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1. New features in Version 10

General

New display style to help users with high resolution monitors
Architectural rendering

Exporting SDNF file

Export of parts or selected elements to AXS file

New DXF import options (import of visible layers, creating parts using layer
information)

Automatically updated logical parts

Renaming / renumbering elements

Definition of stories

IFC enhancements (improved processing of BREP andIFCBuildingElementProxy)

Editing

Remouval of intersections
Editing on stories
Detachment of objects

Cutting multiple domains

Cutting objects with a plane

New editing functions on pet palettes (detach, cutoff, tangential arc)

New constraints (point of intersection for two lines, dividing point betweeen to
nodes)

Structural copy & paste functions (customizable through Edit / Copy/paste options)
New functions in the COM server

Elements

Timber database with material parameters according to Eurocode5
Rib definition with automatic eccentricity update

Nonlinear link elements (tension only / compression only)

2.15.6 Display Mode

3.1.5 Export

3.1.6 Import

2.15.11 Parts

2.15.10
Renaming/renumbering
3.3.4 Stories

3.1.6 Import

4.8.9 Remove node
3.3.4 Stories
4.8.16 Modity, transform

4.8.11 Intersect plane with
the model

4.8.12 Intersect plane with
the model and remove
half space

4.8.16 Modity, transform

2.15.8 Geometry Tools

3.2.6 Copy / paste options

6.7 Timber Beam Design
4.9.7 Line Elements
4.9.17 Link
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Loads

Smart labeling of line loads

Polygonal or arced line loads
Polygonal, arced or complex polygonal surface loads
Edge loads can be defined on internal lines of a domain

Optimization of surface loads distributed over beams and ribs for multiple core
processors

Analysis

Pushover Analysis according to EC8

Analysis information can be reviewed any time using the Model information dialog

New analisys engine optimized for multiple cores / threads can reach more memory
than before

Dynamic analysis (module DYN)

Increment function editor for nonlinear analysis

Results
Design of COBIAX slabs

Display of average support forces on line supports

Display of elastic hinges at beam ends

New result tables (beam, rib, truss forces for different load cases)

Improved diagram display

Design

Cross-sections of Class 4 can be designed

Pad footing design according to Eurocode 7 calculating footing size and
reinforcement (module RC4)

Timber design according to Eurocode 5 (module TD1)

AXISVM ()

4.10.6 Distributed line load
on beam/rib
4.10.8 Domain Line Load

4.10.10 Domain Area Load
4.10.7 Edge Load

4.10.21 Pushover loads
6.1.4 Pushover capacity
curves

2.15.16 Model Info

5 Analysis

5.3 Dynamic Analysis
5.1 Static Analysis

6.5.10 Design of COBIAX
slabs

6.1.10 Support Element
Internal Forces

4.9.7 Line Elements

6.1.7 Truss/Beam Element
Internal Forces

6.1.8 Rib Element Internal
Forces

6.1.3 Diagram display

6.6.1 Steel beam design
based on Eurocode 3
6.5.9 Footing design

6.7 Timber Beam Design
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2. How to Use AxisVM

Preprocessing

Analysis

Postprocessing

Documentation

Welcome to AxisVM!

AxisVM 1is a finite-element program for the static, vibration, and buckling analysis of
structures. It was developed by and especially for civil engineers. AxisVM combines
powerful analysis capabilities with an easy to use graphical user interface.

Modeling: geometry tools (point, lines, surfaces); automatic meshing; material and cross-
section libraries; element and load tools, import/export CAD geometry (DXF); interface to
architectural design software products like Graphisoft’s ArchiCAD via IFC to create model
framework directly.

At every step of the modeling process, you will receive graphical verification of your
progress. Multi-level undo/redo command and on-line help is available.

Static, vibration, and buckling

Displaying the results: deformed/undeformed shape display; diagram, and iso-line/surface
plots; animation; customizable tabular reports.

After your analysis, AxisVM provides powerful visualization tools that let you quickly
interpret your results, and numerical tools to search, report, and perform further
calculations using those results. The results can be used to display the deformed or
animated shape of your geometry or the isoline/surface plots. AxisVM can linearly combine
or envelope the results.

Documentation is always part of the analysis, and a graphical user interface enhances the
process and simplifies the effort. AxisVM provides direct, high quality printing of both text
and graphics data to document your model and results. In addition data and graphics can
be easily exported (DXF, BMP, JPG, WMF, EMF, RTF, HTML, TXT, DBEF).



12

AXISVM /()

2.1. Hardware Requirements

Recommended con-
figuration

Memory access

The table below shows the minimum/recommended hardware and software requirements,
S0 you can experience maximum productivity with AxisVM.

atleast 1 GB RAM

at least 2 GB of free hard disk space

CD drive

XGA color monitor (at least 1024x768, 1280x1024 recommended)
Windows 2000 / XP/ Vista/ Windows 7 operating system
Mouse or other pointing device

Windows compatible laser or inkjet printer

To reach more memory is very important as it speeds up the analysis considerably.
To enable advanced memory access is possible under Professional or Ultimate editions of
Windows Vista and Windows 7 operating systems. Home Premium edition does not sup-
port this feature

If the computer has more than 4 GB of physical RAM, AxisVM10 can access memory over
4 GB on 32-bit operating systems.

To turn this function ot it is necessary to lock pages in memory:

After invoking the Run command from the Start menu type gpedit. msc. After clicking
the OK button a Windows application named Group Policy opens. Find the following item in
the tree on the left: Computer Configuration / Windows Settings / Security Settings / Local Policies
/ User Rights Assignment. Then find Lock pages in memory in the list on the right. Double click
on this item. In the Local Policy Sertings dialog click the Add button then add the users or
user groups who needs access to the memory above 4 GB. Close Local Policy Settings dialog
then close Group Policy by clicking the Close icon in the top right corner.

User Account Control must also be disabled.

Under Vista: Launch MSCONFIG from the Run menu. Find and click Disable UAC on the
Tools tab. Close the command window when the command is done. Close MSCONFIG and
restart the computer.

Under Windows 7: Find Start Menu / Control Panel / User Accounts. Click on Change User Ac-
count Control settings link. Set the slider tothe lowest value (Never Notify). Click OK to make
the change effective and restart the computer.

2.2. Installation

Software Protection

&

Standard Key

Network Keys

The program is protected by a hardware key. Two types of key are available: parallel port
(LPT) keys and USB keys.

Plug the key only after installation is complete, because certain operating systems try to
recognize the plugged device and this process may interfere with the driver installation.
Non-network drivers will be automatically installed. If you encountered problems you can
install this driver later from the CD.

Run the Startup program and select Reinstall driver .

First install the program then plug the key into the computer.
If you have a network version you must install the network key. In most cases AxisVM and

the key are on different computers but to make the key available through the network the
Sentinel driver must be installed on both computers.
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AxisVM Version 10 is shipped with a parallel port or USB Sentinel Super Pro dongle but
earlier customers may have parallel port NetSentinel dongle.

a. Sentinel SuperPro dongle
1. Insert the AxisVM CD in the CD-ROM drive of the AxisVM server.
Run [CD Drive]: \ Startup.exe. Select Reinstall driver. This type of network key
requires at least a 7.1 driver. CD contains the 7.5 version of the driver.
2. Connect the key to the parallel or USB port of one of the computers. This way you
select the AxisVM server.

To run AxisVM on any computer on the network SuperPro Server must be running on the
server. If it stops all running AxisVM programs stop.

b. NetSentinel dongle

1. Insert the AxisVM CD in the CD-ROM drive of the AxisVM server.
Run [CD Drive]: \ Sentinel \ English \ Driver\ setup.exe to install Sentinel driver.

2. Connect the key to the parallel port of one of the computers. This way you select the
AxisVM server.

3. Copy the contents of the folder [CD Drive]: \ Sentinel \ English \ server \ Disk1 \
Win32 to a folder of the server’s hard drive.

4. Run NSRVGX.EXE from that folder. This server program handles the network key
and communicates with the applications on the network.

To run AxisVM on any computer on the network NSRVGX must be running on the server.
If NSRVGX stops all running AxisVM programs stop.

AxisVM runs on 2000/ XP / Vista/ Windows 7 operating systems.

Insert the AxisVM CD into the CD drive. The Startup program starts automatically if the
autoplay option is enabled. If Autoplay is not enabled, click the Start button, and select
Run... . Open the Startup.exe program on your AxisVM CD. Select AxisVM 10 Setup and
follow the instructions.

If the setup program cannot be launched or the following message appears: AUTOEXEC.NT -
The system file is not suitable for running MS-DOS and Microsoft Windows applications,
a Windows system file must be missing.

Installation under Vista Operating System:
*  You need the latest Sentinel driver. You can download it: www.axisvm.eu / Sup-
port- Service Pack for AxisVM 10

* C(lick on the program icon with the Mouse right button after the installation of
AxisVM program

*  Choose the Properties menu item from the Quick Menu.

»  Select the Compatibility tab on the appearing dialog and turn on the Run as admin-
istrator checkbox.

By default the program and the example models will be installed on drive C: in

C:\Program Files\AxisVM10
and
C:\Program Files\AxisVM10\Examples

folders. You can specify the drive and the folders during the installation process. The setup
program creates the AxisVM program group that includes the AxisVM application icon.
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Starting AxisVM
-
el

Upgrading
Converting earlier

models

Steps of an analysis

Capacity

AXISVM /()

Click the Start button, select Programs, AxisVM folder, and click the AxisVMI10 icon.
At startup a splash screen is displayed (see... 3.6.4 About) then a welcome screen is shown
where you can select a previous model or start a new one.

Clearing the checkbox at the bottom turns the welcome screen off for the future. To turn it
on choose the Settings\Preferences\Data Integrity dialog and check the Show welcome screen on
strartup checkbox.

New Model
Select & view to start with
i Foider  [Ciadsiibe ~| =
T—'_X Model Filename: ‘Mode\ 2
Top “iew
z e,
| Fﬁ] Design Code |Eurocoda j B
S
Frant Yiew Units and Formats |EU Units: j Change Settings...
3 r
E@ Report Language |Eng\ish j
£
Perspective Page Header

|PI’DJEI:1

[anatysis by Inter-CAD Kit

Comimert |An example commert ling

Project

Analysis by Inter-CAD Kift.
An example comment line
Maodel: Model 2.axs

It is recommended to install the new version to a new folder. This way the previous version
will remain available.

Models created in a previous versions are recognized and converted automatically. Saving
files will use the latest format by default. Saving files in the file format of one of the previous
versions (6, 7, 8, 9) is possible but this way the information specific to the newer versions
will be lost.

The main steps of an analysis using AxisVM are:

Creating the Model (Preprocessing)

N2
Analysis
Static Vibration Dynamic Buckling
(linear/nonlinear) (first/second-order) (linear/nonlinear)
N2

Evaluating the Results (Postprocessing)

Practically, the model size is limited by the amount of free space on your hard disk.
The restrictions on the model size and on the parameters of an analysis are as follows:
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Professional
Entity Maximum
Nodes Unlimited
Materials Unlimited
Elements Truss Unlimited
Beam Unlimited
Rib Unlimited
Membrane Unlimited
Plate Unlimited
Shell Unlimited
Support Unlimited
Gap Unlimited
Diaphragm Unlimited
Spring Unlimited
Rigid Unlimited
Link Unlimited
Load cases Unlimited
Load combinations Unlimited
Frequencies Unlimited
Small Business
Entity Maximum
Nodes Unlimited
Materials Unlimited
Elements Only trusses 500
Truss+Beam+Rib * 250
Rib on the edge of a surface 1000
Any combination of 1500
membrane, plate or shell
Support Unlimited
Gap Unlimited
Diaphragm Unlimited
Spring Unlimited
Rigid Unlimited
Link Unlimited
Load cases 99
Load combinations Unlimited
Frequencies (modal shapes) 30

* If there are beams or/and ribs in the structure
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2.3. Getting Started

Geometry

Elements

Step-by-step input schemes are presented in the Section 9.
See Example 1 of Chapter 10 with a step-by-step input scheme in 9.2 Plane Frame Model

There are three major steps in a modeling process:

The first step is to create the geometry model of the structure (in 2D or 3D).

Geometry can be drawn by hand or can be imported from other CAD programs. It is also

possible to draw elements (columns, beams, walls, slabs) directly.

If you chose to draw the geometry first you must specify material and element properties,
mesh the geometry into elements (assigning the properties and a mesh, to the wire-frame

model), and define the support conditions.
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Loads

In the third step you must apply different loads on the model.

The end result will be a finite element model of the structure.

Once the model is created it is ready for analysis.

In Chapter 7, the step-by-step modeling of a few typical structures are presented.

The following types of structures are shown:

1. Plane truss girder

2. Plane frame

3. Plate structure

4. Membrane cantilever

5. Seismic analysis
Understanding of these simple models will allow you to easily build more complex models.
It is recommended that you read the entire User’s Manual at least once while exploring
AxisVM.
In Chapter 1 you can find the timely, new features of the version.
Chapter 2 contains general information about using AxisVM. In other chapters the
explanation follows the pre- and postprocessor menu structures. Please consult this User’s
Manual every time you are using AxisVM.

2.4. AxisVM User Interface

AxisVM screen

This section describes the working environment of the full AxisVM graphical user interface.
Please read these instructions carefully. Your knowledge of the program increases the
modeling speed and productivity.

After you start AxisVM a screen similar to the following picture appears:

Model name and location path ‘

| {AxisVM 9.0.1.65 - G:\Program Files' Axis¥M9\Peldak\ AcelCsarnok.axs
Ele Ede Settings Vew Window Help

[ B & | o - o | oomelry [Benerts |Loado |Mesh  State | virain | ucing | Rc.Design | StaeiOesion |

o=l l&-3 ", | B [ =] [ Elfsosurece0 SIf 2] 2o [8] [

N —

Q e e ) e S
ot [ ommdimbses | F N
]

A ey )

4

S
=

Perspective Toolbar‘

Lol
’é . .
B cursor Status window 3 Color legend window
A _— 1'17‘7& I e WY o S
I H Moveable Iconbar |¥ [ MEEsia | & R 2T
529 ] /1 L 5 56;48
Tt - : T / 341 © 5 177677
1889 59 /
< ca /2 i 5 0%\ /
v s 3 e ¥ /10
& = % g » [l 33,
‘;\ ! ) p 76 i i
I 2 (_{
I’roperty ’ Eors g &5

Editor

o

3,658

Graphics ﬁ

area

R Pet palette B o Coordinate I
o L M window

o]
| X [l [ 38 [ 5
\ Context sensitive

help message Speed buttons

drfm] : 53,564
d el 140,70
9 dhgra ;3,957

|

[ mwtane
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Graphics area

Graphics cursor

Top menu bar

Active icon
Icon bar

Coordinate
window
Color legend
window

Info window

Context sensitive
help

Property Editor
Pet palette

Speed buttons

The model
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The parts of the AxisVM screen are briefly described below.
The area on the screen where you create your model.

The screen cursor is used to draw, select entities, and pick from menus and dialog boxes.
Depending on the current state of AxisVM, it can appear as a pick-box, crosshairs with pick-
box, or pointer.

Each item of the top menu bar has its own dropdown menu list. To use the top menu bar,
move the cursor up to the menu bar. The cursor will change to a pointer. To select a menu
bar item, move the pointer over it, and press the pick button to select the item. Its associated
sub-menu will appear.

The active icon represents the command that is currently selected.

The icons represent working tools in a pictorial form. These tools are accessible during any
stage of work. The icon bar and flyout toolbars are draggable and dockable.

The window on the graphics area displaying the graphics cursor coordinates.

