 2 you can see all the elements belonging to the current level, but for example, if you
have high columns going through the whole building, they will belong only to the level where they have

been created. You can return to previous view by clicking on the icon £ again and then selecting “Return to

3D view”.

You can also obtain cross-sections of the whole building. By choosing axis no. 1. (which is the global X axis)
in the example above, this is what you can see:

‘@ FEM-Design 11.0 - 3D Structure - bibo12_27storey.str u@lﬂ
| Fle Edit Draw Modiy Took Setings View ‘window  Help -
7 Stuctue | Loads  Finite elements Analysis  RCdesign  Steeldesign  Timber design
¢ 0 7 AN me R EHEITD OO
D atum Bar Support todeling taol Cover Reinf... | Docu.
E Euracode o~
10| 4] ¢ Filter [ fim
By |
L1t lﬁ]n}
wtl® x
3 A A 1
y # el o i
= &
—| 13| &8
ol = e \A -
e ol = | b/
al o
] 1 EJ a — @
A 2 \
ju 1 i 4
[a e =
@ |- T
o | = ¥
H U
— - D’ —a.
L#] |1 @
& L
& .|[E
= Model 1

Enter command [Enter = Repeat command; RB = Maodify]

| ] 1smen z20im

0.000m ” Lapers H[X] TS Lo ” Shap |++ Hhs o LR X U|

Figure: Cross-section view of the building

The green dots emphasized with the blue arrows in the figure above indicate the truss elements pointing out of the plane

determined by the current axis and global Z.
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Display Modes
Thanks to the graphic engine, the following display modes (View menu or View toolbar) are available:

Wireframe

It or o+l displays the model with all edges and lines drawn, but with no surfaces drawn.

Hidden line
or b+ b displays the model with all edges and lines drawn except those covered by surfaces.

Shading

or kot lw displays the model with all surfaces shaded according to their assigned layer color. A default
(non-editable) light source provides illumination for shading. All non-building elements such as drawing
elements (lines, regions, texts etc.), loads, supports and the grid-system (if not hidden) are also displayed in
shading mode.
Shading with edges

) or b+l displays the non-occluded edges of the model in addition to Shading mode.

(71| Hidden tine - /

Ground Floor Ground Floor
3 3

3 2

2

Shading

‘ W Shading wnlh,&d'

Ground Floor Ground Floor
3 3

2 2

Figure: The meanings of the view modes

Display thickness

is a quick tool developed to real-time display or hide 3D solid representation of structural objects (Plate,

Wall etc.). It's a switch that can be turned on/off in the View menu/toolbar or by using '+l

ON OFF
Beam, Column and Truss member | 3D solid | Reference line
Plate and Wall 3D solid | Reference plane

Table: The visual effects of “Display thickness” switch status on element types
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Figure: The statuses of “Display Thickness”

Hiding Element

Ll The hide and show functions are merged in one command called Hide/show objects, which is available

in the View menu/toolbar or by using “+L.. To hide elements use the Hide tool for selecting them.
The selected elements are displayed as transparent till closing the command and then they disappear
on screen. Resuming the command, the transparent objects represent the previously hidden objects.
Apply the Show tool to display hidden elements again by selecting them. Click All (!) to hide or show
immediately (without any selection) every project elements depending on the Hide or the Show tool is
the active.

Hide all stories of the building except the first story and the ground floor.
>\ Hide
| mI

N ||'C]
N7

én
%

\

Figure: Hide tool and box selection

Unbhide the second and third stories.

41



Figure: Show tool and box selection

Transparency

[h

L

Transparency can be set for all element types such as structural objects, drawing elements, loads,

supports etc. Start the Transparency command from the View menu or View toolbar or with |i +‘_T.
Set the transparency value in the Set transparency dialog and then select elements you would like to
display as transparent.

Figure: Example for Transparency

To reset transparency settings to opaque for all elements, set the transparency value to 0% and click
AIL(!).

At solid (Display thickness switch is on) and Hidden line/Shaded representation of plates/walls, the
finite element mesh can be displayed, if transparency is given for the host surface element.
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Figure: Display finite elements in solid and shaded view

@ To set the transparency of all walls to 50% in a project, select one wall with ILJ+ W

Figure: Transparency command combined with “Select type” selection

Axis

Axes (Axis objects) have multifunction in FEM-Design. They can be used to find special points and to define
different kind of planes:

- Intersections of axes

Figure: Intersections may define column base points

- Working plane
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Figure: Working plane defined on an axis by UCS

- View planes (2D View and 3D View commands)

- Project planes (used in the model transfer between the FEM-Design modules)

14

Wall module can open an axis plane defined in the 3D Structure model and imports the walls
attached to the view.

New axis or axis-system can be defined with the '~ Axis command of the | Structwrs | tabmenu. Both constant
and variable distribution of axes can be defined in the Axis tool palette.

Definition steps
1. Set the required horizontal working plane (UCS), where you would like to place axis/axes.

2. Use the =" Define tool. Define the distribution in the Multiple axes description field. If distance is not
defined, you can place one axis object as a line on the UCS working plane.

Constant spacing:
(n-1)xd where n means the numbers of axes, x is the multiplication sign and d
means the distances between the axes.

Variable spacing:

(n1-1)xd1,(n2-1)xd2,... where ni means the numbers of axes per different spacing, x is the
multiplication sign and di means the different distances.
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Constant distribution Variable distribution
ol & 2nd point = _ B

1 TYPE ..o Number | [Multiple axes distances

4 35
®é) Prefix.... i -.
sl 2 5,2x3.5,5

Figure: Axis-system with constant and variable spacing

3. Label type (Number or Letter), starting character (No/Letter) and Prefix can be defined for the new
axis/axis-system in the Axis tool palette.

4. Display settings of axis symbols, colors and label can be set at E Default settings.

5. An axis or the start axis of a system can be easily defined as a line with 2 points in the working

plane. The distribution orientation can be changed by clicking 6? before the definition of the axis
end point. The program places all axes on the Axes object layer.

Optional steps:

6. The numbering of an axis or one direction of an axis-system can be modified with the "
Renumbering tool. Define new (start) numbering value in No/Letter field, and then select the axis you
would like to renumber.

7. Display settings of the axis symbols can be modified with the ? Properties tool.
Storey

Stories (Storey objects) have multifunction in the 3D Frame, 3D Structure and @ PreDesign modules.
They can be used to define different kind of planes:

- Working plane
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Figure: Working plane defined on a storey by UCS

- Pro;ect planes (used in the model transfer between the FEM-Design modules)

“— Plate module can open storey defined in the =% 3D Structure model and imports the slabs, the
supports and the loads attached to the loaded storey.

New storey or storey-system can be defined with the $ Storey command of the | Structure | tabmenu. Both
constant and variable distribution of stories can be defined manually in the Storey dialog box.
r - )

Storeys
Horizontal size of building [m] .... | 50.0 [E&] 30:0 |
Ground level [m] .......vvvvvevenee 1.50
Bottommost level [m] ......ocouue. | -6.00
v # Storey Height Level 7“
[m] [m]
| 1 Storey 1 3.000 -3.000
\ 2 Storey 2 3.000 0.000
| 3 Storey 3 3.000 3.000 |=
- Storey 4 3.000 6.000
| 5 Storey 5 3.000 9,000
| 6 Storey 6 3.000 12.000
| 7 Storey 7 3.000 15.000
\ =
[ Insert ] [ Generate > ] [ Delete ] [ Properties ]

Figure: Storey dialog box

Definition steps
1. Set the Horizontal size of the building. This rectangular size will be the floor plane size of the storey
object.

A The horizontal size and the summa height (see later), which define the whole model size,
effect the automatic wind load calculation.

2. Set the height of the Ground level.

This data will also effect to the automatic wind load calculation, because the load values
depend on the distance from the ground level.
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3. Set the height of the Bottommost level that will be the lowest level.

4. To define the first storey, set a name for it in the Storey cell of the first row, and then give the Height
of the storey. Then, define further required stories in the same way. You can also edit the level of a
storey that automatically updates the storey height.

+15.00 % : ' = 5

B

T
Fa

+12.00 : &
& 3 1

+9.00# =

& 5 3
+6.00 % , ‘

+3.00+
Ground level 2 : -

Al

0.00- 4
3 3 1
-3.00F

Bottomost level =6.00 -

Figure: Bottommost, ground and further defined storeys
5. Set the display settings (symbol and label size of the level dimensions) at Properties.

6. Clicking OK generates and displays the storey-system in the project. The program places all stories
on the Stories object layer.

Creating a storey-system automatically generates view planes by stories. Fast navigation among those
storeys can be done with the keyboard or by using Select view:

Ait f D e
One storey up; +| PgUp | 3D modell > 2D views >

Alt Pg Dn
NIGLE

One storey up

S

One storey down;

~| | Select view

= Storey

Foundation {0.000)
- Storey 1 (+5.000)
.- Storey 2 (+8.000)
. Storey 3 (+11.000)
= Axis

EI Number

B Letter

= User defined view

1e storey down

R

_$0.000

Figure: Navigation by Storey

Find
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“Find” can be used for finding structural and analytical elements with a given ID (A.1), some finite elements

HE‘ Eﬂ ,.blocks - E

,nodes , or user defined filters
You can scroll down all the members of the current type.

Fin

Al H B & W

ﬂ Press RET|

You can scroll down all the members of the current type.

skl
=l =
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STRUCTURE DEFINITION

A model consists of structural objects, loads and finite elements. This chapter summarizes the definition
ways, the properties and the features of the structural objects.

Depending on the current FEM-Design Module (license you have), the available Object types are different.
Although the structural objects are real 3 dimensional objects, they are 1D members and 2D planar elements
(because of the finite element method) having sectional (thickness, profile etc.) and material properties. So,

they can be defined as lines or regions. Some elements like point supports can be defined as points.

Type Modules where Definition = Position Material Profile
available mode
&4 ; egion orizonta rbitrar - rbitrar
Soil Regi Hori 1 Arbitrary Arbitrary
.@ Borehole m Point B } } .
* Isolated Iy Regular . Horizontal Concrete | Arbitrary Arbitrary
| foundation ! shape/Solid
“ Wall @ Line Horizontal Concrete | Arbitrary | Arbitrary
| foundation
= 1; Oznduti‘m Region Horizontal Concrete | Arbitrary Arbitrary
sla
P Beam e Horizontal
‘ J— Line Arbitrary | Arbitrary Arbitrary
\E Arbitrary
| £ Point (Support)
ol dren Vertical Arbitrary | Arbitrary
m \E Point/Line Arbitrary
N Truss m @ Line Arbitrary Arbitrary | Arbitrary | Axial
member
Intermediate L Point - Arbitrary | Arbitrary -
section
Apex m Line Vertical/Horizontal | Timber Rectangle | Arbitrary
= Plate L Horizontal Constant/ | Vertical
Region Arbitrary | variable
m @ Arbitrary thickness | Axial
7 Line (Support)
P Wall - Constant/
Sy Region Vertical Arbitrary | variable Planar
o thickness
\E Line Arbitrary
o] .
= Profiled m Line/Region | Vertical/Horizontal | Concrete | Constant Arbitrary
panel
% @ Line/Region | Vertical/Horizontal | Timber Constant Arbitrary
Timber panel
§ & L Vertical
Point support i1 g | Point - - -
i i | @I Arbitrary
j_ Q_ st Vertical
; ‘ Line - - -
ILine support Toly @ Arbitrary
& Vertical
E‘Smface = Region i i )
support (group) m @ Arbitrary
§ Point-point £ Line Horizontal ) ) _
connection sid m,; @I Arbitrary
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E ' ) el Horizontal
Line-line ! Lines - - B
connection 'H‘ & @ Arbitrary
E — ¢ Horizontal
Fictitious = o Line } ) )
bar m @ Arbitrary
% Constant/
Shell model Regions Arbitrary Steel variable Arbitrary
web height

The commands for defining structural objects can be started from the |5tructure | Tabmenu. Each command has
a Tool palette with the customizable element properties (cross-sections, materials, stiffness values etc.) and

Table: Structural Objects and their main properties

the definition tools of the element geometry and position (direction).

Properties

Tool palette contains all customizable structural properties. The main properties can be set directly in the tool
palette and all properties can be set in the dialog opens by clicking on the Default settings button. The settings

dialog and fields keep the last set property values by element types (beams, columns, plates etc.)

Define Properties

%

Ditsrnion

Geomatry

Beam/Column properties

Cross-sections

FEM-Design offers the possibility to add any cross-section type/shape (Section) to beams, columns and truss

members.

A To avoid design failures of concrete, steel and timber bars (section type and material do not fit), the
program checks the section type - material compatibility while setting the properties. The program
sends an error message when it finds incompatibility definition at closing the settings dialog. But, the

A.1 Gerwrd I Section h_ £nd conditions ..: Materis

IdertFier { postion rearber) ............ | 8

Enter idantifier of bar (max SO characters), The postion number is
Qenarsted stomatically when “Toolks®, "Refresh numbering” function is
called. Intially & & set to 0.

Rotakion

Alpha [deg] civvueniires | 0,000
Alpha & measired from defas
deection of y' s, The defak
drection 5 usualy horzontal and in
case of vertical elemeants points to
gobal y drection.

J [ concat |

Figure: Setting part of Tool palette

so-called General material (defined by the user) can be added to each section types.
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The Section tabpage of the settings dialog contains predefined cross-sections. Unique profiles and shapes can

be define by their parameters (parametric shapes) in New> Size or with the wl FEM-Design Section Editor.
The following table sums the available cross-section types.

Type

Standard steel profiles

Description

Not editable, built-in

steel profiles
depending on the
applied national
code

Section library

ections

Section library

Compatible
material
Steel (or General)

Often used concrete
profiles

Not editable, built-in
square, rectangular
and circular concrete
profiles

= Rectangle
1202150
1_20!200

120350
120400

Concrete (or General)

Often used timber Not editable, built-in |  Sectiontieary 2 - Timber (or General)
profiles square timber F
;
profiles T Brzzea b s
= Ghulam 1]
42x90
B
42x180 ||
42x225 b
Common parametric Predefined concrete I | — Concrete (or General)
concrete shapes shapes to create 0 .
required profiles by 2 N—
defining the shape i
parameters
T 3
O
Common parametric Predefined rolled M Steel (or General)
rolled steel shapes steel shapes to create blmn] 1000
required profiles by © [[m'"]] EE
tg [mm, 1
defining the shape . o] 59
parameters 2l 50
Common parametric Predefined cold- hion] 300 Steel (or General)
cold-formed steel formed steel shapes blmn] 1000
shapes to create required [:m: ;DDD
profiles by defining —
the shape parameters
Common parametric Predefined welded hion] (900 | @ ol [103 Steel (or General)
welded steel shapes steel shapes to create biom) [1500 | dimmi[200 |
required profiles by ] )
defining the shape
parameters




——

H (mm] |100.0
W [mm] [20.0
B [mm] [20.0

Predefined timber
shapes to create
required profiles by
defining the shape
parameters

Common parametric
timber shapes

Timber (or General)

Blmm] [50.0
B [mm] [10.0
B b ] | 10.0

| S——————

Table: Section types

Defining a new (e.g. parametric) section in the settings dialog, the program calculates automatically the
parameters need for later analysis and design. Each bar element has a local coordinate-system which y and z
axes define the plane of its cross-section.

€z max, ey max

Maximum distance of extreme fiber

ez min, ey min

Minimum distance of extreme fiber

Paramete
A Area

P Perimeter

A/P Area/Perimeter

Yg, Zg Center of gravity

Ys, Zs Shear center position

ly, Iz Moment of inertia

Wy, Wz Section modulus

e2 min, el min

Minimum distance of extreme fiber

il,i2

Radius of principal inertia

S1,S2 Principal maximum statical moment
Sol, So2 Principal statical moment of half area
cl, 2 Plastic/elastic moment capacity

Rho 1, Rho 2 Principal shear factor

z2,z1 Wagner parameter

iy, iz Radius of inertia

Sy, Sz Maximum statical moment g

It Torsion moment of inertia N

Wt Torsion section modulus

Igamma Warping parameter

lyz Centroidal product of inertia £

Z omega Wagner warping parameter §

alphal, alpha2 Angle of principal direction

11, 12 Principal moment of inertia ;

W1 min, W2 min Principal minimum section modulus

W1 max, W2 max Principal maximum section modulus ev dhax ey min
e2 max, el max Maximum distance of extreme fiber K

A cross-section is stored in the following tree structure: group > type > size. New library items can be defined

Table: Sectional characteristics

or previous ones can be edited (renamed, modified or deleted) by the following settings options.

Cross-sections used in the project and defined as parametric profiles are grouped in Used sections library, but

Section library
Concrete sections
Steel sections
Timber seckions
Hallow Core:
=) Group
= Type
Size

Figure: Section library structure

they are available only in the current project.
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Section library
Steel sections
Concrete sections
Timber sections
[+ Llzerdefined

[Used sections ™ 3

Steel, cold-farmed
g Steel, welded

Figure: “Used sections” library

A You can Import and Export the Section Library to share the content of the Library.

Materials

The Material tabpage of the settings dialog contains predefined materials according to the current national

standard.
A model may include mixture of elements with different materials, and analysis can be done for the

complete model, but design can be done for elements having proper materials.

Material
Soil Foundation design
Concrete RC design

Steel Steel design

Timber Timber design

General - (only for analysis)

Bar steel RC design

Table: Available and design materials

Material library stores the available materials by material type groups. Materials used in the project are
grouped in Used materials library, but they are available only in the current project.

=)

Plate properties

ot )
lala Material
=

General

Lihrarv - Application data
[=]- Concrete
C12/15
1620 =
..C20/25
€25/30 4
--C30/37
- C35/45
- C40/50
.. C45/55
€50/60
[ Steel
-5 275
-5 355
.5 480

Mew. .. ][ Modify ][ Delete ][Import.‘. HExDort...]

Ultimate
1.00

Acc. [Seis.

Gamma MO ...... 1.00

Gamma M1...... 1.00

Gamma M2...... 1.00

Table: Material library

Above the standard materials, user can define concrete, steel, timber and general materials. The new
materials are also stored in the Material library in the proper material type group. To define a new (e.g.
concrete) material, select the required material group name (e.g. Concrete), click New and set the required
material properties starting with the material name first.
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‘Yield strength - fyk,
for nominal thidness - t [N/mm2)] #or nomna th|
G 120 t<  16mm, t
Mean tensie strength - fctm [N/mm2]. ‘160 16 <at<e 40mm. <t
fetic 0.05 [N/mm2] 10 0< t<m 63mm. o<t
Yield sirain - epsion 3 (000175 63< t<= 8omm {00 £k
Uimate stran - epsion 3 000350 W< = yomm 150< t
Secart modubs of elasticty - Eom [N/mm2] 27000 00 < t <= 150mm. 20 <t
Poisson’s ratio - nu |0:20000 150 < t <= 200
Mass densty -rho b/m3)] 2% | 20< t<=250mm. Shear moduiul
alpha {1/°C] .. | 0.0000100 250 < t<=400mm. Possson's ranq
— Msss dersity
[ Coeffcent ofInear thermal expansian - aipha (1/°C] | 1.200e-05
Thermal coef]

o J e ]

Table: Material types

For concrete structures, the partial safety factors y. and ys can be calculated automatically from Eurocode 2
reductions. Click Safety factor calculator next to the safety factors (Default settings > Material > Application data),
check the required reduction box and press OK.

Plate ‘ = J
General | [11] vater

Library - l i data J

[=)-Concrete (7
- C12/15 Ultimate . Acc. /Seis. ‘
= | cammac.. Redictions
3] |Gammas.. []A.2.1 Reduction based on quality
-C30/37 Gamma cE ... X 53 control and reduced deviation
-+ C35/45 Alpha []A.2.2 Reduction based on using
- C40/50 =] reduced or measured geometrical
- C45/55 Aphact ... data in design
£.-C50/60 Erivironimént [T]A.2.1, A.2.2 Variation of the concrete

(- Steel v : strength is less than 10%
z 237: Creep coefficent. ... 000 []A.2.3 Reduction based on

< 0.000 assesment of concrete strength in
5355 Shrinkage [%o] «..vvesseseienssses firished structure
-5 420 Reduction for dynamic analysis ..| 1.00
.8 450 ot
l oK Cancel
[ mew... ][ modify || oelete |[1mport... | [ Export.. |

|
Lo ]

Figure: Safety factor calculator

For reinforced concrete structure the user has the possibility to reduce the element stiffness in order to
model the cracking’s effect in eigenfrequency calculation.

Library ~ | [ Application data
- Concrete
C12f15 Acc. [Seis.
C16/20 E| | Gammac.... 120
Gammas . 1.00
Gamma cE 120 o
C35/45
100
- Ca0f50 Apha cc vvvvrrrrrere [
-~ C45/55 Alphact.. 100
cs0/60
&1 Steel Enviranment . . [xo
sz P | creep coeticent. ..
5275
s3s | Swioece el B
5420
5 asn <

New... Modify || Delete

Figure: Stiffness reduction for dynamic analysis

The properties of the current (selected in the list) material can be edited with the Modify tool.
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Customized material database can be shared between projects and users with the Export and Import tools.
Click Export to save all materials of the current project in a named database file (.fdlmat or .struxml). To load
an exported material database to a project, just apply Import and browse for it.

== N
flets _ o]
=)
[A.1] General| [+14 Material
Library | 1 Application data ‘
=)~ Concrete r
~C12/15 Ultimate  Acc./Seis.
= (W |
~C16/20 £ | GammaMO...... 1.00 100 |
- C20/25 ————
-C25/30 | || | GammaM1...... 1.00 l 1.00 [
~C30/37 Gamma M2...... 1.25 1.00 ‘ “
-C35/45 | ‘
| - C40/50 5
I - C45/55
I - C50/60
- Steel
5235
5275
S 355
5420
.. & 45N
[ New... ][ modfy

Figure: Material export/import

e

Just one click on Quantity estimation (Tools menu), and a fast process collects all structural elements
of the current project with their applied materials, material qualities, identifiers, main geometric
parameters (e.g. profiles), quantities etc.

A Modifying the national standard for a model the program shows a dialog where you can convert the
material property of the structural elements and the reinforcing steel, so the materials will
automatically change after switching the code.

F ™y
Conversions ﬁ
= e
Materials | Reinforcing steel
Type | Eurocode {NA: Hungarian) | Eurocode (NA: Morwegian) | -
Steel 5235 ffy = 235) |5235ﬁy=235} |
Concrete C20/25 ffyck = 20.00) C20/25 ffyck = 20.00)

] T | »

Figure: Material conversion dialog

Information Pop-up
Moving the cursor over a structural object, an Information pop-up appears with its main properties. For

example, the pop-up displays the ID, the material, the thickness, the alignment and orthotropic features for
Plates.
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Plate: P.0

Material ......... C25/301
Thickness 0300

...... Center
Eccentricity [m] ..... 0.0o00

E2/E1 1.000
Alpha [m] .

Figure: Information pop-up example

A Information pop-up appears only for elements on visible layers and if there is not running command.

Zi@qz Pop-up is enabled by default. To unable it, uncheck the Display information pop-up at Settings > All >
Environment > General >View.

“Properties” Tool

7 With the Properties tool of a tool palette, the properties of a selected object or objects can be inquired
and edited in dialog format (similar to Default settings).

=
) r 3 — o
B \l - BEam/Culumnperem% i
-‘-\H,
. ‘ Geﬂefa\l I Semnlb End conditions | {21 Matera
¥
‘The sameatnnm’ms Start End |
J
J
1 l bl
e
A = 6261mm2
P = 1254mm
AP = 4.99mm
(fa = 0.000mm) il
70— 0000
e[ =
OK Cancel

Figure: Modifying object properties (e.g. cross-section of a selected beam)

Display Settings of Structural Elements

The display properties of the structural elements can be set at the Settings > All... > Display.

The available options depend on the current FEM-Design module.
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Settings

Q Settings
(- Environment
--1_] Drawing
(-2 Calculation
E!--t_? Display

..... Suppart

Shell

Display labels including...
i
[ Eccentricity
[ Material
[FlEz fE1
[ Alpha (orthotropic angle)

Graphical options

[ Digplay local system

Size [M] vovvinnns 1.0000
Hatch [mm] ... 1.5000

|| pisplay wall base line

=&

[ Thickness

..... * Load
----- Design data
-3 Window

[ Save as default ] [ QK J [ Cancel

Figure: Settings options affect on the appearance of the structural elements

Drawing elements

With the Show end points of line option you can show (or hide) the insertion points of planar
structural objects, their holes and bar objects (beams, columns etc.). These points are visible in all
display modes, but the Wireframe mode without displaying the elements’ thickness gives the
clearest appearance of them.

Lines
Show end pints of lines

X+ <& 0O s

Figure: Insertion points displayed in Wireframe mode

By showing the insertion points you can also detect the unnecessary (for example
accidentally) defined points, which may cause “too refined” finite element mesh in planar
structural elements. The unnecessary points can be deleted with editing tools (Edit menu)
which can be applied for region elements (such as plate, wall regions etc.). For example,
stretch the unnecessary points outside the host region, and then cut the stretched region
part(s) with the Split tool of the Modify region (Edit menu) or with the Hole tool of the
structural planar object.
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Figure: Unnecessary definition points detected visually

With the Fill-up with color option the planar objects (plate, wall, drawing regions) can be displayed
with their reference plane as colored surface or with their contour lines only. Applying the fill colors
is useful to display holes/openings clearly. The filling color of an element is the default color of the
Object layer includes the element. It can modified at the layer settings by element types (Plate, Wall
etc.) or with the Color option of the Change properties tool (Edit > Properties) by elements
(independently from their types).

Regions and solids
Filup with colour

Flegions and solids

[ Fileup with colour

Figure: Planar objects displayed with their colored surface or without it in Wireframe mode

Display labels
Information of structural elements (such as ID, position number, material properties, section names
etc.) can be displayed on the screen by element types in Wireframe display mode.
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\ Beam, Column and Truss

Display labels including...
[1o]
Position number
Material
Section name

Plate and Wall

Digplay labels including...
ID
Fasition number
Eccentricity
Material
E2/E1
Alpha [orthatropic anale]

'\T

C.0, S 235, IPE 80

.0, 5 235, IPE 80

.0, 5 235, IPE 60

Figure: Info labels displayed on screen by element types

Numbers
This setting affects on the numeric values of the displayed labels (see the previous option).

Display local system

The local co-ordinate system of the structural elements can be displayed with the Display local
system option by element types. The size of the local system symbol can be set at the Size option. The
color of the local system axes can be set at Local systems setting. The default colors are: green for the
local x” axis, red for the local y” axis and blue for the local z” axis.
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- Graphical options
H | N Display local system
b Size M) ..o 1.0000
b
3

| Local systems

Colours

EIE- I E
VEHIE e E

Figure: Local co-ordinate system displayed on screen by element types

- Special display settings of walls
With the Display wall base line option (3D Structure and Predesign modules only) the bottom end of
the walls can be displayed as a hatched surface.

By inactivating the Display wall height option (Plate module only) only the reference support line (as
hatched surface) can be displayed without showing the height-extension that is out from the plates’
calculation 2D plane.

Graphical option

[] Display wall height

Hatch dist.[mm] ... |25000

Ia

Graphical options [
Display local syst
Size [m] oo 1.0000

Display wall base line

Hateh [mm] | -

".-’:-'.'.'."'.'—'-'."'.'.'.‘d?
&y

Giraphical option
Display wall height

Hatch dist.[mm] ... |2.5000

|

Figure: Special display options of walls

- Special display settings of bar elements
The Display section shape option shows the applied section of the bar elements as a colored symbol in
the middle of the bar reference lines. The size (Scale), the filling (Fill) and contour (Border) colors are
customizable. Although, section shape symbols are visible in most of the different display modes,
their “best” display mode is the Wireframe mode without displaying the elements’ thickness.
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The Display connections option shows the end connection property (see Beam, Column or Fictitious
bar connection settings) of the bar elements. Only the free end motion components can be displayed
as arrows, where a simple arrow shows a motion component by its direction and a double-headed
arrow shows the axis direction of a rotation component. The fix (rigid) end connection components
are never displayed. The color of an end motion component equals with the color of the proper axis

of the host bar element’s local system (see before, Display local system). The size of the symbols can
be set at the Size option.

Beam/Column properties 1

[A:1] seneral I Section IjL End conditions

Consider eccentridity in calculation —

-1 le

[] Consider eccentricity caused by cracking in cracked se

Graphical aptions

Display section shape
Scale 1.0000

[] The same at bath ends

[] Display local system

[ Display connections

Siza [m] 1.0000

Graphical aptions

[[] Display section shape

Display connections

Siza [m] 1.0000

Figure: Special display options of bar elements

Layer, color and pen width
All elements are placed (and grouped) on Object layers according to their type. So, for example, columns are
on the “Columns” layer and the walls are on the “Walls” layer. The default color and pen width of elements’

contours/reference lines are represented by their host layers. For example, by default, walls are red, if the
color of the “Walls” layer is also red.
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Layers
m [?hange pen width W
| Drawing| Objects |Heinf0rcement
P idth [rm] ... 0.00000
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o I Aes g | Qieen ok | [ cancel |
of ' I Staries 1 Opratected
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o W Flates
g: ] Colour... |8 Pen...
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of ' Il Columns
f ' [ Truss members Color
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@f' I Modeling tools Goars:
Load cases I_ - I_ - - I_
(el |
I
L Aol B BBl
HEEEENENNN
T e
LCustom colors:
mEEzEEEE T
Sat: Green:
Define Custorm Colors > ColorlSglid Lurr: Blue:
[ Add ta Custom Colors ]

Figure: Layer-system of structural objects

LF

The default color of an object can be modified independently from their types with the Color option of
the Change properties tool (Edit > Properties).
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Geometry

The definition modes and the available shapes of structural elements’ reference line or reference plane
depend on:

- the structural type: 1D Member or Planar Object, and

- the current FEM-Design module.

The Tool palette of a structural element contains only the available modes. The next table summarizes the
geometry possibilities by structural elements.

Type Modules where Definition Geometry
available mode
Soil Reference region ] Rectangular
& Circular
= Polygonal
Pick lines
L] Pick existing region

. % Borehole Reference point | ~ (Insertion point)
| Isolated foundation Regular shape - Rectangular
O] Circular
I Polygonal
[ Pick lines

-
- Pick existing region

Reference solid v Pick existing solid

2l Wall foundation Line e Straight line

o Arc by center, start and end points
@ Arc by 3 points
(o Arec by start, end point and tangent

I Line by selection

!

= Foundation slab Region H Rectangular

O] Circular

I:IPalygonal
Pick lines

-
- Pick existing region

= Reference point - (Insertion point)
/' Cotumn =
\m Reference line #
4= "' Line by insertion point

I Vertical line

L Select axes

1

Ll Select point

=

- Line by selection
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hN Truss member

Reference line

e Straight line

! Line by selection

Intermediate section

Reference point

- (Insertion point)

Reference beams

"~ Apex
- i K 3 Reference region
Plate - M @ ] Rectangular
A Circular
[:IPol onal
4
Pick lines
- Pick existing region
r Reference line %
PV wat = Straight line

C Arc by center, start and end points
Q Arc by 3 points
(o Arc by start, end point and tangent

! Line by selection

"t

Reference region

K Rectangular

) Circular

3 Polygonal
Pick lines

-
- Pick existing region

Reference region

e Straight line

o Arc by center, start and end points
[ Arc by 3 points

& Arc by start, end point and tangent

- Line by selection

- Profiled panel

Reference region

ﬁl Use as plate:
1] Rectangular
& Circular
. Polygonal
Pick lines

q
L Pick existing region

Reference region

U 1Use as wall:
v Straight line
o Arc by center, start and end points
e Arc by 3 points
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o« Arc by start, end point and tangent

LI Line by selection

= Timber panel

Reference region

ﬁl Use as plate:
1 Rectangular
) Circular
. Polygonal
Pick lines

=
L Pick existing region

Reference region

U Use as wall:

e Straight line

G Arc by center, start and end points
- Arc by 3 points

o« Arc by start, end point and tangent

LI Line by selection

% % Point support

.
3
3
\’31‘1
2

Reference point

- (Insertion point)

j— R Line support

Reference line

v Straight line

s Arc by center, start and end points
e Arc by 3 points

o Arc by start, end point and tangent

v Line by selection

@ Surface support

Reference region

J Rectangular

& Circular

= Polygonal
Pick lines

-
- Pick existing region

$ Point-point
connection

1t

| [ L

2|
|

Reference points

- (Insertion points)

E Line-line connection

i e L

Ul

Reference lines

e Straight line

o Arc by center, start and end points
[ Arc by 3 points

o Arc by start, end point and tangent

- Line by selection

E Fictitious bar

i petif 1

Reference line

e Straight line

o Arc by center, start and end points
@ Arc by 3 points

= Arc by start, end point and tangent

- Line by selection

Reference line
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= Cover @ e Straight line

[ Wall type o Arc by center, start and end points
@ Arc by 3 points
(o Arc by start, end point and tangent
L] Line by selection

" Cover @ Reference region ] Rectangular

T Slab or roof type & Circular

3 Polygonal
Pick lines

,
v Pick existing region

st

- Building cover

Reference plane
shape

Table: Structural Objects and their geometry definition

e Straight line

The steps of a straight line definition:
1. Define the start point of the line by giving coordinates or mouse-clicking.
2. Define the end point of the line by giving coordinates or mouse-clicking.