The window shows the color legend used in the display of the results. Appears only in the
post-processing session.

The window shows the status of the model and results display.

Provides a help message that depends on the topic under process.

The Property Editor offers a simple way to change certain properties of the selected
elements or loads.

Pet palettes appear when modifying geometry according to the type of the dragged entity
(node, straight line, arc). See... 4.8.16 Modify, transform

Speed buttons in the bottom right provide the fastest access to certain switches (parts,
sections, symbols, numbering, workplanes, etc.)

With AxisVM you can create and analyze finite element models of civil engineering
structures. Thus the program operates on a model that is an approximate of the actual
structure.

To each model you must assign a name. That name will be used as a file name when it is
saved. You may assign only names that are valid Windows file names. The model consists
of all data that you specify using AxisVM. The model’s data are stored in two files: the input
data in the filename. axs and the results in the filename. axe file.

AxisVM checks if AXS and AXE files belong to the same version of the model.

2.5. Using the Cursor, the Keyboard, the Mouse

Graphics cursor

_§_

As you move your mouse, the graphics cursor symbol tracks the movement on the screen.
To select an entity, an icon or menu item, move the cursor over it and click the left mouse
button. The shape of the cursor will change accordingly (see... 4.7.1 Cursor Identification),
and will appear on the screen in one of the following forms:

Crosshairs: Pointer: Crosshairs/zoom mode:

+ W

If you pick an entity when the cursor is in its default mode (info mode), the properties of
that entity will be displayed as a tool tip.
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The keyboard
Arrow keys, 0

[Ctrl] +

Arrow keys, 0
[Shift]+

[ -1-17D
[Home] [End]

[Ctri]+
[Home], [End]

[Esc] or B
right button
[Enter]+[Space]
B left button
[Alt]

[Tab]

[*1[]

[Insert]
or [Alt]+[Shift]

Y8 wheel

Hot Keys

B right button

AXISVM /()

Depending on the menu your cursor is on, you may get the properties of the following
entities:

Geometry node (point) coordinates, line length

Elements finite element, reference, degree-of-freedom, support

Loads element load, nodal mass

Mesh meshing parameters

Static displacement, internal force, stress, reinforcement, influence line
ordinate

Vibration mode shape ordinate

Dynamic displacement, velocity, acceleration, internal force, stress

R.C. Design specific reinforcement values

Steel Design efficiency results and resistances

Timber Design  utilization factor results and resistances

You can also use the keyboard to move the cursor:
Moves the graphics cursor in the current plane.

Moves the graphics cursor in the current plane with a step size enlarged/reduced by a factor
set in the Settings dialog box.

Moves the graphics cursor in the current plane on a line of angle n'‘Aa , custom o or
o +n-90°.
Moves the graphics cursor perpendicular to the current plane.

Moves the graphics cursor perpendicular to the current plane with a step size
enlarged/reduced by a factor set in the Settings dialog box.

Interrupts the command and/or returns to an upper menu level.

Selects an item from a menu, executes a command, and selects entities.
These are termed command buttons.

Activates the main menu
Moves the focus from control to control in a dialog.

Performs fast zoom in/out and pan. The zoom and pan parameters are defined by the
current position of the graphics cursor in the graphics area, and by the magnification factor
set in Settings / Options / Zoom Factor. Center of the fast zoom in/out is always the current
graphics cursor position.

Moves the relative origin (i.e. the reference point of the relative coordinates) to the current
graphics cursor position.

Roll forward to zoom in

Roll backwards to zoom out

Press the wheel and drag to drag the drawing area

Centre of zoom in and zoom out is the current position of the cursor.

Keyboard combinations to access frequently used functions faster.
See... 2.6 Hot Keys

Displays the Quick Menu. See... 2.7 Quick Menu
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2.6. Hot Keys
General Hot Keys
[Ctrl]+[W] Zoom to fit [Alt]
[Ctri]+ [1] X-Z view [+]
[Ctri]+[2] X-Y view []
[Ctri]+ [3] Y-Z view [Ctrl]+ [O]
[Ctrl]+ [4] Perspective view [Ctri]+ [S]
[Ctrl}+ [P] Print [Del]
[Ctrl]+ [A] Select All (adds all entities to the [Ctri]+ [D]
selection list)
[Ctrl+[[] View undo [Ctri]+[L]
[Ctri]+[]] View redo [Ctri]+{Y]
[Ctrl]+[Z] Undo [Ctri]+[E]
[Shift]+[Ctrl]+ [Z] Redo [F1]
[Tab] Move between graphics windows [F7]
[Ctrl]+[R] Refresh drawing (redraw) [F8]
[Ctri]+ [Q] Exit [F9]
[Ctri]+ [C] Copy (to clipboard) [F10]
[Ctri]+[V] Paste (from clipboard) [F11]
[F12]
Hot Keys in Tables
[Ctrl+[L] Browse Libraries
[Alt]+[F4] Exit
[Ctri]+[Insert] New line
[Ctr]+[Del] Delete line
[Ctri]+[A] Select all
[F5] Jump to line
[Ctri]+[D] Default format
[Ctrl]+ [AIt]+[F] Set column format
[Ctrl]+[R] Set result display mode (for result tables)
[Ctri]+[G] Edit new cross-section (for cross-section tables)
[Ctrl]+[M] Modify cross-section (for cross-section tables)
[F1] Context sensitive help
[F9] Add table to the report
[F10] Report Maker

Hot keys in the Report Maker

[Ctri]+[T]
[Ctrl]+ [Alt]+[B]
[Ctri]+[W]

[F3]

[Ctrl)+[P]
[Ctri]+[Del]

Insert text

Insert Page Break
Export to RTF file
Report Preview
Print

Delete

Go to main menu

Zoom in

Zoom out

Open

Save

Delete entities/properties
Switches

Labels

Symbols

Reverse local x direction of line elements
Context-sensitive help

Set stories

Weight Report

Save drawing to the Drawings Library
Report Maker

Layer Manager

Table Browser
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AXISVM /()

2.7. Quick Menu

B right button

When the cursor is over the graphics area, by pressing the right mouse button a
quick menu appears in accord with the current command in use.

Selection Geometry / Elements / Loads Results

Cancel Cancel gEzﬂ Display Parameters

Complete Selection @, Zoomin Chrl+ #*  Select Al
*  3elect Al QL Zoomout  Shift+Che+] @ Zoomin Chrlf
. Filter Eit in Window Chri+w Q) Zoom out Shift+Ckrl+)
@&, zoomin Chel+f 4+ Pan % Bitinwindow  Che+w
@ Zoomout  Shift+Ctr ua | Rotate <+ Pan
B3 Ftinwindow  Chlew 42}, View undo b Rotate
4+ pan M| iew redo | view undo Chrl+
Ja potate B FFDDWiEW—GZH‘H M| vicw redo Chrl+]
€, Wiew undo Chrl+ s Top View Chrl+2 1% Front View Chrl+1
| view redo Ctrl+] 15y side view Cerl+3 1% Top view Ctrl+2
1% Fronk view Chrl+1 o Perspective Chrl+4 1% side View Chrl+3
L"=c Top View Chrl+z Perspective Settings. .. . Perspective Ctri+4
15 Side View Chrl+3 '<} Warkplanes 3 Perspective Settings...
Jo Perspective Chri+4 Temporary workplane ¥ ‘<} ‘Wiorkplanes 4

Perspective Settings... o Earts— Temporary workplane ¥
'Q Workplanes 4 Lot Symbols... Chrl+Y rﬂﬂ Parts...

Temporary workplane  # Loy Symbals.. Chrl+y
fiﬁ' Parts...
&y Symbals,, Chrly

2.8. Dialog Boxes

After selecting a function usually a dialog box appears on the screen. These dialog boxes can
be used the same way as any other Windows dialog.

The dialog font can be changed by selecting the Settings\Preferences\Fonts dialog and clicking
the font sample label Dialog boxes.

You can change the position of all dialog windows. The program saves the latest position
and displays the dialog on the same position next time.

2.9. Table Browser

ciif

[F12]

AxisVM uses tables to display numerical information on the screen allowing changes in
formatting. The tables operate in the same way independent of the content displayed.
All the tables AxisVM creates are available through the Table Browser dialog box by clicking
its button or pressing [F12].

The model data to be displayed in the Table Browser can be selected from the tree structure
in the left side of the browser. If you use Table Browser while working in the pre-processor,
input model data is displayed only. While working in the post-processor, the model results
are also displayed.

Only the data of the current selection (if any) or of the active (i.e. displayed) part is listed by
default.

The tree view on the left lists element / load data, result tables and libraries in a hierarchy
and can also be used as a model overview.
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Using the table

Arrow keys
YD left button
[Home]

[End]
[Ctri]#[Home]
[Ctrl]+[End]
[Page Up]
[Page Down]
[Ctrl]+ [=]

[Ctri]+ [ <]
[Enter]

[Esc]
J@ right button
[Shift]
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Add New
Row

Cross-Section

Editor
Add to

h! Table Browser
File Edit Format Report Help
= MODEL DATA - ‘ | | ‘ 1
1= B | L = :
- Materialz (1) @ I + x i, Ea 5
'k B Shapes
-~ References (1)
- Modes [57) h b b tf A Ay ﬂ
Iame Crawing |Process | Shape
[ Elements = " [mm] | fmm] | (mmn] | fmm] | [mmd] [mm?]
[+ Finite elements —t
= Loads . | Rolled 1 2400 1200 62| 98 391200 209050
[+ Self Weight 1
[+ Snow (20) 1 -
53 Wind (18) ) HE 2008 Rolled 1 2000 2000 90 150 7EO0B00 523580
Load cases [3) = o
Load Groups (2 —
L p (.J . IPE 360 5 Ralled | 3600 1700 800 127 727300 378880
oad Combinations (=
Incidental combinatior g LT =
F-Weinht Renort i
Editing IPE 240, Cross-Section Mame
Ok | Cancel |

A table can contain more rows and/or columns than can be displayed at the same time.
It can be viewed in its entirety using the scroll bars and/or using the keyboard as follows:

Moves the edit focus up and down, to the left and to the right, and scrolls the table along
the rows or columns. Clicking an editable cell moves the edit focus to that cell.

Moves the focus to the first cell of the row.
Moves the focus to the last cell of the row.
Moves the focus to the first cell of the first row
Moves the focus to the last cell of the last row.
Displays the previous page of rows.

Displays the next page of rows.

Moves the focus to the next (to the right) page of columns (only in tables where more
columns can be displayed at the same time).

Moves the focus to the previous (to the left) page of columns (only in tables where more
columns can be displayed at the same time).

Ends the current editing in the edit box storing the data entered and moves the edit box a
column to the right or to the first column of the next row.

Aborts the current editing in the edit box.

While the [Shift] key is down all direction keys will select cells instead of moving the edit
focus. You can also select cells by dragging the mouse. Clicking a fixed (topmost) cell of a
column selects the column. Clicking a fixed (leftmost) cell of a row selects the row. Clicking
the top left cell selects the entire table. Selected cells can be copied to clipboard as a table.
If selection is within an editable column you can set a common value for the selected cells.
See... Set Common Value below
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File

Browse Library

<3 [Ctrl]+ [L]

Import DBase File
....}.

Save As DBase
File

—

Save As HTML
..ﬁ....

Save As TXT
..ﬁ....

Save As RTF
-

New Cross-
Section Table

Cross-
SectionTable
Properties

Delete Cross
Sectin Table

Exit
[Alt]+ [F4]

AXISVM ()

File |Edit Format Report  Help

Browse Material Library. .. Chrl+L

Save As DBase file. ..

Save As HTML. ..

Save As TAT...

Save As RTF...

Mew Cross-Section Table. .. [}S

&
== Import DBase File. ..
—
—
o
.

Cross-Section Table Properties, ..
Delete Cross-Section Table

=5 Print...

Exit

Ctr4+P

Loads cross-sectional or material data from a library. You can also save the current content
of the table in a custom library.

Imports a DBase file name.dbf into the current table. The program checks the values of the
fields and sends an error message if an incompatible value is found.

Exports the current table into a Dbase file name.dbf. The field names are generated based on
the names of the columns. The fields will be of text type.

Exports the current table into an HTML file name.htm. This file can be imported as a table
into Word or can be opened in web browser applications. Some formatting information of
the columns will be lost.

Exports the current table into a TXT (ASCII) file name.txt.

Exports the current table into an RTF file name.rtf using the current template file. You can
import this file into Microsoft Word or any other word processor which can import RTF
files. See... 2.10.1 Report

Creates a new cross-section data file name.sec. The table created will be placed together with
the cross-sections of the same type.

You can store cross sections of any type in these tables. Type of the table determines only
the position of the table in the Cross-section Library.

You can modify properties (table’s name, cross.section type) of a user defined table.

You can delete a user defined table.

Prints all the information displayed in the table to the selected printer or to a file, with the
page header and comment row previously set with the File/Header menu command.

Exits the table in the same way as the Cancel button (the changes are not saved).
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Edit

New Row

+ [Ctri]+
[Insert]

Delete Rows

x [Ctri]+ [Del]

Delete textures

Select Table
[Ctri]+ [A]

Design New
Custom Cross-
section

ki [CtrI]+[G]

Modify Custom
Cross-section

ki [Ctri]+[M]

Automatic cross-
section shape
update

Delete unused
cross-sections

Copy
Ep:
[Ctrl]+ [C]
Paste

E=) [Ctri]+ [V]

Set Common
Value

Go to
[F5]
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Eile |Edit | Format Repaort Help
+ Mew Row Ctrl+Ins
#C Delete Rows Chrl+Del
Select Table Chrl+a
E Design Mew Cross-Section Chrl+a
T Modify Cross-Section Chrl-HM

¥ | Aukomatic cross-section shape update

Delete unused cross-sections N
Copy Chrl+C
B Faste Chrl+Y

Sek Common Yalue

GoTo... F5

Adds a new row to the list, and allows you to fill all the editable cells with data in a fixed
order from left to right.

Deletes the selected rows. Also available in the popup menu.

Available only if materials are listed. Removes texture from the
selected materials. Available in the popup menu.

Chrl+C
Ctrl+Del

Set Common value

Copy
Delete Rovis

Delete bextures
Set common texbure

Selects the entire table. Clicking the top left cell does the same.

Starts the graphics Cross-Section Editor, allowing the input of a new custom cross-section.

Starts the graphics Cross-Section Editor, allowing the modification of a custom cross-section
previously created with the graphics Cross-Section Editor.

If this function is on changing section parameters in the table leads to the recalculation of
geometry and cross-section parameters.

Unused cross-sections will be deleted from the table.

Copies selected cells to the Clipboard as a table. Also available in the popup menu.

Pastes table cells from the Clipboard overwriting cell values.

If any of the values is unacceptable Paste aborts.

If entire rows were cut or copied and the table allows inserting new rows you can also add
clipboard data to the end of the table instead of overwriting the existing rows.

Sets a common value for the selected cells within a column.

Example: you can set the Z coordinate of all nodes to the same value making the model
absolutely flat. Available from the Table Browser Menu / Edit / Set Common Value.

Also available in the popup menu.

Jumps to a specified row in the table.
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Format

During model
building

Turn on/off
columns

£l

[Ctrl}+ [Alt]+ [F]

Format Defaults
[Ctri]+ [D]

Order of load
cases...

Intermadiate
sections

Show used cross-
sections in
boldface

Report  Help

Turn onfoff colurmns. ..

Chrl+Alt+F
Restore Default Format kD

COrder of load cases...

| v Intermediate sections |

Show used cross-sections in boldface

You can specify whether a column is visible or not, by setting the check boxes of the
corresponding columns.

The display format is set according to the settings in the Units/Settings dialogue window
(See... 3.3.7 Units and Formats).

Many cells require the entry of a numeric value. When entering real numbers you can use
the following characters:

+-01234567890E
and the standard Windows decimal separator specified in Start / Settings / Control Panel /
Regional Settings / Number / Decimal symbol field.
In some cases you cannot enter a negative number so the - key is deactivated while entering

these kind of values. If an integer value is required you cannot use the decimal separator
and E.

Restores the default format of the entire table (column visibility and decimals).

The display order of load cases can be customized.
See... 4.10.1 Load Cases, Load Groups

After dividing or meshing beams or ribs with variable cross-section AxisVM builds up in-
termediate cross-sections. This menu item is to turn on/off the display of intermediate cross-
sections at the end of the list.

| "Table Browser (=]
File Edit Format Report Help
= MODEL DATA - .-
b G L+ x »eES|a B
Shapes
el Mame Draw. |Process | Shape h e e i A d
i Hlements : P omp | tom | fomd | fem) | pem) I
[ Finite elements ——
Rollest 1 80| 45| 04 05 754
Intermesiste sections | | | | | | |
as0m T T [ T 1
-Load cases (3) IFE 240_| 249x249(v)... Ralled | 249 124 05 10 3935
Load Combinations (2 B "I"
[ Weight Report  — | — L -
N rancs ., IPE 240_| 2562580 Ralled 1 255 128 06 10 56
Material Library  ~ i ud
K _'l_I Kl >|‘|
Editing IPE 80, Cross-Section Mame
QK | Cancel

b b | tw | b After the Delete unused cross-sections
Mame Dravw, |Process | Shape . .
e S G command only the sections in bold
. IPE 360 Rolled | 3|0 170 og 1.3 Wlll remain in the hSt
[ [1PE 80 Rolled &0 45 04 05

31 04 0&

IFE 180 — Rolled 180
17 : I :

The cross-names which are signed by bold letter will remain in the table if the Delete Unused

Cross-sections switch is turned on.

In case of result query new items appear on the Format menu and the Toolbar.
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During
result query

Result Display
Options
[CtrI]+{R]

Results On/Off
[Ctri]+[T]

Extremes On/Off
[Ctri]+[E]

Property Filtering

[CTRL]+[Q]

Report

Current report

Add table to
report

[FI]
Report Maker
[F10]

Help

About Table

About Table
Browser

OK
Cancel

&=
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File Edit | Format | Report Help

Chrl+-alt+F
Chrl+D

i Turn onfoff columns, ..
Restore Default Format
Order of load cases. ..
Result Display Options., .. Chrl+R

,T Resuls
’T Extremes

L Property Filkering. .

Ctrl+T
Chrl+E

Chrl+Q

You can control finding the extremes for result components and set to show results (Result)
and/or just the extremes (Extremes).
See in detail: 6.1.5 Result Tables

Display of results can be turned on / off.

Display of extremes can be turned on / off.

Property Filtering x|
Range
= Ertire Model
" Displayed Parts
{* Selection

v Filtering by length

Distribution Lnax = 4,000 m
1

Length [m] — |

[+ oo} -| - |4,000 vl

=" Filtering by surface thickness

7 matches found

o]

Property filtering helps you to select which elements to include in the table.

Cancel |

File Edit Farmat |Report | Help
Current Report 4
@ Add table ko report F9

Report Maker. .. F10

You can set the current report. Tables will be added to this report. See... 2.10 Report Maker

Adds the current table to the current report. If the selected node in the treeview has sub-
nodes (e.g. MODEL or Loads) all tables under that node will be added. If the current table is
a result table and is set to display extremes only all sub-tables will display extremes only.
See... 2.10 Report Maker.

Opens Report Maker.

File Edit Format Report |Help
@ Help On Current Table %
@ How To Use Table Browser

Displays info about the table.

Displays info about the table browser operation.

Saves the data and closes the table.
Closes the table without saving the data.
Result tables also display the extremes (minimum and maximum values) of the data if you

select this option in the Display Options dialog when you enter Table Browser. Displaying
both the individual values and the extremes is the default setting.
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2.10. Report Maker

Report Maker is a tool to compile a full report of a project using report items
[F10] (tables/drawings/pictures created by AxisVM and user-defined text blocks). Reports are
stored in the model file (*.axs) and can be printed or saved as a Rich Text Format (RTF) file.
RTF files can be processed by other programs (e.g. Microsoft Word).
Tables ex ported from Table Browser are automatically updated if the model has been
changed or some of its parts were deleted.
Report Maker can handle several different reports for the same project. The structure of
reports is displayed in a tree view on the left. The properties of the selected report item are
shown on the right side of the window.
Report  Edit Drawings  Gallery
F i e x| B B 0 ¢
B References =+ PR
=] DKeret 1
5 [ Hodes J [
B Modes 1 I Frirt table title and remark
[ Loads 3
[ Hodal Displacements 3
F o Beams 4 | pg Coums
& e S| e e, Rt R oy, & ) o S
[ Loads & [kMmirad], syy, End [kNmirad], szz, End (khimirad], MyH, St [kim],
[} Beam Displacements 7 MizH, St [kMm], MyH, Endl [kNm], MzH, End [sMm]
[y Beam Forces
21 Beam End Forces Elements listed in this takle
i e £ srseens El RiD
Drawings Library Galery |
= S
Name | Type | Date | Sta.. B
=181 BWP 2008 02.07 1241:50 Used
B WhF 2005, 02.07.12:42:10
[=MG_1930 JPG 2008, 01.13.14:34:52
MG _1931 JPG 2008 01.13.14:34:58
2008, 01.13.14:43:38
Anne N4 1% 4aamen Bl ™ Resuts I Exdremes [x]
Fokumemécwé FHeret | Beams | Beams o | cancel
Table If a table is selected, its comment text, column titles and other properties are shown. Display
of title, comment and columns can be turned on and off.
Text If a text block is selected the text is shown on the right. Click the button
Edit text... to make changes.
Picture or Drawing If a picture or drawing is selected it is shown on the right. Its size, alignment and caption
can be set.

Report Edit Drawings Gallery

3 = [I], Linear, Co #2, lx, Isosurfaces 2D

x| H Mg

Dokumentacié NE:
£ Malerisls i
£ Shapes

£ References

[ Keret

[ Hodes

1
2
3
4 2
[ Hodal Displacements j b o
[ Beams 5
7

£ Beams

Loads

Beam Displacements

B [ Beam Forces

- [y Beam End Forces |

Drawings Lirary |Gslbery | ¥ Breview

1 x 1], Linear, Co #2, Nx, lsosurfaces 20

[ MODEL
&[0 Onsily
Bl A
Lpl A2

5[z STATIC - Linear Settirs
&-00 co2 ==

Gallery /0 images o concel
f ance
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Drawings Library

Gallery
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By clicking the Drawings Library tab you can browse the saved drawings and add the
selected ones to the report. Unlike the pictures in the Gallery these drawings are not
graphics files, but view settings stored to recreate the drawing at any time. This way
drawings will be automatically updated if we change and recalculate the model.

See in detail... 3.5.7 Drawings Library, 3.5.8 Save to Drawings Library.

By clicking the Gallery tab you can browse the saved pictures (BMP, JPG, WMEF, EMF)
located in a folder named Images_modelname and add the selected ones to the report. This
folder is automatically created as a subfolder of the model folder.

See in detail... 2.10.4 Gallery

Settings E

Caption IFront Wige, w2

—Picture size in the report
¥ Fit to page

Wyickth [mim] I 1981 Imm - l
Height [mim] I 1387

ICenter

INormaI

Ll L L

IColor

Scale

R |1DD

£+ Fit in Wyindow

Click the Settings... button to change the caption, size, justification, rotation color mode or
scaling of drawings.

You can save the current drawing on screen or the result tables in design modules with the
function of Edit\ Saving drawings and design result tables in main menu.
See... 3.2.10 Saving drawings and design result tables

One or more selected pictures in the Gallery can be inserted into a report
by selecting menu item Gallery/Add pictures to the report or clicking the arrow button above
the Gallery or by drag and drop.

In printed reports Report Maker automatically builds a table of contents and inserts it to the
beginning of the report. Tables are listed according to their titles. Text blocks are listed only
if they were formatted using one of the Heading styles in the Text Editor. Pictures are listed
only if they have a caption.

2.10.1. Report

New report
#

Delete entire
report

.4

[Del], [Ctri]+[Del]
Rename

Save As TXT

Report | Edit  Drawings Gallery
é" Mew repart...

¥ Delete entire repaort
Rename, ..

Sawve As TAT...

Wi ExportasRTF..  Chrlew
RIF Options. ..

@ Report preview F3

& Frint... ctrhp

Exit

Creates a new report. Report names can be 32 characters long.

Deletes the current report (i.e. the report which contains the selected item). Pictures used in
the report are not deleted from Gallery.

Gives a new name to an existing report.

Exports the report into a ASCII text file. Drawings or pictures are not included.
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Export as RTF

RTF Options

Report preview

E- [F3]

Print

= [Ctr]+[P]

Exit

Saves the report as name.rtf using the current template. If you save the file to a folder
different from the model folder all picture files used in the report are copied to an
automatically created subfolder Images_modelname. It is necessary because pictures are only
linked and not saved into the RTF document. To print the RTF report on a different
machine make sure that picture files are also copied to a subfolder Images_modelname.
Character and paragraph formatting of text blocks will be exported. The only exception is
the character color. Tables will be exported as RTF tables. Table titles are formatted with
Heading 3 style so it is easy to build a table of contents automatically using Microsoft Word.
In Insert / Index and Tables or Insert / Reference / Index and Tables select the Table Of Contents tab
of the dialog, set Formats to From template and Show levels to at least 3.

RTF Options Ix]

AxisVM saves reports to RTF files using a template
(the default one is Template.rtf in the program folder).
You can use other templates as well. When changing
a template you can create your own cover sheet and
header/footer for the re-port. Read the text of the
template file carefully before changing it.

- Select report

e wishaxis\ME_angoliTemplete.if ﬂ

[ Tables
¥ Gridines

~Format of drawings in RTF file
 Embedded WF
* Link to BMP files
€ Link o JPG files

[zza sl 1[0
[iz34 |56l #ley|
[zze T sel 3ol
[z3s | selaley|
[1eat | sel sla|
[rs5¢ T sel eI
[1831 |54l 7Ia|
[raes T sel#len|
[se7 |54l sIa|
[32ves] se[7e]

T Cancel

Format of drawings in RTF file can also be set.:

Embedded WMEF: Drawings are embedded into the file. It improves portability but can
result in huge file size.

Link to BMP, JPG: This option keeps the RTF file smaller as drawings are stored in external
files. Drawings appear only if pictures are located in an Images_modelname subfolder relative
to the folder of the RTF file.

Gridlines of exported tables can also be turned on/off.

Displays a print preview dialog. You can set the zoom factor between 10% and 500%
(Page Width and Full Page is also an option). Click the buttons or use the keyboard to move
backward and forward between pages ([Home] = first page, [PgUp] = previous page,
[PgDown] = next page, [End] = last page.

A dialog to set printing parameters and print a report. The options are the same as the table
printing options.

Quits the Report Maker.

2.10.2. Edit

Report |Edit | Drawings Gallery
¥ Undo
4 Redo

+ "
=i, Report Builder... %

+ Insert Falder...

Chrl+T
Chrl+Al+B

nsert bexk inko repart,.,
-------- Page break

4  Move up selected report item

4  Move down selected report item

Move ta 4
Copy to 4
Lz Selection filker. ..

Select subitems automatically
Deselect all
Select all items of the current report

¥ Delete Chrl+Del

¥ Delete all report items




User’s Manual

Undo
Redo
Report Builder

Filter

Preferences
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Some of the functions in the Edit menu are also available in the popup menu after clicking
right mouse button on a report item.

Undoes the effect of the previous command.

Executes the command which was undone.

Report Builder creates complete structured reports based on several filter options set on the
Filter tab. Load cases, result components, parts, element and load types can be selected and
set the display of extremes or results in the tables.
The rules of creating reports can be set on the Preferences tab. You can choose if you want
to see different element types listed within a part or different parts listed within an element
type, or if you want to see result components listed within a load case or load cases listed
within a result component.
If we imported an architectural model it is also possible to filter for architectural objects and
ask for separate tables for each architectural object.
The number of expanded levels (1-7) of the report tree on the right can be set with the level-

adjustment bar.

The tree on the right side shows the report built using the criteria set in the left. Each report
item can be turned on/off individually. The report sent to the report maker will contain the

checked items only.

Filter lists only the user-defined parts. Logical parts do not appear in the list.

Filter | Preferences |

1% STORIES
L% Ground floor

Report Builder x|
=l [Report ] 1234567
-t B Report =]

6. Floor
¥ 7. Floor

L@, Floor

1§ LOAD TYPES

[l Surface Elements

.3 Surface Self Weight

5 Distributed Surface Loads
omains

.8 Domain Sef Weight

5 Materials
9 Modes
ENTIRE MODEL
i B Slab
¢ E9 Shb
[ [ Loads
B B self-weight

-t B self-weight: Surtace Seif Weight
9 self-weight. Domain Self Weight
distrib
£ £ distrib: Distributed Surface Loads
¢ £ dlistrib: Distributed on Domain
1y [z Surface Forces

- B selt-weight [x]

3 BB dlistrit [x]

S E CoRM A

< 8 Envelope Min Max [x]
El¢ [y Surface Stresses
self-weight [x]
distrib [x]
Co #1 [x]
-1t B Envelope Min Max [x]
=47 [ Nodes

- ] Modes -
1o

~ Extremes [x]

Report Builder
Fiter  Preferences |

- Report structure preferences
¥ Include standard model data tables

ist tables by object IDs
@ Floors, perts / Objects Architectural model obiects
" Objests 4 Floors, parts
W Sk
I~ il
" Logd cases and combinations /Result components | Beam
& Result companents / Load cases and combinations [~ Column
I~ Roof

<2 Materials
il Cross-Section
[ References
ifa Hodes
&l Floors, parts

5 ba Architectural model objects
* I Properties
I Load Cases
*a Losds
. 5B Resuls

S I Result components

- b Elements
Lol Praperties
Lozd Cases
oD Loads
- B2 Results
&- b Resull components

- Load cases and combinations

2 Load cases and combinations
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Insert folder

&

Insert text into
report

+

[Ctri]+[T]
Page break

[Ctri]+[Alt]+[B]

Move up/down
selected report
item

t 3
Move to / Copy to

Selection filter

Select subitems
automatically

Deselect all

Select all items of
the current report

Delete

X
[Del], [Ctrl]+[Del]

Delete all report
items

AXISVM ()

Inserts a new folder into the tree, below the current item. The current folder name appears
on the right side under the folder icon.

The number of expanded levels (1-7) of the report tree can be set with the level-adjustment
bar.

Starts a built-in Text Editor to create a new text block. The formatted text will be inserted
after the selected report item.

Inserts a page break after the selected report item.

Moves up/down the selected report item by one.

Moves / copies the selected report item to the end of another report.

Determines which types of report items can be selected (report, table, drawing, picture, text,
page break, folder).

If you turn this checkbox on and select a folder all subitems will be selected automatically.

Deselects all selected items in the documentation.

Every report item of the current report will be selected.

Deletes the selected report item (text block, picture, table, page break). If the current
selection in the tree is a report it deletes the entire report.

Deletes all items from the current report but does not delete the report itself.

2.10.3. Drawings

Add drawings to
the report

Format of
drawings in RTF

file...