P

Wall

i

2 =IO e Q]

3.0000 | t1[m] 0.20000 |1 Alignment ....

(@ Below

Alpha [deg] ..

= -

@ Placement () Above  t2 [m] ..... 0.20000|  Edges.........

10,000

1/

I/

2

Line support

L@ttt s]le ]

—
D

/

Beam

L2 0t tllse ]

77+

Figure: Some examples for defining structural objects with Straight line

Although Walls are planar objects with reference line, they are vertical and defined by their base reference

line only in the & FEM-Design Plate and m 3D Structure Modules. The final geometry of the reference

region is set by the wall height. The next figure shows the differences of height measuring between the Plate
and 3D Structure Modules. Of course, the height defines the position of reference region of curved Walls too.
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[m]...@ [ Auto align
2 (n] . [0.15000 |

Figure: Height direction of Walls in Plate and 3D Structure Modules

e

In 3D Structure Module, the rectangle shape of the wall can be edited by the Modify region > Split
region tool and other editing tools (Edit menu). Also the Hole tool of Wall tool palette can be used to
edit the reference regions.

Oeiw b [del .

Figure: Some examples for additional editing of Wall region

& Arc by center, start and end points

The steps of an arc definition with its center, start and end points:
1. Define the center point of the arc by giving coordinates or @ mouse-clicking.

2. Define the start point of the arc by giving coordinates or (97 mouse-clicking.
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3. Set the drawing direction (clockwise or counterclockwise) with 67 mouse-clicking. Define the end

point of the arc by giving coordinates or (9? mouse-clicking, or set the central angle (4.) by giving
its value. Circle can be defined by angle 360°.

ine support

2@t Lee e

SR EO0Leo e
] ... 30000 | 1 fm].....[0-20000 [3] algrmert ... | v
@ Placement (3) 8bave  t2[m] ..... 0.20000 | Edges......... |Rigid .

Figure: Drawing direction and angle definition

©* Arc by 3 points

The steps of an arc definition with its three points:
1. Define the start point of the arc by giving coordinates or <§)7 mouse-clicking.
2. Define the end point of the arc by giving coordinates or <§> mouse-clicking.
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3.

Define the third, peripheral point of the arc by giving coordinates or @ mouse-clicking.

Line support (%

Dl et ntl/leec

; |

4
4]

[wa

DeEnodlieeel

Beam

- it it eae

i

hm] ..... 30000 | b1 fm.....[0.20000 ][] Akgnment .... | B |v

Oselow lpha [deg] .. [ 10700 |

Placement @ Above t2[m]..... 0.20000 |  Edges......... ‘ngd v @ Q‘B

Figure: Some examples for defining structural objects with Arc by 3 points

(2 Arc by start, end point and tangent

The steps of an arc definition with its start, end point and tangent:

1.
2.
3.

Define the start point of the arc by giving coordinates or mouse-clicking.
Define the end point of the arc by giving coordinates or (ﬁ mouse-clicking.
Set the tangent side with 67 mouse-clicking. Define the tangent direction from the start point with

a third point (e.g. a point on a tangentially connected line) by giving coordinates or 6) mouse-
clicking.
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I..Ine support E‘
ERRDIRIR

3 i

— | -

‘Beam .
Lz ot tlslecel

@M

wall

Sz B0 0L Ae @]

him] e [30000 | gx
@ Placement (&) above 2 [m] ...
O Below

Figure: Although same definition points are defined, the tangent side is different

. ILine by selection
The step of a reference line (straight or arc) definition by selecting a previously defined line:

Select lines or region (drawing or structural object) edges define the requested shape of the reference line
with one of the selection modes.
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Select all lines

EFNCialaralacTaYaim

D) v [3990 | i n).... 020000 [3] tgrmert ... | R v
@ Placement () Above  £2[m]..... Edges ..oune m

Oselow Apha 5] .

A 2. Select Wall edges

Figure: Defining Beams and Walls on Plate edges (1.) and Line supports on Wall edges (2.)

A For Columns in FEM-Design 3D Modules, only vertical lines or edges can be selected.
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Cotumn
NN R e

Height [m] ...
@‘ Placement ....... O Abave
@ Below

Figure: Column definitions by selecting vertical lines/edges

*' Line by insertion point and height

As a simple definition of Columns in 3D Structure, 3D Frame and @ PreDesign modules define

the position of the Column with its insertion point and height. The positive or negative value of the Height
sets the measuring direction of the height.

o s
(22000 1 |l iy ]

Height [m] .......

ol

ust one click

]

(2 00U t]4 4

Height [m] ......

ﬁl Placement ......

Figure: Column definition with one-click in 3D modules
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L~ Select axes
This definition mode is for defining Columns in the intersections of selected axes.
Select axes with one of the selection modes.

Select axes ¢ Sohn S8 — =

] e 2 5 2 e =

» Height [m] ....... 3.0000 1

- My~

q |‘:’l Placement ....... Above u

§ © Below

>
b4

>

Figure: An example for defining columns with selecting axes

l Vertical line

This is a special tool for defining Column with two points. FEM-Design Columns can be only vertical, so the
second point is not needed to be on the column axis, because its vertical distance from the start (first) point
defines the height of the column. This Column definition tool is useful, when you do not know the height
value of the new column, but points and lines defines the column’s vertical extension (height) can be easily
found. Use Object Snap tools to find point defines indirectly the column’s end point.

4
2'_|
X
Column % i
22l t et 1 EE L
—_— - == K
I e B 1

Figure: Examples for defining vertical columns with two points

- Rectangular

The steps of a rectangular region definition:

I. Rectangle’s edges parallel with the UCS:
1. Define the point of the first corner by giving coordinates or mouse-clicking.
2. Define the point of the end corner by giving coordinates or mouse-clicking.
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Surface suppgbgea

o %
1 :.'?uan

B

X
Figure: Defining rectangular Plate and Surface support
II. Rectangle’s edges not parallel with UCS:
1. Click iM_sL one or two times to define the rectangle’s first edge’s direction
a. If you click - one time, the direction is can be defined from the global coordinate
system’s origin,

Backspace

-—

b. If you click one times, the direction is defined in an arbitrary direction.
2. Define the arbitrary direction of the rectangle’s one line.

3. Define the point of the first corner by giving coordinates or mouse-clicking.
4. Define the point of the end corner by giving coordinates or mouse-clicking.

1. 2=
2.,

Figure: Defining rectangular plate

z“@i The geometry of rectangular regions as well as other (later mentioned) region shapes can be edited by

the Modify region > Split region tool and other editing tools (Edit menu). Also the Hole tool of planar
objects” definition command can be used to edit the reference regions.
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Figure: An edited rectangular Plate region

e

Arbitrarily positioned rectangle regions (e.g. plate) can be defined. The following picture shows how
to define two different leaning rectangles between two points by moving the cursor on different paths.

% Lot meuse Puiiton oliclk

x: Moving the cursor to this position

Figure: Definition of two different leaning rectangles

) Circular

The steps of a circular region definition:
1. Define the center point by giving coordinates or mouse-clicking.
2. Define the radius by giving its value or a point on the circle (with coordinates or mouse-clicking).
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Figure: Defining circular Plate and Surface supports

= Polygonal

The steps of a polygonal region definition:
1. Define the points of the polygon vertexes by giving coordinates or @ mouse-clicking.

Enter

2. Close the polygon with 6? mouse-clicking or key.

%,

30 plate
(2 B OGN O]
... 020000 3] Aigrmert..... |
200l P00 3] Edges o [Figd |
B[l 20000

Figure: Defining polygonal Plate and Surface support

Lo Pick lines

With this method, previously defined or imported (DWG/DXF) drawing elements can be used as sketches

of structural region shapes. The step of definition:
Select a closed line defines the requested shape of the reference region with mouse-clicking.
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Select contour

Surface support group X

]2 [ Dc:;:-L@“

H

Select contour

3D plate p—
| 42 B LI EN @ DL
... 020000 3] Algrment. | s ||

7| i ) e
, :
|

(X

Figure: Defining Plate and Surface support by using close contours

In case of line junctions, more than one line has to be selected to make clear the continuity of the requested
closed contour.

3~ N\
Pick lines;-q-..;z_;

1 N

3D plate

REOOOGEOLR

x|

t [ ... 020000 ||3,_ Alignment m|7|

@ I [4 Edoss... [Rigd [v]

Figure: Selection of more lines to define the right path for the closed shape
- Pick existing region

The step of a reference region definition by selecting a previously defined object or drawing region:
select the region(s) defines the requested shape of the reference region(s) with one of the selection modes.
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Figure: An example for placing Surface support under a Plate by selecting its region

e

With Pick existing region, shell (Plate) elements can be easily place on the entire surface or some surface
components of a Solid body (Draw > Solid).

e

Figure: Defining shell (Plate) regions by picking the surface regions of a Solid body

Hole

ol Holes, openings and cuttings can be added to reference regions (Plate, Wall and Surface support) with
the Hole tool. The following geometries can be used for holes:

The steps of a hole definition:
1. Select the host region with mouse-clicking. Clicking a region places the UCS into the region plane, so
giving hole coordinates needs only X and Y values from the UCS origin.

2. Define the geometry of the hole with one of the following geometry modes:
. Rectangular
& Circular

= Polygonal
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Q Pick lines
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I 1 ] @ Slignment
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Figure: Hole tool can be used to edit region geometries as cuttings

Holes can be easily copy inside a region or among regions with same reference plane position with the Copy
command (Edit menu). It is recommended to display only the regions’ reference plane (inactive Display
thickness option) to easily select the contour of the hole you would like to copy. To set the distances/new
positions, the UCS has to be in the plane of the host region(s).

Move a copy: |
1. Select hole

Figure: Copying holes in a Wall
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Direction

Numerous objects need direction settings for their positioning (bar elements) or their components definition
(supports). The next table summarizes the direction possibilities by structural elements.

Type Modules where Direction for Direction Modes
available
Soil ) i
,@ Borehole i )
" Isolated SDc?hd Pos1t1fo;1 : ™ Iz, Predefined
oundation irection of local x direction

axis

12 Local system

7' Wall foundation

“* Foundation slab

I8 =
£
B

Cross-section position:

f Predefined

Direction of local y’
axis

Beam S ,
leectlon of local y direction
axis T|
Parallel with line
t Perpendicular to
plane
.‘l _ . g .
I Column £ @ Cross-section position: 1 Predefined

direction
fl Parallel with line

t Perpendicular to
plane

N Truss member

2 o) )

Cross-section position:

Direction of local y’
axis

f Predefined
direction

tl Parallel with line

1 Perpendicular to
plane

§ Point support

Rotation direction

Motion component
direction

Component direction

f Predefined
direction

tl Parallel with line

t Perpendicular to
plane

%ﬁ. Point support
group

Component direction

- (Predefined direction)

Component direction
(reference system)

Lz, Predefined
direction

12 Local system

j— Line support

Rotation direction

+4

-

Motion component
direction

5]
| b
=

Component direction

f Predefined
direction

T| Parallel with line

t Perpendicular to
plane

E Line support
igroup

X
:
:
*

Component direction

- (Predefined direction)

E]
i
C

Component direction
(reference system)

f Predefined
direction

fl Parallel with line
1 Perpendicular to
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plane

§ Point-point

&+ 44

Cl

K i L

Component direction

Lz, Predefined

connection direction
12 Local system
.‘l 144 : | . .
E Line-line = iy m Component direction Lz, Predefined
connection direction

A Local system

I Predefined direction

With this option an axis/a plane of the Global or the User-defined (UCS) co-ordinate system can be set for
the required direction (e.g. the local y” axis of a beam profile). The direction can be chosen from the drop-
down list attached to the Predefined direction option. The available directions depend on the applied FEM-

Table: Structural Objects and their direction settings

Design Module (e.g. Plate, 3D Structure etc.).

Symbol Meaning of direction System
! Parallel with XY plane Global
/=

; ! Parallel with YZ plane Global
1%

_11 Parallel with XZ plane Global
N

=
—

; Parallel with UCS (XY plane) ucs
riten
-

.\& Perpendicular to UCS (XY plane) ucs

I

‘ . Parallel with global X axis Global
Point support I)

" Parallel with global Y axis Global
|‘ . Parallel with global Z axis Global
|¢- Parallel with X axis of UCS ucs
"L Parallel with Y axis of UCS ucs
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Parallel with Z axis of UCS ucs

N4
-1

Table: The available axis directions to set the new direction

' \@Paraﬂel with YZ plane /x/
A
Clobal | N T; 2| Parallel with UCS
co-ordinate , .' g \
ryatem B . N\ v/ Y
[ V - ..r o
Z : ' : 7 \El Perpendicular to UCS

Y

@ Parallel with XY plane
ucs

Figure: Examples for Beam profile positions

At supports, additional direction setting can be chosen from the definition tool palette:
a—
=+ “Positive direction”: The orientation is the same with the selected axis orientation;

—
“+ “Negative direction”: The orientation is the opposite of the selected axis orientation.

= = = - / 2 I
- =) N

TA, Parallel with y Parallel with EI Parallel with Q Parallel with J_}I Parallel with 1. Parallel with

global X global Y global Z Uucs X ucsy UCsZ

: / TN TS

Global
y co-ordinate

system UCs

Figure: Examples of Point support position

Lz, For some support and connection types, only the reference system can be selected as “predefined
direction”. That means the direction of the components (x’, y* and z’) are valid in the selected co-
ordinate system (Global or UCS).
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rPoint support group '

A.1| General ;‘, Data

Motions [ki/m] Rotations [kim/deg]
Compression Tension ompvession_ Tension
| J ke Jrioooeio E»; 1.000e+10 z N1.745¢+08 1]"4 1.745e408 g
Point support group 3| § P9 1.000e+10 v 4] 1.000e+10 (v | 17450408 [w]lall1 2a5euna [l LI ’
1 A ke J1.000e+10 [ ]3] 1.000e+10 v | [ 7456408 || POINE SUDpOrt group ]
o | 1 »
ol 2 )i
S . % Predefined types Behavior -
L. EJ|ES k2 ‘
S

‘ ; Direction meant in global co-ordinate system'

X Setp Rigd >
Z : ZII“/'V
Y ok i x’ y’ X
Y
Global 3
co-ordinate /«" ucs
system P

Figure: Support components in different co-ordinate systems
Il Parallel with line

With this option, the required direction (e.g. the local y” axis of a column profile) can be defined manually

Space

with its start and end points. The new direction is set for all objects till

stops the repetition of object
insertion and restarts with another direction definition.

1
Detined
direction

Figure: The local y” axis of column profiles is parallel with the defined direction

t Perpendicular to plane/line

With this option, the required direction (e.g. the local y’ axis of a beam/column profile) will be
perpendicular to a defined plane/line. The plane can be given with three points and the line with two points
(start and end points). In case of the perpendicular plane, the third point defines the final orthogonal

Space

direction, which the new direction will be parallel with. The new direction is set for all objects till
stops the repetition of object insertion and restarts with another direction definition.
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x /
S x7

Figure: The local y” axis of beam profiles is perpendicular to the defined plane

A

Defined
direction 2

Figure: The local y” axis of column profiles is perpendicular to the defined line

2 Local system

When the Global or User-defined (UCS) co-ordinate system is not enough as a predefined system for
component directions (Point support, Point-point connection and Line-line connection), a custom local
system can be defined. Tree points declare the system and the 4th point places the new object:

1st point: system origin,

2nd point: defines the x” axis direction,

3rd point: defines the y’ axis direction.

The 2’ axis of the system always perpendicular to the x'y” plane.

Space

The new system directions are set for all objects till
with another system definition.

stops the repetition of object insertion and restarts
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Motions [kN/m]

Compression Tension

s .. 1000410 [+] 4] 1.000e+10 [ |
Ky'..|0.000e+00 || -+ 0.0002+00
kz'...[1.0002+10 [] 4][1.000e+10

Figure: Point support group set by a special local system

x|

Point support grou,
I

Point support group

General

Motions [kkjm]

COMpression Tension

Ratations [kMmjdeg]

Compression Tension

1.000=+10 v | [+ 1.000e+10 [
k' | 0.000e+00 v [+ 0.0008+00 [v

cy' | 0.000+00 [ ][+ 0.0008+00 [+ |

x| 0.0008+00 [+ ][+] 0.0008+00 [+ | l

2 | 0.0002+00 [ |[4]| 0.0008+00 [+ |

.EIEIUe+1EI [+ ][+]] 1.000e+10 [+

Predefined types

Eshavior

Setup "Rigid" =

Change Direction

Figure: Typical example for special direction (Point support group)

Any previously set direction can be modified by the editing commands (Edit menu): Change direction and

Rotate.

Change direction uses the Predefined direction, Parallel with line and Perpendicular to plane direction

definition tools.
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k ‘TQ\

e x| Change direction X
[ l2all |t @0 Q] | &
) L

Beam y’ parallel Beam y’ parallel

with global Z axis with global Z axis

Figure: Beam position (local y’ axis) is modified with Change direction

Rotate edits a selected direction or the main direction of a selected system with giving new direction points
or the rotation angle. Rotation works around a given point or an axis.

—
1A —
jon -
3\ d?liei?/
. ‘ﬁ\'& —
ong- 2
T —
e g — -
e = ‘ New direction P =z
o A - o -
Rotation A\ -
origin =

)

Rotate (%,

)

Figure: Rotate modifies the main direction (x’) of the Point support group

1D Members

This chapter summarizes all features and properties of a 1D member such as Borehole, Isolated foundation,
Wall foundation, Beam, Columnn, Truss member and Fictitious bar.

Borehole
& o
Borehole property Description
Modules where available
Geometry Straight

Table: Borehole properties

Definition steps
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1. If needed (and available in the current FEM-Design module), set a proper position for the working
plane. In the 3D design modules, respect that the gravity direction is always the Global Z axis
direction.

2. Start @ Borehole command from [3rutwe ] tabmenu and choose =* Define.
3. Place a borehole. There are two way to place a borehole:

e If “Use closest bore hole data” is checked, the borehole properties will be the same as the

nearest borehole.

e

e If “Use closest bore hole data” is unchecked properties of the new Borehole can be set at

@

S

Default settings:
Borehole
General E{? Strata
Identifier { position number) .......... BH|
Ground level [m] v, 0.0000
Foundation level [m] oo 0,0000
Water level [m] oo 0.0000
- Identifier (General)

The program automatically generates it, but you can define custom value. Identifier (ID and
Position) number can be displayed in model view (Display settings).

Ground level (General)

Foundation level (General)

This level is where the user places the foundation object.

Water level (General)

Water level has effect to the design calculations. Soil and foundations which are under the
water level, FD calculates with modified density.

Strata

Optional steps:

1.

Modify the borehole properties with the

? Properties tool of the Borehole tool palette.

2. Set the display settings of beams at Settings > All > Display > Soil and Foundation.
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ﬁ Settings
(+)-{_ Environment
e Drawing
-{_ Caleulation
&1 Display
. .../ Drawing element |
:”2.15 Numbers Borehole

[¥] Display label
Local em
E_ . syst . Symbol size [m] .........
- ;11 Soil and Foundatmn)

-] Bar —
T
/

e

3. The boreholes are stored on “Soil” Object layers. At layer settings, the default color and pen
width can be set for all beams.

L

With boreholes the user can define inclined level strata by setting the strata levels.

3. Set the new strata level
s 1 (===

A ceneral Ef‘ Stata

Top level of strata (top down order)

Isolated foundation

2 Isolated foundation
property Description
Modules where available
Geometry Regular shape, Solid
End connection Rigid and hinged, or custom defined by Point-point connection
Material Concrete
Load direction Arbitrary in @
Load type Point load (force and moment), Point support motion
Available analysis results Displacement, stresses, stability and vibration shape in m
Available design Foundation design

Table: Isolated foundation properties
Definition steps

1. If needed, set a proper position for the working plane.

1

2. Start W Isolated foundation command from | Structwre | tabmenu and choose Define.
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3. Set the properties of the new Isolated foundation at o Default settings:

Isolated foundation M

"
General Ir_z' Material

Identifier {.position number) .......... | i

Enter identifier (max 50 characters). The position number is generated
automatically when "Tools”, "Refresh numbering” function is called.
Initially itis set to 0.

Analytical System ......cooooiinnnn [Point support group hd ]

Bedding modulus [KN/m2fm] ..ovvvvivie e

- Identifier (General)
The program automatically generates it, but you can define custom value. Identifier (ID)
number can be displayed in model view (Display settings).

- Analytical system (General)
Here the user can choose how to model the Isolated foundation depends on if “Calculate soil as a
solid element” is chose or not. If “Calculate soil as a solid element” is not chosen in “Code,
Configuration” dialog, user can choose if he/she wants to model the Isolated foundation by line
support group or by surface support group. In this case bedding modulus can be set in Default
settings / General dialog.

“Calculate soil as a solid element” is unchecked

|Analybcal SYBR s suiciasiaaosieisti imgwx_gmp - \I I Analytical SYStem .......eveevereeerenes Surface support group - l
Bedding modulus [KN/M2/M] ......vseeveniesnsesnnes 10000 Bedding MOdUIUS [N/M2IM] +..vvevrereeeeeressersereen 10000
Point-point connection
g /
% Surface support group
e Point support group = %

“Calculate soil as a solid element” is checked

[ A Supported by soil l

Bedding modulus [KN/M2/m] .....veevnneiisinniiisannes | 0000

Point-point connection

\\

‘ Surface - surface connection

- Material
Only concrete material can be set for isolated foundation Analysis.

4. Choose a geometry definition method.
5. Define the Wall foundation in the model view based on the chosen geometry method.

Optional steps:

6. Modify the isolated foundation properties with the ? Properties tool of the Isoltated
foundation tool palette.

7. Set the display settings of isolated foundations at Settings > All > Display > Beam, Column and
Truss.
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&) Settings

LJ Environment Foundation
{4 Drawing [ Display label
&-{3 Calculation

E‘L__? Display

. /" Drawing element

1

=215 Numbers

8. The Isolated foundations are stored on “Foundation” and if they modeled with Surface
support group their supports will be stored at the “Support” Object layers. The color and pen
width settings by selected beam elements can be modified by Edit > Properties > Change

appearance.
Wall foundation
2 Wall foundation
property Description
Modules where available
Axis position Arbitrary (horizontal, vertical and skew)
Geometry Straight and curved
Cross-section Arbitrary profile
Eccentricity Available
End connection Rigid and hinged, or custom defined by Point-point connection
Material Concrete
Load direction Arbitrary in
Point load (force and moment), Line load (force and moment), Line temperature
Load type variation load, Line stress load, Line support motion
Available analysis results Displacement, stresses, stability and vibration shape in
Available design Foundation design

Table: Wall foundation properties
Definition steps

1. If needed (and available in the current FEM-Design module), set a proper position for the
working plane.
1

2. Start 2 Wall foundation command from | Struetre | tabmenu and choose Define.

3. Set the properties of the new Wall foundation at i Default settings:
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r B
Wall foundation &J
General . Section

P
End conditions E'.__z.' Material

Identifier {.position number) .......... | i |

Enter identifier (max 50 characters), The position number is generated
automatically when "Tools™, "Refresh numbering” function is called.
Initially it is set to 0.

Analytical system ......ooeinnininn [Line support group - ]

Bedding modulus [KN/M2ZM] .o 10000

- Identifier (General)
The program automatically generates it, but you can define custom value. Identifier (ID)
number can be displayed in model view (Display settings).

- Analytical system (General)
Here the user can choose how to model the Wall foundation depends on if “Calculate soil as a solid
element” is chose or not. If “Calculate soil as a solid element” is not chosen in “Code, Configuration”
dialog, user can choose if he/she wants to model the Wall foundation by line support group or
by surface support group. In this case bedding modulus can be set in Default settings / General

dialog.
“Calculate soil as a solid element” is unchecked
Analytical SYStM .........ccvvvereeeees |Ling Support group. = ANBIYECal SYSIEM ..v..vvesnrseerssesesss | Surface support group -
Bedding modulus [N/M2/M] .v.vuverseesinrsnssinsannes | 10000

Bedding modulus [KN/M2/M] ....c.vverererrecenenneess | 10000

Line - line conmecti
Line en________ -

“Calculate soil as a solid element” is checked

Bedding modulus (kKN/m2/m] .....

e
T ——
__~"| Lime~line connection -
Surface|- surface \ ==
connecllion

- Section

Choose a profile from the Section library or define a new cross-section by parameters. The
applied section name can be displayed in model view (Display settings).

- Connections
The end connections can be set under the Connections tab similarly to Beams. Only the released
motion (arrow) and rotation (two-headed arrow) components are displayed in the model view

(Display settings). Rigid connections can be customized to hinged or semi-rigid (spring) with
additional Point-point connection.
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The end connections (in the beam start and end) with joined objects can be set to rigid or
hinged by motion and rotation components. The component directions are valid in the beam’s
local co-ordinate system.

Inactive component means a fixed motion/rotation, while a checked component behaves as
free motion/rotation in the assigned direction.

Releases Releases Releases Releases
e, e e [#lex
ey ey (e [“ley
ez ez ez
[Cphi,x [ phi,x [ phi phi, '
[Cphiyy phiyy' phi,y’ phiyy'

[phiz phi,z phi,z’

g O

Fully rigid Hinged in 3D Hinged in 2D Free end

Only the released motion (arrow) and rotation (two-headed arrow) components are displayed
in the model view (Display settings).

- Eccentricity
Eccentricity has effect in calculation and it can be turn on/off with Consider eccentricity in

calculation option. The default position (center of gravity) of the beam axis (local x” axis) can be
set in the aspect of analysis/design calculation or accurate display.

The axis position (symbolized with yellow point in the section) can be set with its coordinates
in the local y’z’ plane, or can be placed into special section points (e.g. plate corners) by
dragging the yellow point into the requested position.

b
=
i

K
Iy e
i Vi & ¥
1,." [m] ..... 0.0000 '5," [m] ..... 0.0000 '!I.-' [m] ..... 0,0000
z [m] ... 0.5000 z[ml ... 0.2500 Z [m] ... 0.0000
Default: Eccentricity at top Pasition modified by distance Pasition modified by mouse

Two type of eccentricity option can be chosen:

First type (“End releases applied at the ends of the theoretical axis”) is typically used for
modeling RC bars which work together with concrete slabs (slab normal forces transfers to the
bar).

The second type (“End releases applied at the ends of the gravity (physical axis)”) is for
modeling single plate and bars which are not working together.
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- Material
Only concrete material can be set for isolated foundation Analysis and Design.

4. Choose a geometry definition method for the wall foundation reference line (axis).
5. Define the Wall foundation in the model view based on the chosen geometry method.

Optional steps:
6. Modify the geometry with the Edit menu commands valid for line elements.

Modify the bar properties with the ? Properties tool of the Wall foundation tool palette.

Set the display settings of beams at Settings > All > Display > Soil and Foundation.

@ Settings
)

#-{_J Environment
/ /

Foundation

#-{_J Drawing

[#-{_J Calculation

=iy Display

/" Drawing element
215 Numbers

Display label

;.1 Soil and Foundation
= bar
7 Shell

9. The Wall foundations are stored on “Foundation” and if they modeled with Surface support
group their supports will be stored at the “Support” Object layers. The color and pen width
settings by selected beam elements can be modified by Edit > Properties > Change appearance.

Beam

Beam property

Modules where available

Description
+

¥
>

Axis position

+
Horizontal in ==

Arbitrary (horizontal, vertical and skew) in @

Geometry Straight and curved

Cross-section Arbitrary profile

Eccentricity Available

End connection Rigid and hinged, or custom defined by Point-point connection
Material Steel, concrete, timber and general

Load direction

4,‘

Vertical in ==

Arbitrary in @

Load type

All point and line load

Available analysis results

4,‘

Disr lacement, internal forces, stresses, stability and vibration shape in (==

Steel design in L

Available design
RC design in =
Timber design in A m
Alternative Steel beam can be modeled/designed as the set of shells (Shell model)
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Table: Beam properties

Typical 2D and 3D frame structures build by beams (only) can be fast defined with the so-called
Wizard tool. Fast means, that in a dialog you can set the beam sizes and positions by parameters.
Besides the geometry, Wizard adds loads and supports to the beam-system.

Definition steps
1. If needed (and available in the current FEM-Design module), set a proper position for the
working plane. In the 3D design modules, respect that the gravity direction is always the
Global Z axis direction.

2. Start Beam command from | 3ructure | tabmenu and choose = Define.

Beam D

A2t t|/j@ec Q]

Y G

£ A2 0t t/Q O[]

3. Set the properties of the new beam at Default settings:
Beam/Column properties

—
General I Section h End conditions Il_—_z.l Material

Identifier . position number) ............ | B

Enter identifier of bar {max 50 charackers), The position number is
generated automatically when "Tools", "Refresh numbering” Function is
called. Initially it is set ko 0,

- Identifier (General)
The program automatically generates it, but you can define custom value. Identifier (ID and
Position) number can be displayed in model view (Display settings).

- Section
Choose a beam profile from the Section library or define a new cross-section by parameters.
The applied section name can be displayed in model view (Display settings).

- Connections
+

In L, the end connections are fully rigid.

In 3D modules, the end connections can be set under the Connections tab similarly to Beams.
Only the released motion (arrow) and rotation (two-headed arrow) components are displayed
in the model view (Display settings). Rigid connections can be customized to hinged or semi-
rigid (spring) with additional Point-point connection.

The end connections (in the beam start and end) with joined objects can be set to rigid or
hinged by motion and rotation components. The component directions are valid in the beam’s
local co-ordinate system.

Inactive component means a fixed motion/rotation, while a checked component behaves as
free motion/rotation in the assigned direction.
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Releases Releases Releases Releases

e, e, e, [#e,x'
e,y ey ey [#e,y'
ez ez Oez :
[ phi, [ phi, [ phi, phi,
[phiyy phi, ' iy phi, '
[phi,z' phi, ' E

phi,z'

O

Fully rigid Hinged in 3D Hinged in 2D Free end

The local x” axis always points the beam end, so the start and end point position can be
followed from the beam’s local co-ordinate system.

The same at both ends End I
O _—
ey
S t‘ut g,z
[Clphi, =
Releases phiy’
Fleh ) [ phi,z
e local v
e,z L
e logal x
iy = >
ety
[Clphi,2

Only the released motion (arrow) and rotation (two-headed arrow) components are displayed
in the model view (Display settings).

The connection settings is not available in =, the end connections are always fully rigid.

Rigid connections can be customized to hinged or semi-rigid (spring) with additional Point-
point connection.

Eccentricity

Eccentricity has effect in calculation and it can be turn on/off with Consider eccentricity in
calculation option. The default position (center of gravity) of the beam axis (local x” axis) can be
set in the aspect of analysis/design calculation or accurate display.

The axis position (symbolized with yellow point in the section) can be set with its coordinates

in the local y’z’ plane, or can be placed into special section points (e.g. plate corners) by
dragging the yellow point into the requested position.
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...... i o
...... 2[mi..... |N036 2 2]

Default: “center of gravity”

Position modified by distances

Two type of eccentricity option can be chosen:

First type (“End releases applied at the ends of the theoretical axis”) is typically used for
modeling RC bars which work together with concrete slabs (slab normal forces transfers to the

bar).

¥[m]..... 00000

2[m].....|0.2000

—

-»e .-

The normal force
transfered to the bar

Position modified by the mouse

Figure: Modeling of a “ribbed concrete slab”

The second type (“End releases applied at the ends of the gravity (physical axis)”) is for
modeling single plate and bars which are not working together.

A

¥ D ——
\\\\_\ 2. -l 14
= —_— \
The slab and beam
~ N V- \/ doesn’t work together




Figure: Modeling of a steel beam under slab in 3D Structure module

- Material
Any type of materials can be set for beam Analysis, but design can be run for concrete, steel and
timber beams only. The applied material name can be displayed in model view (Display
settings).

4. Define the direction of the cross-section y’ axis (only in 3D modules).

The y’ axis cannot be modified in the £ module, so it is always parallel with the Global X-Y
(working).

5. Choose a geometry definition method for the beam reference line (axis).
6. Define the beam in the model view based on the chosen geometry method.

Optional steps:
7. Modify the geometry with the Edit menu commands valid for line elements.

8. Modify the bar properties with the ? Properties tool of the Beam tool palette.

9. Set the display settings of beams at Settings > All > Display > Beam, Column and Truss.

Settings

Q Settings
1 Environment ! Position number
1 Drawing
1 FEM
[ Solid model
= | Display
o Drawing elements
215 Mumbers
17 Local systems

% Conrections §  AcEE...

B Mesh

Mazz Dizplay connections

| Load Fill e _ L5000
T Design T Size [m] oo

[ Window

10. The beams are stored on “Beams” Object layers. At layer settings, the default color and pen
width can be set for all beams. The color and pen width settings by selected beam elements
can be modified by Edit > Properties > Change appearance.

Column
I" Column property Description
Modules where available & ﬁ
‘l
Function Point support in ==
Column in @
Position Always vertical
Geometry Straight
Cross-section Arbitrary profile
Eccentricity Available
End connection Rigid and hinged, or custom defined by Point-point connection
Material Steel, concrete, timber and general
Load direction Arbitrary in @
Load type All point and line load in @
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Available analysis results Reaction forces in ==

Displacement, internal forces, stresses, stability and vibration shape in @
Available design Steel design in m

RC design in (Column punching is available in L)
Timber design in

Alternative Steel column can be modeled/designed as the set of shells (Shell model)

Table: Column properties

Definition steps

1. If needed (and available in the current FEM-Design module), set a proper position for the working
plane.

|
2. Start V' Column command from | Structurs | tabmenu and choose =* Define.