Report  Edit | Drawings | Gallery
Add drawings to the report
¥ | Delete

Eormat of drawings in RTF file Link to BMP Files

|+ Lnkto PG Files N

Embedded WHMF

Inserts the selected drawing(s) from the Drawings Library into the selected report. Place of
insertion is determined by the selected item of the report tree. Effect of this function is the

same as that of the ¥ button on the Drawings Library tab.
See... 2.10.1 Report
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2.10.4. Gallery

Repork  Edit  Drawings | Gallery
Add pickures to the repart

& Copy pictures to Gallery
* | Delete pictures from Gallery

Delete unused pictures

|T Sart by name

Sork by type
Sotk by date

Reverse order

Add pictures to  Inserts selected pictures into the current report.
the report

Copy pictures to You can copy bitmaps (.BMP, .JPG) and Windows Metafiles (WMF, .EMF) to the folder

Gallery  Images_modelname.
']

=
Delete pictures  Deletes selected pictures from the Gallery. Files are permanently deleted.

from Gallery
*

Delete unused Deletes pictures which are not used in the reports.
pictures

Sort by name ~ Gallery sorts pictures by filename / by type (.BMP, .EMF, .JPG, .WMF) or by date.
/ type / date

Reverse order If checked pictures are sorted in descending order. Otherwise pictures are sorted in
ascending order.

2.10.5. The Report Toolbar

Creates a new report.
See... 2.10.1 Report

i 4 Creates a new report based on several filter options.

...... See... 2.10.1 RePOrt

Inserts a folder under the current folder or after the current list item.
See... 2.10.2 Edit

Inserts a formatted text after the selected report item.
See... 2.10.2 Edit

Inserts a page break after the selected report item.
See... 2.10.2 Edit

Selection filter.
See... 2.10.2 Edit

X Deletes selected report or report item.
[DeI], [Ctrl]+[De|] See... 2.10.2 Edit

% Displays a print preview of the current report.
[Ctrl][R See... 2.10.1 Report

Exports the current report to an RTF file.

[Ctri]+[W] See... 2.10.1 Report
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&

[CtrI]+[P]

]
[Ctr]+[Z]

("
[Shift]+[Ctrl]+[Z]

AXISVM /()

Print
See... 2.10.1 Report

Undo
See... 2.10.2 Edit

Redo
See... 2.10.2 Edit

2.10.6. Gallery and Drawings Library Toolbars

r .4
1

e

You can perform certain tasks faster using these small toolbars.

Deletes selected pictures or drawings from the Gallery/Drawings Library.

Inserts selected pictures or drawings into the current report.
Place of the insertation is determined by the selected item in the report tree.

Copies pictures from other locations to the Gallery. This function is not available on the
Drawings Library tab.

2.10.7. Text Editor

File

Open
[Ctrl]+[O]

Save
[CtrI]+[S]
Exit
Edit
Undo / Redo
[AIt]+[BkSp] /
[Shift]+[Al]+[BKSp]
Cut
[Ctri]+[X]
Copy
[CtrI]+[C]
Paste
[Ctri+[V]
Find
[CtrI]+[F]

Find next
[F3]

Select all
[Ctri]+[A]

After selecting Insert text to report a formatted text can be created in a simple WordPad-like
text processor.

The main purpose of this function is to load a Rich Text file written in Text Editor. If you
open an RTF file created in another word processor it may contain special commands
(e.g. tables, paragraph borders, Unicode characters) which are not supported this simple
editor. As a result you may get a series of rtf control commands instead of formatted text.
Saves the text into an RTF file.

Quits Text Editor.

Undoes / redoes the last editing action.

Cuts the selected text and places it to the Clipboard.

Copies the selected text to the Clipboard.

Pastes the content of the Clipboard at the current position.

You can search for any text in the document. You can search from the beginning or from
the current position. You can search whole words only and turn on and off case sensitivity.

If a match was found you can get the next match with this function.

Selects the entire text.
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Character
Bold
[Ctri]+[B]
Italic
[Ctri]+[N]
Underline
[Ctri]+[U]
Color
[CtrI]+[Alt ]+[C]
Paragraph
Left justify
[Ctri]+[L]
Centered
[CtrI]+[E]
Right justify
[Ctri]+[R]

Bullet
[Ctri]+[Alt]+[U]
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Applies bold formatting to the selected text.

Applies italic formatting to the selected text.

Applies underline formatting to the selected text.

Sets the character color of the selection.

Justifies the selected paragraphs to the left.

Justifies the selected paragraphs to the centerline.

Justifies the selected paragraphs to the right.

Places bullets before the selected paragraphs.

2.11. Stories

20.00

See in detail... 3.3.4 Stories

2.12. Layer Manager

=

See in detail... 3.3.3 Layer Manager

2.13. Drawings Library

-

See in detail... 3.5.7 Drawings Library

2.14. Save to Drawings Library

See in detail... 3.5.8 Save to Drawings Library.
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2.15. The Icon bar

Selection

Zoom

Views

Display mode
Transformation
Work planes
Guideline

Geometry Tools

Dimensioning/Labeling

Renaming / renumbering

Parts

Sections
Searching
Display option
Options

Model info

Dragging and
docking the Icon
bar and the flyout
toolbars

aaEe-as
[T 1 5[4 6

HHE &
Ry W%

@ -~ 2

s

=5
[

[T=f7%
RN B S e A B

LL Al KT I

If you choose Workplanes, Dimensioning - Model info a dialog will appear.

The left-side icon bar and any flyout toolbar can be dragged and docked.

Dragging and docking of the Icon bar

If you move the mouse over the handle of the Icon bar (on its top edge), the cursor will
change its shape (moving). You can drag the Icon bar to any position on the screen. If you
drag the Icon bar out of the working area through its top or bottom edge the Icon bar
becomes horiozontal. If you drag it to the left or right edge it becomes vertical.

If the Icon bar is horizontal you can dock it at the top or at the bottom. You can change the
position and the order of docked toolbars by dragging. In the Cross-Section Editor and in
Beam and Coumn Reinforcement dialogs the Icon bar cannot be docked. Closing a floating
Icon bar restores its original position docked on the left.

Dragging and docking of flyout toolbars
You can also separate flyout toolbars from the Icon bar by dragging their handle. Closing or
dragging them back to the Icon bar restores their original position. Floating flyout toolbars
can be docked at the top or at the bottom.

The Icon bar and the flyout toolbars can be restored to their original position by selecting
Settings\Toolbars to default position from the menu
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2.15.1. Selection

b

Select
+
Deselect
Invert
¥
All
.
Previous
ol

Selection of part:

Filter

Method

Activates the selection mode and displays the selection icon’s bar.

cancel_| |

i -« |wea:

B

Calumns | — Intersected lines ‘
Annular ‘
Polygon ‘

Skewed rectangular ‘

—

Rectangular ‘

Lets you select a set of entities (nodes (points), lines, finite elements and loads) for
processing. When you execute commands you can use the Selection icon to specify the
entity set to which to apply the command to. If the Parts check box (See section 2.15.11
Parts) is enabled the selection will refer only to the active (visible) parts.

You can change the view settings or continue selection in another window pane during the
selection process. These allow you to select elements in the most convenient view.
The selected entities are displayed in magenta in the graphics area.

The selection process is considered finished when the OK button is pressed.

Selection methods with selection frame:

- dragging the selection frame from left to right selects elements entirely within the frame
- dragging the selection frame from right to left selects elements which are not entirely
outside the frame

Adds the currently selected entities to the set of selected entities.

Removes the currently selected entities from the set of selected entities.

Inverts the currently selected entities” selection status.

Applies the current selection mode (add, remove, or invert) to all filtered entities.
Restores the previous selection set.

Clicking the button and a part from the list will select elements of the chosen part.

Lets you specify filtering criteria to be used during selection. Check element types to select.
Property filtering lets you apply further criteria (beam length, cross-section, material,
surface thickness, reference).

Selects entities using different methods (selection shapes). Rectangular, skewed rectangular,
sectorial or ring selection shapes are available. In the followings examples of the application
of various selection shapes are provided:
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Rectangular

Skewed rectang.

Polyline

Sectorial

o

Annular

Intersected lines

s

OK

Cancel

[ad

Selection: Result:

————————————————————————

r

,,,,,,,,,,,,,,,,,,,,,,,,

i
=

r

=

"

0 1 o

r

i
=

[

T—

i
=

Ends the selection, retaining the selected set for use.

Ends the selection, discarding the selected set.

If an entity is hidden by another entity you cannot select it by simply clicking on it. In such a
case, you have to change view to select it.

The selected nodes are marked with a surrounding magenta rectangle. Sometimes it is
necessary to double-select nodes. In this case these nodes are marked with an additional
blue rectangle surrounding them.

Selections can also be made, without using the Selection Icon Bar. Pressing and holding the
[Shift] button while selecting with the “& will add entities to the selection and pressing and
holding the [Ctrl]] button while selecting with the “B will remove entities from the selection.
Double selections can be made by pressing and holding the [Alf] button while double
clicking on the entities with the “®.
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During the selection we can modify the apperiance of the structure, we can switch over an
other view or perspective observation.

2.15.2. Zoom

Q

Zoom in

&

Zoom out

Q

Zoom to fit
Pan
.nT-

i

&

Rotate

N

&

Undo view
/ Redo view

aR

Displays the zoom icon bar.

[aqEebac

Displays an area of the model drawing specified by two e
points (two opposite corners) on the graphics area defining a
rectangular zoom region. As a result, the apparent size of the
model displayed in the graphics area increases. -

Displays the model drawing from the graphics area on the
area specified by two points (two opposite corners) defining e
a rectangular zoom region. As a result, the apparent size of [ /
the model displayed in the graphics area decreases. >

Scales the drawing of the model to fit the graphics area, so you can view the entire model.

Moves the drawing. Press and hold the left button of the “& while moving the mouse, until
the desired position of the drawing is obtained on the screen.

Quick Drag:

You can use the mid mouse button to drag the model drawing at any time (without the the
Panicon).

1. Click the Pan icon.
2. Drag the model to its new position.

% This cursor shape indicates that you can pan the model.

After clicking this icon you can rotate the model around the centre of the encapsulating
block of the model by dragging. During the rotation the following pet palette appears at the
lower part of the screen:

floeayo

Free rotation around the horizontal axis of the screen and the global Z axis.

Rotation methods in the order of icons:

Rotation around the global Z axis.

Rotation around the vertical axis of the screen.
Rotation around the horizontal axis of the screen.
Rotation around an axis perpendicular to the screen.

< This cursor shape indicates that you can rotate the model.

Undoes / redoes the action of up to 50 view commands.
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2.15.3. Views
A [y
[
[y

Perspective Toolbar

L

Displays the projection of the model on the X-Z plane (front view).
Displays the projection of the model on the X-Y plane (top view).

Displays the projection of the model on the Y-Z plane (side view).

Axonometry X-Z view
[ view |
X-Y view

Rotate about the
vertical axis

Rotate about the

horizontal axis

Rotate about the

Rotate

pet palette)

(activates the

=

perpendicular axis
A F Hloo |t

COhservation Distance

Observation distance |

=

!
L

Delete active

Observation
distance

Rotation

o

Views,
perspective

LL
LA

| New perspective view perspective

| Perspective view list

Sets the parameters of the perspective display. The proper view can be set by rotating the
model drawing around the three axes, and by setting the observation distance. Rotation
angles can be set with a precision of 0.1 degrees. You can assign a name to each setting that
you want to save for later use. Type a name into the combo and click on the icon on the left
of the combo to save the settings. To delete a perspective setting choose it from the
dropdown list and click on the Delete icon on the right side of the combo. Palette settings
are stored.

Observation distance is the distance between the viewpoint and the centre of the
encapsulating block of the model.

After clicking on the rotate icon a pet palette appears as

floteyo

described earlier (Zoom!\Rotate).

Displays three projection views and the perspective view of the model, and allows you
select the view that you want to display. Click the view you want to select.

ra ) . - Y .
I—\H‘H_IDW HI_I oo
(] oo oo q00
ogl |[cogl (oo Omod
ooy |[oogf (oo OmOod
ooy |[ooOgf (oo OmOod
ooy |[ooOgf (oa OmOod
- OO [ooo] (00 - nuju]
t,, [ (1770 ., 7T

L.,

Perspective Settings Default
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2.15.4. Workplanes

<

Global X-Y,
Global X-Z,
Global Y-Z
workplanes

General
workplanes

Smart workplanes

Display options

Changing
workplane
parameters

Delete
Pick Up >>

Workplanes (user coordinate systems) makes it easier to draw on oblique planes. Consider a
hole for a skylight on an oblique plane of a roof. The plane of the roof can act as a
workplane so drawing can be performed in two dimensions. In case of workplanes
altitudinal coordinate means the distance along the axis normal to the workplane.

All drawing/editing functions are available in workplane mode.
Using multi-window mode a different workplane can be set for each window.

Global ®-Y
Global ¥-T
Global ¥-Z

These workplanes are parallel with a global
coordinate plane so their position is defined by a
single coordinate. Useful when drawing stories of a
building.

E Global model space

-0 Global x-Z

e Iy Workplane_1 [V = 6,801)
= Global ¥Y-Z

©b ) Workplane_2 (X = 3 534)
& I-‘_‘I General workplane

These workplanes are defined by an origin and two T
vectors for the local x and y axes.

These workplanes follow the local system of a truss,
beam, rib or domain. The origin is the first point of
the element, local x and y axes are parallel to the local
x and y axes of the local system of the element.

Parameters
Type General warkplane =

6,391
1,000
0,027

Crigin(m]:
Laocal =[m]:
Lacal y[m]:
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0,24
353

Pick Up >

17 850
0,015
0,300

Changing the local system of the finite element the
workplane is also changing. Deleting the finite
element you delete the workplane as well.

Clicking the workplane speed button the workplane
can be selected from a list. Workplanes are also
available from the main menu by selecting View |\
Workplanes or from the popup menu by selecting
Workplanes.

Display
" Global (model space)
% Local (wvorkplane)

™ Hide elements not in the workplane
[ Showe elements out of warkplane grayed

I Refresh &1l Ok | Cancel |

Clicking the workplane speed button the workplane can be selected from a list. Workplanes
are also available from the main menu by selecting View \ Workplanes or from the popup
menu by selecting Workplanes.

A workplane can be displayed in the global coordinate system or in its local system. After
checking Hide elements not in the workplane only those elements are displayed that are in the
workplane. After checking Show elements out of workplane grayed elements out of the
workplane appears grayed.

If you select a workplane from the tree, its parameters are displayed. Editing them and
clicking the OK button or selecting another workplane will change the parameters of the
selected workplane.

Deletes user defined workplanes.

Lets you define workplane parameters (origin or axes) graphically.
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2.15.5. Geometric tranformations on objects

—+p

/

| a2 ik 1)

2.15.5.1. Translate

Translate

44

Translation options

Switches

Copy options

With guidelines
With DXF layer

Makes multiple copies of, or moves the
selected geometric entities or loads, by
translation along a vector. You must specify
the translation vector (dX, dY, dZ), and the
number of copies (N).

Incremental: makes N copies of the
selected entities by the distance dX, dY, dZ.

d[m] = |o,no1

Distribute: makes N copies of the selected
entities along the distance dX, dY, dZ

. —Method —Hodes to connect
(by dX/N, dY/N, dZ/N increments). e — & None
& Distribute {~ Dauble selected
Spread by distance: makes copies of the € Spread by distance ca

{~ Comsecitive
" Move
" Detach

selected entities spread by distance 4 in the

. . . ¥ Copy element
direction of the translation vector. ory e

v Copy loads
v Copy nodal masses
v Copy dimension symbols

o] |

The number of copies depends on how many copies will fit into the length defined by the
translation vector dX, dY, dZ.

r _WTth guidelines__
El

Cancel

Consecutive: makes N consecutive copies of the selected entities by different distances
dx, dy, dZ.

Move: moves the selected entities by the distance dX, dY, dZ. Lines running into the moved
nodes remain connected.

Detach: moves the selected entities by the distance dX, dY, dZ. Lines running into the
moved nodes are detached.

None: No nodes will be connected.

Double selected: Holding the [Alt] key pressed you can double select nodes. These nodes
will be connected.

All: All nodes to be copied will be connected.

Copy elements: You can specify the finite elements assigned to the geometric entities to be
copied as well.

Copy loads: You can specify the loads assigned to the geometric entities to be copied as
well.
Loads can be copied separately (without the elements).

Copy nodal masses: You can specify the nodal masses to the geometric entities to be copied
as well.

Copy dimension lines: The dimension lines will be copied only if the nodes to which they
are assigned are selected.

All rulers will also be moved (useful when moving the entire model).

With this option checked the transformations will be performed on the objects of the DXF
layer as well.
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Visible layers only

Steps of translating
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With this option checked only the visible layers will be transformed.

The translation consists of the following steps:
1. Click on the Translate icon
2. Select the entities or loads to be copied
3. Click OK on the Selection Window (or Cancel to interrupt the selection and
translation commands)
4. Select your options from within the Translate Window.
5. Click OK
6. Specify the translation vector by its start and end point

The command can be applied in the 2-3-1-4-5-6 sequence as well.

If you have repetitive parts in your model, you should first create these (including the
definition of finite elements, support conditions, loads, and dimension lines), and then make
copies of them.

You can use any existing point when you have to specify the translation vector.
Selected loads can be copied or moved to another load case if load case is changed to the target
load case during the operation.

2.15.5.2. Rotate

Rotation

At

Rotation options

Makes multiple copies of, or moves the —]
selected geometric entities or loads, by rota- ‘

tion around a center. In X-Y, X-Z or Y-Z
views the rotation axis is normal to the cur- ‘
rent view plane. In perspective view rotation &
axis is always the Z axis.

You can specify the method of rotation. X
Parameters depend on the method: rotation e m
angle a, the number of copies (N) and an wrie o
additional translation h along the rotation nm=fo
axis (each copy will be shifted by this

distance). Rotation lodes to connect
Click the rotation center (OX, OY, OZ), the { Irerementsl ’t one
{ Distribute Double selected
rotation arc start point and draw the cursor o —— Al
angle. = Consecutive
" Move ¥ cCopy elemerts
" Defach ¥ Copy loads

I it guidelines ¥ Copy nodal masses
v WTt-h DMF Layer V¥ Copy dimension symiols

I isible lavers only Ok I Cancel

Incremental: makes N copies of the selected entities by the cursor angle.
Distribute: makes N copies of the selected entities by cursor angle/N increments.

Spread by angle: makes copies of the selected entities spread by a given angle a specified in
the dialog. The number of copies depends on how many copies will fit into the cursor
angle.

Consecutive: makes N consecutive copies of the selected entities at different cursor angles.

Move: moves the selected entities by the cursor angle. Lines running into the moved nodes
remain connected.

Detach: moves the selected entities by the cursor angle. Lines running into the moved
nodes are detached.
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Nodes to connect

Switches

See...2.15.5.1 Translate
See...2.15.5.1 Translate

In perspective view, the centerpoint, start point and endpoint can be specified only using
existing points or other identified 3D locations (i.e. a point on a line). In perspective view,

cursor angle is determined by the global X and Y coordinates only.

2.15.5.3. Mirror

Mirror

Ak

Mirror options

Nodes to connect

Switches

Makes a copy of, or moves the selected
geometric entities or loads, by mirroring.
Specify two points of the symmetry plane.
The symmetry plane is always parallel to a
global axis depending on what view you
are in.

Copy: reflects a copy of the selected entities
over the mirror plane.

Multiple: makes consecutive copies of the
selected entities over different mirror
planes.

Move: moves the selected entities across
the mirror plane. Lines running into the
moved nodes remain connected.

Detach: moves the selected entities across
the mirror plane. Lines running into the
moved nodes are deatched.

See... 2.15.5.1 Translate
See... 2.15.5.1 Translate

irror

* Cogy
" Multiple
" Move
" Detach

lodes to connect
+ Mone

" Double selected
Al

I with guidelines

g "
I wisible layers only

¥ Copy elemerts

v Copy loads

v Copy nodal masses

v Copy dimension symbols

o]

Cancel

In perspective view, the mirroring is possible only across a plane parallel with the global

Z axis.

2.15.5.4. Scale

Scale
A

Scale options

Nodes to connect

Switches

Makes multiple copies of, or moves the selected geometric entities, by scaling from a center.
You must specify the scaling center, a point of reference and its new position after scaling
(coordinate ratios will determine the scaling factors).

Incremental: makes N scaled copies of the
selected entities by repeating the scaling N
times.

Distribute: distributes N scaled copies of the
selected entities between the original and the
scaled image.

Consecutive: makes differently scaled copies
of the selected entities in consecutive steps.
Resize: redefines the selected entities by
scaling.

See... 2.15.5.1 Translate
See... 2.15.5.1 Translate

Scale

N=|1 3,

cale

" Incremental
 Distribute

" Consecutive

I~ with guidelines
[~ Wuith DXF Layer
I~ | Wisible layers only

E=

rHodes to connect
¥ hone
' Double selected
Al

¥ | Copy elements

¥ Copy loads

¥ | Copy nodal masses

¥ | Copy dimension symbols

Ok I Cancel
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2.15.6. Display Mode
& Cul]
@ Wireframe:
Displays a wireframe model drawing. In this mode the axis of the line
elements and the mid-plane of the surface elements are displayed.
@ Hidden:
Displays a wireframe model drawing with the hidden lines removed.
E Rendered:
Displays a rendered model drawing. The line elements are displayed with
their actual cross-section and the surface elements with their actual
thickness.
The elements colors are displayed corresponding to colors assigned to their
materials. Rendered view is smoother and shows the details of thin-walled
cross-sections.
Transparency In View / Rendering options... transparency of IS x|
element types can be set. Element types are | Transparency
determined by geometry. Vertical line ele- . B ol
. . Opacue Transparent
ments are considered to be columns, hori-
zontal ones are handled as beams, horizon- ;°'“m”3 ITCITIEXTITXYETERE E
tal domains as floors, vertical domains as s TP .
1 Other line elements } 1]
walls. Beams with tendons : )] : 50
iall j 1]
Slak ;' : 0
Other surface elements I,' IIIIIIIIIIIIIIIIIII : 0
™ Rendering schematic madel color
[V Show tendans EEE—
* Rendering architectural model (intersecting connections);
[ Render batted jairts in detai
¥ Dravw ohisct edges

W ALt Refresh Ok I Cancel

Transparent
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Rendering type Two rendering types are available:

- Schematic model
Turning on Show tendons a more realistic picture of tensioned beams is drawn. Tendon
color can also be set here.

- Architectural model
Instead of drawing the structural framework this rendering mode intersects connections
getting closer to the final look of the model.
Render bolted joints in detail turns on detailed rendering of designed bolted joints.
Draw object edges turns on/off object edges.

Schematic model Architectural model

Texture. A rendered view using textures assigned to individual materials.
Textures can be assigned to materials by clicking the Texture field in the
table of materials or in the material database and choosing a texture from
the library of textures. It contains predefined textures and let the user de-
fine custom textures as well. If more than one row is selected in the table
texture will be applied to all selected materials.

Textures

Concrete B

Concrete Damaged
. Concrete Damaged 2
T concrete Damaged 3
% Concrete Damaged &

Concrete B

Concrete Dy Concrete D

Branches of the tree view on the left and the horizontal list above the texture thumbnails
show the material types (brick, concrete, metal, stone, timber, other). The last type (custom)
is for the user-defined textures. Textures of the current type are displayed as thumbnails.
The selected texture appears in the preview window with a thick black frame.
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Popup menu

No texture

Add
custom texture

Delete
custom texture

Rotation settings
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After clicking the texture with the right mouse button a popup menu o texture
appears with the following functions: add custom texture

. . Delete custom texture
Removing the texture from the material

Defining or deleting a custom texture |* Mo rotation

R . . Rotate left
otation settings Rotate right

Removes the texture from the current material

24-bit True Color bitmaps (JPG or BMP) can be converted to textures of 64 x 64, 128 x 128 or
256 x 256 pixels. If the bitmap was not rectangular it will be cropped into a rectangle.

Predefined textures cannot be deleted from the library, only the assigment can be removed.
User-defined textures in the Custom category can be deleted.

Textures are mapped to the elements according to their local coordinate system. Sometimes
it can lead to undesirable results (e.g. in case of brick walls). Texture rotation can solve these
problems without changing the local system of elements. By default textures are not ro-
tated. The other two options are Rotate left and Rotate right rotating the bitmap by 90°. Rota-
tion is indicated in the table by a < or > character appearing at the end of the texture name.

2.15.7. Guidelines

N

XXy =

Helps in editing the geometry of the model. Guidelines can be defined in the global
coordinate system. This way an arbitrary grid can be created, intersections can be
determined and distances can be set. The cursor identifies the guidelines.

See... 4.7 Editing Tools

The guidelines are displayed as blue dashed lines. The =~ -
display of the guidelines can be enabled or disabled in 3 5 L
the Display Options menu (or icon) in the Switches ‘ D
section. B R o e

Places a vertical guideline at the current position of the cursor.
Places a horizontal guideline at the current position of the cursor.
Places a vertical and a horizontal guideline at the current position of the cursor.

Places an oblique guideline at the current position of the cursor.

Places a pair of orthogonal oblique guidelines at the current position of the cursor.

In perspective view all the guidelines are displayed but only oblique guidelines can be
placed. You can change the position of a guideline with the mouse by dragging it to a new
position. You can remove (delete) a guideline by dragging it off the graphics area.

Guidelines can be entered numerically by coordinates. Clicking with the mouse on a
guideline or selecting Settings/Guidelines Setup command from the main menu, the following
dialog is displayed:
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guideline
¥ direction =]
¥ [m] = I .

(K=0m Z=0m) b ’
(K =E000m Z=0m) ¥ [m] = |1D,DDD
(X =12,000m; Z=0m)

Z[m]= I

- (¥ =18000m; Z=0m) i
[=- Z direction a[]= ID

i % =10,000 m)
(¥ =0m Y =0m) b["]=|90.00

[ =0m Y = 5,000 m)
[ = 0m Y = 15,000 m) ad .
[=- Oblique o X

o (00m; 12,000 m; 0m) (& = -45,00 Moty |
-~ (0m; 12,000 m; 0m) (a= 4500
(12,000 m; 6,000 m; 0m)a=-<
(12,000 m; §,000 m; 0m) (a=4__| Delete |
-
4 | | >| Delete Guidelines |

OK | Cancel |

=

a: is the angle of the guideline’s projection on the X-Y plane and the X axis.

b: is the angle of the guideline and its projection on the X-Y plane.

2.15.8. Geometry Tools

BN

MR B AN E

The icons of Geometry Tools allow you to lock the direction of drawing a line.

\‘{{ szrpendicular \;\\\ Parallel

Begin to draw a line. Click the Perpendicular or Parallel icon then click an existing line or click
two points to define the direction. The cursor will move perpendicular or parallel to this
baseline.

@ Perpendicular to a plane

Begin to draw a line. Click the Perpendicular to a plane icon then click the domain defining
the plane. The cursor will move perpendicular to the plane. The plane can also be defined
by clicking three points.

These icons can be conveniently used while editing the geometry of the model or defining
section planes.

/(‘ Line towards a midpoint
Begin to draw a line then click startpont and endpoint of another line. Midpoint will deter-
mine the direction.

‘éﬁ Bisector

Begin to draw a line then click the two legs of an angle. Bisector will determine the direction
of the line.
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Point of intersection
Begin to draw a node or a line then click the icon, click the two lines or their start and end-
point. A node or line point is created at the point of intersection. Any of the lines (or both)
can be an arc. In this case there may be more than one point of intersection. If so, calculated
points are marked with small circles. The required point has to be selected by clicking.

s Dividing point

Begin to draw a node or a line then click the icon and click the two nodes. Specify the divi-
sion by ratio or by distance in the popup dialog. A node or line point is created.

=a

H—

8= Point constraint operation

The action for Point of intersection and Dividing point can be set here. Two options are avail-
able: creating a node or moving the relative origin to the position calculated.

2.15.9. Dimensions Lines, Symbols and Labels

A

This group of functions lets you assign associative orthogonal and aligned dimension lines
or strings of dimension lines to the three dimensional model, as well as angle, arc length, arc
radius, level and elevation marks, labels for result values. Click on the Dimensions icon to
display the Dimension Toolbar. That will allow you to select the proper dimension tool.
Click on the left-bottom icon of the Dimension Toolbar to set the parameters of the selected
tool.

13 [13} 2 l |
)' A g || Tent
e ITth boxes I =7

e
Dlmenslons

Result text bOH
Teut bones

You can change the position of dimension lines or labels at any time by dragging them to
their new position. If the dimension lines were associated with the model their position and
dimension will be continuously updated as you modify the geometry of the model.

2.15.9.1. Orthogonal Dimension Lines

e

=

d

w—s Associative orthogonal dimension lines or strings of dimension lines, parallel with the

X
dz
i

global X, Y, or Z axes can be assigned to the model by following the next steps:

1. Click on dimension line start point and on the end point. If these points are
connected by a line you can just click on the line.

2. Move the mouse. The position of the dimension line depends on the direction in
which you moved the mouse. There is one exception: when the segment is not
parallel with any global plane and the editing is in the perspective view. In this case
you have to select the direction dX, dY, or dZ from the toolbar.

3. Click the left mouse button to set the final position of the dimension line.

To insert a string of dimension lines, click on the points in the corresponding order or on
the lines if any. Steps 2 and 3 are the same as for the individual dimension lines. A string of
dimension lines can be selected at once if you click on one of them while depressing the
Shift key. It allows you to move it as a group. To change the position of a group segment
individually select it using the selection rectangle and drag it to its new position. As a result
this dimension line will be removed from the group (it can be moved individually).
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&

Smart
dimension lines

Tick mark

Color

Sizes

Dimension style/
Extension style
Label orientation

Use defaults

Apply font to all
symbols

A string of dimension lines can also
be created by turning on the smart
dimension lines. If you enable this
function by pressing the button, you
have to select only the end points of
the string, assuming that the inter-
mediate points were not generated
by a domain mesh command. All
intermediate dimension lines will be
created automatically.

An example of smart dimension lines

If the dimension line is assigned to the points of a model, it will always behave in an
associative way (e.g. will move with the model when the model is changed or resized or
moved).

Orthogonal and Aligned Dimension Line Settings

x|
Settings |Te>d parameters I
~Tick mark olor
A— A b B bk e e [ [ By bayer
rSizes i ion line v Ext ion line
|
- | || —— [
vt ...I.ZhOE_:]jz I o j I T =
Eoa 00 mim 00 mm
= |2.U ~Label ori
= Always horizontal
mm] = |1 A -
¥ fmm] = Always vertical
¥ [min] = |1 l & Auto horizontalivertical
" Aligned to dimension line
h [mm] = |2,D
pesecee () nsicle
= ] = |1'D i—!l P | & Outside
Use defautts | IDimensions vl =
[ Apply fort to all symbols
[" sSave as default setting
u Apply to all dimension lines OK I Cancel |

Lets you set the tick marks of the dimension lines. You can select from nine predefined
symbols.