Column %)
el PFTNI S (55 81 e

Height [rn] ...... 3,0000 Tﬂ -
@ Position .......... ) Above > 2 ﬁ
() Below X
£ T g s

Heighk [m] ....... 3.0000 ; "
@ Flacement ....... () above

() Below

3. Set the properties of the new column at Default settings:

Column properties

General I Section |'.____.l.I aterial
L
Identifier (.position nou) .o, ; /g
7

. —
v direction 2' direction Placement Beam/Column properties
O Fixed O Fived () ahave slab

—
(&) Hinged (®) Hinged Under slab General I Section h End conditions I'.:_I.' Material

Identifier {.position number) ... | B

Enter identifier of bar {max 50 characters), The pasition number is
generated automatically when "Tools", "Refresh numbering” Function is
called. Initially it is set to 0.

O Fixed O Fixed
(&) Hinged (&) Hinged [ allave uplife
- Identifier (General)

The program automatically generates it, but you can define custom value. Identifier (ID and
Position) number can be displayed in model view (Display settings).

- Allow uplift (General)

Available in “— only. “Uplift” behavior can be modeled by activating this option. It works in
case of tensional reaction force.

e

- Section

Choose a column profile from the Section library or define a new cross-section by parameters.
The applied section name can be displayed in model view (Display settings).

In 3D modules, “uplift” can be modeled with non-linear Point support settings.

- Connections
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In =, the support conditions (General) of the top and bottom ends can be set to fully rigid or
fully hinged. Because, Columns are point supports further point support is not needed to define
at Column end.

In 3D modules, the end connections can be set under the Connections tab similarly to Beams.
Only the released motion (arrow) and rotation (two-headed arrow) components are displayed
in the model view (Display settings). Rigid connections can be customized to hinged or semi-
rigid (spring) with additional Point-point connection. The local x' axis always points the
column end, so the start and end point position can be followed from the column’s local co-
ordinate system.

- Eccentricity
In 3D modules, eccentricity can be set under the Eccentricity tab similarly to Beams. The default

position (center of gravity) of the column axis (local x" axis) can be set in the aspect of
analysis/design calculation or accurate display.

\

Modeled centric

.

[ Consider eccentricity in calculation

Displayed eccentric . 4
OR

Calculated as eccentric

; »

Consider eccentricity in calculation

Figure: Modeling of a column connected to a beam

- Material
Any type of materials can be set for column Analysis, but design can be run for concrete, steel
and timber columns only. The applied material name can be displayed in model view (Display
settings).
4. Define the direction of the cross-section y” axis.
5. Choose a method for insertion point definition (geometry).

6. Place the column in the model view based on the chosen geometry method.

Optional steps:
7. Modify the bar properties with the T Properties tool of the Column tool palette.

8. Set the display settings of columns at Settings > All > Display > Beam, Column and Truss similarly to
Beams.
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9. The columns are stored on “Columns” Object layers. At layer settings, the default color and pen
width can be set for all columns. The color and pen width settings by selected column elements can
be modified by Edit > Properties > Change appearance.

]

10. In =~ Plate module, the [4] Info tool displays the support stiffness (motion and rotation) values of
the column ends valid in the column local co-ordinate system.

kz' Down

Column: C.0
Material 5 356
Cross-section ... Static

(7
Connections ...... | Hinged / Hinged
Uit ... o

I
Culuml‘infu
Column info
K2' Up [RNAM] e
K2 Up [kN/m] S0BEET Kz' Down [kN/m] oo 1112845

L' [kMmdrad]

Cy' [kNmerad] ...

[l Cx [kNm/rad] 0.00000
Oy kMmérad] .. .

Column: C.0
Material ................ (35745
Cross-sechion Static

Connections Fixed / Fixed
Uplift ool

Truss Member

Figure: Support stiffness of Columns in Plate module

"N Truss member j9i)osadll Description

Modules where available

Function

It models bars with limited compression and tension-only bars like cables, pull rods,
diagonal braces etc.

Axis position

Arbitrary (horizontal, vertical and skew)

Geometry Straight
Cross-section Arbitrary profile
Connection - Always hinged (cannot be modified)
- Itcan be connected to other elements only at its ends
- It does not intersect other elements cross it visually
Material Steel, concrete, timber and general
Load direction Axial
Load type - Dead load (will be distributed to the end nodes)
- Uniform line temperature variation
- Shrinkage
- Line stress load
- Point mass (will be distributed to the end nodes)
Analysis - Displacement, normal force and stress

- Itnever participate in global stability (no buckling function)
The 1st and the 2d order analysis lead same results

Available design

Steel design in
RC design in
Timber design in m @
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Alternative Steel truss member can be modeled/designed as the set of shells
(Shell model)

Table: Truss member properties

T.10.1 - Internal forces - Load case © 1 (3.16 m

: !”["”] el ST RAN S S g (.

T e 2

Figure: Modeling a truss

Definition steps
1. If needed (and available in the current FEM-Design module), set a proper position for the working
plane. In the 3D design modules, respect that the gravity direction is always the Global Z axis

direction.

o 1
2. Start "N Truss member command from | Stucturs | tabmenu and choose = Define.

Truss |:|
20t L IL10

M

3. Set the properties of the new truss element at N Default settings:

Truss properties

I Section @ I aterial

|dentifier [.pogition number] ................. | Tl

General

Enter identifier of bar [mawx 50 characters). The position number iz
generated automatically when "Tools", "Refresh numbering” function is
called. Initially it is st to O,

Behavior

[ Limited compression

Maw. compression capacity [kM] ... l:l

- Identifier (General)
The program automatically generates it, but you can define custom value. Identifier (ID and

Position) number can be displayed in model view (Display settings).
- Behavior (General)
Load-bearing function can be set by checking the Limited compression and by defining maximum

capacity value for the compression.
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- Section
Choose a profile from the Section library or define a new cross-section by parameters. The
applied section name can be displayed in model view (Display settings).

Tension-only bar can be modeled by giving 0 to Max. compression capacity.

- Material
Any type of materials can be set for beam Analysis, but design can be run for concrete, steel and
timber elements only. The applied material name can be displayed in model view (Display

settings).
4. Define the direction of the cross-section y’ axis.
5. Choose a geometry definition method for the truss element reference line (axis).
6. Define the element in the model view based on the chosen geometry method.
Optional steps:
7. Modify the bar properties with the ? Properties tool of the Truss member tool palette.
8. Set the display settings of truss elements at Settings > All > Display > Beam, Column and Truss
similarly to Beams.
9. The truss elements are stored on “Truss members” Object layers. At layer settings, the default color

and pen width can be set for all truss elements. The color and pen width settings by selected truss
elements can be modified by Edit > Properties > Change appearance.

Fictitious Bar

E Fictitious bar property

Modules where available

i

Function

Bar elements with given stiffness values

Axis position

¢l

Horizontal in ==

Arbitrary (horizontal, vertical and skew) in Lﬁj

Geometry Straight and curved
End connection Rigid and hinged, or custom defined by Point-point connection
Stiffness Editable (but, material and cross-section definition is not available)

Load direction

*l

Vertical in ==

Arbitrary in @I

Load type

All point and line load

Available analysis results

Displacement and internal forces

Table: Fictitious bar properties
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Fictitious bar

[_7Rull t [t~ e Gl

[LEI

Fictitious bar &3
A.1 General Ji End candiions
Identifier (.position NUMbE) ............ BF ‘
Enter identifier of bar (max S0 characters). The position number is
generated automatically when "Tools", "Refresh numbering" Function is
caled, Initially it is set to 0,
Stiffness
AXEN] .o 1.000e+07 |+
It % G [kium2 1.000e+07 |+
11 % E [KHm2] ..., 1.000e+07 |1‘
123 E (k2] ... 1.000e+07 [+]
Setup 'Rigid” > Cancel

Figure: Fictitious bars connect plate elements

A The program automatically generates “rigid” fictitious bars in the end points of “bars” modeled as a
shell model (end edges of shell regions; see Shell model).

Definition steps

1. If needed (and available in the current FEM-Design module), set a proper position for the working

plane.

— 1
2. Start i Fictitious bar command from | 3tuctwre | Tabmenu and choose —*

Fictitious bar

||

(2] 2 [t ]

t []eece]

L

[ Z,

3. Set the properties of the new bar at Default settings:

Fictitious bar

X|

General :i End conditions
Identifier {position nUmBEE) . BF |

Enter identifier of

Stiffness

bar {max 50 characters). The position number is

generated automatically when "Tools", "Refresh numbering” Function is
called, Initially it is set to O,

- Stiffness (General)
EA, GI,, El; and ELI stiffness values can be assigned to bars. No definition of material and cross-
section is needed. The local y” axis represents the 1st principal axis, and the local z" axis defines
the 2nd principal axis.

local y'—1* axis

Define.

leocal z'—2 axis

local x”

The value of rigid stiffness (“infinite” rigidity) can be defined and set as project default at
Settings > Calculation> “Rigid” values > Fictitious bar.
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- Connections

In L, the end connections are fully rigid.

In 3D modules, the end connections can be set under the Connections tab similarly to Beams.
Only the released motion (arrow) and rotation (two-headed arrow) components are displayed
in the model view (Display settings). Rigid connections can be customized to hinged or semi-
rigid (spring) with additional Point-point connection.

4. Define the direction of the cross-section 1t principal axis (local y” axis; only in 3D modules).

The y’ axis cannot be modified in the == module, so it is always parallel with the Global X-Y
(working).

5. Choose a geometry definition method for the bar reference line (axis).
6. Define the bar in the model view based on the chosen geometry method.

Optional steps:
7. Modify the geometry with the Edit menu commands valid for line elements.

8. Modify the bar properties with the i Properties tool of the Fictitious bar tool palette.
9. The fictitious bars are stored on “Modeling tools” Object layers. At layer settings, the default color
and pen width can be set for all fictitious bars.

Intermediate section

Intermediate section Description
property
=
Modules where available [L
*l
Axis position Horizontal in ==
Arbitrary (horizontal, vertical and skew) in
Cross-section Arbitary
Eccentricity Available
Material Steel, concrete, timber and general
2 =
Available analysis results Displacement, internal forces, stresses, stability and vibration shape in'=—

Definition steps
1. If needed (and available in the current FEM-Design module), set a proper position for working plane.

In all modules, respect that the gravity direction is always the Global Z axis direction.
. . = J
2. Start Intermediate section from | Structure | tabmenu and choose =" Define.

— =
Intermediate section { r ﬁﬂ' | + %

B

1

3. Set the properties of the new Intermediate section at =  Default setting:
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Section

Tiesuwn] | vemsmoms

¥mnl... 0.000 T

—i=
#Iml... | 01000

%]

Co ] Com ]

- L]

o 2
TN | | |

| v

o] o)

- Section

Choose a beam profile from the Section library or define a new cross-section by parameters. The
applied section name can be displayed in model view (Display settings).

A Intermediate section can be used with the same section shape and fabrication technology.
Insertion point
The axis default position is on the gravity center (symbolized with yellow point in the section), but

it can be set with its coordinate in the local y'z" plane, or can be placed into special section points
(e.g. plate corners) by clicking the yellow point into the requested position.

I -y’ +v’ Click un the
poinl
il o
z[m]..... IIE z.l z[m].......
Default: “center of gravity” Position modified by distances Position modified by the mouse
4. Define the direction of the cross-section y” axis (only in 3D modules).
JT
The y’ axis cannot be modified in the ‘i module, so it is always parallel with the Global X-Y
(working) plane.
5. Define the Intermediate section placement.
.
2 —
g —
I 0 IA
Figure: Defining an Intermediate section
Optional steps:

6. Modify the Intermediate section With the i3 Properties.
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7. The Intermediate section is part of the bar element so its layer and setting can be found like in Beam,
Colummn or Truss.

Apex
Apex property Description
Modules where available
=
Axis position Arbitrary (horizontal, vertical and skew) in
Cross-section Rectangular
Eccentricity Disable
Material Steel, concrete, timber and general
Load direction Arbitrary in
Load type All point and line load
= e
Available analysis results Displacement, internal forces, stresses, stability and vibration shape in'=—
=
Available design Timber design in

Definition steps
- If needed (and available in the current FEM-Design module), set a proper position for working plane.
In all modules, respect that the gravity direction is always the Global Z axis direction.

- Start  Intermediate section from | Structure | tabmenu and choose =*

Define.
-+
Apex m -+ I + D
|2 .
FIm] venenes 1.00

7 | [Jround cuter edge

- Set the properties of the new Intermediate sectionat ~ Default setting:

Hode

Ok

[Jround outer edge

- Rounding radius (1)
The rounding radius can be invidually set. The default value is 1.00 m and rounding the inner
edge. For rounding the outer edge check the Round outer edge option on. The following figure
shows the difference between rounding the inner or both edges.
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[(Jround outer edgel

A

Round outer edge

Figure: Rounding inner and both edge

- Select the neighboring bar element.

Defining the correct way an apex, the following criteria has to meet:
- The neighboring bars cross-section has to be Rectangular

- Their Y axes are parallel and point into the same direction

- Their material has to be the same

- Apex zones with their connected bars are only one physical element but it has more analytical

element.
Analytical model
_‘- e SO E
4 Analytical elements (2) ©)
1 Physical element ‘
Figure: Describing analytical and physical elements
Planar Objects

This chapter summarizes all features and properties of planar objects: Foundation slab, Plate, Wall, Shell
model elements, Timber panel and Profiled panel.

Foundation slab

R

Foundation slab

property Description

Modules where available

Reference plane position Horizontal

Geometry Any shape

Thickness Constant or variable

Hole Available

Eccentricity Available for display and calculation
Edge connection Rigid elastic (spring) linear or non-linear
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Material Concrete

Orthotropic feature Available

Load direction Vertical

Point load (force and moment), Line load (force and moment), Surface load,
Surface temperature variation load, Surface stress load, Surface support motion

Load type
Available analysis results Displacement, internal forces, stresses, stability and vibration shape
Available design Foundation design !!!

Table: Foundation slab properties

Definition steps
1. If needed, set a proper position for the working plane.

2. Start =7 Foundation slab command from [ 5eure [ tabmenu and choose =" Define.

Foundation slab @
M2 @000 G

tm]........ 1.0000 Editing plane [m] ...|0.000

@ plignment ., B -

Edges ...... TRigid® -

3. Set the properties of the new plate at 5 Default settings:

Foundation slab @

—
General I,_E,' Material

Identifier {.position number) ......cooovianin i
Geometry Eccentricity
EIM] evvneeeeee i 1.0000 i
e

=3 1111 P 0.00000

[ Consider eccentricity in calculation

[] Consider eccentricity caused by

Alpha [T oo 0.00000 cracking in cracked section analysis
Bedding
Bedding modulus [KN/MZ/M] v 10000
OK ] [ Cancel
- Identifier (General)

The program automatically generates it, but you can define custom value. Identifier (ID)
number can be displayed in model view (Display settings).

Alignment and Eccentricity (General)

With alignment the position of the reference (definition) plane can be set to top, center or
bottom.

Eccentricity (e) adds “virtual” distance between the reference plane and the calculation
(middle!) plane if “Consider eccentricity in calculation” option is unchecked, otherwise the
eccentricity has effects in the calculation. This option is useful for displaying regions with
different thickness values.

A Alignment and eccentricity have no effect in calculations if “Consider eccentricity in
calculation is checked off. They are only to display plate “solid” with its defined position.

Eccentricity value can be displayed in model view (Display settings).
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The “Consider eccentricity caused by cracking in cracked section analysis” option is for Reinforced
concrete slabs. With this option modeling the eccentricity changes after cracking is available.
The following figure shows the eccentricity changes.

Uncracked Cracked
analysis analysis

W wss | wessessessen
ceceseeseane | |

Figure: Explaining cracked and uncracked analysis

- Orthotropic features (General)
The ratio between the E1 and E2 elasticity modules in the main directions can be set here. So, if
the value is 1, the new plate will be isotropic, otherwise it is orthotropic. The orthotropy
direction can be set with the angle between E1 direction and the plate’s local x” axis (Alpha).

- Material
Only concrete material can be set for Analysis and Design.

4. Choose a geometry definition method for the plate reference plane (set by Alignment, Eccentricity and
Editing plane).
Defining Foundation slab with Editing plane. By this the user can choose which plane he wants to

define for Foundation slab. Thel. ———1in the bottom right side of the tool window shows the

Editing plane [m] .../ 0-500

“definition plane” with blue line. This can be set manually or with some

specific plane (top, middle or bottom) by clicking in the picture.

This has no effect on the alignment.

Ground level

Foundation slab
Foundation level —— l I
Editing plane Definition plane

Top

Midplane

\
Bottom I /

After selecting definition mode, default settings and editing plane geometry can be defined.
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4 4. Define the geometry

Foundation slab Lo
H2EO00|Ee &G0

[ 1.0000 Editing plare [r] ... 0-500
e

2. @ Alignment ., B v

Edges ... [Rigd” 7]

&)

5. Define the plate region in the model view based on the chosen geometry method. In 3D Structure
module only horizontal position can be set. All region definition points have to be in the same plane.
UCS may help to find the requested position of the new plate region.

Optional steps:

6. Modify the default edge connections with D Just select the plane and then its edge(s) to set
connection conditions, and finally set the requested motion and rotation settings.

Motion-Rotation / Compression-Tension

The x’, y’ and z’ are valid in the connection’s local system displayed in the preview and as a symbol
in the middle of the edges in the model view. Choose “Rigid” or “Free” from the drop-down lists, or
type stiffness values (spring connection).

Active | link button assigns the stiffness value typed in the Compression field to the Tension

field. Inactive icon [ lets to define stiffness values separately.

Predefined types

Click to set all motion and rotation components to “rigid”. The result will be a “totally rigid”
connection.

Click to set all motion components to “rigid” and all rotation components to free (allow rotation
around all directions). The result will be a hinged connection.

Click to set all components to free. This tool gives the possibility to virtually connect
independently moving elements.

Behavior

Click to assign the stiffness value defined in the Compression field to the Tension field by
components.

Click not to allow tension for all connection components.
Click not to allow compression for all connection components.

Setup “Rigid”
With this option the value of “infinite” rigidity can be defined by motion and/or rotation for
selected connections.

For all edge connections, the value of “infinite” rigidity can be defined and set as project default at
Settings > Calculation> “Rigid” values > Connections.

7. Add hole with 'E/ tool.
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8. Modify the reference plane geometry with the Edit menu commands valid for region elements.

?
9. Modity the Foundation slab properties with the  *

10. Set the display settings of plates at Settings > Display > Soil and Foundation.

Properties tool of the Foundation slab tool palette.

11. The Foundation slabs are stored on “Foundation” and if they modeled with Surface support group
their supports will be stored at the “Support” Object layers. The color and pen width settings by
selected plate elements can be modified by Edit > Properties > Change appearance.

Plate

Plate property

Modules where available

Description

£ m ﬁ
|
¢l

Reference plane position

Horizontal in ==

Arbitrary (horizontal, vertical and skew) in @

Geometry Any shape

Thickness Constant or variable

Hole Available

Eccentricity Only for display

Edge connection Rigid, hinged, elastic (spring) linear or non-linear
Material Steel, concrete, timber and general

Orthotropic feature

Available

Load direction

¢l

Vertical in ==

Arbitrary in Lﬁj

Load type

All point, line and surface load

Available analysis results

¢l
Displacement, internal forces, stresses, stability and vibration shape in =

Available design

RC design in = @

Timber design in

Definition steps

Table: Plate properties

1. If needed (and available in the current FEM-Design module), set a proper position for the working

Define.

plane.
A 1
2. Start Plate command from | Structure | tabmenu and choose =
3D plate =
|2 ELLLE LD EN G D[4 ]

5

i [m] ... E Alignment . H
l:l@ Edges ... m

3. Set the properties of the new plate at i Default settings:
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Plate properties

—
General :.:. Material

Identifier {.position nurmber) ..., B
Geametry Eccentricity
tl3 o ELLm] e 0.20000 || [ 1 ie
1] il
I AligRment .. B v
e Sl —— 0.00000

[ consider eccentricity in calculation

EZw vE1
., : o [ Consider eccentricity caused by
x' cracking in cracked section analysis

EZIEL covvviiiiiiiniiiniiniinn 1.0000
Alpha [dea] o 0.00000
OK ][ Cancel
- Identifier (General)

The program automatically generates it, but you can define custom value. Identifier (ID and
Position) number can be displayed in model view (Display settings).

- Alignment and Eccentricity (General)
With alignment the position of the reference (definition) plane can be set to top, center or
bottom.
Eccentricity (e) adds “virtual” distance between the reference plane and the calculation
(middle!) plane if “Consider eccentricity in calculation” option is unchecked, otherwise the
eccentricity has effects in the calculation. This option is useful for displaying regions with
different thickness values.

A Alignment and eccentricity have no effect in calculations if “Consider eccentricity in
calculation is checked off. They are only to display plate “solid” with its defined position.

Eccentricity value can be displayed in model view (Display settings).

The “Consider eccentricity caused by cracking in cracked section analysis” option is for Reinforced
concrete slabs. With this option modeling the eccentricity changes after cracking is available.
The following figure shows the eccentricity changes.

Uncracked Cracked
analysis analysis

W 77 | DAY,
eveseessesesl ceescosccces

Figure: Explaining cracked and uncracked analysis

- Thickness (General)
By default, only plate with constant thickness (t1=t2=t3) can be set at Default settings. Use the
Variable thickness tool to define different t values that declare the top/bottom surface as a
linearly variable plane.

- Orthotropic features (General)
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The ratio between the E1 and E2 elasticity modules in the main directions can be set here. So, if
the value is 1, the new plate will be isotropic, otherwise it is orthotropic. The orthotropy
direction can be set with the angle between E1 direction and the plate’s local x” axis (Alpha).

A\ ;

In = Plate module the local x” axis is always parallel with the global X axis.

- Material

Any type of materials can be set for plate Analysis, but design can be run for concrete only. The
applied material name can be displayed in model view (Display settings).

4. Set the default connections for all plate edges to rigid or hinged with the tool palette’s Edges option.

3D plate ||
2 E o000 EeaE0
t[m] ...... [0.20000 |y Alignment .
@ =0T Edges......
|

Hotions [kH/m] Fialations [KHm/rad]

Ky \1 000e+07 [v]+\1 000e+07 [v] o \nnnnemn [v]+\nnnne+nn [v]

Kz \1 000e+07 [v]»\w 000e+07 [v] c ‘DDDDE*DD [v]%‘ﬂﬂﬂﬂevﬂﬂ [v]

. . Compression Tension Compression _ Tension
ngld connection at edges Té y z Koo 10006407 [sr] 41000407 [w| . [0.0008+00 [s] 4] 0.0002+00 [o]

Motians [kh/m] Rotations [kNm/rad]
Compression  Tension Compression Tersion
Kt |1uume+u7 [v]+|1uuue+n7 [v] Cw |1uuma+n7 [v]+|1ﬂuua+n7 [v]
K |1uume+u7 [v]+|1uuue+n7 [v] o |1uuma+n7 [v]+|1ﬂuua+n7 [v]
K |1uume+u7 [v]+|1uuue+n7 [v] cz |1 000=+07 [v]+|1 000=+07 [v] nged connéction at al ges
i
3D plate &

ElFAcielain AN EfloN e Ein

t [m] ...... 0.20000 }I Bhagnment ..... "
A T ES

Figure: Default edge connections

Use the Edge connection tool to modify the default connections by the selected edges of a

predefined plate. Hinged, rigid, semi-rigid (spring), free connections can be set with linear
and non-linear behavior.

Choose a geometry definition method for the plate reference plane (set by Alignment and
Eccentricity).

6. Define the plate region in the model view based on the chosen geometry method. In “ module the

slab plane can be horizontal only, while in 3D modules any skew position can be set. All region

definition points have to be in the same plane. UCS may help to find the requested position of the
new plate region.
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Plate reference plane is in Global X-Y plane

*; A : Plate reference plane defined in special UCS position
& + -
[——

i

-

-
A _ _ Je
3 points define the plate region [#

Plate regions placed on solid surfaces

Figure: Different working planes for plate definition

Optional steps:
7. Modify default thickness (Variable thickness)

Constant slab thickness can be fast modified with the ? Properties tool. Just select the plate(s) and
set a new value under General Tab.

Constant thickness can be changed to variable, or reverse, with the [I Variable thickness tool.

Steps of defining plate with variable thickness:

i. Inactivate the [*link buttons to allow giving different values in the f fields.
ii. Type the t1, 2 and t3 according to the current length unit.

;) plate E‘ 5 plate E‘
22 GG 1 2 (6 )
t1 [m] ...... |0.20000 slignment ... . 1 [m] ... [ N
2. [0.20000 J3) FETTETT o Hinged
€3] ... 020000

iii. Select the plate you would like to modify.
iv. Define three points in the plane of the selected plate’s reference plane, where 1, {2 and t3 will be

measured. The measurement of the thickness values depends on the position of the reference
plane (Alignment and Eccentricity).

Figure: Align the thickness of the middle slab to its neighbors
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1 —
-
—

Figure: Align circular slab thickness to a variable height wall

A The measurement of the thickness values depends on the position of the reference plane
(Alignment and Eccentricity).

You are allowed to place the measuring points outside the region, too.

=2

Figure: Edit thickness by using other objects’ height

8. Modify the default edge connections with E:l Just select the plane and then its edge(s) to set

connection conditions, and finally set the requested motion and rotation settings.

2 Select edges

1 Select plate

Edge connection 3 Set connection conditions o ﬁ

)
General E ] Data

Ali bo..... H

R At M s [kN/m]

t2(]..... P30000_|Y] Edges...... i o .

£3 [ ... [7.30000 ks 1000407 [w|+][1.000e407 [v]

Ratations [kNm/deg]
Compression Tension

Cx | 0.000e+00 Eunnuemu [v]

Ky |1.000+07 [+ |14]1.0002+07 [ |

£y [0000e+00 [v 4] /00006400 [ ]

Kz [1.0000407 []][1.000e407 [

Predefined types

£z (00006400 [v 4] [0.000e+00 [v]

Bel

ENIEY FYIEY

Al

Local spstem

- — Keeps direction
EGR >\ along line
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Figure: Modification of two slab edges

Motion-Rotation / Compression-Tension

The x’, y’ and z’ are valid in the connection’s local system displayed in the preview and as a symbol
in the middle of the edges in the model view. Choose “Rigid” or “Free” from the drop-down lists, or
type stiffness values (spring connection).

Active | link button assigns the stiffness value typed in the Compression field to the Tension

field. Inactive icon [ lets to define stiffness values separately.

Predefined types

Click to set all motion and rotation components to “rigid”. The result will be a “totally rigid”
connection.

Click to set all motion components to “rigid” and all rotation components to free (allow rotation
around all directions). The result will be a hinged connection.

Click to set all components to free. This tool gives the possibility to virtually connect
independently moving elements.

Motion and rotation
together

Figure: Edge connection types and their displacement effect

Behavior

Click to assign the stiffness value defined in the Compression field to the Tension field by
components.

Click not to allow tension for all connection components.
Click not to allow compression for all connection components.
Setup “Rigid”

With this option the value of “infinite” rigidity can be defined by motion and/or rotation for
selected connections.

For all edge connections, the value of “infinite” rigidity can be defined and set as project default at
Settings > Calculation> “Rigid” values > Connections.

As a real example, Edge connection gives the possibility to model prefab concrete elements
too. Define the objects with the Plate/3D plate commands, set the thickness value of the
regions to substitute the real cross-section with the holes, and finally add “hinged” edge
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connection (C, = 0) to one of the region at the common edge with the other one (see the next
figure).

Figure: Modeling slab elements connected to each other (hollow-core prefab slabs)

9. Add hole with 2! tool.
In 3D modules, select a plate region and define hole in it or cut it by using a geometry mode.
Selecting a plate displays the UCS in the reference plane of the plate.

Figure: Hole and cuttings

A
In == Plate module, just define hole or cutting by using a geometry mode in the required plate
reference plane. Selection of the host plate is needed, if the hole region intersects more than one
regions.

10. Modify the reference plane geometry with the Edit menu commands valid for region elements.

11. Modify the plate properties with the Properties tool of the Plate tool palette.

12. Information (the volume of the plate solid and the position of its centre of gravity) about a selected

plate can be inquired with the 1 Info tool. A drawing point can be placed in the plate’s centre of
gravity, if needed.

13. Set the display settings of plates at Settings > All > Display > Plate and Wall.
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14. The plates are stored on “Plates” Object layers. At layer settings, the default color and pen width
can be set for all plate regions. The color and pen width settings by selected plate elements can be
modified by Edit > Properties > Change appearance.

Wall

P warn property Description
Modules where available ;

Function Line support in =

+i4
Shear or load-bearing wall region

Unit section of long-extensional object (tunnels, dams, retaining walls et.) £

Structural wall in @

;‘
Reference plane position Vertical in == \L
+44 f : A

Global X-Y plane JEy
Geometry Any shape
Thickness Constant or variable
Hole Available
Eccentricity Only for display
Edge connection Rigid, hinged, elastic (spring) linear or non-linear
Material Steel, concrete, timber and general

+44 : |
Orthotropic feature Available in JE \A/
Load direction Arbitrary in m m/
+44 : |
Planar, global X-Y plane dEy
+44 f :

Load type All point, line load and surface load in i \E
Available analysis results Reaction forces in ~—

Displacement, internal forces and stresses LﬁJ

+44 r_
Displacement, internal forces, stresses, stability and vibration shape in o) m

Available design RC design in

Timber design in

Table: Wall properties
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Structural wall

Figure: Wall function by FEM-Design modules
Definition steps

The wall definition depends on what module is used for modeling;:

é Wall is a line support, so its base line has to be defined with a given height and

- constant/variable thickness as a straight or curved line.
e

L) The only modeling object is the Wall, which is a region with constant or variable
thickness, so its reference plane has to be defined as a rectangle, circular, polygonal or
arbitrary shaped region. Holes can be added to it.

bt

The only modeling object is the Wall, which is a region with unit (=1) thickness, so its
reference plane has to be defined as a rectangle, circular, polygonal or arbitrary shaped
region. Holes can be added to it.

@ Wall is a region in vertical position, so the base line has to be defined with given height
and constant/variable thickness as a straight or curved line. Holes can be added to it.

1. If needed (and available in the current FEM-Design module), set a proper position for the working
plane.

1
2. Start @ Wall command from tabmenu and choose .= Define.

wall o ] | [wall - x|
D E00nEe RO ELS ) SO FOOdJee el b 1]
t [m] ...... [0.20000 m = v E‘ 2 [i O o] %—i R T @ Bligrment ..., E
@ 2. [FZ0000 ]y S Placement O Above t2[m] ... S CER g [v]
30w . [20000 ] @ bt o [8.15000 ] [ Q.Baluw—‘ Alpha [deq] ..
- mﬂ
e A B NI =y T

t[m] 1.0000 == v

3. Set the properties of the new wall at i Default settings:
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Wall properties

l

= . J} -
General | TET] Materil &
1 ‘Wall properties
Identifier {.position no.) .o W .~
General | 1] Material n
Geometry Eccentricity -
|
I:IE MY 30000 Identifier {.position NUMBEF) ....eivieenneeenes | W
Lol 0,15000 M — —
Eometry ceentricity
e, ] e 0.15000
Alignment .......... LT s 0.20000 EI i
t 2 °
Statical system Y L Bl 0.20000
(OFized () Above slab Alignment and ecc Al e, = v
@Hinged (2 Under slab effect an caloulati Orthotrapy d
Iz, = necessary only to -
s LEL ] ———— 0.00000
= i, ;
or [C]consider eccentricity in calculation
(ot * [ onsid tricit d b
onsider eccentricity caused by
©inged [ Alow uplc (22 DT 1.0000 cracking in cracked section analysis
lpha [Seg] oo

- Identifier (General)
The program automatically generates it, but you can define custom value. Identifier (ID and
Position) number can be displayed in model view (Display settings).

- Height (h) (General)

In * the height can be set in the dialog, but in 3D modules only in the Wall command’s tool
palette.
- In 3D modules, the sign (positive or negative) of the Height value defines the location
of the Wall (Straight line).

¥
- In =, the position of the wall support can be set according to slab position: “Above

slab” or “Under slab”. It also defines the location of the base line.

- Alignment and Eccentricity (General)
With alignment the position of the reference base line or the reference region can be set to
left/front, center or right/back.
Eccentricity (e) is handled the same was as in 3D Plate .
Eccentricity value can be displayed in model view (Display settings).

While modeling, think about the reference plane/reference line connections with each
other. Connecting edged “perfectly” results correct and “nice” finite element mesh. If
they intersect each other with small distances, the outcome of mesh generation may be
very small finite elements or unexpected mesh regions. The next figure shows an
example for possible (recommended or not) wall connection to slab edge.
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Not
Recommended Recommended recommended
1. 2. 3.
wall reference ‘ Aall reference ) wall reference
“Real life”
plate ce
=
correct mesh
correct n}esh
\ i \ w
p=w P

small finite elements

Figure: Recommended modeling of plate-wall edge connection (no calculation differences in case 1. and 2.)