Lets you set the color of dimension lines individually. You can get the color from the active
layer. The dimension lines, marks, and texts are placed on the Dimensions layer by default
but you can change it any time.

Lets you set the drawing parameters of the dimension line.

Lets you to set the type and thickness of a dimension or extension line. You can choose a
predefined value or get it from the active layer. You can turn on/off the display of extension
lines.

Lets you set the orientation of the text labels of the dimension lines (Always horizontal,
Always vertical, Auto horizontal/vertical, or Aligned to dimension line) inside or outside the
dimension line.

Lets you restore the default setting.

Apply the same font to every dimension line.
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Save as default
setting

Apply to all
dimension lines

Layers

=

Measured value

Display unit of
measurement

Units and For-
mats...

Prefix

Suffix
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Lets you save the current setting as default setting.

Applies the current setting to all existing orthogonal or aligned dimension lines to ensure a
uniform look.

Lets you select/define/set layers where the dimension lines will be placed. If there are no
layers defined when you start defining dimension lines, a Dimension layer will be
automatically created.

See... 3.3.3 Layer Manager

Text Parameters

Settings ~ Text parameters |

¥ Measured valug

[ Display unit of measurement

dX =2,134

Units and Formats... |

—Prefi )
Avrial 14 pt... |

r_l =

& Auto (d¥, d, dZ, dL =)
" Auto (DX, D, DZ, DL =)
" User defined

IDimensions - I =F

Uze defaults

[ Apply fort to all symbals
[ Save as defaut setting
[ Apply to all dimension lines

Allows to you to define the settings of the text on the dimension lines.

Allows you to place the measured value on the dimension line, using the current prefix and
suffix settings. By clicking the Units and formats button the number format can be set in the
Dimensions section of the Settings / Units and Formats dialog box.

Display of the unit of measured value.
To change the current font parameters click the button below the Units and formats... button.

Sets the prefix used with the text on the dimension lines. You can choose from the
following options:

Auto (dX, dY,dZ,dL = [depending on the direction])

Auto (DX, DY, DZ, DL = [depending on the direction])

User defined (this option will require you to enter the prefix).

Sets the suffix used with the text on the dimension lines.
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2.15.9.2. Aligned Dimension Lines

f Assigns aligned dimension lines or a string of dimension lines to the model.

| A N B A | x|
EEZH %x & fé é';; IDimensions j =7

\—{ plane of dimension line based on Z-axis |

4| plane of dimension line based on Y-axis |

I plane of dimension line based on X-axis |

-, " ¢ The steps are the same as the steps of creating an orthogonal dimension line.
See...2.15.9.2 Aligned Dimension Lines
The plane of the parallel dimension line is determined automatically. There is one
exception: when the segment is not parallel with any global plane and the editing is in the
perspective view. In this case you have to select the direction X, Y, or Z from the toolbar.
The plane of the section line will be defined by the segment and the selected global axis.

E= Sets the dimension line settings (See... 2.15.9.1 Orthogonal Dimension Lines).
For aligned dimension lines the automatic prefix is always dL= or DL=.

An example of associative dimension lines (orthogonal and aligned):

,300
6,000

4,000

3,000 4,500

Before Scale command ~ After Scale command

2.15.9.3. Angle Dimension

= Associative angle dimensions, as the symbol of the angle between two segments, can be
assigned to the model in the following steps:

1. Click on start point and on the end point of the first segment. If the points are
connected by a line you can just click on the line.

2. Click on start point and on the end point of the second segment. If the points are
connected by a line you can just click on the line.

3. Move the mouse. The position and radius of the
angle dimension will be determined by the mouse
movement. Based on the position of the mouse,
the angle, supplementary angle or comple-
mentary angle dimension can be entered.

4. Click the left mouse button to set the angle
dimension in its final position.
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x|
Settings | Text parameters |
~Tick mark olor
A— A= = k= B e b — [ [ By layer
Sizes —Dimension line Ext ion line

a5 I ———— N I """"""""" =l
ﬁﬁ_“ I 0,00 mm j I 0,00 mm j

I
d [mm] = |2,D

h [mm] = |2,D
z [mm] = |1,D

—Label orientation

+ Always hatizortal
™ Radial
™ Tangertial

" Inzide the arc

** (¥ Outside the are

==

IDimensions

o]

Uze defaults |

I Apply fort to all symbols
[ save as detaut setting

I Apply to all angle dimensions Cancel |

By clicking the Units and formats button the angle number format can be set in the
Dimensions section of the Settings / Units and Formats dialog box.

2.15.9.4. Arc Length

S

Creates arc length dimension symbols in your model.

To assign this symbol to a full circle click any point of the circle and drag the symbol.

To assign this symbol to an arc click any point of the arc and drag the symbol
To assign this symbol to a part of an arc click any endpoint of the arc, click the middle point
of the arc and drag the symbol.

®

2.15.9.5. Arc Radius

™

Creates arc radius dimension symbols in your model.
To assign this symbol to an arc click any point of the arc drag the symbol.

2.15.9.6. Level and Elevation Marks

12
PR
12

&
12

-

Creates associative level and elevation marks in your model.

By clicking the Units and formats button the number format can be set as the unit of
Distance in the Geometry section of the Settings / Units and Formats dialog box. This is the
unit and format used in the Coordinate Window.

See... 3.3.7 Units and Formats

Level marks can be placed in top view, by clicking on the desired point. The top view is
defined as the view in the direction of gravity (You can change it in the Settings / Gravitation
dialog). See... 3.3.8 Gravitation

Elevation marks can be placed in front view, side view, or in perspective, by following the
next steps:
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1. Click on the point you want to mark. g

2. Move the mouse in the direction you want to
place the elevation mark, and click to set the
symbol in its final position. e

/=N

E= Sets the level and elevation mark parameters.

Level and elevation marks

E———
[ o ] o |

Level  Selects the level mark symbol, and sets its size and format.

Elevation  Selects the elevation mark symbol, and sets its size and format.

2.15.9.7. Text Box

5228 3484 3655

Creates an associative text box in your 3
model. <
You can enter multiline text in a text box. -
The text will use the same text formatting
within a text box. ) Floor 03. .
g Mat.: C25/30 F. 3

v=25cm T

Live load: 5.0 kN/m2

238

1811

5.068

1855

You can create a text box in the following
steps:

5228 7419

1. Enter the text in the Text box parameters window, or in case of a single line text enter
it directly into the edit field of the Toolbar.

2. Click on the point to which you want to assign the text box.

3. Move the mouse to the desired position and click to set the text box in its final
position.
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Color

Text box

Font

Active Links

File reference

URL
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Text box parameters

Settings |

Text

—Color Text box

B [ By layer ’7 |'A “a | m | |ERE
,_,_E o [mm] = |2.0 Atial & pt... |
d
Use defaults | IDimensions vl =7

™ apply font to all text box
l_ Save as default setting
I~ Apply parameters to all text box OK I Cancel |

Sets the color of the text, frame, and extension line. You can get the color from the layer.

These switches set the drawing parameters of the text box, frame, and extension line,
the transparency and alignment of the text, and the d distance of the extension line from the
reference point (to which the text box is assigned to).

Sets the text font, style and size.

You can reload and change default settings, apply text box or font parameters to all existing
text boxes

Active links can be placed in text boxes to attach any external information tot the model.
If the text contains a file reference or a link to a web page clicking the text box launches the
application associated to the file or URL instead of opening the above dialog. To change the
text select text box first (e.g. Shift+click) then click into the box.

A file reference is made of the -> characters and a file name. E. g.:
->C:\MyModel\Reports\Details.doc

If no full path is specified AxisVM starts from the folder of the model. So if our model is in
C:\MyModel we can enter: -> \Reports\Details.doc

Clicking the text box starts the application associated to the file type. This way we can at-
tach pictures, movies, sounds, Excel tables or other documents to any part of the model.

Supported protocols and link formats are: http://..., ftp://..., https:/..., file:/|..., www. ...
Clicking the text box the default web browser launches and opens the web site or file.
If the text contains more than one URL, the first one is used.
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2.15.9.8. Object Info and Result Text Boxes

Object info text  Element or load properties appear in the text box depending on the current tab (Geometry,
box Element or Loads). Information text box parameters can be set in a dialog:

Text box parameters

Ohbject info text boxes =)

Result labels  When displaying results the cursor determines the value of the current result component
on nodes, mid-side nodes, surface centers, or intermediate points of beams or ribs and
" shows it as a tooltip. The text of the tooltip is automatically entered in a text box.
The steps of result labeling are similar to creating a text box.
The result text box is visible only when the selected result component is the same as the one
that was selected when the result text box was created. For example an My result text box is
displayed only when the My component is selected as the current result component.

Result text box options can be set in a dialog box:

Text box parameters

Resutt text boxes | &=
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In this load case only
Result label is visible only in the load case in which it was created.
In all load cases
Result label remains visible regardless the load case. The actual values will be updated
on changing the case.
For this result component only
Result label is visible only if its result component is displayed.
For all result components
Result label remains visible regardless the displayed result component.

Beamn 2, My; -192,738 Beam 1, My: 192,544
Beam 3, My: 192,798 Beam 2, My: 192,544
Bearn 3, My: -257,533 Bearn 1, My: -257,075

Result label text options :

Element: Include element type and number.

Component:  Include result component name.

Case: Include name of the load case, combination
or description of the critical combination.

Unit: Include unit name.

5228 3484

. |Mode 548, Y
yl e 20 31 (..
/ e 2952 ik
)]

[

3655

B 866

2389

5066

1835

5228 7118

Below the button of Use defaults three checkboxes helps to customize the text box:

Apply font to all text box
After clicking the OK button only the font of all text boxes will change.

Save as default setting
New text boxes will appear using the current settings as default.

Apply parameters to all text box
After clicking the OK button parameters of all text boxes will be set to these values.

Lets you create new layers or modify existing ones.
This function is also available from the menu as Settings\Layer Manager.
See... 3.3.3 Layer Manager
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2.15.9.9. Isoline labels
2 Lets you place a series of labels to isolines.

1. Click to the Isoline labels icon
2. Enter two points defining a line segment
3. The labels are placed at the intersections of the segment and the isolines

——

ﬂ

2.15.10.Renaming/renumbering

1y

5o

Sart at

Name

Nodes, trusses, beams, ribs and do- Rename / renumber
mains of the model can be renum-
bered and renamed (their numbering Startat i

Trusses

follows creation order by default). Name [T =l
To rename and renumber nodes or [~ Restore original numbers
elements select them first then click In name strings element number is represented a= an underscore ()

the function icon on the Icon bar on T4,72,T3, T4, T5, T6, T7, T8, T3, T10, T11, T12, T13, T4, T15, T16

the left.

Lo I Cancel |

The list on the left shows the number of selected nodes and elements. Choose what you
want to rename / renumber.

Enter the starting number. Selected elements will be renumbered in an order determined
from their position. Renumbering can have effect on elements not selected as two nodes or
elements cannot have the same number.

In name strings element number is represented as an underscore (_). For example: if starting
number is 1, and the Name field contains T_, the names of the selected elements will be T1,
T2, T3, ... If only one element is selected it is not necessary to include _ in the Name. Other-
wise it must be included as elements must have different names.

If the Name field is empty, the name will be the number itself.
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If Restore original numbers is checked clicking the OK button restores the original numbers of

numbers  the selected elements and clears their names. Element type must be selected from the list on
the left.
To turn on/off the display of numbers/names of elements open the Display Options dialog
(see... 2.15.14 Display Options) or use the speed button (see... 2.16 Speed Buttons)
2.15.11.Parts
rgﬁ Lets you create sets of structural elements called parts. @ Parts =[O x]
Working with parts makes the pre- and postprocessing + an
easier. =4 ser-defined parts = B
AxisVM allows you to display one or more parts, called o 2
active parts, at the same time. In addition, if the Parts a3 j
check box is enabled the commands will only affect or - og?::,‘:ms 5
refer to the entities of the active parts. The name of the Mat;f_i“k'slsm 5
current part is displayed in the Info window. If more BSH GL24h [109] !
: . : C1620 [16]
th.an one part is turn?d on n parts is displayed, where o7 2]
n is the number of active parts. NC240 [3]
There are two types of parts: user-defined parts and naen
logical parts. User defined parts are created by the user Pai 2 < E0.200 {1918}
selecting elements belonging to the part. Logical parts
are Createg automatic‘ally by .the progr.am‘sorting t.he : St‘;’g::w“m_m}
elements into categories by different criteria (material, (3 Architectural model
cross-section, thickness, element type, story, etc.). DEB“:;:MUXQD
You can activate an existing part by clicking its name 11710 Other cloments
in the list box. I A
Parts can also be activated without opening this dialog _ i 2 ]
. C g 71 [1 Story 3 (+0.750)
box by simply clicking the Parts speed button (at the =t [ Architectural model
=7 [ Other elements
bottom of the screen). e
Depth of the tree expansion can be set by clicking on =L Wals
the numbers on the right hand side of the window. . Dis,a,,ssm mm
(0 250mm 1]
=-7i [0 Other domains
27 mm [2]
[ Story 2 (+6.900)
= [(7y Architectural model
-1z Slabs
0 zsomm (1] L
— oo el ;H
[ Partz 20 of 56
=
[v Auto Refresh
[ Refresh &l
[~ Show non-visible parts grayved
Ok Cancel
New Creates a new user-defined part (a set of model entities).
== You must assign a name to each new part. You must then define the new part by selecting
entities (using the Selection Icon Bar if necessary) in the active display window.
Modify Lets you modify the selected user-defined part. When the selection menu appears,
% the entities of the model that are in the part are displayed as selected.
Delete Lets you delete the selected user-defined part from the list. This command will not affect

X

the model.
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Logical Set
Operations

(D

Creating
new folders

=i

Logical parts

Display
switches

Creates a new part by performing logical set Logical operations [x]
operations on the user-defined parts of a model. _

You have to specify the set operations. To enter oce 6.0

the name of a part, double click on the d

respective name in the list. Use the % symbol to arts

include the entire model. e

For example: %-Columns will create the part that e

will include the entire model less the part
named Column.

Clicking on the Create button, you can enter in
the Name field the name of the newly created
part. If you want to use the +, -, , (, ) characters
in the name of a new part, you need to put the
name between “” marks (example: "floor
+12.00").

Doukle click on & list temn to copy it to the expression. % is the
logical symbol of the entire model. Operators: + (union), -
[difference), * (intersection) and () brackets.

IPam +Part9+"Basze + 6.00"+"Baze - 3.00"

Mame: IMyNewPart Create

Cloze

I

Creating folders offer a way of sorting user-defined model parts. Parts can be moved and
rearranged by dragging them to a new position. [Ctrl]] and [Shift] allows multiple selection in
the usual way.

Turning folders on/off turns on/off the parts within the folder.

Logical parts
v B i

x W Structural members by cross-section
[T By element type (trusses, heams, ribs)
[v By architectursl object type (columns, besms)

This dialog is to set criteria for creating
logical parts.

Architectural objects are defined by their
geometry. Vertical beams, ribs and trusses
are considered to be columns, horizontal

d Domains by thickness

ones are considered to be beams. Domains
in horizontal plane are slabs, domains in
planes perpendicular to horizontal planes
are considered to be walls.

If we defined stories we can create logical
parts by stories.

Display switches work in the following way:

All
Turns on or off all the parts in the list.

Parts

[~ By element type (plates, membranes, shells)
[v By architectural object type (labs, wallz)

[ Ery stories

[~ Save a= default

Ok Cancel

If it is on only the parts checked in the list are displayed. If it is off the entire model is

displayed.
Logical parts
Turns on/off display of logical parts.