- Thlckness General)

In L ! @, the thickness values (tl in the start point and t2 in the end point) can be set
directly in the settings dialog. The measurement of the thickness depends on the Alignment and
Eccentricity settings.

| =
x wall reference plane

ﬁ—wall reference plane

T

Figure: Variable thickness and eccentricity

In u@ the thickness value is fixed. It is always 1m, so only region(s) with unit thickness
(section) can be defined.

[y
In =Y, the thickness value can be constant or variable like plate regions. Because walls are
S
regions in the Wall module like plates in . Plate module, the definition way of constant and
variable thickness is the same. In the dialog, only constant thickness (t1=t2=t3) can be set, but
with Variable thickness tool (same with Plate’s Variable thickness tool) t values can be
modified separately to define wall regions with variable thickness.
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- Orthotropic features (General)

+44

This option is available in 4E @ modules. The ratio between the E1 and E2 elasticity
modules in the main directions can be set here. So, if the value is 1, the new wall will be
isotropic, otherwise it is orthotropic. The orthotropy direction can be set with the angle between
E1 direction and the wall’s local x” axis (Alpha).

A\

444

In K modules the local x” axis is always parallel with the global X axis.

- Statical System (Connections) (General)

&

In ==, the support conditions (General) of the top and bottom wall ends can be set to fully rigid
or fully hinged. Because, Walls are line supports further line/point support is not needed to
define at Wall end.

- Allow uplift (General)

+
Available in “— only. “Uplift” behavior can be modeled by activating this option. It works in
case of tensional reaction force.

In 3D modules, “uplift” can be modeled with non-linear Line support settings.

- Material

Any type of materials can be set for wall Analysis, but design can be run for concrete and timber
walls only depending on the current FEM-Design module. The applied material name can be
displayed in model view (Display settings).

3. In @ modules, the default connections for all wall edges can be set to rigid or hinged with the
tool palette’s Edges option.

wall X
|2 E)E DM /|GGG
B .ev, 30000 | 1 fm]...., [0-20000 3] Algrment ... |
‘ @ Placement () above  t2[m] ..... |U.200EIJ| Edges ........
() Below Alphs [deg] .. |
—_— L

Rotations [kMm/rad]

Compression Tension
T .. [0.0002+00 [w][4][0.000e+00 [v]

£y . (00008400 [v][+]|0.000e+00 [+ |
Cz .. |0.000+00 [v ][+ 0.000e+00 [+ ]

!
Mations [kM /]
Compressian Tension

Ko . [1.000e+07 [+ [+][1.0002407 [+ ]

Ky....[1.000+07 [+] [+ 10002407 []

Kz 10002407 [ ][+]|1.000e07 [+ |

b ations [kM4m]

Rotations [lkMm/rad]

Compression Tension
k... [1.000e+07 [ 5] 1.000e+07 o]

Ky.. _|1.unne+07 [v]¢‘1.DUUe+UT [v]

Kz ..[1.0002+07 [ | 4] [1.0002407 [

Compression Tensian
G [1.0002+07 [w][+)[1.000e+07 [

Ty |1.0002+07 [ne] |4 1.0002+07 [wr]

Cz..[1.0002+07 [ne][+][1.0002+07 [we]

[ [ 2[5l

N

h[m]___|3.anoo ‘ tl[m]____|o.znaou“1_ f

Placement () dbove  £2[m]..... |U-ZUUUU ‘

(TNl .~ |GREEG |

() Below Alpha [deg] ..

A

Figure: Default edge connections

Use the Edge connection tool to modify the default connections by the selected edges of a
predefined wall. Hinged, rigid, semi-rigid (spring), free connections can be set with linear
and non-linear behavior.

If a wall connect to slab at a common edge and you would like to define hinged connection
between them, only one edge connection (for plate or wall) has to be defined hinged and the
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other has to be kept as rigid. So, applying hinged edge connection for both plate and wall at
their linked edge is not allowed to avoid instability in finite element modeling. The figure
shows the possibilities to model the same hinged connection in two ways.

Plate /

Edges ... Fiigid v II

Figure: Modeling the same hinged wall-plate edge connection in two ways

The previous rule is also true for wall support in * module: if, you would like to model

hinged wall support at a plate edge, define hinged statical connection for wall (top or
bottom depending on the wall position) and set the plate edge connection to rigid, or, define
rigid wall support and hinged edge for plate.

4. Choose a geometry definition method for the wall’s reference line/plane (set by Alignment and
Eccentricity) and create the wall with co-ordinates or by picking points in the drawing area.

+44 <
In ) modules, the walls are regions in the Global XY working plane.

A In these wall modules the dead-load is orientated in Global Y direction, although the dead-
load is orientation in Global Z direction in all other modules.

L LT T

e e .,.,-___!
%
.

Figure: Wall region with holes, loads and supports in Wall and Plane Strain modules

‘l

In == module, wall is a line support, so it has to be defined with its base/reference line. Although
walls are planar objects in @ modules, they can be defined with their reference lines, because

of the fixed vertical position. The lines can be straight or “curved”. The “curved” means real arc and
Jl
circle in == module, while it means the combination of straight lines (wall sections) in the 3D

modules. In the second case the “curved walls” are built up by planar region members (curved finite
elements are not available in FEM-Design), and the resolution of the curve approximation can be set
by the peripheral angle of the sections (Alpha).
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,Center

m Wall section number = §/a
Example: 90/15 =6

wall B \\

CleEooaidclee

Figure: “Curved” wall definition in 3D modules

hm] v, [3-0000 | bt [m]....,[0-20000] 3] Alignment: ... | B[]

@ Placement (2 ibave! t2[m]..... 0.20000 Edga........{ Rigid |v]
| L 4 i

O Below alpha [deq] .. | 15.000

e

In the 3D modules, if you would like to connect a plate to “curved” walls at the edges,
define polygonal slab instead of curved-edge slab. In case of curved plate, small regions are
cut by the connected wall, and that results finite elements with very small angle.

5

yd
e

/
LSS S S

S S
S S S
[/ S S

AV

¢« | Circular
" Iplate

VAV AV ANAN

(S S S

Figure: “Curved” wall definition in 3D modules
Optional steps:
5. Modify default thickness (Variable thickness)
Constant wall thickness can be fast modified with the = Properties tool. Just select the wall(s) and

set a new value under General Tab. In m @ modules, you can define variable thickness with t1
and t2 values too.
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10.

11.

12.

+4+ 4 bl

In £ modules, constant thickness can be changed to variable (linear distribution), or reverse,

with the D Variable thickness tool.

Defining wall with variable thickness is similar as done in case of a Plate.

Modify the default edge connections with D Just select the wall and then its edge(s) to set
connection conditions (rigid, hinged, free or semi-rigid (spring)), and finally set the requested
motion and rotation settings. See the definition steps and possibilities at Plate.

Add hole with [ tool (see hole definition in plates).

Except of " module where wall is support, holes and cuttings can be defined in walls.

In 3D modules, select a wall region and define hole in it or cut it by using a geometry mode.
Selecting a wall displays the UCS in the reference plane of the wall.

In £ modules, just define hole or cutting by using a geometry mode in the required wall

reference plane. Selection of the host wall is needed, if the hole region intersects more than one
regions.

Modify the reference line/plane geometry with the Edit menu commands valid for lines/region
elements.

Modify the wall properties with the ia Properties tool of the Wall tool palette.

In “ Plate module, the [] Info tool displays the support stiffness (motion and rotation) values of
the wall ends (start and end point) valid in the wall local co-ordinate system.

In the other design modules, information (the volume of the wall solid and the position of its centre

of gravity) about a selected wall can be inquired with the [i] Info tool. A drawing point can be
placed in the wall’s centre of gravity, if needed.

Set the display settings of walls at Settings > All > Display > Plate and Wall (see Plate display
settings).

The walls are stored on “Walls” Object layers. At layer settings, the default color and pen width can
be set for all plate regions. The color and pen width settings by selected plate elements can be
modified by Edit > Properties > Change appearance.

Shell Model

In =% 3D Structure module, straight and arc bars (Beams and Columns) can be modeled more accurately for
stability, utilization check (against flexural, torsional, lateral torsional and local buckling) and design
according to their EC by modeling them with planar shell members.

Definition steps

1.

Press Analytical model / Shell model option of Beam or Column toolwindow and choose the bar. By
default, selecting a bar element generates a complex 3D model built by a group of steel plates
derived from the geometry of the selected bar’s profile. All converted plates inherit the original bar
element’s steel material.
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Figure: Straight bars with constant cross-section

A After converting a bar to shell model, the program automatically defines “rigid” Fictitious bar
objects at the ends of the shell model to guarantee continuous connection to other objects line 1D
members, point supports and point loads. The stiffness of these fictive elements can be modified

with the ¢ Properties tool of Fictitious bar command.

Depending on, Beam, Column or Truss member was converted to shell model, the model can be
hidden together with the Beam, Column or Truss member object layer.

Timber Panel

Quick tool to model timber slabs and wall panels is optionally available for later analysis in 3D Structure
and @ PreDesign modules and timber design in .

Definition steps
1. If needed (and available in the current FEM-Design module), set a proper position for the working
plane.
2. Click &5 to define a new timber panel.
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3. Choose the panel function: T Use as plate or U Use as wall.
4. Set the panel settings under Default settings.

ﬁ]' =
j Timber panel y ' B
p —~ 3
) |2 (A ﬂTT'Tﬂ'Jl‘IDJwLxDL
~ Jaianment ... | == v
o /// wln]......... | LE0
Timber panel Timber panel
P = m = = T
General | [11] Material Border H Panel General| Jil4 Makene“ Border M Panel
Group identfier (.pasi bet) oo el
raup identifier { pasition number) Typm R
N
Geometry Eccentricity Service class
L Y L L.s0
hind e Syttt 101
e
AIGOMENE v = [v|
R
[ Consider eccentricky in calculation

Figure: Timber command and settings

- Identifier (General)

The program automatically generates it, but you can define custom value. Identifier (ID and
Position) number can be displayed in model view (Display settings).

- Alignment and Eccentricity (General)

With Alignment the position of the reference (definition) plane can be set to Top/Left, Center or
Bottom / Right.

Eccentricity adds “virtual” distance between the reference plane and the calculation (middle!)
plane. This option is useful for displaying regions with different thickness values.

Eccentricity (e) is handled the same was as in 3D Plate .
Eccentricity value can be displayed in model view (Display settings).

- Type (Panel)
Predefined panel types are available, but it can be expanded manually (Edit library) with new
laminated, fiber boards, plywood etc. Design factors, stiffness and strength values can be edited

for predefined and new panel types. Panel types can be imported or exported between users
like the FEM-Design materials.

5. Set the width (w) of the selected panel type on the tool palette.
6. Set the default edge connection to hinged or rigid at Edges of the tool palette.
7. Define the timber plate/wall based on the geometry of the reference plane/base line.

For plate panels, the stiff direction has to be defined first. (For walls, the stiff direction is always
perpendicular to the wall base line.) The distribution of panels is described with an anchor point.
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Timber panel )

2] = e

1. Set|type and properties \\

4. Define anchor point

3. Define panel geometry

2. Define the stiff direction

Figure: Timber plate definition

Optional steps:

2. The panel type of selected timber panels can be modified subsequently with the i Properties tool.

3. Modify the default edge connections of the unique panel or panel group with D Just select the
plate/wall panel and then its edge(s) to set connection conditions at Border (DOF of the panel
group) or Panel tab (rigid, hinged, free or semi-rigid (spring)), and finally set the requested motion
and rotation settings. See the definition steps and possibilities at Plate.

Edge connection
Generd | | Data
Hotiorrs [kN/m] Ratations [kNm/deg]
Compression Tension Compression Tension
K [1.000e+07 (v ]3] 1.000e407 [w] (00006400 [w][+][0000e400 [w]
e & Ky'|1.0002407 v 4] 1.000e407 v Cy 00006400 [ [+][0.000e+00 [
2 ”@-.LL Kz |0.0002+00 [+ H 0.0002+00 |+ Gz 00008400 o H 0.0002+00 |w
Zloen it R Predsfined types Behavior
ST - —
ﬁ 1
Local system
= - Direction changss . 42
& >\ alerg line b d

Figure: Panel edge connections

4. Openings and cuttings can be added to timber panel elements with Edit > Region operations > Split
regions.

5. Set the display settings of timber panels at Settings > All > Display > Plate and Wall (see Plate display
settings).

6. The panels are stored on “Plates” Object layers. At layer settings, the default color and pen width
can be set for all panel regions. The color and pen width settings by selected panel elements can be

modified by Edit > Properties > Change appearance.
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Profiled panel

Quick tool to model prefabricated slabs and wall panels is optionally available for later analysis in ISERYS)

Structure module and the designing in BB,

Definition steps
8. If needed (and available in the current FEM-Design module), set a proper position for the working
plane.

9. Click to define a new timber panel.

10. Choose the panel function: T Use as plate or 1" Use as wall.

11. Set the panel settings under Default settings.

- Identifier (General)
The program automatically generates it, but you can define custom value. Identifier (ID and
Position) number can be displayed in model view (Display settings).

- Alignment and Eccentricity (General)
With Alignment the position of the reference (definition) plane can be set to Top/ Left, Center or
Bottom/Right.
Eccentricity (e) is handled the same was as in 3D Plate .
Eccentricity value can be displayed in model view (Display settings).

- Section (Panel)
Predefined panel types are available in Section library in Hollow Core. Cross-section types can
be imported or exported between users like the FEM-Design materials.

12. Set the panel group’s edge connection in Border tab.

13. Set the unique panel’s edge connection in Panel tab. The following figure shows the difference
between the panel group and the uniqe panel border.
----Single panel border line

P e - — — Panel group border line

14. Define the profiled plate/wall based on the geometry of the reference plane/base line.
For plate panels, the stiff direction has to be defined first. (For walls, the stiff direction is always
perpendicular to the wall base line.) The distribution of panels is described with an anchor point.
Defining is similar to Timber panel definition.

Optional steps:
7. The panel type of selected profiled panels can be modified subsequently with the 2 Properties tool.

8. Modify the default edge connections of the unique panel or panel group with D Just select the
plate/wall panel and then its edge(s) to set connection conditions at Border (DOF of the panel
group) or Panel tab (rigid, hinged, free or semi-rigid (spring)), and finally set the requested motion
and rotation settings. See the definition steps and possibilities at Plate.

129



9. Openings and cuttings can be added to timber panel elements with Edit > Region operations > Split
regions.

10. Set the display settings of timber panels at Settings > All > Display > Plate and Wall (see Plate display
settings).

11. The panels are stored on “Plates” Object layers. At layer settings, the default color and pen width
can be set for all panel regions. The color and pen width settings by selected panel elements can be

modified by Edit > Properties > Change appearance.

12. Modifying the anchor point it’s possible with Base line command:

1. Select panel me;,...i oo

2. Define the new anchor
point

13. With Swap panel two panel placement can be change which one panel is a truncated panel.
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15. Cut panel will change the placement of the truncated panel.

Profiled panel L3I

Cut panel

OCOC000

N 0599 , 0,59 .
o o *

Ful vidth [m] Cut wicth [l
Left out m] Right cut [m]

=

New cutted panel

2. Define the cut placement

Supports and Connections
This chapter summarizes the possibilities and properties of the available supports and connections.

The connection with the ground (model space) can be modeled with Supports, while the link among
structural elements can be defined with Connections. All support/connection components can be set to:

- “infinite” rigid: blocked motion/rotation,

- “free”: released motion/rotation, or

- semi-rigid: given stiffness value (spring) against motion/rotation.

Non-linear behaviors, independent compression and tension settings are also available for all motion and
rotation components.

Edge connection is a special tool of structural object definitions. Although it was described at planar
objects (like Plate), the following connection settings and functions are also valid for Edge connections.

A Support motion loads have to be assigned to supports, so supports are requested input parameters for
motion-type loads.

Always try to create stable structural model by defining correct support and connection conditions.
From unstable (kinematically indeterminate) structure equilibrium error can be resulted. In that case
the program sends a warning message at the end of the calculations, and you can determine the
location of the problems by checking the equilibrium (Analysis > Equilibrium), the
displacement/buckling and/vibration shape results of the structure. It may also happen that the
model is so incorrect that calculations stops with error messages and without results.

“Infinite” Rigidity
The value of “infinite” rigidity can be defined and set as project default by support/connection types and

components at Settings > All > FEM. Go through the Motion and Rotation components by support and
connections types and set the requested stiffness value that model blocked absolute/relative displacement.

The “rigid” values can be set to default for further projects, if select “Rigid” values in the Settings tree
and click Save as default.
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Save as default
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Figure: “Rigid” values

Q\g The “rigid” value can be set by support/connection/fictitious bar element inside its settings dialog
(Setup “Rigid”) independently of the project default.
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Figure: “Rigid” value set by support objects

Properties (Non-Linear Behaviors)

Compression and tension behavior of supports and connections can be set separately and by components.
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Figure: The parts of typical support/connection settings dialogs

Stiffness fields by compression and tension

“Rigid” or Free can be chosen from the pop-ups, or stiffness value (spring support/connection) can be

typed in the fields.

Active *icon assigns the stiffness value typed in the Compression field to the Tension field. Inactive

icon [ lets to define the stiffness values separately.

Predefined types

Click to set all motion and rotation components to “rigid”. The result will be a totally rigid

support/connection.

Click to set all rotation components to “free” (allow rotation around all directions). The result will be
a hinged support/connection.

Click to set all components to free. This tool gives the possibility to virtually connect independently

moving elements.

Behavior
(Not available for single Supports)

Click to assign the stiffness value defined in the Compression field to the Tension field by components.

Click not to allow tension for all support/connection components.
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{L@? “Uplift” behavior can be modeled with or by typing 0 in all Tension fields. “Free” (0) rotation
components are recommended for the “uplift” case.

Click not to allow compression for all support/connection components.

1x

“Uplift” can be modeled both in 2D and 3D design modules by defining compression-only support /
connection (tension = 0 (free)) and by checking the Consider non-linear behavior of supports, trusses
and connections box at Calculate> Analysis.

—

Line support group

General ZZ Data

Mations [kiogm]

Campression Tension
Ko | 1.0008+07 M|+|| 1.0008+07 M

ky' | 1.0008407 vl|:| 1.000=+07 vl

k2 | 1.000e+07 =| I
—

1o
=
s

—

Edge connection

General

Data

Muotiotis [kMNAmn)

Compression Tengion
Kt |1.0006407 [+ 1.0008407 [+

ky'[1.000e+07 vl|:|1.DDDe+D? v/
e[ 10w [P o]

m

Point-point connection

General :E Diata

Motions [ki/m]

Compression Tension

kx| 1.000e+10 Mm 1.000e+10 [v |
ky' | 1.000e+10 vl 1.000e+10 | v
e

Figure: Allow uplift in Plate and 3D Structure modules

Supports

Support types
The following table summarizes the available support types and their main features in the different FEM-

Design Modules.

v

Column and Wall are developed to model single point and line support in “_ Plate module. These
types of support are not mentioned in the Support chapter.

% Point support property

Modules where available

Description

Motion component direction

Parallel with Global Z axis in L

77

Arbitrary direction in Global XY plane in |

Arbitrary direction in m \@
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‘J

Rotation component direction Arbitrary direction in Global XY plane in =

44 (A

Not available in /" [45)

Arbitrary direction in
Geometry - (insertion point)
Available analysis results Reaction forces and moments
Load can be assigned Point support motion load ¥
M Point support group property

3 (|
Modules where available 2 i | B m
‘J

Motion component direction Parallel with Global Z axis in =

44

Arbitrary direction in Global XY plane in =" |4

o

Arbitrary direction in . . \_J
&

Rotation component direction Arbitrary direction in Global XY plane in ==
44 f *

Not available in |

Arbitrary direction in u

Geometry - (insertion point)
Available analysis results Reaction forces and moments
Load can be assigned Point support motion load 1

é— Line support property

Modules where available

Motion component direction Parallel with Global Z axis in =

+44

Arbitrary direction in Global XY planein ' |4
Arbitrary direction in

free

;‘

Rotation component direction Arbitrary direction in Global XY plane in ==
Not available in L i ] E
Arbitrary direction in

Geometry Straight or curved reference line

Available analysis results Reaction forces and moments

Load can be assigned Line support motion load s

Qx Line support group property

Modules where available L ‘H‘ E ! u

Motion component Parallel with Global Z axis in | ;

+44

Arbitrary direction in Global XY planein ' |4

Arbitrary direction in @

frs

le

Rotation component Arbitrary direction in Global XY plane in =
11 | &)
Not available in ' 4%
Arbitrary direction in @
Geometry Straight or curved reference line
Available analysis results Reaction forces and moments
Load can be assigned Line support motion load V-

@ Surface support group property

Modules where available

l

Motion component direction Parallel with Global Z axis in |
Arbitrary direction in l u
‘J
Rotation component direction Not available = \E
Geometry Arbitrary region shape; holes can be placed into it
Available analysis results Reaction forces
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Load can be assigned Surface support motion load [¢]

Table: Properties by Support types

Single Support versus Support group
Single Support defines only one component in one step, whilst Support group places a group of more

components in one step. Although single Supports can be combined and work as a group support, it is
recommended to define multi-support conditions with Support group, because all support components can

be set or modified later (with the ? Properties tool) inside one settings dialog.

1~

\ﬁ. ;
;S 7 §
Ax il +3xi =1xkl

Point support group D

Point support D Point support

Figure: A fully rigid support modeled by six single Support components or one Support group

Special color-system differentiates single Supports from the Support group components. Whilst a single Support
uses the color of the “Supports” Object layer, the components of a Support group are displayed in the colors
equivalent with the support’s Local system (Settings > All > Display > Support and Local systems).
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Figure: Color settings of support types

Definition steps

While support definition, keep in mind not to create unstable situation! For example in 3D modules,
model a hinged support under a wall with hinged line support added to a wall at its rigid edge or
with rigid line support added to a wall at its hinged wall. In case of unstable situation the program
sends a warning message during calculation.
wall X

BRI

b () oo, [3:0000 | 1 ) ....|0.20000 3] alignment ....
@ Placement (3) Above  t2[m].....|0.20000|  Edges........J{ Rigi

O Below Alpha [deg] ..

wall =

|2 ELELEN A G O Q)

| hEm] e [3:0000 | 1 gy, [0-20000 3] lgrment ... |- v
@ Placement (D#aboyei t2 [m].....(0.20000|  Edges ........| I Hinged v
(O Below Alpha [deg] .. |15/

\

Figure: Modeling same wall support condition in two ways

1. If needed (and available in the current FEM-Design module), set a proper position for the working
plane.

|
2. Start the required support command from | Structure | tabmenu and choose =" Define.

3. Incase of single Support, choose the displacement type you would like to be define:
- : Motion
. @ Rotation

4. Set the support properties as mentioned before in the applied support’s Default settings dialog. See
the settings possibilities and options at Properties (Non-Linear Behaviors).

In the settings dialog of a curved line support, the support direction has to set fixed or variable
along the support’s reference line.
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e o= ) ““*\\
4 e s
——— / / "‘H\ ,

: - / Local system
Feeps direction - ;ﬁ | = IDirection changes
.| along line \ | > Slang line

Figure: Possible support directions in case of curved reference line

5. Define the required support component direction for the single Support or set the reference system
for the Support group.

6. Choose a geometry definition method for the support’s reference point/line/region.
7. Define the support in the model view based on the chosen geometry method.
Optional steps:

8. Multiple supports can be defined in one step by Point Supports and Point Support Groups instead
of placing them one-by-one.

Paint support group

& :
‘ o

oose the “Select end points” . ‘ ®

finition mode l é’ l é’ 1 4;

2. Select the end points by Box selection

\ e\ 0% '
pox> !

Figure: Definition of multiple supports (Point Supports)

9. Modify the geometry with the Edift menu commands valid for line/region elements.

10. Modify the support properties with the i Properties tool of the support’s tool palette.

11. Set the display settings of supports at Settings > All > Display > Support.
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Settings

@ Settings
[ Environment
1 Drawing
1 FEM
[ Solid model
=-{Z Display
o~ Drawing elements
215 Mumbers
L7 Local spstems
[ Plate and 'wall
mh and Trus

\ Support

Graphical options

528 [M] oo 0.50000]
Hatch dist. for surface supp. [mm] .. |20.000

[ Display label

[] Display local system

Support

B Mesh

A “Label” represents the supports’ ID number generated by analysis/design calculation or by
clicking Refresh numbering (Tools menu).

Size [m] .....

&3

Rotation support is displayed with symbol strongly different from motion representation

TI/ _;_lMotion O

il Rotation

%@ Motion and Rotation

Figure: Typical symbols by support types

e

Support groups can also be separated from the single Supports by displaying their Local system.

Q Rotation x C _l 11{0%:3.11 X
i’ Motion x e

@ Motion x

Settings

@ Settings

& [ Environment

i+ Drawing

-3 FEM

4 Solid made!

(= { Display
" Drawing elements
215 Mumbers
[L Local systems

\ Support

Graphical optiors

0 771 socmcossssmmonmossssnoasasssconoasasannaeas 0,50000

Hatch dist. for surface supp. [mm] .. |20.000

AN

A

jf& Motion z

H
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Figure: Local system separates a one-component Support group from a same directional single Support

12. The supports are stored on “Supports” Object layers. At layer settings, the default color of the single
Supports and pen width of all support types can be set. The color and the symbol line type (e.g.
dotted) of selected supports can be modified by Edit > Properties > Change appearance.

Connection Objects

Connection types
The following table summarizes the available “connection model objects” and their main features in the
different FEM-Design Modules.

A Edge connection is not a “connection object”. It is a definition tool for boundary connection
conditions, which is available for Plate/Wall, Profiled panel and Timber Panel elements. But, the
non-linear behavior and component settings are valid for edge connections introduced for the
supports and below mentioned connection elements. See the definition modes and possibilities of an
Edge connection at Plate.

The end connection property of the bar elements are also not “connection objects”. You can read more
about them at the Beam, Column and Fictitious bar connection settings.

! Point-point connection property Description

Modules where available

Motion component direction Parallel with Global Z axis in =

+44

Tt
i

Arbitrary direction in Global XY plane in
Arbitrary direction in @

Rotation component direction Arbitrary direction in Global XY plane in =

* |
144 ._

Not available in

Arbitrary direction in . . u

Geometry - (insertion points)
Available analysis results Connection forces and moments

E Line-line connection property

Modules where available

Motion component Parallel with Global Z axis in ==

+44

Arbitrary direction in Global XY plane in
Arbitrary direction in @
&+

Rotation component Arbitrary direction in Global XY plane in =
i A

Not available in

Arbitrary direction in u

Geometry Straight or curved reference lines
Available analysis results Connection forces and moments

1t

Table: Properties by Connection types
Point-point connection

With Point-point connection, different connections can be defined between crossed or connected bars. It is
very useful in 3D modules. Some typical examples:

- Bracing (called St Andrew’s cross)
A hinged connection between two channels intersecting each other: free rotation around the axis
perpendicular to the plane defined by the two channels. (It is not necessary to define the eccentricity;
the next figure is schematic.)
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Hinged connection

Independent bars
Defining two bars crossed each other with their structural lines but having no connection in real

state is a typical problem of modeling. Now, it can be solved easily by creating point-point
connection in the bars' intersection with all components set to “free”.

No connection

Semi-rigid connection between members

At the Comnnections settings of members (Beam and Column > Default settings) only fully rigid or
different type of hinged end connections can be defined. But, Point-point connection command gives
the possibility to model any other connection types like semi-rigid connection with given stiffness
values for rotation. The stiffness values can be set according to the applied standard instructions.

Point-point connection

I Data

‘ —

Matians [Kiyjm] Rotations [Kiimjdeg]

COMprEssion Tension Compression Tension
e | L000e+10 [w] 4 Looe+io [w] oo 17a5e08 [ ]| 174500 [v ]

k| 1000e+10 [w]+f| Loooe+to [w] oy | 1745e00 [ ]| 1745008 [v ]
k2| 1000e+10 [w] 4| Loooe+io [w] ez | 1745e00 [ ]| 174500 [

“Real state” modeling
Real eccentric position (e.g. bars connected with their web plates) without eccentricity settings can

be also modeled with Point-point connection.

| Pointl | Point2

Definition steps
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1. Start i Point-point connection command from [ 3ructure | tabmenu and choose =" Define.

Point-point connection D

|2 & lale

p s

2. Set the properties of the new connection at Default settings. See the settings possibilities and
options at Properties (Non-Linear Behaviors).

Point-point connection
General I; Data
Motions [Ky/m] Reotations [kiim/deg]
Compression Tension Compression Tension
ko | 10002410 | | 3] 1.0008+10 [ o | 1.7456+08 v |[3][ 1.7452408 [w
gyt | 1.000e+10 v |5 1.0008+10 v cy [ 1.7456+08 |w|[4][ 17450408 [
¢z | 1.0002+10 v' 1.000e+10 | w o | 1.7456+08 |w|[4][ 1.7452+08 [a
Predefined types Behavior
Interface position {proportion)
\i\ Y ] 0500

A Applying a connection different from rigid state, the Interface position (r) is very important.
(0<r<1)

r = distance between connection position and start point of definition /
distance between start and end points of connection

The next figure introduces the meaning of the interface position () (it has no effect if the connection
points are in the same position!):

Interface position [proportion)

] [ 0.500

= g = g = g
P E g F E  BE
$ b i, 3 b 3
£ = =] &= £ &=
r=0 r=05 r=1

3. Set the system for the direction of the connection components.
4. Select the first object you would like to connect.
5. Define the point of the first object you would like to start the connection.

6. Define the point of the second object you would like to end the connection. If the connection points

between the two objects (crossed each other) are in the same position, just click (9? to define the
connection end point.

Optional steps:

?
7. Modify the connection properties with the = *  Properties tool of the tool palette.
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8. Add members to a selected connection or remove members from it with ™ Edit connected objects.

The next figure shows the steps of adding a new member (beam) to a predefined point-point
connection. First, select the connection you would like to modify and then choose the new
object you would like to add to the selected connection. To remove a member of a connection,

do the same steps with =)

Point-point connection D

L ? e~
R (S

1. Select the connpction

2. Select (=add) the new member
&

S 1 beam connects to the others S| 2 beam connects to the column

Initial state é Modified ¢onnection

The next figure shows you the difference between the static-systems of the initial and modified states
at all rigid bar end connections and defined hinged point-point connection.

Hinged connection Rigid end Hinged connection Rigid connection
y'd RN
Rigid end /

Rigid connection

v,)\ Y"”A

9. Set the display settings of connections at Settings > All > Display > Connections.
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Settings

& Settings | i

1 Enviranment Connectlons
1 Drawing

{1 FEM | Graphical options

3 Solid model §

S Display Display local system

/" Drawing elements Si2e [1] o m
215 Numbers / f " -
TL Lacal systems nay la

T Plate and W/al
&1 Beam, Column andA ns

(>
Connections

=

“Label” represents the connections’ ID number generated by analysis/design calculation or by
clicking Refresh numbering (Tools menu).

10. The connections are stored on “Modeling tools” Object layers. At layer settings, the default color
defines the connection label color.

Each connection element has its own local system. The connection symbol (darker colors, thicker
lines etc.) shows the objects having one of the associated above mentioned connection types.

The following figure shows an example how the program makes different symbols depending on
what object was selected during the selection of the connected points. But note, that although the
definition ways are differ at the column-plate connections, if the properties (directions, components
and stiffness values) are the same at both point-point connections (here in the example, hinged
connection = all rotation components are free), the static-systems are also the same.

4 4

Point-point connection
applied to the column

Point-point col
applied to the

Line-line connection

With the Line-line connection command, different connections can be defined between two regions having
different positions in 3D (so not having common parts in the geometry model). Some typical examples:

- Hinged connection between regions having a gap
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Line-line connection

- Slabs on different level

Instead of connecting two slabs with a Wall element, the connection can be modeled with the Line-

General
Matians [Kiyfmj] Rotations [imfmideq]
Compression Tension Compression Tension

(o' | 1,0002407 [+ H 1.000e+07 |+

x| 17456405 [ H 1,745e+05 | v

ky'| 1.0002+07 s H 1.000e+07 |+

oy | 17456405 v H 1.7456+05 | v

kz' | 1.000+07 [we| 4] 1.000e+07 [v]

2 | 1.745e+05 v |[4][ 1.745e+05 [v]

Predsfined types

Local system

>

EY/EY

Direction changes
along line

Behavior

Inkerface position (propartion)

line connection tool (if the internal stress and other results are not required in the wall).

Line-line connection

B

General

Mations [ky/mjm] Rotations [kmfm/deg]
Compression Tension Compression Tension
K | 1.0008+07 (v M 1.000e407 [ x| 17458405 [« M 1.7458-405 [
Ky | 10008407 [ [3]| 10008407 [ ] cyt| 17450405 ]3] 17450405 [
—
ke | 10002407 2] 1.000e+07 [v o [ 17452405 [ |4] 17450405 [
Predefined types Behavior
Local system Interface position (proportion)
= — Direction changes . .“
N l [ |
wrvit s Co ) e )

7

— ]
Start E Line-line connection command from | Sucture | tabmenu and choose ="

Definition steps

1.

Define.