&  When working on parts, only the data of the active parts will appear in the tables by

default.
Auto Refresh

If it is on turning on or off parts will immediately cause a redraw. If it is off the screen is

updated only after clicking the OK button.

Refresh all

If it is on parts will be turned or on off in all window panes in multi-window mode.
If it is off part settings will be updated only in the active panel.

Show non-visible parts grayed

If it is on the entire modell wireframe is also displayed in gray to help identification of

model parts.
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2.15.12.Sections

LIS

Lets you create section lines, planes and segments through any surface model, that can be
used to process the results (displacements, internal forces, etc).

If a truss, rib or beam is within an active section plane and the result component has values
on these elements a diagram is displayed on these line elements too.

Section lines ]

"
=i :
X /-\ g1
: ‘—‘_ I e
R
rylyl o7
Section segment
Display Mode
" Diagram only
Secti i " Disgram + average valugs
B € |1l:|n1|:| anes = Diagram + resultant integrated values
g 22'22 " Resultart integrated over the segment
2T . . )
& Section lines i+ ID_la_gr.am with segment wicth .
s b2z ; = £
1t c2-c2 Ay [mm] = |soo,o
A [mm]= |500,0 .

130f13

hlewe zection segment [ Draw diagram in the plane of the elemerts

Mewy section segment group

Iew section plane i In all load cases
= Current (ST1)

€ Inthiz load case anly

Mewy Section Line

tdodify

{* For all result components
= Current (2X)
= Far this resutt component anly

Delete

¥ Section lines

¥ Draw section plane contour
¥ A&uto Refresh p— |
I~ Refresh Al

Cancel |

The dialog works similar to the Parts dialog.

Section lines, planes and segments can also be turned on and off using a speed button at the
bottom toolbar.

If the result display mode is Section result diagrams are displayed only on section lines,
planes and segments.

To reduce the complexity of drawings display of individual sections lines, planes or
segments can be controlled to appear only in a certain load case and/or for a certain result
component. Section segments, planes and lines are automatically sorted into three different
folders (type groups).

& Items cannot be dragged into another type group.

Creating a section
segment group

Section lines x|

s

= A

Section segment

isplay Mode

™ Diagram + average values
- = a—lirtegrated values
over the seament

| % Diagram onily

Section nlanes

New section segment grou rit vicith
? 2 g B sile of the strip
Section segment group name Ixz.x2 A, i = I—

———
Ok Cancel &g [mim] = I o d
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Creating
new folders

=i

New section
segment

New section plane

Section segment groups can be created to make it easier to turn on/off several section seg-
ments together.

Click New section segment group, enter a name for the group (name) and define any number
of section segments. End definition by pressing [Esc]. Section segments will be numbered
(xx) and get into the name folder as name_xx.

Creating folders offer a way of sorting sections. Segments can be moved and rearranged by
dragging them to a new position within its own type group. [Ctr]] and [Shift] allows multiple
selection in the usual way.

Turning folders on/off turns on/off the segments within the folder.

To define the segment enter two points of a domain or on domains in the same plane.
Setting the radio buttons you can control how the internal forces diagram will be displayed.
Left or right segment width can also be specified.

Diagrams are usually displayed perpendicular to the element plane but checking the option
Draw diagram in the plane of the elements rotates the diagram into the plane. In the Display
Parameters dialog this parameter can be turned on/off for all section segments.

Z
&
&

Display of the resultant integrated values

Display of the average values

Click New section plane and assign a name to the section. This type of section is based on a
plane. Click or enter two points to set the section plane. Then click OK in the Selection Icon
Bar to save. In perspective view you have to click or enter three points to set the section
plane. Section planes are displayed as rectangles of dotted lines. You can enable/disable the
display of section plane rectangles.

Section planes are useful when you want to [\
display results only along a certain line

//\“\
. //4 T
through the entire structure. —
& == \L/ A\\>
T o
e
\\\\ //
/
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Click New section line and assign a name to the
section. You then have to select surface edges
or beam elements that define the section line.
Then click OK in the Selection Icon Bar to
save. Section lines can be discontinuous.

The checked section lines, planes and segments are active.
You can use Auto Refresh and Refresh All checkboxes, New, Modify and Delete buttons the
same way as in the Parts dialog.

The tracelines of the section lines are not correlated with the directions of the result
components displayed.

2.15.13.Find

&

Finds the entity having a specified index, and moves the cursor over it.
If Select element is turned on the element found will also be selected (displayed in purple).

Find Node x|

El it Type
' Node " Nodal Support

f Tue= | £ Lne Support
o aeam | Surface Support
 Rib r cap

_ smgteilierker || Sorig
" Surface ) Link
= Domain | Edge hinge

— | O ARBO/CRET element
" Reference = - -

 Rigid

Mode Mumber: Iﬂ - l

¥ Select element

Ok I Cancel |
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2.15.14.Display Options

A,
oo
Symbols
Graphics
Symbols

Symbols |Labels I Switches

—Graphics Symbols —Local Systems
¥ Mesh I~ Beam
¥ tode ™ Rib
¥ Surface certer I~ Surface
[V Certer of circle [~ Domain
¥ Domain [~ Support
¥ Modsl Support I~ Spring
|v Line Support I~ G
v Surface Support [~ Link
v Links I~ Edge hinge
v Ridids
|+ Diaphragm ¥ Loads
[V Reference ¥ Concentrated
|V Cross-section shape ¥ Line
¥ Erd releazes ¥ Surface
¥ Structural Members | T
I~ Reinforcement param. v Self weight
[~ Reinfarcement domain [¥ Miscelaneous
[ hass ; [ Losd distribution scheme
IV story center of aravity [~ Derived beam load
[V Story shear center -
I~ Moving load phases
i nts
v

<

Object cortours in 30

[¥ Auto Refresh
[~ Refresh &l
[~ Save as defautt

o]

Cancel

Enables/disables the display of the symbols.

Mesh
Enables the display of the inner mesh lines.
&~  When disabled only the outlines are displayed.
Node
Enables the display of the nodes (small black rectangles).
Surface center
Enables the display of the center point (selection point) of the surface elements.
&~ Color codes: plate = red, membrane = blue, shell = green.
Center of circle
&~ Enables the display of centers of circles as a small cross.
Domain
Enables the display of the domain’s contour.
&~ The color of the domain is the same as of the surface type.
Color codes: plate = red, membrane = blue, shell = green.
Nodal support
Enables the display of the nodal supports.
&~ Nodal supports appear as thick axes.
Color codes: axial displacement=yellow, axial rotation= orange.
Edge support
Enables the display of the edge supports.
&~ Edge supports appear as a thick edge.
Color codes: axial displacement=yellow, axial rotation= orange.
Surface support
Enables the display of the surface supports.
&~ Surface supports appear as a light brown hatch .
Links
Enables the display of link elements.
&~ Node-to-node link elements are displayed as solid green lines with an arrowhead
showing the location of the link.
Line-to-line link elements are displayed as solid green lines with an arrowhead
showing the location of the link and dashed green lines at the line endpoints.
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Rigids
& Enables the display of rigid bodies. They appear as thick black lines.
Diaphragm
& Enabled the display of diaphragms as gray dashed lines.
Reference
Enables the display of the references.
&~ Red vector, crosshairs or triangle.
Cross-section shape
Enables the display of the shape of the cross-section of the truss/beam/rib elements.
&~ The user-defined cross-sections will be displayed as rectangles that circumscribe
the shape of the cross-sections.
End releases
Enables the display of the end release and edge hinges.
End release:

&~ Blue circle: hinge / roller
Blue circle + cross semi-rigid hinge
Red circle: spherical hinge
Solid blue circle: plastic hinge
Edge hinges:

&~ Circles on the edges.

Structural members
Enables the display of the structural elements.
& An orange line along the member and the number of the
member.
Reinforcement param.
s~ [Enables the display of brown stars at surface centers where reinforcement parame-
ters are assigned.
Reinforcement domain
s~ Enables the display of mesh independent rein-
forcement domains as dashed brown outlines.
Top and bottom x and y reinforcements are also
displayed. Two vertices of the polygon are con-
nected to the center by brown lines.

012/ 200-565 "

014/ 200=770

012/ 200=565

Mass
Enables the display of the symbol of the concentrated masses.
&~ Double red circle.
Story center of gravity
s~ Enables the display of center of gravity of each story. AxisVM converts loads of
load cases used to calculate the vibration shapes for seimic analysis into masses
then calculates the center of gravity for each story. The centers are displayed as
black +s in black circles with a label Gmi where i is the level number.
Story shear center
Story shear center is determined form wall sections at the story level. The method to
determine shear center of thin walled cross-sections is used.
s~ Enables the display of shear center of each story. AxisVM calculates story shear
centers by finding wall sections and using the same method as for thin-walled
cross-sections. The centers are displayed as red +s, with a label Si, where i is the
level number.
ARBO-CRET elements
Aschwanden ARBO-CRET elements placed into the model.
&~ A schematic drawing of the element is displayed.
COBIAX elements
COBIAX elements placed into the model.
& Void formers are displayed as circles in wireframe mode and balls in rendered
view.
Object contours in 3D
Displays static model with a 3D wireframe look.
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Local Systems Enables the display of axes of the elements in the local coordinate system.

,ﬁr
j
\ z
Y
L,

Beam element local coordinate system

y v

Surface element local coordinate systems

Loads Display of load symbols can be set separately for
each load type (concentrated, distributed along a
line, distributed on surface, temperature, self weight,
moving load, miscellaneous (length changing,
tension / compression).

To display of surface loads distribution to beams
(see the diagram on the right) check Load distribution.
To display the derived beam loads check Derived ) }
beam load. P <

Derived beam load  Displaying of derived beam loads

Moving load  If this option is turned on all phases of moving loads are displayed in gray. If this option is
phases  turned off the moving load is displayed only in the position determined by the current load
case.

Auto Refresh  If it is turned on any change in settings will make the active panel redrawn immediately.

Refresh All  Changes will affect all panels in multi-window mode.

Save as default Saves the current symbol display option settings as default for new models.
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Labels

Numbering

Properties

Actual
reinforcement

Sympols | Labels | Switches

—Humbering

[ hode

[~ Truss

[~ Beam

[~ Rib

[ Surface
[~ Domain
[~ Support
[~ Links

™ Rigid

[ Disphragm
[~ Spring

[~ Gap

[~ Material
[~ Cross-Section

[ Use finite element numbers

ul Lakels on lines seen from axis
direction

—Properties

[ Material Mame

[~ Crozs-Section Mame
[ Bolted joirt

[ Column Reinforcement
[~ Beam Length

[~ Thickness

[~ Domsin Area

¥ COBIAY lakels

[~ Load Yalue

[~ Mas=s Value

[~ Units

v —Actual Reinforcement

Symbolz Lahels
v @t v @t
¥ ayt ¥ ayt
¥ axk ¥ axk
¥ ayb ¥ ayb
Lakels

{* Rebars + Reinforcement Values
" Rebars + Quartity » (Lenoth)

[V Auto Refresh
[~ Refrash &I
[~ Save as defaut

o8 I Cancel

VARV VAN

SE B

/8

M) Qq}_ﬁq}_'iq}_'_
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Displaying the number of nodes, elements, For meshed line elements checking Use finite
materials, cross-sections, references. element numbers displays the number of finite
elements instead.

Checking/unchecking Labels on lines seen from axis direction turns on/off labels on lines seen
from the direction of their axis (seen as points).

Enables the display of the name and values of materials properties, cross-sections, element
lengths or thicknesses, load values, masses.
If the Units option check-box is enabled, the labels will include the units as well.

Enables labeling for top and bottom reinforcement in x and y directions independently and
sets the labeling mode.
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Switches Display Options
Symbols | Lahels  Switches I
nformation Windows isplay
¥ Coordinstes [ Parts
¥ Infa v Guidelines

|+ Color Legend

¥ Auto Refresh
[ Eefresh Al
[ Save as default

Ok, Cancel

Information Coordinates
Windows Enables the display of the Coordinate window.
See... 2.17.2 Coordinate Window.

Info
Enables the display of the Info window.
See... 2.17.1 Info Window

Color Legend
Enables the display of the Color Legend window.
See... 2.17.3 Color Legend Window

Display  The display of the actual parts and guidelines can be turned on and off.

Parts
Enables/disables the display of parts.

Guidelines
Enables/disables the display of the guidelines.

2.15.15.0Options

% Allows the selection of the options for the settings of the grid, cursor, editing, drawing
parameters, and design code.
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2.15.15.1. Grid and Cursor
Grid The grid consists of a regular mesh of points or

. oy Grid C ti i

lines and helps you position the cursor to pro- rid corsor [edtng | reein |

vide a visual reference. Depending on its type e (e

the grid is displayed as: B i

& play ’ 1 [m] = |1 000 A [m] = [0,100

Dot grid — axes are displayed with yellow &= fr000 &Y m] = [5,100

crosses, points in gray azm= oo 47 m) = [o.100

Grid lines — axes are displayed in yellow, lines Tyee

in gray. IGrid Lines 'l Ctrl = |0.1

Cursor Step

¥ Auto Refresh Ok I Cancel

You can set the grid parameters as follows:
Display
Displays the grid if the check-box is enabled.
AX, AY, A7
Sets the spacing of the dots/lines of the grid in the direction X, Y or Z.

Type
Sets the type of the grid.

Allows to choose coordinates of an invisible dot mesh (not the grid).

You can set the cursor step parameters as follows:

Mouse Grid
Restricts the movement of the mouse cursor to an invisible grid specified by the cursor
step values below.

AX, AY, AZ
Restricts the cursor movement to regular intervals. Each time you press a cursor
movement key the cursor moves in the corresponding direction (X, Y or Z) one step
(AX, AY or AZ respectively).

Ctrl x
Sets the value of a factor that increases or decreases the cursor step size if you press the
[Ctr]] key when you move the cursor. This allows you to achieve adequate positioning
accuracy.

The cursor step is ignored if you position the cursor on a line not parallel to global coordinate

axes. In such a case, the cursor will move along the line.

If the editing tolerance is greater than the cursor step, the mouse will follow an invisible grid
specified by the editing tolerance.
When using with constraints, the cursor step is applied in the constrained direction with the

DX value.
See... 4.7.4 Constrained Cursor Movements

If the grid step and the cursor step is set to the same value, nodes will be placed snapped to the
grid.
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2.15.15.2. Editing

Constraint Angle

Auto

Editing Tolerance

Cursor
identification

Plane tolerance

Auxiliary
coordinates

Gried Cursor  Editing IDrawmg I

During the model editing the movement of the
cursor can be constrained.

. . . . rConstraint Angle Auto
Using the [Shift] key while moving the cursor, sor-[EE 7 reersect
. . . ¥ Part Management
the movement direction can be set. In this case T T
the constrained movement of the cursor will be
based on two types of angles (for other type of e ""e""“;_ [T
. . &[m]=|1E-3 N ] &1 pixel
constrained movements see... 4.7.4 Constrained o _SE
Cursor Movements). ~Plane tolerance | -Polar Coordinates
5 Relative ['x»]:ls = Cylindricsl
i Sphericsl
Absolute [m] = |1E—2

¥ Auto Refresh

Sets commands that are applied automatically if the corresponding check-box is enabled.

Intersect :
Sets the line intersection handling. At intersection points of lines a node will be generated
and lines will be bisected. If surfaces are intersected by lines, they will be split, and the
resulting elements will have the same material and cross-sectional properties as the
original.

Part management :
Any entity drawn or modified after the check-box is enabled will be associated with all of
the active parts.

Refresh :
Sets the display refresh mode to automatic.

If two nodes are closer than the value set as the editing tolerance, they will be merged in the
case of a mesh check. This value is also used when comparing surface thickness or beam
length.