Line-line connection

]2 = L@ e e

3 |

|

2. Set the properties of the new connection at @ Default settings. See the settings possibilities and
options at Properties (Non-Linear Behaviors).
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Line-line connection

General I Data

Motions [KMfmir]
Conpressinn Tension
ko | 1.000e+07 [+ E 1.000e+07 |+

Ky | 1.0006407 'V'H 1.0008+07 [

w2 [ 1.000e+07 [+ |[+]] 1.000e-+07 [+

Ratations [kimjm{deq]

Compression Tesion
oo [ 17452405 [w|[3][ 1. 7450405 [+

oy | 17452405 [w] 4] 1.7450+05 [+

ez [ 17452405 [w|[3][ 1. 7452405 [+

Predefined types Behavior

Local system InterFace position (proportion)
E @T Direction changes
\ > along line

Setup "Rigid” >

A Applying a connection different from rigid state, the Interface position (r) is very important.
(0<r<1).

r = distance between connection position and start point of definition /
distance between start and end points of connection

The figure shows two different interface positions at hinged line-line connection between two
plate regions: in the first example, the hinged line (the place of the interface) is on the edge of
the left plate (rs=r.=0), and in the second example the interface position is in the middle
(r=r.=0.5). In both examples, the left plate is supported rigidly and the right one has simple
support against to Z-directional motion. The M; moment diagrams show zero moments where
the interface positions are placed.

1st example

Hinged connection &
interface position
(15=re=0)

2nd example

Hinged connection &
interface position
1T 0.

In the settings dialog of a curved line support, the support direction has to set fixed or variable along
the support’s reference line.
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aon 0
Wwe '\0\\

et

-

>‘ | Direction changes along line "J | Direction kept along line

3. Set the system for the direction of the connection components.

4. Choose a geometry definition method for the first connection object’s reference line (axis).

5. Select the first object you would like to connect.

6. Define the first connection line object in the model view based on the chosen geometry method.

7. Choose a geometry definition method for the second connection object’s reference line (axis).

8. Define the second connection line object in the model view based on the chosen geometry method.
Optional steps:

9. Modify the connection properties with the ? Properties tool of the tool palette.

10. Add members to a selected connection or remove members from it with ¥ Edit connected objects.

11. Set the display settings of connections at Settings > All > Display > Connections. See the possibilities at
Point-point connection.

12. The connections are stored on “Modeling tools” Object layers. At layer settings, the default color
defines the connection label color.

Rigidity type

This option is used by Point support group, Line support group, Surface support group, Edge connection in
3D Plate and Wall structural objects, Point-point connection, Line-line connection, border and panel connection
of Timber and Profiled panels. With rigidity type the user can define and load specific predefined spring
constants.

If the rigidity type is Custom the user can define the spring constants as in previous versions. To define a
type the user has to choose the Edit library... option.
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Point support group i l&]

: pats

Motions [kM/m] Rotations [km/=]

Compression Compression Tension ”
K L000E+10 | it cx 1.745¢+08 v 1.745 Point support library [ﬂ_l’-]

ed bupe

' 1.000e +10f Edi ¢ 1.745e+08 + 1.745
s EET 3 v T o .................
k@ LO0Oe+10 ~+ |4 1.000e+10 - cr e+08 + [+ 1.745 mg

Motions [kM/m] Rotations [khm/°]

Predefined types E— Compression Tension Compression Tension

K 1.000e+10 - 1.000e+10 Cx 0.000e+00 w |+ 0.000s+00 -

! ................. I ,
Detach o Ky 1.000e+10 v 1.000e+10 Cy 0.0002400 w 0.0002400 =

KZ' 1.000e+10 - 1.000E+10 w Cz 0.000e+00 w |+ 0.000s+00 -

Predefined types Behavior
~ S
[ New ] [ Modify l [ Delete l [Import.” ] [Export..‘ l

After defining rigidity types, the defined spring constants will be registered in the Library and it can be
loaded in the future.

Point support group | =
Rigidity type
General | 7, Data
C— = 1.
Motions [ki/m] Rotations [kim/"]
Compression Tension Compression Tension
Kx' | 1.000e+10 1.000e+10 Cx' | 0.000e+00 0.000e+00
Ky' | 1.000e+10 1.000e+10 Cy' | 0.000e+00 s
Kz | 1.000e+10 H 1.000e+10 CZ | 0.000e+00 H 0.000e+00 I h
Predefined types Behavior
[Detach =S Na
i
Setup "Rigid” > | oK I Cancel

A There are some objects that use the same rigidity type library:

- Line - line connection, Edge connection (3D Plate, Wall), border and panel connection of Timber panels and
Profiled panels

Nonlinear connection

The nonlinear behavior of supports and connections (Point support, Point support group, Line support, Line
support group, Surface support, 3D Plates and Walls Edge connection, border and panel connection of Timber
panels and Profiled panels) can be controlled by one signed component. It means, if the force in the connection
/ support happen to act in this selected direction, all spring constants will be set to 0, so called it is detached.
This option can be set in the dialog, where the spring coefficients are set. If in the Detach list anything is
selected (e.g. z" tension) the corresponding spring constant will be automatically set to 0.
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1. Select detach component

r N
Point support group | [
General | [, Data
DR
— e No |
Compression Tension Compression Tension n
K¢ 1000e+10 + |4 1.000e+10 = o L745e+08 v |4 1.745e+08 ~ X comp.
'
Ky L000e+10 v [+ L000e+10 v gy 17450408 - b L745e+08 ~ X tens.
'
Kz 1.000e+10 vH 1.000e+10 « cz 1.745e+08 v 1.745e+08 Y comp'
'
y' tens.
'
Predefined types Behavior
v
Detach .....oevvvere [NO | Z tens.

If in Calculations dialog the ” Consider non-linear behavior of supports, trusses and connections” option is
checked the calculation method is the following: If in the connection where the detach behavior is defined
(e.g. ' tension) the connection force is tension in the given direction (z') in an iteration step all of the other
spring constant will be set to 0. If in any later iteration step the connection force will be compression, the
spring constants will be set to the previously defined values.

Calculations

2. Component is disabled

Paint support group

General I@, Data

Matians [ky/m] Rotations [kim/°]
Compression Tension

K LO0De+10 v 1.000e+10

Compression
o 17452408

Tension
+ [ 17452408

Ky 1.000e+10 - 000e+10 ~ cy 17452408 - 17456408 ~
Kz 1.000e+10 v Cr 1745408 -E| 17452408

Predefined types Behavior

e

[C1[| Calculations | : |
BEIE] Pocives Analysis
+-[[7] Load cases
77| Imperections Finite element types
; Load combinations
0 Mei of load oo Fine elements with 9/6/3 nodes.
aximum of load grou - Longer calculation time.
Stability analysis o0
]| Eigenfrequencies
LT[ Seismic analysis
Non lingar effects in load combination calculations
Consider non-inear behavior of
supports, trusses and connections
[] Comsider cracking of RC elements &J
Internal forces
Peak smoothing
« | i ] »

A There is a big difference between setting any of the components to zero or selecting a detach behavior.
If the user sets manually a component to zero, in the analysis the connection or support will not have

rigidity in that direction.

Cover

Cover

P Cover property Description
Modules where available 4
Geometry Any shape
Load direction Arbitrary in
Load type Surface load
Available analysis results -

Definition steps

Table: Cover properties

1. If needed, set a proper position for the working plane.
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2. Start - Cover command from | Structure | tabmenu and choose =

Define.

Caver @
2 Dol Ee L0

[

Figure: Cover toolwindow

p—

3. Set the cover type if it is slab/roof type ©orwall type [

Figure: Cover types
4. Choose a geometry definition method for the cover’s plane.
Note: In case of arc geometry in wall covers, you must set the maximum angle between neighboring

~la
s

covers at #1129 | since arced walls are replaced with straight sections.

5. Set the load bearing directions with 1] .
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2. Set the load bearing direction

Figure: Setting the load direction (monodirection)

6. Defining the supporting structures with ‘=
After defining the supporting structures, the equidistant lines will appear with the load distribution
zones.

lect suppeorting
ctural elements

Figure: Defining cover’s supporting structures
Building cover

With this command frequently required shapes such as flat roof, ridge roof, or inclined roof can be very
quickly defined.
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2 2 3% ) [

suppaort tiodeling tool Cover

2 Clabe

B [m] ... | 1.000 e
|/_\| him] ... | 4.000 QJI,'“

Figure: Starting Building cover command

K [m] ... | 1.000 b
hlm] . £,000 I

No negative value is accepted for either h or h'.

b .o, [ 1000 | Ih-
1] bm] ..... £.000 D h

and its height parameters:

Flat roof: Ql and its height parameters:

Lean-to:

No negative value is accepted for either h or h'.

b [m] ... | 1.000 Ih-
bl ... | 6.000 .Q. W

Ridge-roof: Q‘ and its height parameters:

Negative values is accepted for h'.

AKeep in mind that in EC, the total height is signed by h which is h+h’ in the program’s notation.
This is important in wind calculation according to EC which requires the reference height.

After setting the height parameters you can create the layout rectangle. In the picture below you can see the
three types with their assumed stiff direction.
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[= FEM Design 11.0 - 30 Structure - Untitled mEx
| File Edt Draw Modify Tools Settings View ‘window Help - O

7T Stucture | Loads Frite elements  Analysis  RCdesign  Steeldesign  Timber design

SO ANNN IR eee § 220 1HI] OO
Datum Bar Shel Prefabiicale... Support Modeiing toel Cover Reinf_ | Docu
| 4 < |Fiter E
“18 %
&7
= 4' D @
PR !.
7| 4 =l *
. E DE @
] v o ]
M| x| — =]
L=y El
3 EJ a @
/ | ~
. A
G v =
o " i
g i ¥
& 1 g 9|
ol L] | Y2 O
i [} Km].... | 1,000 . —
'; ! () b [ e
= <
& &
= | #odel 1
Building cover - Defire - Direction of fist edae - Start point [LB = Place poin | Hﬁ?” 12234m  61.30m  0000m ” Layers H M= 1o ” Snap |++ Theo LR X U|

AAII building covers are monodirectional by default except the upper surface of flat-roof. (They can
be changed one by one after definition.)

?
By clicking on * * (Properties) you can change the ID and the height parameters of the building cover:

f = =

Building cover

Identifier {,position number) .. | | |

Enter identifier (max 50 characters), The position number is

generated automatically when "Tools", "Refresh numbering”
Function is called. Inikially it is set ko 0.

R [m]........ 1.000 | ~Irh.
| h
b [m] 4,000 |

[ (]9 H Cancel ]

You can explode the building cover with ==, and then edit the covers one-by one.

3D Members

This chapter summarizes all features and properties of a 3D member such as Soil !!! (Link).

Soil
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1. Select definition
mode

2. Define geometry

Soil’s ground level, foundation level, water level, and strata top level can be different in each boreholes

belonging to the soil. Boreholes are created in the corners of the soil region by default, but the user can create
more if necessary (see 1.2). Soil’s limit depth is constant.

Borehole

The soil details can be set in Default Settings:

-
Sail

i o~ Foundation
level

o Water level

%= Limit depth

General Strata Soil | =
m———
General Strata

[lelt depth level [M] o -10.00 I Strata (top down order)

No | Material | colour |:
Solid finite elements 1 prysand ] 3
Average element height [m] 2 Clay I
Height multiplier downward

[ Insert stratum ] [ Delete stratum ]
N =

The soil material details can be set individually:
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1. Double click

2. Click on “New...”

-
Material " A ]
Soil [ = F .
Library Application data
el ety fa be specified und
a Safety factors can be specified under
General e Foundation desin” tab, ‘Canfigure
Y calculation” button.
Strata (top down order) Used materials
M 3 P £-Sol
Mo \ Colour |~ Gy
1‘ Pry sand 1| ) Dry Sand
— —
|
|
L = { >] | vew.. || wodty |[ peete |[import... || Export... |
[ a— — !

User can choose if the he/she wishes to calculate soil as solid elements in analysis or just wants to consider it
in foundation design calculation. In the Settings/Calculation/Code, Configuration dialog this option can be

set.

-
Settings

]

Q Settings

-3 Environment

{1 Drawing

=5 Caleulation

- Code, configuration
[+ "Rigid" values
-5 Mesh

-HH General
- Blements
FH Functions
-H¥ Prepare

| Code, configuration

Code

[Z]] Code independert

@ Eurocode

@ Eurocode (NA: Hungarian)
m Eurocode (NA: Danish)
@ Eurccode (NA: Swedish)
@ Eurocode (NA: Norwegian)

Design calculation

&l Auto save @ Eurocode (NA: Polish)

2% Result @ Eurocode (NA: Finnish)

- Di.splay @ Eurocode (NA: German)
-0 Window @ Eurocods (NA: Briish)

Sail
old element
Show this dialog at startup
[ Soemdsan |

3. Set the material details

=)

-
Library material

S — ]
Deformation l Strength
(©) Eoed [NfmZ] ...... | 10000 [] Arisotropic
@ Ev [m2] ......... | 10000 Eh [{N/m2] 10000
nuvh 1000806 nubh....... 1.000e-06
(=77 T IR 5000 Gh N2 v 5000
Library material =%
Name

Behaviar .... Undrained
Drained
cuk [kN/m2] . EBoth
ck [Kjm2]
Phik [deg] ..... 5.0
I | ehicvk el
Gamma dry /3]
Gamma sat. [ky/m3]

L

A The soil can be loaded only with Point load, Line load, Surface load (not with moments).

A Concentrated mass cannot be defined in the soil.
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SECTION EDITOR

FEM-Design Section Editor gives the possibility to define, edit and store profiles for the bar elements (beam,
column and truss element).

The functions of the Section Editor:
- drawing new sections,
- definition of new sections by parameters,
- definition of complex sections by mixing drawing and standard profiles,
- editing cross-sections,
- calculation of sectional data, and
- profile registration and organizing.

Section editor can be started directly from design modules that work with bar elements from the Tools menu.

File Edit Draw Modiy  Tools | Seftings  Yiew ‘Window Help

Stuctwe | Loads  Finite ol | Guen I design  Tirnber desian
. . Gection Editor s
S @D N .2 3§13
Daturn 1. Refresh numbering.. Suppart Mad
B [ Eura) = Statistics.
Delete all
wle| LS .
A A = [ ust
e 7 Add view to dosument CrkD
i 8 vl @ 5 Quantity estimatin..
e 1§ ? 0 Archive...
@ E |:—|‘ Aun script..
8| O
Do &)
Bl s
=il = A

Figure: Section Editor as a built-in tool of design modules

Section Editor can be started as an independent FEM-Design application by clicking the ’l Section Editor
icon in the “FEM-Design tools” folder of
- Start > All Programs > FEM-Design...,

- Windows Taskbar > FEM-Design System Tray @ (if installed),
- short-cut r@ of Desktop (if installed).

Section Editor module has only one tabmenu called | Crosssection | that contains all the section definition tools,
but the FEM-Design drawing, editing, displaying etc. commands are also available on the Section Editor user-
interface.

EM-Design 10.0 - Section Editor - Untitled [BEX]
o . A I nds a

€ b

|
1

et e & o
5

gg
SEEEREAE

——

A = 1321 iz
= 475.2mm

|@D

Yo = 0.0000mm
= 0.0000mm
v: = 0.0000mm
= = 0.0000mm

0oes20N -

Iy = 3TEEmme

Iz = 77668z mmé

[ |
O

AR
‘L/ I

Mode 1

Enter command (Enter = Repeat command; RB = Edi) B oomn  omm |[Les [0 5 L0 [sm [ B K HRO LR XD

Figure: Section Editor user-interface
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Sections are two-dimensional region elements defined in the Y-Z plane of the Global (and UCS) coordinate-
system. Section Editor uses the Y-Z system for defining and calculating profiles, because the sections are
perpendicular to the x” axis (parallel with the y’-z’ plane) of the local coordinate system of bar elements.
Cross-Section Definition

New cross-section can be defined by drawing section regions with arbitrary geometry, or by giving

parameter values of a parametric section available in the built-in Section library, or by combining the two
methods to build complex sections.

Drawing a Section

|
To draw a section use the I Draw section tool and apply =" Define for the required region definition

(geometry) mode | Rectangular, O Circular or I3 Polygonal.

Start BT
End :

|

Figure: Section defined as polygon

with [ Pick lines tool, section can be generated by one-clicking drawing lines and arcs that define closed
region. Drawing elements can be defined previously with the Draw menu commands or they can be

r=-a

imported from DWG/DXF files. With - Pick existing region tool, section can be generated by one-
clicking drawing region defined by the Region command of the Draw menu.

Figure: Section created by selecting closed contour
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With the IﬁlHole tool, openings and cuttings can be inserted to section regions with any shape defined by
the previously listed region definition modes.

Cross-section

(

Ojss-settinn

Figure: Section edited by Hole

E®,

You can read about the definition steps and functions of different region and hole geometries at the
similar tools (“blue color-linked”) of Structure definition.

Section region shapes, corner points and side lines can be modified with the Modify menu tools.

b odify I

Erase

towe
Copy
Rotate
Mirrar

Scale

sl = @ i

Array rectangular

=)
7 0

Auray polar

Offset
Stretch

DN

Curve
", Elbow

—t Spli
v Divide
| I = Jaoin

ﬂ Trim
-ﬂ Extend
r_.l Break
D, Charnfer
[ Filet

Change direction

|"_—,_| t odify region

Y] Properties

Figure: Section modified with Edit tools
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Parametric Section

Although, quick definition of parametric profiles available in the settings dialogs (Cross-sections) of Column,

Beam and Truss member, parametric sections can be inserted for editing and using them to create complex
sections.

Use Insert section into drawing command to browse from parametric sections as well as standard and
user-defined profiles, and to insert one or more of the required section with chosen geometry and sizes into
the drawing area.

A Although, you may choose for example a timber profile for editing and register as another fabrication
type (for example steel, concrete etc.), we suggest you to choose profile type that will suit for later
design. But, always you decide the available design type of the section defined by Section Editor when
registering it with its Fabrication technology into Section library.

Definition steps

1. Choose a parametric section shape in Section library or select a predefined (standard or
registered user-defined) profile from New >/Size... option.

Predefined sections Parametric sections

Insert section New size
I Cross-section I] Tnsertion paint

oL ~

:

203

gl

5%

303

o ‘
[+

I

—t b [om] [create ]
- bl 1900 |
| R

tl;[mm]m
e . r o] .. m

s

3mhy
3545
an%g
wrs | [
gty A 142 m2

4545
S0t
s0%
sty

o o = oo00mm

o> [Crotry ) ([ [Lmporn ) [omon )

Ad - rEmHH

I

Figure: Dialog for defining parametric sections or for choosing predefined sections

2. In case of parametric profiles, set the required geometric parameters. Each shape has a
preview with the meaning of the parameters.

3. Set the insertion point at Insertion point tab, where the placement can be defined. Default
setting for placement is the center of gravity, but it can be changed by clicking on the

specific points (green points) or set by y’ and z’ coordinates.

4. Click OK to start inserting the defined or selected profile into the drawing area.
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X

Insert section

I Cross-seckion b Insertion paint

y'[m] ... | 0.0000]
2'[m] ... | 0.0000

pn. one of
- I‘voints

[ Ok ] [ Cancel

Figure: Definition of insertion point position

Enter

5. Place the section with its insertion point on the drawing area. Click (i) or to insert

the section in the origin of the global Y-Z system.

6. Further rotation can be set with the direction of the section’s z axis. Accurate angle can be

typed in the Command line or click 07 or L to use the direction set in the Reference
point... dialog.

Complex Section

A Only homogenic complex profiles can be defined in the Section Editor, because one material can be
assigned to it later in the design modules when defining beams, columns and bars.

At complex sections, intersecting or overlapping among section regions are not allowed. If there is any
problem, the program stops the sectional data calculation with an error message.

As read in the previous chapter, quick definition of complex profile can be done by the repetition of section
insertion with different positions and directions.
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[ o . 2

1st insertion (‘
— I >. |
LI e afmm] | 300 )
H= blmm] 300 Q) y
ks [mm] |15.0
r

rfmen] |50 Repetition of insertion with rotated pasitions

o :

Shape and size Insertion point

Figure: Complex profile built by parametric profiles
Of course, combining the section drawing and insertion modes various complex cross-sections can be

defined.

Insertion or library section Mirror with copy Drawing section part

Cross-section
| EN OO Ty L [

63 x

Figure: Mixture of definition modes

Cross-Sectional Data

Before calculating the data of the defined section, it is recommended to place the section’s centre of gravity
to the global system origin. With the Query command of Tool menu, you can easily find the center of gravity
point of the defined section region and insert a drawing point.
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1.

Query

Qeond®

-

.

Perimeter, area, center of gravity ﬁ
L o st
Pusl tion of center of gravity
v _
|
3.
=

Figure: Section moved into Origin with its center of gravity

% Query finds the center of gravity point of complex sections, if you merge the connected region parts
with the Union tool of the Modify region command (Modify menu).

region 01 :
—eaion 00 one region

MDdIfY region

o {E 00 E ETG)I_:D

Figure: One complex region after merging region parts
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The following settings (Settings menu) effect on sectional data calculation:

Settings ]

[~
&) Settings | R Settings
S nent Display result
£ Drawing & Settings | Options ‘
=[5 Calculation B Area ~ {3 Environment
Ll Dptions P Perimeter 3 Drawing
m1 $$ng ’é{:{; E?;E?; =5 Celoulation Link the touching regions automatically at the nest calculation

& b Options — __ -
@ . ‘s, 23 Shear center m This switcher has effect for the followings:
[ Window Iy lz Moment of inertia k - Perimeter [F];

Wiy, Wz Section modulus [ Display - hrea / Perimeter [A/F);

ez max. ey max  Max distance of extreme fibre 3 Window - Shear center [Ys, Zs);

£2 min, &y min Min. distance of extreme fibre = - Shear factars (Fha 1, Rho 2);

.12 Radius of inertia - Torsion mament of inertia [It);

Sy, 5z M ax. statical moment - Torsion section modulus (W

It Tarzion moment of inertia - ‘Warping parameter [lgamma);

ot Taision section modulus -Wagner parameters (21, 22, z gamma)

Igamma ‘W arping parameter

| Centroidal product of inerti q i : :

zyimega \;:gr:érig;n;cp;a';jté‘? [] Ovenanite the user modified sectional data at the next calculation

alphal, alpha?  Angle of principal direction

.12 Frincipal moment of inertia

Wi min, W2 min Principal min. section modulus
w1 max, W2 max Principal mas. section modulus
&2 max, 51 max  Maw. distance of extrame fibre [v]
a7 min &l min Min diztanre of avireme filie

Save as default 118

Save as default

Figure: Calculation settings

- Display result
Set data types you want to display after calculation in the Sectional data window. The data list

Shift

contains all available data on which multiply-selection such as & | and .. (See the meanings of
the sectional data at Sections.) All data can be selected by the Select all button.

- Calculation options
The Link the touching regions automatically at the next calculation option handles the connected regions
as one complex region in calculations. The option influences the value of the following parameters:
perimeter (P), area/perimeter (A/P), shearing center (Ys, Zs), shearing factors (Rho y, Rho z, Rho yz,
Rho 1, Rho 2), torsion moment of inertia (If), torsion section modulus (Wt), warping parameter
(Igamma) and Wagner parameters (z1, z2, z gamma).

To calculate the sectional data set at Monitored data click EZH Calculate on the | === | tabmenu. The
results are automatically displayed in the Sectional data window.

Cross-section |
& C 4
alculate z
= - Section:
g
&
= <
o [0 d
] e €
3 a
S [
=] [é
2
2
-
A = 1BZnm2 5
P = 7242mm
g
g 00000 mm
; Zg 0000 rarn i
t 4! Yo = DD000mm 3
Zs = 1950 lulu}
b= 48553926 mmd
2 \ = 26312323 mmd
It 15077283 mmd
Wt 47715 mm3
Igamma} = 33814875728 mmb
vz \e DDDEB20 mmé
alphal 0.0000 rad
1 =\ 4855386 mmd
Wl min = 58674
zmin = §823mm
i 27 mm
51 36141 mm3
T+ 1] [
Model 1 & m ) Moment of inertia [y)
[= 0B 0040 m [ Layer. 0 [———————————— a5 1 ][ Snapmpepm——— oy oy i emied
Enter command (E nter = Repeat command; AB = Edi)

Figure: Calculated sectional data
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If you make modifications on the section geometry, you have to rerun the sectional data calculation with
& Calculate.

As a modeling feature, a calculated cross-sectional data can be manually modified/overwritten manually
with arbitrary given value. With this possibility the user can create virtual cross-section with known data.
Double clicking on a data, custom value can be set for it in the Modify sectional data dialog. Modified data is
signed with “:” instead of “=" in the Sectional data window. The original value can be reset for the current data
with the dialog’s Calculate option, or you can reset all data with the Overwrite the user modified sectional data at
the next calculation option (Settings > Calculation options).

T T
g g

L ( | |

Calculated value Custom value
(I
Modify sectional data ~
& EE51 mm2 851 mm2
P 1045 mm 045 mm
S Torsion mament of inertia
g 0.0000 mm Q000 mm
Za 0.0000 mm t 10000 0000 mm
s 0.0002614 mm| e 0002614 mm
Zs 55.93 mm 5.93 mm A
e C A ey
Iy 25967040 mm ’ GIEF040 mm4
3922013 mmd
3 00808 mmd It 10000 mmé
it 7583 mm3 Wt 17583 mm3
lgamma = 37404686996 mmB Igamma = 37404686996 mmbE
Iyz 0.01526 mm4 lyz 0.01526 mm4
0000 rad 000 rad
25967040 mmd 25967040 mmd
= 248248 mm3 = 248246 mm3
= E2.90 mm = E2.90 mm
= E156mm = B156mm
= 186881 mm3 [v] = 186881 mm3 [v]
Torsion moment of inertia Torsion moment of inertia

Figure: Customizable sectional data

Documentation of Cross-Section

With the Insert report command, the table of the calculated sectional data can be placed on the drawing
area based on the Display result setting.

FEM-Design 10.0 - Section Editor - Sin.sec BEX]
Fle Edt Draw body Took Selings View indow Hel -3
Cross section
I 1| A I L

. ] - T
] Insert report Insertion point 2 'S
4 §
tional do:
2wl ectional data e
S @) & A = 1321 mme by
3 P — 4752
H| O] <z
(va =0.0000 mm) =
= B
- ) (22 =0.0000 mm) ™
3 h v —co000mm
4 = 3 =0.0000 mm 9
oo PO
o ===
P} o Iz = 276662 m4 o
i) I =tese9mnd PR Pp— =)
= we  =170Lmm3 A
L3 Inamma = 871960443
bz =-0008173mme (o = 0.0000 nm)
. a za = o.0000 nm)
1 x aphal =0.0000 rad Vs = 0.ooo0mm
y \ 1 =37 nme s = ooooomn
o 3 Wimin =52953 S ———
@ | @min =60.00
3 it it = 42,04 L = zrseszmt
o A st =amesms & =
Sot e o = isee9
L Wt = 1700 mm
g b o [ Igamma = 571960449 mmé,
-4 Rhol r05625 Tz = -0.006173 nmd
& iS5 R —
Ll 2 = 276682 rm4 i = 3177535 mm+
[ Wemin =864 mm3 it min = 52953 mm3
A =) elmin  =32.00mm e2min = 60.00 mm
# iz = 14,47 L gl
r 2 =e7smms 5ot
S2  =6795mm3 ot
2 o [ =157 b
Rhoz  =0.3859 e
1 ° dpha? = 1.571 rad
2 - 276E2mmd
Model 1 » Mo win = sese o [
Erker command Entes - Repeat command; RE - Ed. G 22tm v | Laes | s [¥ bY@ L b XO|

Figure: Sectional data inserted to drawing area
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If you make modifications on the section geometry, you have to rerun the sectional data calculation with
&5 Calculate and the content of the table refreshes automatically.

The table is stored on the Sectional data object layer. The color of the table can be modified together with the
layer’s color. More display changes such as the modification of the text and border style can be done with

the Properties > Change properties tool (Edit menu).

The defined section is lying on the Cross-section object layer, so the default blue color of section regions can
be modified together with the layer’s color.

Insert section into library - Section Library

I
To add a new section having valid calculations to the Section library, click Register and set the required
settings such as the name of the storing folder (Library name) and the Type and Size IDs. Also set the
fabrication technology effect on the later available design calculations. To store the section press OK.

A Before registering the current section click Calculate.

Type

Fabrication technology ... Rolled steel 1. v

Location

1
Section library
+- Concrete sections
+- Skeel sections

I S | i
VP2 oosocaasosazosoasoss +- Hollow Care

Used sections

[ k6. || comel

Figure: New section registered to Section library

Fabrication technology
Rolled steel Steel bar design
Cold-formed steel Steel bar design

Weld steel Steel bar design
Concrete RC bar design

Timber Timber bar design
Generic - (only for analysis)

Table: Fabrication technology and the assigned design type

The program automatically detects the shape type of the sections and shows it as a symbol. It is important
for the later design calculations.

The content of the Section library can be edited (renaming, deleting etc.) with the iy Edit library command.
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Edit section library m
= IFE B 0
a0
100
120
140 1 y
180
200
220
240
270 s
300 A = 2002 mm2 H
330 p = 622.5 mm
360 Al = 3227 mm
400 (g = 0.0000 mm)
- i E] farde! = L0000 e M
Mew = ] [ Modify ] [ Delete ] [ Import... ] [ Export... ]]
[ (]9 ] [ Cancel ]

Figure: Library and content editing

A registered section can be added to beam and column elements by choosing it in the Section tabpage of the
element settings dialog (Default settings).

FEM-Design 10.0 - 30 Structure - sin.str Eﬂm

File Edt Draw Modify Tools Setings  Wiew ‘Window Help

Sllucture‘ Loads  Finite elements  Analysis  AC design  Steeldesign  Timber design

S @ AN NN e F o 2B HE

D atum Ear Shell Frefabricate. Support todeling tool

N EEEY-EE IR I EEEE - EEEE

¢|¢ BOMABD|=Lah Fm-+A0SGL] 00 N

A [ Model 1. M@Mmlelz /V\
I _

p:

14

Reinf...

Docu.
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0 . o

|

EEE]

H Model 3 e

eSS

xpI@OEDON -

N i v
biodel 1 tade < ¥

Erter command (Enter - Repest command: FE - Edi) \ ] 21%n 1337m 137n |[Laes |00 = L0 [ #1H £ %O Lk X0

Figure: User-defined section used for bar elements (beams)
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LOADS

After defining the structure and support elements, the next step is adding loads to the statical system. This
chapter sums all load possibilities, load definition (directions and geometry) and combination modes. Mass

definition required for dynamic calculation is also introduced in this chapter. Let’s click on | 23 | tabmenu
to reach all load definition commands.
Load Types

Depending on the current FEM-Design Module (license you have), the available type of load commands is
different. Loads can be defined with their insertion point, action line or action region.

Type Modules where = Definition Direction Intensity
available mode
Structural dead load Eal:
— ﬁ Global Z-axis
L | (Automatic) -
Soil dead load Global Z-axis
(Automatic) -
} Point load i Horizontal
(force and/or moment) 133 [ €] = Point Constant
i a . ! Arbitrary
—L Line load = Horizontal
(force and/or moment) 13y [ €] | Line Constant/Variable
j qucper
@ . ! Arbitrary
1] i Horizontal
(Surfa)ce load : . I Region Constant/ Variable
(force & @ Arbitrary
_H_ Line temperature L Line Fixed Constant/Linearly variable
gagatoniond Arbitrary Constant/ Variable
[m] Surface temperature el Fixed Constant/Linearly variable
G L | Region Arbitrary Constant/Linearly variable
Arbitrary Constant/Variable
wv il £ Fixed
— Line stress load B Line Constant/ Variable
Arbitrary
Surface stress load = Fixed
L | Region Arbitrary Constant/ Variable
Arbitrary
i’ Point support motion =
Point S t directi Constant
(motion and/or rotation) oy (g oin upport direction onstan
—¥_ Line support motion i . s Constant
. . Line Support direction
(motion and/or rotation) Constant/ Variable
[*] Surface support motion i Regi Horizontal C Variabl
(motion) egion onstant/ Variable
Support direction
Shrinkage £ | 15 (Automatic) | - -
Seismic load (Automatic) | - -
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Y Wind @ (Automatic) | Horizontal Constant
0 Snow @ (Automatic) | Vertical Constant
& Deviation @ (Automatic) | Horizontal Constant

Table: Load types and their main properties

Load Direction

Most of the load objects need direction settings. The next table summarizes only the editable direction

possibilities by load types. Other load types have fixed direction (for example in Cal Plate module, Force
direction is always perpendicular to the calculation plane, so it is parallel with the global Z direction).

Modules where Direction for Direction Modes

Type

available

} Point load

Moment direction

Force direction

Force/Moment direction

t Predefined direction
t] Parallel with line

1 Perpendicular to plane

—L Line load

Moment direction

443

Force direction

Force/Moment direction

t Predefined direction
il Parallel with line

1 Perpendicular to plane

L Object’s local system

4] Surface load

Force direction

t Predefined direction
il Parallel with line

1 Perpendicular to plane

2 Object’s local system

—m— Line temperature
variation load

Direction

t Predefined direction

fl Parallel with line

is Perpendicular to plane
b Object’s local system

LR
—— Line stress load

Direction

t Predefined direction
il Parallel with line

1 Perpendicular to plane
L Object’s local system

Surface stress load

[

ﬁ
3

:
e
I

Direction

t Predefined direction
il Parallel with line

l Perpendicular to plane

2 Object’s local system

¥ Ppoint support
motion load

[

Rotation direction

-

+

-

T

Motion direction

)

=l

Motion/Rotation direction

t Predefined direction
il Parallel with line

l Perpendicular to plane

2 Object’s local system

4 Line support
motion load

| o

Rotation direction

-
-
-

Motion direction

E)

e

Motion/Rotation direction

t Predefined direction
il Parallel with line

l Perpendicular to plane

2 Object’s local system

D’] Surface support

E

Motion direction
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t Predefined direction




motion load tl Parallel with line

1 Perpendicular to plane
L Object’s local system

Table: Load types and their directions

T Predefined direction

With this option an axis/a plane of the Global or the User-defined (UCS) co-ordinate system can be set for
the required load direction. The direction can be chosen from the drop-down list attached to the Predefined
direction option. The available directions depend on the applied FEM-Design Module (e.g. Plate, 3D Structure
etc.).

Line temperature variation load | Symbol Meaning Of System
|92 |t A0 Q] direction
WTCI.[10000 32 (€] 10.000 ||1|rIA - Parallel with XY Global
[ | memem ] era o | T E!q plane
__ Parallel with YZ Global
E E plane
m [ﬂ Parallel with XZ Global
g plane
e { Parallel with UCS | UCS
s e (XY plane)
Perpendicular to | UCS
Line load — cl '\&' UCS (XY plane)
A | tv [ /leoQ B Parallel with Global
al (KN . E]. global X axis
1 92 [kH/m] ... %) _ ! f Parallel with Global
—_v_ global Y axis
TA |, T Parallel with Global
global Z axis
| R . | Pemilelwithx TUCS
& axis of UCS
FL Parallel with Y ucs
¢ axis of UCS
1 F\‘[‘/‘ Parallel with Z ucs
axis of UCS

Table: The available directions to set the new load direction

Line temperature variation load Parallel W]th XZ p]_a]f‘l_e
Bttt/ e
nra.5_ [eras g Al
m wrafs | 2o | \\m\

Parallel with XY plane

2 S
system Parallel with YZ plane W

Parallel with YZ plane

Figure: Examples of temperature loads placed on bar elements
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In some cases, additional direction setting can be chosen from the definition tool palette:

The orientation is the same with the selected axis orientation;

—
—+* “Positive direction”:
The orientation is the opposite of the selected axis orientation

fa—
“+ “Negative direction”:

EI/ = 3/

Parallel with L Parallel wit]
global Z UCs X

Parallel with Parallel with
¢ Ucsy &Ij ucs z

zl
'\
Parallel with EI
Il S

Parallel with
k’ fobal X leobal‘{

global X

Y )

V4
Global
3y co-ordinate {
/ ucs

system
Figure: Examples of Point load direction

{| Parallel with line
With this option, the required load direction can be defined manually with its start and end points.

1

yﬁited direction
2

| |

Figure: The load direction is parallel with the defined direction

1 Perpendicular to plane/line
With this option, the required load direction will be perpendicular to a defined plane/line. The plane can be
given with three points and the line with two points (start and end points). In case of the perpendicular
plane, the third point defines the final orthogonal direction, which the new direction will be parallel with.
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Defined plane
(orthogonal direction)

Se

Figure: The line load direction is perpendicular to the defined plane

o
i

b Object’s local system

If the load direction has to be set in the local co-ordinate system of the “assigned” structural object (beam,
column, plate, wall and support), the fastest definition of load direction is to use the Objects' local system
option. This feature is available for Line, Surface, Line temperature variation, Line stress, Surface stress, Point
support motion, Line support motion and Surface support motion load in the 3D modules.

Using Object’s local system, the geometry definition of the line or surface load is skipped, because one click on
the assigned structural object is enough after setting the requested local system axis direction.

A In case of surface loads, only load with constant intensity can be defined with the tool Select objects to
load in local system. But, you can change intensity values (linear distribution) with the Variable
intensity tool of the applied load command as a next step.

7

One-click definition of constant surface loads perpendicular (e.g. wind) to planar objects (e.g. shells).

1. Set the requested local axis

Parallel with local 2z’ axis
(perpendicular to region)

Surface load
EP R
al [k/m2]....[10.000 |1 '
a2 [kM/m2] ... |:|;

Figure: Fast definition of surface load by using object’s local system
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One-click definition of line load (constant or variable) perpendicular (e.g. wind load) to a beam
reference line.

------ B

...... |1 0.000 ]

Direction varies along action line. —— e \\
\ \_ [e.g. wind load] Characteristic D e

direction is in the middle point.

Figure: Fast definition of line load by using object’s local system

L

One-click definition of point support motion parallel with a component direction of a point support.

1. Set the requested local axis
Parallel with local z’ axi
(same with support z' !:mnponent)
E ~2 |} Opposite direction
Point support motion load — E‘ |
Szl el —
" elm]........ |0.010000
b
L)
2. Select the support object Y
z' \ Support motion

Figure: Support motion added to a point support component

A Only the same type support can be selected for a support motion:

Support motion load type
i Point support motion load Point support
—3— Line support motion load j— Line support
["] Surface support motion load @ Surface support

Table: Support motion load types and their proper support types
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Change Direction

Any previously set direction can be modified by the modifying commands (Modify menu): Change direction
and Rotate.

Change direction uses the Predefined direction, Parallel with line and Perpendicular to plane direction
definition tools.

Rotate edits a selected direction or the main direction of a selected system with giving new direction points
or the rotation angle. Rotation works around a given point or an axis.

A Naturally, you cannot modify fix directions. For example in the i Plate module the point, line and
surface forces are always vertical (perpendicular to the calculation plane of the plates).

Load Geometry
The definition modes and the available shape of the loads’ action line/plane depend on:
- theload type: point, linear and surface load, and

- the current FEM-Design module.

The Tool palette of a load command contains only the available modes. The next table summarizes the
geometry possibilities by the load types.

Type Modules where Definition

available mode
g e &/ . .
} Point load z— [l [ Reference point Edit point (give an insertion point)
ml

@ L— Select point
4 Line load % ;”l. & Reference line e Straight line

G Arc by center, start and end points

Q Arc by 3 points

o Arc by start, end point and tangent
L Line by selection

4] Surface load i ;Hl, & @ Reference region | [ ] Rectangular

&) Circular

I Polygonal

L& Pick lines

- Pick existing region
_m_ Line tgmperuture i Reference line / Straight line
variation load

e Arc by center, start and end points
@ Arc by 3 points
= Arc by start, end point and tangent

- Line by selection

[H:I Surface temperature i ‘H‘, & Reference region | [[] Rectangular
variation load (7 Circular
= Polygonal
[ Pick lines

-

- Pick existing region
2% Line stress load i Reference line e Straight line
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o Arc by center, start and end points

Y 14
e Arc by 3 points

yop
o Arc by start, end point and tangent
v Line by selection

T & A
Surface stress load & £ Reference region | [ ] Rectangular
& Circular
3 Polygonal
Y8

Pick lines
- Pick existing region

. Reference point " Edit point (give an insertion point)
l

L' Select point

¥ Line support £ Reference line e Straight line

motion load

g’ 114

1

i

¥ Point support
motion load

s Arc by center, start and end points
e Arc by 3 points
o Arc by start, end point and tangent

v Line by selection

I:V:I Surface support £ Reference region | [ ] Rectangular
motion load &) Circular

I:I Polygonal
Y8
B Pick lines

=

- Pick existing region

Table: Loads and their geometry definition

A If you define a load that does not acting on a structural element, a warning message appears during
the calculation. Continuing the calculation does not take the “unconnected” load into consideration.

It follows from the previous fact, that if the documentation does not need “perfect geometry” for
loads in some cases, you can spare time with neglecting some editing steps.
.

Real|loaded parts

_

Table: Uncut, but unnecessary load parts

A The units of the loads can be set at the Settings > Units.
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e Straight line

The steps of a straight line definition:
3. Define the start point of the line by giving coordinates or mouse-clicking.
4. Define the end point of the line by giving coordinates or mouse-clicking.

inetosd x) e gt mtiontasd -
2l eAaR|t ittt 1leeal] Y20 @t ittt /|G ]
q1 [kt/m)..... 10000 3 [ e . el [m] ... 0.010000 3] | =
l q2 [kh/m]...... [10.000 h H e2[m] ... 0.010000 |Ti> |

Line

o = E? o2l t ittt/ e e O

3 T - - = t1[°C)..[10.000 Mtzrq..mnnu \}f =
P '@'Il omee o o v s |
m..... /1 P Y

_l_ a2 [kN/m).......[10.000 = %j

Figure: Some examples for defining line-type loads with Straight line

A In 3D modules, the “curved” walls are modeled as planar shells instead of curved ones, so their base
lines are straight segments and not real arcs. So, if you would like to place line loads on the reference
contour of 3D walls, use the Straight or the Line by selection tool instead of one of the arc definition
tools (see later). Otherwise, the misplaced load will not be taken into consideration in calculations.

Line load
@5 Clzlean ittt/ ecal
ql [ki/m..... 10.000 |3 TA, -
l Q2 [kN/m]...... @

ql [kN/m] ... [10.000 E 5

l 2 [KN/m] ... 10.000 Z
- ==
—+| -

Figure: Incorrect and correct ways to define line-type loads on “curved” wall edges in the 3D modules
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& Arc by center, start and end points

The steps of an arc definition with its center, start and end points:

4. Define the center point of the arc by giving coordinates or 62 mouse-clicking.

Ly

Use the O Center Object Snap tool, if you would like to define the center point of the line
load in another center point of an arc. (See the next figure, where the (1*) step means that the
center point of the curved slab edge is selected for the load’s center point.)

5. Define the start point of the arc by giving coordinates or 62 mouse-clicking.
Set the drawing direction (clockwise or counterclockwise) with W mouse-clicking. Define the end

point of the arc by giving coordinates or 67 mouse-clicking, or set the central angle (4.) by giving
its value. Circle can be defined by angle 360°.

||.i'neluar] B
|G DOt e | A O Q]

ql (kN 10000 3] T/" =

q2 [kN/m] ... W| —

4. angle =90

4. angle =360°

Figure: Drawing direction and angle definition
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C* Arc by 3 points

The steps of an arc definition with its three points:
4. Define the start point of the arc by giving coordinates or 6) mouse-clicking.
5. Define the end point of the arc by giving coordinates or &2 mouse-clicking.
6. Define the third, peripheral point of the arc by giving coordinates or 07 mouse-clicking.

Line load H

3 Sl e antite L eQe.

ql [kN/m]...... [10.000 Iil
l q2 [kN/m] ...... -I 0.000
- =

Figure: Some examples for defining curved line load with Arc by 3 points

(2 Arc by start, end point and tangent

The steps of an arc definition with its start, end point and tangent:
4. Define the start point of the arc by giving coordinates or 67 mouse-clicking.
5. Define the end point of the arc by giving coordinates or (ﬁ mouse-clicking.
6. Set the tangent side with mouse-clicking. Define the tangent direction from the start point with

a third point (e.g. a point on a tangentially connected line) by giving coordinates or (97 clicking.
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o
Line loa

d
2 HOl ERIEA RN A cl ol [ [
ql [kM/m]...... [10.000 m k) =
Mﬂ g2 [kN/m]...... [10.000 ]

¢_

.onmln_t_u /ool

a1 m@
g2 [kM/m] ... D.UEIJ

Figure: Definition of a curved line load tangent to a beam
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Line laad X,
SRl b e a | t it te LA O]
al i) ... 10.000 [y s v}

@ KN/m] .. [10.000

—|—
™

- 1“-—--_,_ Line load %)
T - Sl B R 1 Lt e LA G O OV ]
— ol (N/m) ... [TO000 T § |
| Q2 (kN/m] ... [10.000 :
—_— — — T
= —

Figure: Although same definition points are defined, the tangent side is different

-

' Select point / Line by selection / Pick existing region

By selecting previously defined points, lines and regions, loads can be inserted very fast, in one step:

- Point-type loads: select drawing points or point supports (in case of Point support motion load) with
one of the selection modes.

- Line-type loads: select drawing lines, reference line of 1D member structural elements, region
(drawing or structural object) edges or line supports (in case of Line support motion load) with one of
the selection modes. The length of the loads’ action lines will be equal to the selected line elements.

- Surface-type loads: select drawing regions, drawing solid surfaces, Planar objects or surface
supports (in case of Surface support motion load) with one of the selection modes. The size of the loads’
action surface will be equal to the selected region elements.

Because only the loads/load parts located on structural elements will be considered in calculations,
these “definition by selection” modes are the easiest technique to define loads with perfect accuracy.

Line load

)
2 @Attt /@0l

al (/... 0000 ) ]L ]

q2 [kN/m)...... |10‘0I]D
=
S| -

load

2t ittt e
t1 [*C)..[10.000 @ 12['C]..[10.000 @ —v
U {1 ['C). [10.000 t2'[T].10.000 l U

Figure: Examples for defining line-type loads by selecting beams
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load1 - select beams

—_—
load3 - select beams

Figure: Adding line loads to the members (beams) of a frame structure

load3 - select edges

’!a;

fii

I

T

i

Figure: Defining line loads on structural element edges

A In 3D modules, the “curved” walls are modeled as planar shells instead of curved ones, so their base
lines are straight segments and not real arcs. So, if you would like to place line loads on the reference
contour of 3D walls, use the Line by selection or the Straight tool instead of one of the arc definition
tools. Otherwise, the misplaced load will not be taken into consideration in calculations.

Surface load %)

[Ml2 EIOIEEE f b

ez 0T
[lj 2 [kN/m2]] E‘
93 [KN/m2] i

load?2 - select plate regidns

p
Il

TR

17

1 P/ sele¢t wall region

Surface load 1)

(2|2 EICIEE f L

_Joad] - select plate regions
[Surface load B
(2 ELOIE L
ol [kN/m2] .. 10000 | .
|:l:| a2 [kM/m2] %El
a3 (kN/m2] z

==
= -+

Figure: Defining line loads on structural element edges
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With Pick existing region, surface loads can be easily place on 3D shell elements (plates and walls) or
drawing solid surfaces (defined by the Draw > Solid command).

A Point/Line/Surface support motion loads will be considered in the calculations, if they are placed
into supports, so it is recommended to select the reference point/line/surface of previously defined
supports in case of motion load definition.

L jon load (%

x; (e e S NG Il 5 R 7 g N e )

22 Eot L 0oL a0 o |l OO0 [ [ [
[ oy g i o pome L
Vi e : == =

== e support group

Select point support

. ‘ Point support motion load x|
Select line suppor el el e
Lin

el ettt ea el ”EH
i |en e 2 ) ¥ BE
== ‘ —

Point support motion

Figure: Defining motion loads in supports

. Rectangular

The steps of defining a rectangular surface load:
5. Define the point of the first corner by giving coordinates or mouse-clicking.
6. Define the point of the end corner by giving coordinates or mouse-clicking.

Surface load B

R Rl =T

\ ] atkti/m2)... 10000 [1]y]
12 g
1 g2 [kN/m?2 l—‘i! .

— — | q3[kN/m2 —g

Figure: Defining a rectangular surface-type load
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The geometry of rectangular regions as well as other (later mentioned) region shapes can be edited by
the Modify region > Split region tool and other editing tools (Edit menu). Also the Hole tool of surface
loads” definition command can be used to edit the reference regions.

) Circular

The steps of a circular region definition:
1. Define the center point by giving coordinates or mouse-clicking.
2. Define the radius by giving its value or a point on the circle (with coordinates or mouse-clicking).

|§urfa:e load =

122 ECGEN b Oe | ]

E s e

& kA2 s

I

Figure: Defining circular surface loads on a plate above columns and terrace part

3 Polygonal

The steps of a polygonal region definition:

3. Define the points of the polygon vertexes by giving coordinates or 6? mouse-clicking.

4. Close the polygon with (97 mouse-clicking or L= key.

Surface load |

|2 B CEEN 4t O G| ]

E v

i o g P

Figure: Defining polygonal surface load
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file://officesrv/strushare/Ricsi/new%20features/Holes%23_

L& Pick lines

With this method, surface-type loads can be placed on closed contours defined by
- previously defined drawing lines,
- the edges of a previous defined drawing region, a plate, a wall (only in 3D modules) or surface
support, or
- imported (DWG/DXF) drawing lines that can be used as sketches of surface load shapes.

It is a one-click definition mode: select a closed contour defines the requested shape of the surface load with
mouse-clicking.

Surface load x|
(_#(2 (Ol Ottt | OO Iy ]
| gl kném2)... [10.000 mm TA ‘v

[ ][zom-

- aakti/m2] .. 0000 =] e

Figure: Defining surface loads by using close contours

In case of line junctions, more than one line/edge has to be selected to make clear the continuity of the
requested closed contour.

gt

Pick linéSu,\g‘
1 \

Surface load

|V ChL I 1 [lstte BT TG R[]

o qukfifnz],.,.[iﬁﬁaﬁ*\gm"‘[i}zl
‘l : N [;’} E]—;

Figure: Selection of more lines to define the right path for the closed shape
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“Holes” in Surface Loads

Bl Holes and cuttings can be added to surface loads with the Hole tool. The following geometries can be
used for holes:

The steps of a hole definition:
3. Select the surface load with mouse-clicking. Clicking a region places the UCS into the region plane,

so giving hole coordinates needs only X and Y values from the UCS origin.
4.

Define the geometry of the hole or cutting with one of the following geometry modes:
- Rectangular

& Circular
= Polygonal

D Pick lines

7 pain

S /:: —
"

7

— .
= 2 (= E =]

e =in| e i)

q [KN/m2] -m@E'
a2[kN @
a3 [kN/m2]

Figure: Editing a surface load (previously defined by Pick existing region) with the Hole tools

Holes can be easily copy inside a surface load with the Copy command (Modify menu). To set the
distances/new positions, the UCS has to be in the plane of the host region(s).
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Load Cases

Loads in FEM-Design are represented with Load cases. A Load case has a name and physically contains one
or more load objects.

Special loads (invisible loads) like dead load, shrinkage and seismic effect can only defined with Load cases.
For timber elements duration classes can be set with the Load cases command.

Although a Load case can be assigned later to loads, the first recommended step of load definition is the load
case classification (load case list).

Definition steps

r = = N
¥ ° Load cases &
No Name Type Duration dass -

| | (EN 1995 1-1) 1
Wind load X Ordinary Permanent
2 'Wind load Y Ordinary Permanent
3 Soil dead load +Soil dead load Permanent Import / Export >
4 Deviation X Ordinary Permanent
5 Deviation Y Ordinary Permanent Insert
& Shrinkage +Shrinkage Permanent =
7 Snow load Ordinary Permanent
8 Imposed load Ordinary Permanent Delete all
9 Dead load +5truc. dead load Permanent
10 Seismic load +5eis load, Fx-+Mx Permanent
< 1l »

Figure: Load cases

1. Start Iﬂl Load cases command from | L2335 | tabmenu.

2. Define Load case name in the Name column.

3. Set the Type of the new load case:

Type Type Modules where
+Dead load v available

. Ordinary R RN
e e+ +Dead load S By R
IEE!EE!EE&ZiL +Shrinkage Fal™" ligl ]
+Se!sm!c, ay, Y, - = =

rgome asng v +| | +Seismic. .

+Seizmic, torsional, v, +

+Seismic, torsional, v, -

Table: Load case types by FEM-Design modules

- “Ordinary” means that no additional effect will be assigned to the load case

- “+Structural Dead load” means that the weight of all structural elements, “+5oil Dead load” means
the weight of soil, which is calculated automatically, will be assigned to the load case as an
invisible load. So, a “Dead load”-type load case contains automatic dead-load and can contain
further manually defined loads (e.g. “dead load” of the non-load-bearing (non-core) parts of a
composite slab).

Because “+ Structural Dead load” and “+Soil Dead load” type includes the dead load
(calculated from the geometry and material) of all structural elements, define only one
dead load type load case in one project. If you define more than one “+ Structural Dead
load” and “+Soil Dead load” type load cases never group them in the same Load
combination!
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In all modules automatic dead load works in the global Z direction, except for the
Wall and <% Plane Strain modules, where the dead load direction is parallel with the
global Y.

- “+Shrinkage” means that free shrinkage strain behavior will be considered as a load effect in
concrete design. The shrinkage strain value can be set at the material properties of concrete
structural elements.

- “+Seismic...” means that sway and torsional effect components calculated from Seismic
calculations will be considered as a load effect in analysis and design calculations.

4. In case of Timber design only, set a load-duration class for a load case according to the regulations of
Eurocode 5 (EN 1995-1-1:2004). The load-duration classes are characterized by the effect of constant
load acting for a certain period of time in the life of the structure. For a variable action the
appropriate class shall be determined on the basis of an estimate of the typical variation of the load
with time.

Actions shall be assigned to one of the load-duration classes given for strength and stiffness

calculations.

Load-duration class Order of accumulated duration Examples of loading
of characteristic load

Permanent More than 10 years Dead load
Long-term 6 months - 10 years Storage
Medium-term 1 week - 6 months Imposed floor load, snow
Short-term less than one week Snow, wind
Instantaneous Wind, accidental load

Table: Load-duration classes and examples of load-duration assignment (EN 1995-1-1:2004)

A Since climatic loads (snow, wind) vary between countries, the assignment of load-duration
classes may be specified in the National annex.

Optional steps:

5. New load case can be inserted to the Load case list in the required row position with Insert load case.
Just click in the Name field you would like to insert the new load case and press the Insert load case
button. In the pop-up dialog, set the name, the type and the duration class of the new load case.

6. Load cases can be removed from the Load case list with Delete load case. Just click a field of the load
case you would like to delete and press the Delete load case button.

7. The load case list can be set as default for next project by clicking the Save as default button.

After finishing the load case definition, a load case can be assigned to a load in two modes: by choosing a

case directly from the [l23ds | tabmenu (drop-down list) or in the Default settings dialog of the current load
command.
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Stucture | Loads | Finite elements  Analysiz BC design  Steeldesign  Timber design Point load =

T e L RAIR RN ) AR NS |
P

Dead load : - - [ (5 Point force
LlLive load 01 Force Ternp
H|Live lnad 02
Tlﬁi-. = ‘:vilrill'r\age @ Al -
" wind ¥ N
O ffwind Y = /. o N —f- [EEEp—— ﬂ —ﬂ u

Snow

Seismic | —_—
0] 4 -
K Dead lnad

Live load 01
Live load 02
Shrink.age
0
Yind T
Snow
S eizmic

l 1Y) —

Figure: Load case selection for load objects

A color is assigned to a load case after its definition. That color represents the color appearance of the loads
included in a load case. The default load case color is red, but you can set different colors by load cases at the
layer settings.

Layers
Drawing | Obiects | Reinforcement
Layers Status
2 W TiHe information 2l O Hidden
S P 3
B - Stories N OPrOtECted
8 W views () Active
W rlates
SE
& [ seams
& B columns
& [ Truss members
I supports
1. W g tok )
(B Deadlosd ~
= I liveload 01 1 Objects
Statical system
[ windx i
2 Bt i

Figure: The color-system of Load cases represents the load appearance

Load Definition by Types

The commands for defining loads can be started from the |L93% | Tabmenu.

To show the mostly used load commands and to hide the rarely used ones; you can organize the icons in
expanded or compact form.

Expanded mode Compact mode
A AR !
Force Far...

In compact mode, you see the icon of the last used command. If you click on the command's symbol, the
program opens its tool palette. You can reach the other same type load by clicking on the 4 symbol.
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Each command has a Tool palette with the customizable load properties (load value/intensity, host load
case etc.) and the definition tools of the load geometry and position (direction).

Structural dead load

The weight of the load-bearing structural elements are calculated automatically by the program and is
considered in the calculations, if “+Structural dead load” type load case is defined and it is added to the
load combinations or load groups. So, the so-called “auto dead-load” is calculated from the geometry and
material-dependant density value.

The direction of the dead-load is vertical, but the vertical direction differs in the different FEM-Design

|  HEH BB

Structural Dead-load (gravity) dlrectlon
Global Z direction | Global Y direction

Table: The structural dead-load direction by FEM-Design Modules

Definition steps

1. Start the Iﬂl Load case command, and define a “+Structural dead load” type load-case with a name
(such as “Dead load”). So, the “auto dead-load” is allowed on load-case level.

2. Define loads (Point-, Line- and Surface loads) under the load-case defined in the previous, 15t step,
if additional dead-loads coming from invisible not-load-bearing parts (non-load-bearing layers of
composite structures) are requested.

3. Add the load case defined in the 1t step to load combinations/groups depending on the later
design.

The auto dead-load is always invisible. Only the additional, manually defined dead-loads can be displayed
(as point/line/surface load) by activating the layer of the host load-case.

Soil dead load

The weight of the soil is calculated automatically by the program and is considered in the calculations, if it is
added to a “+Soil dead load” type load case and then load combinations or load groups. So, the so-called
“auto dead-load” is calculated from the geometry and material-dependant density value.

The direction of the dead-load is vertical, but the vertical direction differs in the different FEM-Design
modules.
[+
Iy
* A
Dead-load (gravity)
direction

Global Z direction

Table: The soil dead-load direction by FEM-Design Modules

Definition steps

1. Start the 4 Load case command, and define a “+Soil dead load” type load-case with a name (such
as “Dead load”). So, the “auto dead-load” is allowed on load-case level.
2. Define loads under the load-case defined in the previous, 15t step.

A The soil can be loaded only with Point load, Line load, Surface load (not with moments).

3. Add the load case defined in the 1t step to load combinations/groups depending on the later
design.
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The auto dead-load is always invisible. Only the additional, manually defined dead-loads can be displayed
(as point/line/surface load) by activating the layer of the host load-case.

Shrinkage Strain

Free shrinkage strain behavior can be modeled as a load effect in reinforced concrete design and check.

Shrinkage effect is calculated as a specific rotation. The following formulas give the example of calculation
for reinforced concrete slabs:

NX =EcAc€cs
n-S,
Zy=—-"7"—
A, +n- A
My =Ny -z,
Ky = My
ECIY

Definition steps

Ny ca]lculation plane
N W N A
PRl
A el f
Asbotiom x :éﬁg%e()?fravi_ly
|/ 1.00 m |/(ne\v median line) l/ 1.00m |/
A | i

The specific normal force causing the given shrinkage value (s [%o]) in the
concrete zone of the section is (here in X direction).

The position change of centre of gravity considering reinforcement bars (here X-

direction; see dashed line), where n = % and S; is the statical moment of (here) X-

c
directional bars around the Y axis of the calculation plane.

The moment around the Y axis of the calculation plane from N, because of the

position change of centre of gravity.

The specific rotation (curvature) from M, for 1 meter wide section, where

Iy=Iy+nIy-z2(A +n-A).

1. Set the shrinkage strain (ecs) value at the material properties of concrete structural elements.

Plate properties

P
General IE.E.' Material

Library A Application data

=1 Cancrete
C1z2/15 GaAMME € wuvvnvnn e
Cig/20 E
conjzs Gamma cE ..
£25{30 GAMMA S oo =
30§37
35045 1 S [T —
canjsn Alfa ct
C45(55
CE0JE0 Enviranment .o

1= Steel
<235 Creep Factor i
5275 [ Shrinkage [Feo]
5355
s 420 i Don't Forget to sebup creep Factor!

v
Mew... ] [ Modify: ] [ Delete ] [ Impart... ] [ Expart. .. ]

Figure: Shrinkage value of concrete materials
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A Shrinkage effect is taken into consideration in RC design and check of concrete elements,
which have applied reinforcement.

2. Start the [ Load case command, and define one “+Shrinkage” type load-case with a name (such as
“Shrinkage effect”). That means, the automatically calculated shrinkage effect is allowed on load-

case level.
Load cases Iﬁ
Mo Name Type Duration class

(EN 1985 1-1)

1 Structural dead load +5truc. dead load Pemanent m
2 Soil dead load +5oil dead load Permanent
Save as default

m| »

3 Live load 01 Ordinary Permanent
4 Live load 02 Ordinary Permanert
5 Shrinkage +Shrinkage Permanent
6 Wind X Ordinary Permanent
7 Wind Y Ordinary Permanent
8 Snow Ordinary Permanent
§ Seismic X+ +Seismic, sway. ¥, + Pemanent

Insert load case...

Delete load case

- Edit cel

Figure: Shrinkage effect added to a load case

3. Add the load case defined in the 2nd step to load combinations/groups depending on the later RC
design.

Point Load

Depending on the current FEM-Design module, point force and/or moment can be defined easily by giving
just the load insertion point and direction. The load properties and definition tools are available on the tool

palette of the ! Point load.

Point load I,
Bl SN R S

[] —_ —
—+| 4=

Figure: Tool palette of Point load

Definition steps

1. Select the load case from the load case drop-down list from | 2285 | tabmenu, which you would like
to add the new point load(s) to.

If you have not defined a load case yet, you can also define and set at the l Default settings by
giving a load case name.
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Figure: Load case definition

The load will be displayed on the layer assigned to the selected load case and in the layer’s color.

2. Choose the load type: t Force or ¥ Moment (FEM-Design module dependent).

3. Set the load value according to the current unit (that can be set at Settings > Units) in the tool palette
or at I’ Default settings.

4. Define the direction of the force or moment axis (FEM-Design module dependent).

5. Choose a method for the insertion point definition (geometry).

6. Place the point load in the model view based on the chosen geometry method (5t step).

Optional steps:

7. Modify the load properties (the host load case, load value) with the 1 Properties tool of the Point
load tool palette.

8. Modify the load direction with the editing tools (Editing Loads).

9. Set the display settings of the load (Load Display Settings).

Deviation load (Automatic)

Deviation load (as point loads) can be placed automatically in the centre of gravity points of plates located
on stories.

A Automatic deviation load generation needs storey-system in the project!

Definition steps

1.

2.

Entering to “Load” mode, the program displays the so-called “main directions” of the current
project. These main X" and Y’ load directions are used by the automatic deviation and wind load
definition. By default, the main X and Y load directions are parallel with the Global X and Y axis
directions. Set the required load directions for the deviation (and wind) loads with the Change
direction command (Modify menu).

A The symbol of the main load directions are stored on “Main directions” Object layers.

Start the ﬂ Deviation load command from Loads tabmenu.

A The generated point loads will be inserted in a load cases called “Deviation X” and “Deviation
Y”. If there are no same named load cases in the project, the program automatically defines
them for the automatic deviation load components.
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3. Select the story you would like to add deviation load. Choose the required direction X or Y based on
the main directions set in the 15 step. Define the required alpha parameters according to the current
standard. The program calculates the point deviation load value in the selected storey from the dead
load act in it, the storey height and the number of vertical members contributing to the horizontal
force. Clicking Generate creates deviation load in the centre of the gravity of the selected storey slab
with the given load direction.

4. Repeat the previous step to generate deviation load in the other storey slabs. Click Close to exit from
the dialog box after finishing the load definitions.

Line Load

Depending on the current FEM-Design module, constant or variable line force/moment can be defined
easily by giving the load shape, direction and position. The load properties and definition tools are available

on the tool palette of the -+ Line load.

Line load

=

?

— H

IS
g1 lkM/m]
g2 [lkM/m]

tit L] s/le el

10,000 | Object's local system i

10.000 li’
—_— | —
_.+ —.._

1

Definition steps

Figure: Tool palette of Line load

1. Select the load case from the load case drop-down list from Loads tabmenu, which you would like to

add the new line load(s) to.

If you have not defined a load case yet, you can also define and set at the 1 Default settings by

giving a load case name.

b Y Line distributed force

gl kN
g2 [kM 1

2 gl kMmoo @
| Q2 kNAm]

Load case........... Live load 02 ™
|I|| |||| Intenzity meant along action line.
A7 Mgy | (eg. dead load)

\.J ]

Direction iz constant along action

+'\* {‘\ line. (e.g. zhow load, dead load]
-

Figure: Load case definition

The load will be displayed on the layer assigned to the selected load case and in the layer’s color.

2. Choose the load type: t Force or G Moment (FEM-Design module dependent).

3. Set the intensity values in the start (q1) and end point (42) of the new load according to the current

unit (that can be set at Settings > Units) in the tool palette or at

|

Default settings. If you inactivate

the arrow ( L ) next to the g1 field, you can type intensity value in 42 different from g1.
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4. Define the direction of the force or moment axis (FEM-Design module dependent).

5. Choose a method for the action line definition (geometry).

6. Set the “intensity mode”, that means the connection between applied intensity and the action line at

—'= Default settings, if the new load will be in skew position (not vertical or horizontal):

“Intensity meant along action line”
The intensity will be meant along the action line, so the resultant will be calculated from the
intensity and the length of the action line. Apply this option for dead load-type loads.

“Intensity meant perpendicular to direction of load”

The intensity will be meant perpendicular to the load direction, so the resultant will be
calculated from the intensity and the length of the horizontal projection of the action line.
Apply this option for example to model snow load.

= |
=014 f Rg=q+*Ln
Rg=q1*Le
(q1=q-2)
(a:=q92)
& Loeeees
D
& /@O u % % \[dzgg‘zgég‘?g};d:eyuendmulayAu
S . ,
% . Y
Inensiy mosnt son acton e Horizontal projection
% tﬂh:u [e.5. dead load)

Figure: Intensity difference at skew bars

7. Set the “direction mode”, that means the connection between applied load direction and the action

line at " Default settings, if the new load will be a curved line load:

“Direction is constant along action line”
The load direction set in the 4t step will be constant along the action line.

“Direction varies along action line”

The load direction will vary along the action line, so the characteristic direction set in the 4th
step will be taken into consideration in the middle point of the curved action line.

[ ity direction

[Line load

H_w HeB @ M\Mi}i '

[Line load |

H_H VeB ot T\Lii}l

|| Loadcase...... Windload

H- Load case live load 01

s alang action line.

Dir o
‘% % (e ) Characteristic
direclion is in the middle paint.

Direction is constant along action
‘DJI{] UZQ . =.g. snow load, dead load)

Ty

Load direction
Load direction:%
|

Figure: Intensity difference at skew bars

8. Place the line load in the model view based on the chosen geometry method (5t step).
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With the special tool called Object’s local system (14) you can add line load directly to a selected bar
element in a direction set parallel with the one of the local system axis of the bar element. So, with
this tool, you can merge 4th, 5t and 8th steps to one step, if the required load direction is equal to the
direction of the assigned bar element’s local axis.

Optional steps:

9.

10.

11.

Modify the load properties (the host load case, intensity values, “intensity” and “direction mode”)

with the e Properties tool of the Line load tool palette.
Modify the load direction with the editing tools (Editing Loads).

Set the display settings of the load (Load Display Settings).

Wind Load (Automatic) - Regular building

Two types of wind load can be generate in FEM-Design, Regular building and Generic building wind load.

A

Regular building wind load generation needs storey-system in the project!

Definition steps

1.

Entering to “Load” mode, the program displays the so-called “main directions” of the current
project. These main X" and Y’ load directions are used by the automatic wind and deviation load
definition. By default, the main X and Y load directions are parallel with the Global X and Y axis
directions. Set the required load directions for the wind (and deviation) loads with the Change
direction command (Modify menu).

A The symbol of the main load directions are stored on “Main directions” Object layers.

Start the Eﬁ Wind load command from Loads tabmenu.

A The generated wind line loads will be inserted in a load cases called “Wind load X" and “Wind
load Y”. If there are no same named load cases in the project, the program automatically
defines them for the automatic wind load components.

Set the wind speed and terrain type in the settings dialog according to the building environment. The
program calculates the applied wind load values by the levels of the current project’s storey-system
from the given parameters and the model size set at the Storey command (horizontal building size
and story level heights). The calculated intensity values are displayed in table format (right part of
the dialog).

Set the wind load X and Y directions same (+) or converse (-) with/to the main X and Y direction
system.

Clicking OK generates line loads in the external edges of plates that are located on stories
surfaces/region parts.

Surface Load

Depending on the current FEM-Design module, constant or variable surface load (force) can be defined
easily by giving the load shape, direction and position. The load properties and definition tools are available

on the tool palette of the 4] Surface load.
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Figure: Tool palette of Surface load

Constant Surface Load

Surface load

ERPEER = .

X

Just select the slab [ aluuma]... 10000 [RID] [ , H
‘ l [kh/m2].... f \y =
i : o ] [F2

Surface load

B2 EIIEL T

=

4. [T

|
Define the poin

of the polygonal surface load

Figure: Constant surface load on a slab and on a wall

Definition steps
1. Select the load case from the load case drop-down list from Loads tabmenu, which you would like to
add the new surface load(s) to.

If you have not defined a load case yet, you can also define and set at the l Default settings by
giving a load case name.

o eEial
al (kN2 1nnon 1R10] 1

[1:| 2N Surface load

s qt kN2 ... @m
a2 [kMAm2] :l@

q3 [kN/m2] ... |:|

Load case ........... |Live lnad 03 [v]

|-|. ] Intengity meant along action plane.
| ||||| [e.g. dead load)

Figure: Load case definition
The load will be displayed on the layer assigned to the selected load case and in the layer’s color.

2. Set the intensity value in the g1 field according to the current unit (that can be set at Settings > Units)

in the tool palette or at ' Default settings. You may also choose intensity from the predefined load

values from the list appears after clicking on the B button.
3. Define the load direction (FEM-Design module dependent).

4. Choose a method for the action surface definition (geometry).
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5. In the 3D modules only, you can set the “intensity mode”, that means the connection between

applied intensity and the action plane at 1 Default settings, if the new load will be in skew position
(not vertical or horizontal):
- “Intensity meant along action plane”
The intensity will be meant along the action plane, so the resultant will be calculated from the
intensity and the area of the action surface. Apply this option for dead load-type loads.

- “Intensity meant perpendicular to direction of load”
The intensity will be meant perpendicular to the load direction, so the resultant will be
calculated from the intensity and the area of the horizontal projection of the action surface.
Apply this option for example to model snow load.

Load case Snow load

Intensity meant perpendicular to
iy, | S5 | cirection o load
e

(e snowlaad)

[ 4

Load case Dead load - Roof

Itensity meant along action plane.
@‘, &%y | (n.0 deadlnad)
Pl

Figure: Intensity difference at skew bars

6. Place the surface load in the model view based on the chosen geometry method (4t step).

With the special tool called Object’s local system (14) you can add surface load directly to a selected
planar object in a direction set parallel with the one of the local system axis of the planar object. So,
with this tool, you can merge 314, 4th and 6th steps to one step, if the required load direction is equal
to the direction of the assigned planar object’s local axis.

Variable Surface Load
Linearly variable surface loads can be defined with Surface load command. Three intensity values define the
linearly variable load as a “skew plane”.
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| - T -
| 1 I . 4 ql [kM/m2] ... 1.25 ||;‘)
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—l:—_...r | Q3 [kN/m2] ... 0

|

Figure: Variable surface loads

Definition steps

1.

4.

5.

Define first a constant surface load with the required direction and geometry as written at Constant
Surface Load.

Use the [I Variable intensity tool of the Surface load command.

Set the new intensity values (41, g2 and g3). If you inactivate the arrows ( L ) next to the value fields,
you can type different values by the g fields.

Select the constant surface load that you would like to modify being variable.

Give the position of the intensity values. You may click outside the surface load’s action plane too.

Optional steps for constant/variable surface loads

1.

Place a hole/opening in a surface load. Use the % Hole tool of the Surface load.

Modify the load properties (the host load case, intensity values, “intensity mode”) with the &
Properties tool of the Surface load tool palette.

Modify the load direction with the editing tools (Editing Loads).

Information (the resultant force value and the position of its action point) about a selected surface

load can be inquired with the 4] Info tool. A drawing point can be placed in the resultant’s action
point, if needed.

Surface load info

Resultant [kM] .......... . [100B.2

Pasition of rezultant

hd (11— 10.667
R (T P 5.0000
2] 4. EEEY

Figure: The resultant force value and position calculated by Info tool
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5. Set the display settings of the load (Load Display Settings).

Wind load (Automatic) - Generic building
Generic building’s wind load (as surface loads) can be placed automatically on covers.

1.  Set the type of the cover according to EC: External wall 'L, Flatroof'  ,Lean-to  or Ridge-roof

Wind load [

Default settings

Figure: Generic building wind load dialog

In all four cases a green arrow plays a crucial role in correct load generation. In Lean-to and Ridge-roof the
arrows are generated automatically by FD, but for flat roof and external wall, the user has to define it.
Details can be found in the sections below.

The importance of the green arrows can be understood at the bottom-left figure in the four settings windows
of the four cover type, showing the wind direction terminolgy of EC. In the standard, if the deviation of
wind speed is in the range of +45° and -45°, it is taken as 0°. In the range of 45°-135°, it’s taken to be 90°,
between 135°-225°, to be 180°, and in the last interval to be 270°. By this assumption, no other direction can
be imagined as the four cases in the window below, which shows the Default Settings (the button shown in
the figure above) for external wall first, and the others next.

External wall

After having chosen~, this is what you get in Default settings:
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Turbulence at front edge
4, B zones are applied)
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Load strips

Figure: External wall dialog

The figure at bottom-left shows the direction terminology. For 0°, you can scroll down the typical cases

mentioned by EC:
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and for 180° ... .
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Figure: External wall — setting multiplication factor for predefined wall positions

By choosing the one valid for the current cover, the multiplication factor will be adjusted to the right value.
For more sophisticated cases you have the possibility to define the multiplication factor manually.

If the wind direction is in the plane of the wall, some more highly loaded zones (A and B, see EC 1-4 for
details) are applied by EC at the leading edge of the wall for taking the effect of turbulence into account.
Followed by zone C, a less loaded domain. If no turbulence can be imagined at the leading edge, you can
cancel out the creation of zone A and B (The legend in bottom left helps in understanding the directions.):
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0= 270
Turbulence at front edge Turbulence at front edge
(A, B zones are applied) (&, B zones are applied)
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T
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Figure: Wind load direction terminology

EC allows the division of the load domain into horizontal stripes, so you may take into account the height
dependence of wind velocity by the application of several horizontal stripes:

Load strips

L[S

n
-.I.
n

Figure: Wind load vertical distribution

In case of external wall, you have to select the cover by clicking on it, and than select a point at the external
side of the building. The green label, and also the arrow will appear, but the arrow will be perpendicular to
the plane of the cover. If you have a composed building like in the case below, you can unify several wall
covers by pushing Ctrl, and selecting the members:

[ FEM-Design 11.0 - 30 Structure - bibo12_02_14greenwind st wind load is] mE
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" Shucture | Loads | Finteslements  Analysis  RC design  Stesldesign  Timber design
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I HOW D L[ 2e 4 12
Lozd case, combination & qioup Force Temperatur Stress 5) Reinf... | Docu.
1G] - | & S
7 il |
&l & Filter[d t
=} = e
L L
= =)
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9 1 -3
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a
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U] o &
Ol ol [t
o|Al= @
| # | 2 &
A o e |
= &
vl |+ 4
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L i ¥
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O L. =l
& + 4 O
| = WA IEi]
5 L —-
[ Mokt i)
Wind load - Define - Extermal wall - Select vertical stuctural lementls] to sp. [ msen wmusm 0000m | Laes [0S 1O [ [# i E L O LR X O

Figure: Selecting External wall
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If you have selected one element, you can immediately define the green arrow by picking an external point,
in case of more elements you have to end the selection by "Enter’, and then point an external point outside
the walls:

[ FEM Design 11.0 - 30 Structure - bibo12_02_t4greenwind str [x] BEX
| File Edit Draw Modfy Tools Setings View Window Help |—_'Il ? ! \L‘ T -
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= |0 9|
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e | IS
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| & =1 Model1 i)
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Figure: Defining wall’s external point

The wind load generated according to EC will consider the unified green rectangle as one surface.

AAfter classified all the walls, verify all arrows’ pointing out from the building in order to obtain
well directed wind loads on the walls.

Flat roof

In case of Flat 1‘00f| ~, the following appears:
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Figure: Flat roof dialog

In the bottom left, the figure shows the notation of the directions with respect to the green arrow. The user
can switch on or off the creation of the turbulence zones like in the case of External wall, and also can
change the multiplication factors manually.

If an attic wall is at the edge of the cover, the height is required, as it has influence on the values of the load.

After choosing the settings, you have to click on the cover, and then, you have to give the main direction for
wind generation:
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Figure: Defining the main direction for wind generation

After the definition of the direction a green label will appear with an arrow in the middle of the cover. If
possible, you should choose a main direction of the building that coincides with axis X, for obtaining the
correct distribution in the different wind load cases.
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A An incorrectly defined direction can lead to false wind load distribution.

You can modify its direction in Modify>Change direction. (If the label or the arrow is missing after creation,
try another graphic engine in Settings>All>Environment>General>Graphic Engine)

Lean-to
In case of Lean-to, the dialog window is as follows:
fa -1
Lean-to
e | ~ECE |
Turbulence at front edge Turbulence at front edge
(F, G, 1zones are applied) (F, G, 1zones are applied)
Suction Fackor ..., Mult, Factar oo,
Pressure Factor ... 1.00
0= 270°
Turbulence at Front edge Turbulence at front edge
(F, @, Jzones are applied) (F, G, Jzones are applied)
Mulk, Factar ..o, Mulk, Fackar .o, 1.00
IRE }iaoe
U 270° 9n°
—_ {_ -—
to- to-

Figure: Lean-to dialog

Likely to former cases, the notation of EC appears at bottom-left corner. If you have a cover that is not
parallel with the load coordinate-system, the wind load directions will fit the cover’s direction. The different
factors can be set eiter by scrolling down the symbol:

i =y

Lean-to

Qe e
ied] ied)
400 a0

=0]1]

and
Figure: Lean-to — setting multiplication factor for predefined wall positions

or, by setting them manually.

If required, turbulence zones can be switched off:
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(F, 3, 1 zones are applied)
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Figure: Turbulence zone application

Ridge roof

The pop up window in case of Ridge roof:

Ridge roof

DD

[] Turbulence at front edge
(F, G, 1zones are applied)

rulk, Factar

g+

Turbulence at front edge
(F, 3, 1zones are applied)

180

L

Turbulence at Front edge

(F, G, 1zones are applied)

rulk, Factar

270

Turbulence at front edge
(F, G, 1zones are applied)

rulk, Fackar

Mult, Fackar v.ovvvnnnns
}1a0° }180°
<:l Z70° ape
— * -—
to- to-

Figure: Ridge roof dialog

Likely to former cases, the notation of EC appears at bottom-left corner. If you have a cover that is not
parallel with the load coordinate-system, the wind load directions will fit the cover’s direction. The different
factors can be set eiter by srcolling down the symbol:
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Figure: Ridge roof — setting multiplication factor for predefined wall positions

or, by setting them manually.

If required, turbulence zones can be switched off.
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(F, G, 1zones are applied)
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Figure: Turbulence zone application
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2. Generate the wind load

When clicking on the symbol

Turbulence at front edge
(F, @, Jzones are applied)

, the wind generation tool window appears:

Wind load

-,

wind spEed [m's]

Building height [m] o
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(O)ig

Sea of coaskal area exposed ko the open sea

Lakes or Flat and horizonkal area with negligible
veqetation and withou obstacles

Area with low wegetation such as grass and
isolated obstacles (trees, buildings) wikh
separations of at least 20 obstacle heights

(I Area with regular cover of vegetation or
buildings or with isolaked obstacles with
separations of maximurm 20 obstacle heights
(such as villages, suburban terrian, permament

forest)

Area in which at least 15 % of the surface is
covered with buildings and their avarage height
exceeds 15 m

Ty,

C oKk

Figure: Wind load generation dialog
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In this window you have to classify the building according to EC, and give the basic wind velocity for load
generation.

After clicking OK, the wind loads are generated in 16 different load cases:

[ FEM Design 11.0 - 30 Structure - bibo12_01_05cover str BEX]
i File Edit Draw Modify Tools Settings Wisw  Window  Help - O
" Shucture | Loads | Finlte slements  Analysis  FIC design  Stesldesign  Timber desian
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Figure: Automatically generated wind load (WL,Y-,1)

(For proportional displaying of loads click: Settings>All>Display>Load>Display proportionally) In the
example above, WL Y-, 1. is active which corresponds to a wind marked by the orange arrow.

It is parallel with the loaded wall, and as it is in the range of 45°-135°, according to the load’s coordinate
system, it is stored in WL, Y-, 1. For each (four) directions, generally 4 different cases can be imagined in EC
(because of variation of suction and pressure), but they not necessarily vary: in the case above, all four
versions of WL, Y-, are the same for the loaded external wall.

AAccording to EC, protuding parts of roofs should be loaded at underside with the pressure applied
on the wall below. This is not taken into account by the wind loading module of FD 11.0.

If the building have a frequently used shape, the program generates the different load domains and the
values will be applied on them automatically.

Snow Load (Automatic)
Snow load (as surface loads) can be placed automatically on the open, external plates and plate parts.

Definition steps

1. Start the ﬁ Snow load command from Loads tabmenu.

A The generated snow surface loads will be inserted in a load case called “Snow load”. If there is
no “Snow load”-named load case in the project, the program automatically defines it for the
automatic snow load.

2. Set the characteristic snow load value in the settings dialog according to the current code rules. The
program calculates the applied snow load value (intensity) from the characteristic value and the
built-in form, exponation and thermal factors of the Eurocode.

3. Clicking OK generates surface loads on the open plate surfaces/region parts.
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Thermal Load

Depending on the current FEM-Design module, uniform or non-uniform temperature variation can be
added to the structural elements as loads.

FEM-Design Module Temperature Variation Load Command

&
p

Non-uniform temperature in Beams _H_ Line temperature variation

Non-uniform temperature in Plates (V] Surface temperature variation

E Uniform temperature in Walls

-

I:w] Surface temperature variation

443

Uniform/Non-uniform temperature in bar elements il Line t iati
—3— Line temperature variation

Uniform/Non-uniform temperature in planar elements | [ || Surface temperature variation

Uniform/Non-uniform temperature in bar elements

—m— Line temperature variation

Table: Temperature load types by FEM-Design modules

Line Temperature variation

Non-Uniform Temperature Variation in Beams

snd
In = Plate module, non-uniform temperature variation can be defined along beam action line or a
part of it. The absolute value of the temperature has to be the same in the top and bottom cords:
| dttop | = | dtbottom |

So the meaning of the temperature variation is the following:
|dt| = % | dtiop-dtbottom | =+2 X | dtiop |
a1[c). 20000 |3
d2[C]. fzn.ooo |

dt/2: Top cord

»

z

Global Z

|
|
|
|
|
|
|
-dt/2: Bottom cord

The temperature variation can be linearly variable along the action line, so it can be different in the
start and end point of the action line.

Uniform/Non-Uniform Temperature Variation in Bar Elements

In 3D Structure and 3D Frame modules, uniform or non-uniform temperature variation can
be defined along beam and column action lines or a part of them. The temperature values can be
different in the top (f) and bottom (¢") cords.
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o __4Topcord

Uniform temperature

vire) [0000 |ji2rcl fioom |
[ |00 iz oms

vire) [l0000 [jrral. oo |
| om0 ]

Non-uniform temperature

t’": Bottom cord

The temperature variation can be linearly variable along the action line, so it can be different in the
start and end point of the action line.

Depending on the current FEM-Design module, temperature load can be easily added to bar elements. The

load properties and definition tools are available on the tool palette of the A Line temperature variation load.

-+
Line temperature variation lo -~} |Line temperature variation load o I* m &l
2 e o Q! 2 [ 1t []E O Qi
sl (o] 0000 q] W rC 000 eIl |
v
| | ) | | ers £ 2

Figure: Tool palettes of Line temperature variation load

Definition steps

1. Select the load case from the load case drop-down list from | o285 | tabmenu, which you would like
to add the new load(s) to.

If you have not defined a load case yet, you can also define and set at the ol Default settings by
giving a load case name.

The load will be displayed on the layer assigned to the selected load case and in the layer’s color.

2. Set the temperature values at the start and end point of the “load” action line to the current
temperature unit (that can be set at Settings > Units) in the tool palette or at ala Default settings. If you

inactivate the arrow ( L ) next to the temperature fields, you can type different temperature values
in the “1” and “2” fields.

Line temperature variation load @ I
—

RIS #
=

-+ | i .
aircl. 20000 [ e— - ‘W
m &2 [C]. [20.000 —1

Line temperature variation load @

2ttt /]ec el
tircl.[loooe  |[7)200-1no |y g
| o] e |

ayr
t

Figure: Settings dialogs (the meaning of the “t” values)

3. Define the direction of the plane you would like to place the thermal load (only in 3D modules).

9

4. Add the thermal to its belonging bar element by selecting it with -
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Or, choose a method for the action line definition (geometry) and define the thermal load. Use this
method, if you would like to place the load on a part of the bar element.

With the special tool called Object’s local system (ti, only in 3D modules) you can set the load’s
plane direction directly to a selected axis of the bar element’s local system in the tool palette and by
the clicking on the bar element. So, with this tool, you can merge 314 and 4t steps to one step, if the
direction of the thermal load plane is equal to a required axis direction of the assigned bar element’s
local system.

Partially loaded beam
Line temperature variation load X,
D S 2N P fo e Naim Outsidt(a ;%Eg))erature
[ v c). 10000 |[3) ©2rc).[10.000 ] =
l1‘[‘C].I1DﬂDﬂ B 12'[°C). 10.000 }Iy [!; :.‘
— oint
S
==
Inside temperatur .
(20°C) Thermal|load in the beam’s
Start point selected local system
Line temperature variation load L
EIRN R (2 PEloYaNeNm

i W c). fiood jero-fioon |y
n'[t].w t2'[°C].[10.000

A

Figure: Different ways of thermal load definition

Optional steps:
5. Modify the load properties (the host load case and temperature values with the i Properties tool of
the Line temperature variation load tool palette.

6. Modify the direction of the thermal load plane with the editing tools (Editing Loads).

7. Set the display settings of the thermal load (Load Display Settings).

Surface Temperature variation

- Non-Uniform Temperature Variation in Plates
+

¥
In == Plate module, non-uniform temperature variation can be defined in plate region or a part of it.
The absolute value of the temperature has to be the same in the top and bottom cords:
| dttop | = | dtbottom |

So the meaning of the temperature variation is the following:
|dt| =+ dtiop-dtvotiom | =+2 X | dtiop|

o3 o i,
7
L (o P 20000 [
2] e 1
A3 C]

The temperature variation can be linearly variable along the action plane. Temperature value in 3
region points defines the linearly variable temperature in a plate object.
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- Uniform Temperature Variation in Walls

b ‘*/‘ . . . .
In Wall module and = Plane Strain modules, uniform temperature load can be defined in wall
region or a part of it:
tsi= ttop = thottom

t23 ts2 top ksi

bottom

ts11C]... [10.000 [
ts2[0] .. 1l
ts3 (0] ..

The temperature variation can be linearly variable along the action plane. Temperature value in 3
region points defines the linearly variable temperature in a wall object.

- Uniform/Non-Uniform Temperature Variation in Planar Elements

In 3D Structure module, uniform or non-uniform temperature variation can be defined in plate,
wall and shell regions or a part of them. The temperature values can be different in the top (#) and
bottom (f) cords.

t3 42 i I Non-uniform temperature

v W ¢ W

... oo |3t e 10000

t2[C] ... 1 2 CHEL 10000 (3] HUICT.. |20 1
BIC.... @l (I 4 ... 1
L3[C] ... 13'[C]....

Uniform temperature

The temperature variation can be linearly variable along the action plane. Temperature value in 3
region points defines the linearly variable temperature in a plate, wall or shell object.

Depending on the current FEM-Design module, temperature load can be easily added to planar objects. The

load properties and definition tools are available on the tool palette of the ] Surface support motion load.

Surface temperature variation load X
uﬂ?n.:@@tﬂﬁ-f- |
dtl [°C] . [20.000 @ ‘ Surface temperature variation load
| e— . - B Y
[U] |y e |72 O L1 O [ [0 s
om0 | q el [0000 ] wpry. o g >y
Surface temperature variation load [U] l:”ﬂ l:llg
22 B OO)@ &G N

i), 00w

L] | s

[ooe ]

Figure: Tool palettes of Surface temperature variation load

Definition steps
1. Select the load case from the load case drop-down list from Loads tabmenu, which you would like to
add the new load(s) to.

!

If you have not defined a load case yet, you can also define and set at the
giving a load case name.

Default settings by

The load will be displayed on the layer assigned to the selected load case and in the layer’s color.
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2. First, define temperature variation constant along the load action plane. Set the motion value in the
“t1” fields according to the current temperature unit (that can be set at Settings > Units) in the tool

!

palette or at - Default settings.

A The local z" axis of the surface element (plate, wall) points to the “top” surface temperature (t') in
m 3D Structure module.

Surface temperature variation load g r Surface temperature variation load
o3 g2 S, _E 13 45 i
— ]
B < W [P
Li -
1

I s |@‘E‘Surﬁice temperature variation lof t1C].... |1D.DDD ||1| t [ |1D.DDD ||1|
H2IC] o o1 | en. | B
A3 C] 13 o0 to.p % G | | e | |

bottam Load case ... | M

ts1[C] .. @
ts2[C]... I:@ :
3(c]... [10000_] (444

Load case .....

“r

Figure: Settings dialogs (the meaning of the “t” values)

-

3. Add the thermal load to its belonging surface element by selecting it with -

Or, choose a method for the action surface definition (geometry) and define the surface thermal load.
Use this method, if you would like to place the load on a part of the surface element. In this case set
the working plane into the element’s plane.

Thermal load in whol
selected local system

Surface temperature variation load %
Sl e e a0

[ 1. 20 [y vrre). o000

[@] e R e

G G

Sta Inside temperature

(20°C)

Partially loaded wall
s"rf“;tmerafumaffhﬁmd = % Outside temperature
M2 E 0O 0L (-10°C)
0 [c)... 20000 3] wrre)..[10.000 |3
[T |2 B2 o
30E] | A
Figure: Different ways of surface thermal load definition
Optional steps:
4. Use the Variable intensity tool, if you would like to define variable surface thermal load. Set the

new temperature values (dt1/t1/ts1, dt2/t2/ts2 and dt3/t3/ts3). If you inactivate the arrows ( @ )
next to the value fields, you can type different values by the f fields. Select the constant surface
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temperature load that you would like to modify being variable. Give the position of the three
temperature values. You may click outside the surface load’s action plane too.

5. Place a hole/opening in a surface thermal load. Use the 18 Hole tool of the Surface temperature
variation load.

6. Modify the load properties (the host load case and temperature values with the (4 Properties tool of
the Surface support motion load tool palette.

7.

Set the display settings of the thermal load (Load Display Settings).

Initial Internal Load

Post-stress can be added to bars ( 2< Initial internal line load) and structural regions ( 2 Initial internal surface

load) as load. Constant moment and normal force values in a given direction (e.g. only in one direction) may
be defined by points of line and planar structural objects.

The initial internal load commands are useful for defining post-tensioning loads in concrete bars and slabs.

Post-stress is also good for steel bars at welded connections. The definition steps are the same as introduced
at Line or Surface temperature variation load commands.

Displacement

Line stress load

x| |
ol RN B B (1

nl KN].[100 [ mt kNm].....[100|[]) B"
=) = |n2[kN]...... m2[kNm]m.... = |

Figure: Initial internal force (compression) in a stiffener truss member

Support Motion

Predefined displacement (motion and/or rotation depending on the current FEM-Design module) can be
assigned to point, line and surface supports.

Only the same type support motion can be assigned to a support.

Support motion load type Support type
¥ Point support motion load % E Point support
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¥ Line support motion load j— Qx Line support

["] Surface support motion load @ Surface support

Table: Support motion load types and their proper support types

A If a support motion load is not belonging to a support, the program sends you a warning message
during calculation, that that load will be ignored in the calculations.

+

In “— Plate module the Column and Wall elements are supports, so ¥ point support motion load can be

assigned to Columns and ¥_ Line support motion load to Walls.
Point Support Motion

Depending on the current FEM-Design module, predefined point motion/rotation can be easily added to
point supports by giving displacement direction and position. The load properties and definition tools are

available on the tool palette of the ¥ Point support motion load.

Point support motion load X

J2 L@ttt

&) ......... 0070000
.
—
—

LT

tl

¥

Figure: Tool palette of Point support motion load
Definition steps
1. Select the load case from the load case drop-down list from Loads tabmenu, which you would like to
add the new load(s) to.
If you have not defined a load case yet, you can also define and set at the '
giving a load case name.
The load will be displayed on the layer assigned to the selected load case and in the layer’s color.

Default settings by

+

2. Choose the motion type: L Motion or ¥ Rotation (FEM-Design module dependent).

3. Set the displacement values in the e or phi of the new load according to the current unit (that can be

set at Settings > Units) in the tool palette or at ! Default settings.
4. Define the direction of the motion or the rotation axis (FEM-Design module dependent).

5. Add the point motion to its belonging point support by clicking the support’s insertion point ()

or by selecting the point support (~—').

Optional steps:

6. Modify the load properties (the host load case and displacement values with the Yé Properties tool
of the Point support motion load tool palette.

7. Modify the displacement direction with the editing tools (Editing Loads).

8. Set the display settings of the load (Load Display Settings).

Line Support Motion
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Depending on the current FEM-Design module, predefined motion/rotation can be easily added to line
supports by giving displacement direction and position. The load properties and definition tools are

available on the tool palette of the —¥_ Line support motion load.

Line support motion load X

Azttt tr A0 a

&1 [ ...... [0.010000 |[3]
v
£2[m....... [0.010000 Z |

i

Figure: Tool palette of Line support motion load

Definition steps

1.

Select the load case from the load case drop-down list from Loads tabmenu, which you would like to
add the new load(s) to.

If you have not defined a load case yet, you can also define and set at the :'

giving a load case name.

Default settings by

The load will be displayed on the layer assigned to the selected load case and in the layer’s color.

+

Choose the motion type: L Motion or ¥ Rotation (FEM-Design module dependent).

Set the displacement values at the start and end point of the “load” action line: el and e2 or phil and

phi2 according to the current unit (that can be set at Settings > Units) in the tool palette or at "
Default settings. If you inactivate the arrow ( 3 ) next to the el or phil field, you can type intensity

value in e2 or phi2 different from el or phil.
Define the direction of the motion or the rotation axis (FEM-Design module dependent).

Set the “direction mode”, that means the connection between applied load direction and the action
line at —* Default settings, if the new load will be a curved line load:
- “Direction is constant along action line”

The load direction set in the 4t step will be constant along the action line.

- “Direction varies along action line”
The load direction will vary along the action line, so the characteristic direction set in the 4th
step will be taken into consideration in the middle point of the curved action line.

~

Add the motion to its belonging line support by selecting the line support (~').

Or, choose a method for the action line definition (geometry) and define the line load. Use this
method, if you would like to place the load on a part of the support’s action line.

With the special tool called Object’s local system (k) you can add motion load directly to a selected
component of a support/ more supports just by setting the required component direction (an axis of
the support’s local coordination system) in the tool palette and by the clicking on the support(s). So,
with this tool, you can merge 4™ and 6" steps to one step, if the required displacement direction is
equal to the direction of the assigned support component.
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Figure: Different ways of line support motion load definition

Optional steps:

7.

Modify the load properties (the host load case and displacement values with the ? Properties tool
of the Point support motion load tool palette.

Modify the displacement direction with the editing tools (Editing Loads).

Set the display settings of the load (Load Display Settings).

Surface Support Motion

Depending on the current FEM-Design module, predefined motion can easily be added to surface support
by giving displacement direction and position. The load properties and definition tools are available on the

tool palette of the H Surface support motion load.

Surface support motion load =
|2 Ot | D@ 3 a ]
. el [m] .. 0.010000 |}I k) -
B pomon ]y
- B

Figure: Tool palette of Surface support motion load

Definition steps

1.

Select the load case from the load case drop-down list from Loads tabmenu, which you would like to
add the new load(s) to.

If you have not defined a load case yet, you can also define and set at the ¢ Default settings by
giving a load case name.

The load will be displayed on the layer assigned to the selected load case and in the layer’s color.

First, define a constant predefined displacement. Set the motion value in the el field according to the

current unit (that can be set at Settings > Units) in the tool palette or at ¢ Default settings.
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Surface motion in

arbitrary direction - \Q‘Wn a part
of-the surf;

Define the direction of the motion (FEM-Design module dependent).

~

Add the motion to its belonging surface support by selecting the surface support (~').

Or, choose a method for the action surface definition (geometry) and define the surface load. Use
this method, if you would like to place the load on a part of the support’s action surface.

With the special tool called Object’s local system (k) you can add motion load directly to a selected
component of a support/ more supports just by setting the required component direction (an axis of
the support’s local coordination system) in the tool palette and by the clicking on the support(s). So,
with this tool, you can merge 3rd and 4t steps to one step, if the required displacement direction is
equal to the direction of the assigned support component.

Surface support motion load

|2 B L0 b O @ e
L |etml..... [0010000 |3 ,[‘1 j
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ular part of
the ¢ gular A

HiE pre ]
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Surface support motion load |
ER e A=y
el [ml......... [£.010000 |7

Surface supports

Surface support motion load X

(82 ELCLt L]
. el [m] .. W@ ‘1;,3"
i =

Figure: Different ways of surface support motion load definition

port direction

Optional steps:

5.

Use the Variable intensity tool, if you would like to define variable surface motion assign to a
surface support or a part of it. Set the new displacement values (el, e2 and e3). If you inactivate the

arrows ( 1 ) next to the value fields, you can type different values by the e fields. Select the constant
surface load that you would like to modify being variable. Give the position of the three motion
values. You may click outside the surface load’s action plane too.
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Figure: Variable surface support motion
6. Place a hole/opening in a surface load. Use the S Hole tool of the Surface support motion load.

7. Modify the load properties (the host load case and displacement values with the i2 Properties tool
of the Surface support motion load tool palette.

8. Modify the displacement direction with the editing tools (Editing Loads).

9. Set the display settings of the load (Load Display Settings).

Mass

For dynamic, vibration shape and seismic effect calculations (especially for frame structures), masses can be
defined optionally as point loads or automatic conversion of load cases to mass.

Masses are not participants of load cases, load combinations and load groups.

Concentrated Mass

Definition steps

1. Startthe “ Mass command from | 238 | tabmenu.
2. Set the mass value according to the current unit (that can be set at Settings > Units).

3. Place the mass just by clicking in the required point.
The mass will be displayed on the Masses object layer assigned in green color by default.

Optional steps:

4. Modify the mass value with the ? Properties tool of the Mass tool palette.

5. Set the display settings of masses (Load Display Settings).
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Figure: Definition of concentrated mass

Load Case-Mass Conversion

With the o Load case-mass conversion command of Loads tabmenu, you may convert load cases to masses
by assigning factor values to them. All conversions are done just before dynamic calculation.

Typing 1 into the Factor field means that the loads (of the load case) with their original value will be
converted to mass. Typing 0 value removes predefined conversion of a load case (as a result you will get the

"--" symbol again).

Load case - mass conversion
Factor Name &
1.000 &uto dead load 3
1.000 PEELIE R G

- Live load 01
- Live load 02
- Show

- find

- find Y

[v]

Figure: Mass definition by conversion of loads (load cases)
The following point, line and surface force types can be converted to masses:

+

“ Plate module: force with global -Z direction: mz = -Fz/g

+4

! Wall and “£ Plain Strain modules: force with global -Y direction: mx = my = -Fy/g

3D Frame and 3D Structure modules: force with global -Z direction: mx = my = mz =-Fz/g

A Moments, support motions, thermal loads cannot be converted to masses.
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Seismic Load

Seismic loads are taken into account according to the Response Spectrum Analysis method of Eurocode 8.

Structure type, some parameters and response spectra have to be defined with Seismic load A command.
In order to define seismic load in Seismic load dialog the user has to select the structure type under Structure
information tab / Structure type:

- Eurocode: Building structure and Non-building structure.

- Turkish seismic code: New building, Existing building, Non-building structure.

Eurocode Seismic code: Turkish
Structure information Horizontal spectra l Vertical specvtra.ir Structure information ‘Fdrai
Structure type
) New building

Non-building structure )

Information level ... Limited (0.75) v

ksi (damping factor) [%] «....ccvvvevennans 5.00 © Non-buiding structure

qd (behavior factor for displacements) . | 1.00

Beta (6.18) cvoveverrererinns 0.900

Figure: Select structure type in Seismic load dialog panel

If Building structure is chosen, storeys have to be defined in order to get Storey seismic sensitivity (P-delta
(0)) coefficient and Storey shear forces.
If Non-building structure is chosen, these results are not available.

Further parameters can be set in Seismic load dialog panel:

- ksi is the viscous damping ratio (generally 5%), which is used in Modal analysis when the
summation of the effect of the same direction vibration shapes is carried out by the CQC
(Complete Quadratic Combination).

- gd is the displacement behavior factor, assumed equal to g unless otherwise specified.

- Beta is the lower bound factor for the horizontal design spectrum. In Modal analysis the

h BVstat modal -

if the following expression is false: !

displacements and stresses are multiplied wit
modal stat

B.

Required spectrums can be defined either by using standard spectra (automatic) or by manual definition
(unique).

The applied/defined spectra and its properties can be added to documentation as figures and tables
by clicking on Add to documentation.

Automatic Design Spectrum Definition (“Standard”)

Clicking on Standard generates the horizontal and vertical spectra based on settings and parameters required
by Eurocode 8.

A The horizontal spectrum is always necessary. The vertical spectrum is necessary when the vertical
affect taken into account.

- Horizontal spectra
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Seismic load

Horizontal spectia | ertical spectra | Others

& 5d[m)sz]

0.150, 1,250
0,400, 1,250
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TCEs] o 0,400

D [s]..oe 200

R 1.00 0.000, 0.333 000, 0.250
beta ... 0.200

Lnique l [ Add to documentation ] [ Ok, l [ Cancel

Figure: Parameters and automatic generation of horizontal spectra

Data of horizontal design spectra (based on Eurocode 8):

- Type (of spectra: 1 and 2) and Ground type (A, B, C, D and E) specify the values of S, TB, TC and
TD;

- agis the design ground acceleration;

- Sisthe soil factor;

- gis the behavior factor that depends on material and type of the structure;

- beta is the lower bound factor for the horizontal design spectrum.

- Vertical spectra

Seismic load

Harizontal spectra | Yertical spectra |Dthers

Type ... _ & sd[mjs2]
agviag ... 0.900 0.050, 1.125
0.150, 1.125

S 1.00
L5 0.0500
LIS - 0150
TO[s]........ 1.00
[P 1.00

0.000, 0,300
beta ... 0.200

1.000, 0.169
8

Standard ]g Unique ] [ Add to documentation ] [ Ok ] [ Cancel

Figure: Parameters and automatic generation of vertical spectra

—

The vertical design spectrum is derived from the horizontal spectrum using the agv (vertical design
ground acceleration)/ ag multiplicator based on Eurocode 8.

Custom Design Spectrum Definition (“Unique”)
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User can define custom horizontal and vertical spectra in table format or by editing spectra graphically.
Switch to Unique mode, and then add T and Sd values to the table cells or place points in the Sd-T(s) curve
by clicking in the required points of the figure.

Seismic load ., EC3

Harizantal spectra | Vertical spectra | Others |

T Sd |~ h

[z] [m/=2] =

D.DDDl 0333

0.150 1.250

0.400 1.250

0.560 0.833

0720 0.694

0880 0568 Graphical editing

1.040 0.481

1.200 0417

1.2 L=

;Table

1660 0.298 0000, 0,000 =]

1.840 n.z:*zM —— =
[ Ingert ][ Delete ] | Save |[ Load ] Paste

[Standard[ Add to documentation ] [ ok ] [ Cancel ]

Figure: Custom spectra definition

Unique spectra can be stored in files and exported with Save. Spectra can be imported with Load.

Import/Export of load cases, load groups and load combinations

Load cases, Load groups and Load combinations can be imported from or exported to native FEM-Design or text
format.

+ Loag combinations ==
No | Name | Type |Factor | Indudedload cases  + oK
1 gravityle u 100
0.30 Live load Cancd
- Import / Export > Save as default
) Lood cases == | FEmEEs
Seve
No Name ‘ Type ‘ Duration dass - oK Load
Eissse) g
1 Dead Load +stuc. deadload  Permanent - Load combinaton Copy
2 Live load Ordinary Permanent p— -
3 Snow Ordinary Permanent LmRort > Save as default E
4 Shrinkage 4shrinkage Permanent by Insert
Save
Lo o
* Copy
= Load case
udedloadcases | +| | ok ]
I — "
T i ance
L A o move
2 Import / Export > Save as default
=
3 Shrinkage (Stress, 1.00, 1.30) Shrinkage
Save
Load group
E——— T
Insert
Delete Copy
Paste
Dekteal
- Load case

Figure: Import/Export of load cases, load groups and load combinations
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. EXp oIt

FEM-Pemgn FEM-Design Clipboard Another
specific file program
- ) ( & fO f
fdlcase o BHE <P (@ cuev W

fdlcomb ] [+ e [N
.fdlgroup} / Ctrl + C @

&g =
& etc.

e M pOT't

Figure: Importing from and exporting to another programs

- Save as default

FD saves the load cases / groups / combinations and they will be loaded at every new model.
- Save

Load cases can be saved to a specific .Idcase / .Idgroup / .ldcomb type file.
- Load

The user has the possibility to load previously saved .Idcase / .Idgroup / .Idcomb file.
- Copy

Load cases / groups / combinations can be copied to Clipboard with Copy command to use them in
another program (e.g. MS Excel).

- Paste

Load cases / groups / combinations can be imported through Clipboard with Paste command.

Predefined Load Values

You can browse from predefined intensity values when clicking on the *| button of the Surface load
command’s tool palette. Just select a value from the drop-down list and it will be added in the proper g field.

X ]
[Zl2 @l e Ee Sl
ql [kN/m2] .. [10.000 @ ¥|  Ref. Description Yalue ||

oo ]y -
Areas For domestic and residential activities (Floors) 2.0

Areas For domestic and residential activities {3kairs) 2.0

8.3 Areas For domestic and residential activities 2.5
(Balconies)

[se

I Ok l l Cancel ]

Figure: Predefined intensity value added to q field (Surface load)

Load Display Settings

The display properties of the loads can be set at the Settings > All... > Display > Load.
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The available options depend on the current FEM-Design module.

Settings

Q Settings | Load ‘

1 Erwironment
{1 Drawing
{1 FEM Graphical options Temperature wariation

Solid madel
L3 sold mode Size/Scale ] ... 1.0000

=-{Z Dizplay &
" Drawing elements [ Digplay proportionally
215 Numbers Stress load
Local systems Hatch dist. [mm] ... 20.000
% Flate aid wal - n-Size/Scale [m)] ... 1.0000

2 geam, Lolumn and Trus| | Paint load m-Size/Scale m] ... [1.0000
uppark
£ Connections Size/Scale [m)] ... 1.0000

B Mesh Support mation

| ':'asds Line laad Size/Scale [m] ......... 1.0000
(ak]
I Dezign Size/Scale [m] ... 1.0000

1 Window
Surface load

Size/Scale [m] ... 1.0000

2 M | [2]

[ Save as default ] [ Ok ] [ Cancel

Figure: Settings options affect on the appearance of the loads

- Display label
The load values can be displayed on the screen in Wireframe display mode. The default font size and
style can be set at Settings > Text settings.

/\ Text

Graphical options

Fant

{ CreE ¥
. . —
O Display propartionally b s

Size [mm] 5.0000

Hatch dist. [mm)] ..... 20,000

\1\ __________ ay

0.500 kN/m

0.500 kN/m

Figure: Load labels displayed according to Text settings

- Display proportionally
By default, this option is inactive. That means all loads are displayed according the Size [m] set by
load types. So, for example, point loads having different force values are displayed with same size
arrow symbols with the height set by Size.

The position of the load labels can be modified with Edit > Move.

Activating the Display proportionally option the loads will be displayed with their values multiplied
with the Scale value set by load types. So, if the Scale value is 1.0 for all load types, the loads are
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displayed with their real values converted to meter units. For example, 5kN point force is displayed
5m-height symbol in case of 1.0 Scale value; but modifying the Scale value to 2.0 displays the 5kN
force with 10m-height symbol.

Graphical options

Display label

Graphical options
Display label
[ Display proportionally Display proportionally

Hatch dist. [mm].....|20.000 Hatch dist. [mm] .....| 20000

Froint load Point load

Iim

5.00 kN

5m

2 Size/Secale [m] 1.0000 Size/Scale [m] 1.0000
o E
— o
~
o
-
(Graphical options
Digplay label
[ Display proporionally Z e
Hateh dist. [mm] 20.000 x Z w‘-
Poirt load C) x
Size/Scals [m] ... 2.0000 O
() S
—=y 9|
\}\\4
-

Graphical options

Display label

Display proportionally

Hatch dist. [mm] .....|20.000

Froint load

Siza/Scale [m]

050000

/ _5.00 kN

Figure: Examples for different Size/Scale values and Display proportionally option

- Hatch distance

Hatch distance sets the density of the hatches of the surface loads” action plane.

Layer, color and pen width
All loads are placed (and grouped) on Object layers according to their host load case. Color and pen width
are assigned to each load case. After defining a load case the program automatically set red color for it by
default. The default color together with the pen width of the load symbol contours can be modified with the

Color and Pen tools.

By default, the layer of the current load case is active and the others are hidden. Of course, you can activate,
hide or protect load case layers as you want.

Layers

Dirawing | Obiects |F|einforcement

Layers

I Titls inFarmation
B Axes

I stories

B views

I Flates

B alls

[ Beams

Wl Columns

1 Truss members
I Supports

Il Modeling tools

EDEEEDENE D EEREDE

,_
@ i

oad cases
.

I Cead load
I Live load 01
B Live load 02
[ wind %

I wind ¥

D EDDDE,

*

*

[

Status

(%) Hidden
() Protected
O Active

Select all
Deselect all
Objects
Statical syskem

Load cases

Cloge
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Figure: Layer-system of loads (load cases)

Editing Loads

Copying Loads

The Copy load case command (Loads menu) gives an easy way to copy all defined loads of a load case (Source)
into another load case (Destination). With the Multiplication factor the values of copied loads can be increased
or decreased proportionately.

Copy load case
Source load case -“
Fl‘DlTl = Live load 01 ]
Close
T Destination load cage
O = Live load 02 4
SCale ===t ultiplication factor 115

Figure: Copying loads of a load case to another one
Loads can be copied inside a load case with the Copy command (Modify menu).

Modifying Load Values

Load properties (such as the load values) can be easily modified with the i Properties tool of the proper
load definition command.

|
With the 4—l Multiply load command, you can modify values of selected loads with a given multiple factor.

Modifying Load Directions
Depending on the current FEM-Design module, the direction of predefined loads can be modified with the
Change direction, Mirror and Rotate command of the Edit menu.

Modifying Load Positions
The position of Loads can be modified with the Move command (Modify menu).

Modifying the Geometries of Action Lines and Surfaces
The editing tools valid for region elements can be used to modify the geometry of surface loads” action
plane. These Edit menu commands are for example Modify region, Stretch, Curve, Elbow, Scale, Chamfer,

Fillet etc. The [E] Hole tool of surface load commands can also be used to cut parts from a surface load.

The editing tools valid for lines and arcs can be used to modify the geometry of line loads’ action line. These
Edit menu commands are for example Stretch, Curve, EIbow, Split, Trim, Extend, Break etc.

Combination of Loads/Load cases

Load cases (and so their load contents) can be combined manually with given load factor multipliers (Load
Combination) or the program finds the most unfavorable combinations of the load cases grouped in different
types (permanent, temporary, accidental etc.).

Load Combination
lﬂ Load combination lets you combine load cases by multiplying them with given load factors.
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Four types of load combinations can be defined: load combinations for ultimate (U), accidental (U,), seismic
(Us) and for serviceability (S) limit state. Although Amnalysis calculations can be done for all types, the
recommended functions of the types are the followings:

- Ultimate limit state-type load combination (U)
Define U-type load combinations for strength and stability calculations. All design calculations (except
for crack width of RC Design) are done only for U combinations.

- Ultimate limit state-type (accidental) load combination (Ua)
This type of load combination is like Ultimate limit state, but the difference is in the safety factors.

- Ultimate limit state-type (seismic) load combination (Us)
This type of load combination is like Ultimate limit state, but the difference is in the safety factors.

- Serviceability limit state-type load combination (S)
Define S-type load combinations to calculate displacement and to design RC elements for crack width
combinations.

<
% Load combinations =)

No Name Type |Factor | Indudedload cases |

1.05 Imposed load (Ordinary)
1.00 Snow (Ordinary)
1.00 Wind X (Ordinary) Import / Export >
1.00 Deviation (Ordinary)
2 UslS Us 1.00 Dead load (+Dead load)
1.00 Imposed load (Ordinary)

Cancel

0.20 Snow (Ordinary) Load combination
0.70 Wind X
1.00 Seismic max. L
38l s 1.00 Dead load (+Dead load) |~ Insert
1.00 Snow (Ordinary) [T

0.70 Wind X (Ordinary)

1,00 Deviton (ordnary)
Delete all

Load case

Figure: Load combination definition

Load combination and Load case definition functions are shown on the right side of the Load combinations
dialog box.

# " Load combinations

Mo Name Type | Factor | Indudedload cases | ~

1 gravity lc u BN ed load

03 thebed 1 o= ]
Import / Export >

== Load combination
Copy
Delete g r() u p

I

L w I 0ad case

New

Figure: Load combination definition functions

Under Load combination group, there are five functions:
- Generate

FD can automatically generate Load combinations from the Load cases assigned to the Load groups,
according to Eurocode 1990 - Chapter 6.4.3.
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1. In Load combination dialog click Generate button.

1. Select load cases
from load groups

s M
Gcncm‘oad combinations M

o

R D. Select load
[¥] seismic (Us) :

(@) Signed load cases .— Combination
Consider torsional effect type

[ Consider Z direction

= I:_‘Shr\nkage
[ shrinkage

(71 Unsigned load cases

Servichiity (5)

eneral options

B. Set general
e options

Ignore minimal safety factor of
permanent load groups in U, Ua, Us
combinations

[¥] Always select a load case from each
temporary load group

Figure: Generate load combinations dialog

2. Select load cases from the Load groups.

3. Select Load combination type to generate and their properties (if there is any).

A The selected Load combinations will be generated if there is at least one load group of that
type. E.g. if the user wants to generate Accidental load combination, but there is no Accidental
Load group, or in that Load group there is no Load case, the program will not create any
accidental Load combination.

4. Set the General options parameters.

Insert

With this function the user can add a new Load combination. After clicking on Insert button, the
parameters can be set in the dialog.

Copy

With this function the user can copy an existing combination with load cases and factors.
Delete

The user can delete a selected load combination.

Delete all

All the load cases can be deleted with Delete all function.

Under Load case group, there are three functions:

Insert
An existing load case can be inserted to a load group.
New

The user has the opportunity to define load cases in Load conbimations dialog. After defining a load
case in this dialog, the new load case will be added to Load case list (the user can see it in Load cases

dialog).
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1. Define 2. Activate the

Load combination “Included load cases”
column
& Load combinations [ =]
No A ZuplEacioi Indudedload cases | ~ | oK
I Load combination #1 u 1.00 ] \7\‘
; ]
Name .............. iSﬂudum[ DL ‘

> - =i 4. Set load case
I

=

I o,

Delete

properties

=

m

[

Delete all

Load case

3. Click on
Remove “New” button

5
jg

5. The new load case is defined!

r
B ' Load cases

i

Type ‘ Duration dass
N

>

+Struc. dead load Permanent l’ Cancel

—
.
W

Figure: Load case definition in Load combinations dialog
- Remove
This function removes the selected load case from the current load group

Definition steps of new load combinations

1. Type the name of the new combination in the Name cell.

2. Set the load combination type by choosing U (ultimate), U, (accidental), Us (seismic) or S
(serviceability) from the Type drop-down list.

3. Select a load case that you would like to add to the combination from the Included load cases drop-
down list, which contains all load cases predefined in the current project.

4. Type aload factor for the load case chosen in the previous step in the Factor cell.

5. Repeat the 314 and 4t step in the following rows, if you would like to add more than one load case to
the combination.

228



e

If you would like to add more than one load case to the current load combination with the
same factor in one step, use the Insert case(s) option of the Load combinations dialog.

6. Define the next load combination by repeating the previous steps.

e

If you would like to define a load combination with a similar content (load cases with
factors) of another one, apply the Copy comb. option for the source load combination and
define the destination combination by defining a new load combination. Copy comb. option
can also add a load combination content to another predefined one.

1. Select the combination

you want to copy

# ' Load combinations [ =]
[ Mo Lams, Type |Factor | Indudedload cases | ~
{6 I U 135 Deadload
1.05 Imposed load Lo
1.00 Snow
1.00 Wind X Import / Export >
1.00 Deviation
2Uss Us 1.00 Dead load
1.00 Imposed load
0.20 Snow Load combination
0.70 Wind X
Generate
s Insert
Copy
Delete
,
e 5 =) N .
i ination
[ Copied urs] Load case
uss
—
3. Type the name of the
. . .
copied Load combination
# ° Load combinations
o | — Lo ]
1us u 1.35 Dead load
1.05 Imposed oad C
1.00 Snow
1.00 Wind X Import / Export >
1.00 Deviation
2ULss Us 1.00 Dead load
1.00 Imposed load
0.20 Snow Load combination
L.20. \ind X
3 [Copied ULS | u 1.35 Dead load _
P 1
1.00 Wind X
I 1,00 Deviation
Delete all \1
. . . .
4. The Load combination is copied M
. Load case |
with the load cases —

Figure: Creation of a new Load combination copy

Optional steps

2. Click on
“Copy” button

7. Load combination can be renamed by typing a new name in its proper Name cell.

8. Load combinations can be imported from a pre-defined database and exported for next and later
projects by clicking on Import/Export> in Load combinations dialog box.

229



Load Group

l'AJ' Load cases can be grouped (Load groups command) by their action type (permanent, temporary,
accidental etc.). The program calculates (if required) the critical values of analysis and design results
from the most unfavorable combinations of “grouped” load cases.

A Non-linear calculations such as 2nd order analysis, stability and cracked-section analysis cannot be
done for load groups.

# ' Load groups

[ =
| No Load group | Included load cases - OK
1 Permanent 01 (Permanent, 1.00, 1.35, 1.00, 1.00, 0 Dead load (+Dead load)
C
2 Permanent 02 (Permanent, 1.00, 1.35, 1.00, 1.00, 0. Roof weight =l
3 Wind (Temporary, 1.50, 0.70, 0.50, 0.20) Wind X

Wind Y Import / Export >

Combination method
@) EC06.10
()EC06.10.3,b

m

Load group

Del

Delete all

Load case

Figure: Load group definition

Combination method can be chosen in the Load groups dialog box. The results of the analysis are calculated
based on one of the two methods of Eurocodes (EC0 6.10 or ECO 6.10.a,b).

Load group and Load case definition functions are shown on the right side of the Load groups dialog box.

-

~
A" Load groups ﬂ
Mo Load group Induded load cases = CK.
bR Dead load (Permanent, 1.00, 1.35, 1.00, 1.00) Soil dead load L
Structural DL ;
2 Liveload (Permanent, 1.00, 1.35, 1.00, 1.00) Live load 1
Live load 2 Impart / Expart >
3 shrinkage (Stress, 1.00, 1.30) Shrinkage
—_—
Load group
Load group
group
Delete al
Load case
= Load case
MNew gro u p
Remove |

Figure: Load group definition functions
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Under Load group group, there are three functions:
- Insert

With this function the user can add a new Load group. After clicking on Insert button, the parameters
can be set in the dialog.

- Delete
This function deletes a Load group.
- Delete all

This function deletes all defined load groups.

Under Load case group, there are three functions:
- Insert
An existing load case can be inserted to a load group.
- New

The user has the opportunity to define load cases in Load groups dialog. After defining a load case in
this dialog, the new load case will be added to Load case list (the user can see it in Load cases dialog).

1. Define 2. Activate the
Load group “Included load case”
column
7 Load groups =]
No | indudedloadcases | +| | oK ]
ltead load (Permanent, 1.00, 1.35, 1.00, 1.00) | [ 112 rﬁ

Name ......cccoocce. I%I
L SO
Duston s . -t 4. Set load case

=

[a— = properties
A Delete all
Load case

3. Click on
o “New” button

4

5. The new load case defined!

i A
i | Load cases ﬂ
No Name Type | Duration dass - oK.
19951-1)  [=]
1 +5truc, dead load Permanent Cancel
Import / Export >
I l I Delete all
- —

Figure: Load case definition in Load groups dialog

- Remove
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This function removes the selected load case from the current load group.

Definition steps of new load groups
1. Click on an empty Load group cell. Define the name of the new load group and set its type. Set the
required factors of the group according to the selected type and the applied standard.

2. Add aload case to the group by selecting it from the Included load cases drop-down list. To add more
than one cases to a group, use the Insert case(s) option.

A “Permanent” -type load groups defined will be present in all load combinations.

If more than one load cases are assigned to a load group, they will never be simultaneously
present! So, it is recommended to set permanent-type load cases (e.g. automatic dead-load,
roof weight etc.) in own “ Permanent”-type groups to avoid the loss one of them.

3. Define the next load group by repeating the previous steps.

Optional steps
4. Aload group can be edited by double clicking on its Load group cell.

5. Load groups can be imported from a pre-defined database and exported for next and later projects
by clicking on Import/Export> in Load groups dialog box.

@ Let’s see an example, how partial loading of slab can be modeled with load groups. Just place the
load cases represented the loading statuses into one “ Temporary”-type load group.

Load groups
Save as default

No Load group Included load cases ad

1 Permanent 07 [Perm., 1.00, 1,35, 1.00, 1.00] Dead load [+Dead load]
¥ Partial load [slab) (Temp., 1.50, 0.70, 0.50, 0.30)

Impozed load -state 01

Impozed load -state 02

Figure: Partial loading of a slab

1E

Moving load is not available in FEM-Design, but it can be modeled together with load cases (load steps) and
load groups (“Temporary”-type) for example in a beam case.
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I roving load (stepl)
Moving load (step2)
[ Moving load (step3)
I roving load (step4)
[ Moving load (stepS)
[ Moving load (steps)

Load groups

MNo \ Load group | Included load cases \ [ aK
1 Permanent 01 [Perm., 1.00,1.25,1.00, 1.00) Dead load [+Dead load)
24 load (Temp., 1.50 050, 0,30 Mowving load (stepl] m

Moving load [step2)
Maving lnad [stepd)

Save as default

Moving load [stepd]
Moving load [step5)
Moving load [stepk]

Figure: Moving loads on a beam
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MODEL AND DATA CONNECTIONS

There are numerous ways to get draft and initial model geometry for later design in FEM-Design.

With the so-called Wizard tool, typical frame and roof structures can be modeled quickly by giving the
parameters of the required geometry, support and load, and the program automatically generates the real
3D model.

Models can be shared between the 2D and the 3D modeling of FEM-Design modules. For example, a slab of a
multi-storey building (modeled in 3D Structure module) can be design separately from the other slabs in the
Plate module.

FEM-Design supports the major CAD drawing exchange formats (DWG/DXF), so imported drawings can be
used as referenced draft for building up the structural models.

FEM-Design is able to import 3D models from other structural and architectural programs in two ways:

- FEM-Design supports the import of the most popular 3D model exchange data format called IFC
(Industry Foundation Classes). The model-based data import gives the possibility to use the models
designed by other disciplines (such as architectural) as an initial model or to show them as a
reference.

- StruSoft develops direct 3D model exchange links with ArchiCAD (architectural discipline) and the
major structural applications: Tekla Structures and Revit Structure. Add-ons build in these
applications export native FEM-Design elements generated from 3D models.

Frame Wizard

Wizard helps you to model typical frame and roof structures with beam elements, point supports and line
loads. With geometry parameters, you can define one frame/roof stand (planar model) or a multi-
frame/roof system with 3D extension. Line loads such as automatic and additional dead-loads, snow, wind
and live load can be added to the beam components.

s Wizard is available in the L‘i‘ 3D Structure and the @I 3D Frame modules.

Definition steps
15. Start the Wizard command from the Tool menu.

Wizards

o S

A

A

<

IMulti Frame

AN

Roof Structure 1

Roof Struckure 2

Roof Structure 3

i

Roof Truss

Il

Roof Structure 4

PraTiVN

Roof Structure S

=R,

Frame 1

NS

Frame 2

E AV

Raof Structure 3

Roof Structure 6

Roof Struckure 7

Raof Structure §

Cancel

Figure: Typical frame and roof structures as the range of Wizard

16. Choose the required frame/root type in the Wizards dialog box.
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17. According to the selected structure type, set the geometry parameters. Click Preview to check the
defined geometry.

Multi Frame
Roof Truss =
pel——— B8
1
. oo o
A . H
e [ o |
= w ¢ =1 oK
A3, : P ov e -
"
e e
| av e o A
cée fm)
1
Geoametry [m ) Deadload Snowload | Windload | Live load | [ Prevew J Wit
Lo Stories Spans
Dead load (kH/m)
Losd
15|0 i
Slope [ Ews ]
— PPN |{m——
Mumber 1| [ cowes ] [ 4dd ][ Change ] || [ 4dd ][ Change |
[Cingent | [ Deete | | [ ingen ][ Detete |

Figure: Settings dialogs

A Meanings of some main parameters:
Number:  Number of the frame standings
c/c: Distance between the frame standings

18. If load definition is available for the selected type, define the additional dead load (roof weight),
snow, wind and live load based on the figure shows the meaning and position of line loads
(intensity).

% Save option (of Wizard) lets you save all parameters of the current wizard template. The

exported wizard settings can be imported for later project with the Wizard’s Load tool.

A Defining “Dead load” (additional, roof weight) line load generates the automatic dead load
too as a separate load case.

19. Clicking OK finishes the Wizard and generates the 3D model with loads and supports (depending on
the selected type).

E

Roof Structure 7

L4 05 e Q5
5., — s
‘ﬁm ILE u\mgj\% W
[E 4 &Yl B
— B Wﬁmﬁ

Geomety (m) [ Desdload Snow lnsd | wind lnad | Previgt...
e
L2 Dead load (kN/m)
1335 Gyl [1600 |
u .
15 |05 [ led. ]
[5

Figure: Roof structure example
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20. The generated beams have no profiles and materials. So, Wizard generates only beam axes without
properties. Add properties to beams with the Beam command’s ? Properties tool.

21. Wizard sets up hinged and rigid supports (as displayed by wizard settings) from single support
components. So, for example a fully rigid point support is modeled by 3 motion-type and 3 rotation-
type single point supports. You can modify the support conditions by the % Point support

command’s  © Properties tool.

yd i

Point support D

NN

= A
‘\

L2 l( B
— u i
o

@

:

Figure: Complex (rigid) support modeled by single Point supports

Optional steps:
22. Add more structural elements (plate, wall, beam, column etc.) with the commands of the | Structure |
tabmenu.

23. Edit the generated loads or add new ones with the commands of the |22 | tabmenu.

Model Exchange between FEM-Design Modules

Different FEM-Design modules are able to share models between each other. The next table shows the
possible connections between modules.

Source Module (.file extension)
2D models 3D models
A = !I i
(pla) | | | (wal) (.frm) (.str) (-prd)
144 @

@
9 9
;i ©(3.1) ©(3.2) @(5) @
i ©(3.1) @(3.2) @(5) @

Table: Model connections between FEM-Design modules

dee

Destination Module
B=T

The main featured connections from the above possibilities:
- Slab-system imported from 3D Structure/PreDesign to Plate module (1)

Slabs or slab-system of a building (created by 3D Structure or PreDesign) storey together with
connected walls, columns, beams and loads can be imported into Plate module.
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A Only the loads directly placed on the slab elements can be imported to Plate. The loads
arrive from other stories or connected elements have to be added manually to the slab
regions as Point/Line/Surface loads.

Steps of import:

1. Click Open (File menu) in the *_ Plate module. Select the .str (38D Structure) or .prd (PreDesign)
which contents you would like to import to Plate.

2. Select the Storey, which slabs (plates) you would like to load as a new project.

A The import requires storey-system from the file selected by Open.

3. Allow or forbid the import of columns and walls connected above/below the slabs of the
selected storey. Beams and loads connected to related slabs will be automatically imported.

4. Set the end conditions (fixed or hinged) of the walls (=wall supports) which you would like to
import.

5. Click OK to start the import.

Multi-storey building

(<] Tmpart colmns and wals sbave stoiey

Import calurns and walls below starey

Statical spstem of walls
@ Fixed
O Hinged
© Fired
O Hinged

Figure: Import of slabs with connected elements into a Plate project

J

- Wall-system imported from 3D Structure/PreDesign to Wall module (2)
Wall regions situate on a vertical plane defined by an axis of a building (created by 3D Structure or
PreDesign) can be imported into Wall module together with connected supports and loads.

Only the loads directly placed on the wall elements can be imported to Wall. The loads
arrive from other connected elements have to be added manually to the wall regions as
Point/Line loads.

Steps of import:

+ 4

1. Click Open (File menu) in the Wall module. Select the .str (3D Structure) or .prd (PreDesign)
which contents you would like to import to Wall.

2. Select the Axis, which wall regions you would like to load as a new project.

A The import requires axis-system from the file selected by Open.

3. (Click OK to start the import.
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Figure: Import of walls with connected elements into a Wall project

Single plate/wall import to 3D Structure (3.1 and 3.2)

Slabs/Walls with their suorts and loads created and designed in the == Plate /|

can be imported into the

I

" Wall module
Y 3D Structure module. Multi-storey building can be defined by copying

the opened elements, and run global stability analysis and design for the final model.

Steps of import:

Click Open (File menu) in the @ 3D Structure module. Select the .pla (Plate) or .wal (Wall) which

1.
contents you would like to import to Plate.

2. In case of curved walls, set their conversion to planar wall regions. Curved wall element is not
available in the 3D structure modules. The value of the approximation can be set in the tmax
field. If the “originally curved” walls are connected to curved plate edges, the program also
modifies the curved plate edges to polyline.

3. Click OK to start the import.

Optional steps:

4. Copy (Modify > Copy) plate regions with their wall/column supports and loads, if required.

5. Only one Plate/Wall file can be imported (with Open) in a 3D project. But, you can open different
files in separate 3D projects, and later you can merge their contents into one with the Copy and
Paste commands and set their real position with the Move command (Edit menu).

6. In Plate module, the Wall and Column elements are supports. So, do not forget to add supports

to the bottom end of the columns and walls of the lowest storey.
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Figure: Import of a slab (system) into a 3D structure project

- Frame part exported from 3D Structure to 3D Frame (4)
Frame parts (beams, columns and truss members) of a multi-storey building (created in 3D

Structure) can be imported into the 3D Frame module by filtering out the shell, plate, wall
elements and their related surface supports and loads. The import process is very simple: just apply
Open (File menu) for the .str (3D Structure) files in 3D Frame.

| Multi-storey building

Imported frame structure

Figure: Import of frame parts into the 3D Frame module

- Frame import to 3D Structure (5)
Initial analysis and design can be done for only the load-bearing frame parts in the 3D Frame
module, then the bar elements can be imported into the 3D Structure modules to complete them
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with planar element such as plates, walls and their supports and loads. The import process is very
simple: just apply Open (File menu) for the .frm (3D Frame) files in PreDesign or 3D Structure.

AOpening PreDesign model in 3D Structure and 3D Frame is not allowed since version 12.0, as
PreDesigh has totally different database and not possible to keep compatibility with other 3D modules.

CAD Drawing Import/Export

A DWG or DXEF file generally contains drawing objects (points, lines, d