The element under the cursor is identified if it is within an
adjustable cursor identification distance. The unit for cursor
identification distance is pixels.

1
2

If more than one element is within this range the closest one will be identified.
See... 4.7.1 Cursor Identification

Nodes of domains and surfaces must be in plane. If a node of a domain or surface deviates
from this plane more than the given value the element will be deleted. Plane tolerance can
be specified in two ways:

Relative [%0]  per thousand of the biggest extension of the
element polygon

Absolute [m] a given value
Cylindrical or spherical.

See... 4.3.2 Polar Coordinates
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2.15.15.3. Drawing
Load symbol ~ Sets the display size of the load symbols. This

display factors factor is applied when the checkbox in the Sym-
bols icon / Graphics Symbols / Load is enabled.
These values do not affect load values.

Force
Sets the display size of the symbol of concent-
rated force loads.

Moment
Sets the display size of the symbol of concent-
rated moment loads.

Line / surface load
Sets the display size of the symbol of line /
surface loads.

Gid Cursor | Editing ~ Drawing |

rLoad Symbol Display Factors
Force
homent |1
Line Load |1
Surface Load |1
rContour Line Angle Zoom Factor
h[*] = IH,EIEI 1,3
W autoReresh cacel |

Contour line  Sets the display of the inner mesh lines (between adjacent surface elements). The common
angle edge of two or more surface elements is displayed if the angle enclosed by the normal to the
planes of the elements is larger than the value set here.

Displayed
M edge
A0 Edge not dis-
/ played

Zoom factor  Sets the scale of magnification/reduction of the zoom commands associated to the [ + ] and

[-]1keys.

2.15.16.Model Info

Shows the main parameters of the model.

Clicking the Analysis parameters button certain parameters of the latest analysis (memory

usage, running time) can be studied. This information is available only if the model was

analysed by Version 10.
Model Information x|
03D_2DE_02_10 ﬂ
Wersion: 10.0
Result file exists Analysis parameters x|
hocel file: 2850
Created: 1.10.06-11 .55 Linear analysis
Modlifiscl: 11.12.09-14.13
Result file:
P:::' e 13'41:;1 Mumber of Equations: 28263
MNodes: 1411 Equations Memory: 173M
Midzide nodes: DBGG Solver block size: 4585 M
Lines: D45 Largest avaiable memory block: 165 M
Beams: 174 Analysis block size: 185 M
Ribs: 309 Available physical memary: arm
Su;f:;;; 1278 Total physical memory: 1.999G
Suppoﬁé‘ [ 213 Model optimization 0:00:05
Mater\als:. 3 Model \.u"erificahon: 0:00:01
Cross-Section: q Analysis: 0:02:10
Load Cases: 10 Stitfness matrix evalustion: 0:00:27
Load GFUUF'Si 3 Decomposition of the system of equations (2); 0:00:33
L) Chmmatatmeiems: 1 Backsubstitution: 0:00:26
Calculstion of internal forces: 0:00:15
Result File Generstion: 0:00:00
Analysis parameters »» I
Dimenzions:
56.3 % 30.0 % 25.3m ﬂl Save
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2.16. Speed Buttons

The quick switches toolbar allows you to change the display settings without entering
the Display Option/Symbols or Options dialog. The icons are located in the bottom right
corner of the graphics area.

" Stary 5

" Ground floor

P (Bl e[Sl (B3] L 2] 7l

Auto Intersection

Mouse Snap

Stories

Parts in tree view

Display Parts of the selected elements
Workplanes

Section Lines & Planes & Segment

=@ 0] & A & m X

Display Mesh

Display Loads Symbols
3! | Display Symbols
L | Display Local Systems
12 Numbering

jal Background Layer

i Background Layer Detection

Some of these settings are available also from Display and Service icons.
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2.17. Information Windows

The information windows are situated in the graphics area. You can move these windows
on the screen by clicking title bar, holding down the left mouse button, and dragging it to a

new location on the screen.

2.17.1. Info Window

Code : Eurocode
Linear Analysiz
Case : Self Weight
E (W] :&.14E-11
E(P) :E.14E-11
E(Eq) : 1.55E-11
Comp. ¢ eZ [mm]

Shows information about the display of the results such as: active part(s),
current perspective setting, type of analysis, current design code, current
load case or load combination, solution errors, current result component.

For the explanation of E(U), E(P), E(W), E(EQ) parameters see 5. Analysis
and 5.1 Static Analysis

If more than one part is activated a list of active parts is displayed provided that the number
of parts does not exceed a limit. This limit can be set by right clicking the info window and

clicking the Settings menu item.

2.17.2. Coordinate Window

AWlm]: 1.05& tfm]: 1.275
d ¥[m]: 25.000 d a[®]: 24.06
Z[m]: 0,714 h[m]: 25.000
Llm]: 25.03z2
See... 4.4 Coordinate Window

2.17.3. Color Legend Window

Color Legend setup

Displays the color legend corresponding to the result component being displayed in the
postprocessor. You can resize the window and change the number of levels simply
by dragging the handle beside the level number edit box or entering a new value.

Colors will be updated immediately.
You can set the color legend details in the color legend
To open this dialog box simply click the color legend window.

0107
-2,252
-4 611
-6,970
-9,329
-11 688
-14,047
16,406
-18,764
-21123
-23 482
-25,841
-28,200
-30,559
-32818

EEEEEETT TN

]| —
eg
Levels 15 = [rrm]
—Limits
) S 0,107
* Min, Max of Madel
32018 0107 Z,EEE
= Min, Max of Parts 4,611
32818 .. 3,002 6,970
" Absolute hMax. of Madel 9,329
-32919 ..32919 11,688
= Absalute Max. of Parts 14,047
32819 .. 32,918 16,406
" Custom -18,764
" Auto Interpolste 21,123
" By step value 23,462
A=I1 -25,841
28,200
| d| -30,559
Save Az | | .V 32,918
Hatching for out of range values |15
Opague |Transparent

[v Display

¥ &uto Refresh
[~ Refresh Al

OK Cancel

setup dialog box.
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Limits

AXISVM ()

Setting criteria for the interval limits:

Min/max of model
Sets the lower and upper limit values to the minimum and maximum values of the
entire model. Intermediate values are interpolated.

Min/max of parts
Sets the lower and upper limit values to the minimum and maximum values of the
active parts. Intermediate values are interpolated.

Abs. max of model
Sets the lower and upper limit values to the maximumabsolute value of the entire
model with the respective negative and positive signs.
The intermediate values are interpolated.

Abs. max of parts
Sets the lower and upper limit values to the maximumabsolute value of the active parts
with the respective positive and negative signs.
The intermediate values are interpolated.

Custom
Click an item of the list on the left to edit its value. If you are in editing mode you can
navigate through the list by UP and DOWN keys and edit the current item. When you
click OK the series of interval values must be monotonically decreasing from top to
bottom.

Auto Interpolate
If Auto Interpolate is checked the series will be recalculated each time you enter a new
value. If you enter a new top or bottom value the recalculated series will be linear
between top and bottom values. If you enter a new value at a middle interval the
recalculated series will be bilinear, i.e. linear between the top and the new value and
between the new and the bottom value but steps may differ.

By step value
Color values are determined by the given step A. When entering a new level value the
other levels will be recalculated using the step. Switching from other crieria the array
starts from the lowest value and using the latest step value.

You can save the settings of the scale using the Save As button. To review saved settings
click the ... button.
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Hatching for out Hatching for out of range values can be set to Opague or Transparent.
of range values
Standard interval limit settings are also available directly from the color legend window
popup menu. To activate popup menu click right mouse button on the window.

Calculate %]
When displaying reinforcement values click Customn and
Calculate to get the amount of reinforcement from rebar dia- 2| g =l
meters and distances for the selected list item. spacing [ = [200 -]
Add
& When displaying actual reinforcement schemes AxisVM does not assign Dismeter | Distance | Guantity |
color to numerz:cal values but to .different rf.zba'r configt.drati@s?. o - o
It can be set to display all schemes or just those within the active (visi-
ble) parts.
&_ [mm? fm] = 1018
OK I Cancel

2.17.4. Perspective Window Tool

| T L e ’6@ |ﬁ&& x|
’E ; Observatio;ﬂ Distance ‘@ Im @t

See... 2.15.3 Views
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3. The Main Menu

3.1. File

Edit Setkings Wiew ‘Window Help

[ew

Qpen... Chr+O

Save As...

Save.., Chrl+5

Export...

s O RDF

Irnport...

Page Header...

Prink Setup...

Print from file...

Print... Chrl+P

Model Library. ..
Material Library. ..

GO kb

Cross-Section Library, ..

Exit Chrl+Q

1 Crhaxisvm_g_EnglishiexamplesiMSZ_TT-Ts-5_M. axs

2 Cilaxisvm_8_EnglishiexamplesivL1-5T-1.axs

3 Crhaxisvm_g_Englishlexamples\Office_Building_\wWall. axs
4 Cilaxisvm_5_Englishiexamplesiak-KIaxs

5 C:laxisvm_8_Englishipeldaki,Office_Building_Plate. axs

A

The menu commands are described below.

3.1.1. New Model

[5

Select a view to start with

¥ l—:l Folder IC:\Program Filez\Axizt b1 MPeldaky

T—»_x Madel Filename: IModeI 1

1H Desion Coce [ — | £9)
=

j Change Settings... |

Frart View Units and Formats IEU Units

z o

k@ Report Language IEninsh
=

Perzpective

"

— Page Header

IProject

IAnaIysis by InterCAD

Comment I

Project

Analysis by InterCAD
Model: Model 1.axs

Ok I Cancel |

Creates a new untitled model. Use this command to start a new modeling session.
If you have not saved the current model, a prompt appears asking if you want to save it
first. Refer to the Save and Save As commands for more information on how to save your

current model.

You must specify a name for the new model. You can select the appropriate Standard and
system of units. You can enter specific information in the Heading section, that will appear

on each printed page.

A new model uses the default program settings.
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3.1.2. Open
= Loads an existing model into AxisVM. If you have not saved the current model, a prompt
[Ctri]+ [O]  appears asking if you want to save it first. Refer to the Save and Save As commands for more
information on how to save your current model.
Selecting this command will bring up the Open dialog box.
If the folder name appearing in the dialog box is what you want, simply enter the file name
in the edit box or select it from the list box. If the directory is not what you want, select the
drive and directory names along with the file name.

AxisVM saves your model data in file names appearing as Model name. AXS (input data), and
Model name. AXE (the results). Both file contains the same identifier unique for each save
which makes it possible to check if AXS and AXE files belong to the same version of the model.

Open an Axis¥M Model 2] x|

Lock in: I@ examples j & & -

QSZLOPYASALAS, axs .SteelFrameZ.axs
OSZLOPYASALASZ, axs BAlTci-s7-1axs
BAlvL1-57-1.855

RT1-5T-1.ARS
RTZ-5T-L.ARS

Model data files
in the current
folder

SteelFrame_2.axs BAvL-rz-1.Axs
SteelFrame_3spanyal.axs . WL-RZ-I_karyvhoz,axs
SteelFrame_3spanyol_vbeton, axs .\.-'TI-ST-I.AXS
SteelFrame_3spanyol_vbetonz. axs

SteelFrame_roman, axs

S
File name: IVL1 -5T-_Recuperadol. axs j Open I
Files of type: | twistM Models [.as) | Cancel |

Model info CMKISWxisYMT _angolexamplesL1-5T-1_Recuperadol axs ¥ Preview
Werzion: 7.0 -
Ho resuilt file found x
el file: 641 k
Crested: 16.02.04-17 .01 :
Modifie 16.020447 12 Model display
Design Code: Eurocode
Modes: 446
Lines: 956
Trusses: 324
Beams: EE2
Tt A ;I
3.1.3. Save
U Saves the model under the name displayed at the top of the AxisVM screen.

[Ctri]* [S] If you have not saved the model yet, the Save As dialog box automatically appears
prompting you to enter a name. Use the Save As command if you are changing an existing
model, but want to keep the original version.

If you enable Create Backup Copy check box in the Settings / Preferences / Data Integrity /
Auto Save a backup file of your previous model will be created.

3.1.4. Save As

Names and saves the model. Use this menu command to name and save a model if you
have not saved the model yet, or if you are changing an existing model, but want to keep
the original version.

Selecting this menu command will bring up the Save As dialog box.

Converting Models created with previous AxisVM versions (if applicable) will be converted into the
models  current version file format when you open them for the first time.

“ TheFile/ Save As/ File Format command lets you save the model in earlier formats.
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3.1.5. Export

*f |

DXF file

Tekla Structures file

Bocad file

StatikPlan file
PianoCA file

IFC 2x, 2x2, 2x3 file

CADWork file

SDNF 2.0, 3.0 file

AxisVM Viewer

Saves the geometry of the model to a DXF file format for use in other CAD programs.
The geometry is saved with actual dimensions, in a Model nane. DXF file.

Selecting this menu command will bring up the Export DXF dialog box,
that lets you specify the units of measurement in the exported file.

Three different formats are available for DXF output.
- AutoCAD 2000 DXF file
- AutoCAD R12 DXF file

- AutoCAD reinforcement design file

Two different file formats are available:

Tekla (TS) Structures ASCII file (*.asc)
Saves the geometry of the model into a file format that is recognized by Tekla Structures.
The file includes the coordinates of i and j-end nodes, the cross-sectional properties and
the reference point of truss and beam elements.

Tekla (TS) DSTYV file (*.stp)
Saves the data of the truss and beam elements (endpoints, material, cross section,
reference) as a standard DSTYV file. This file format is supported by several steel designer
CAD software.

Saves the geometry of the model into a file format that is recognized by the Bocad software.
The file includes the coordinates of i and j-end nodes, the cross-sectional properties and the
reference point of truss and beam elements.

For StatikPlan AxisVM exports a DXF file including the contour of the reinforced concrete
plate, the calculated reinforcements as isolines and the result legends on different layers.

Generates a *.pia interface file for PianoCA. It includes the data, supports, loads and the
calculated results of the selected beam elements.

Exports an IFC file describing the model with achitectural objects (walls, slabs, columns,
beams). IFC files can be imported in ArchiCAD, AutoDesk ADT, Revit, Nemetscheck
Allplan, Tekla-Xsteel and other architectural programs.

Creates a DXEF file to use in CADWork reinforcement detailing software.

Only selected domains will be exported.

As CADWork works in 2D, selected domains must be in the same plane.
Each domain in the DXEF file is transformed to a local X-Y coordinate system, Z coordinate
represents the calculated amount of reinforcement.

Saves the model in SDNF (Steel Detailing Neutral Format) file readable by steel detailing
products (Advance Steel, SDS/2, Tekla Structures, PDMS).

Saves the model in AxisVM Viewer format (*.axv).
See... 7. AxisVM Viewer and Viewer Expert
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AXS file

Export Selected
Only

Coordinate units

The following groups of elements
can be exported: the entire struc-
ture, displayed parts or selected
elements.

To select export options similar to
those of the Copy options (see...
3.2.6 Copy / paste options ) click the
Settings button of the Export dialog.

Export to Axis¥M file

Elements to export ||SRGERUEEEl | Uisolayved parts | Selection |

—Copy associated objects

| | Selected supports |

| Selected loads

| | Selected dimensions |

| | Selected reinforcement domains

* Copy load cases of the loads copisd
= Copy all load cazes

W Copy all load combinations

W Copy all load groups

cancel

Exports only the elements that are in the current selection set.

The coordinate units of the exported file can be selected here.

The default unit is meter [m].

3.1.6. Import

]

AutoCAD *.dxf

Import Model

Parameters

Imports a geometry mesh from a DXF file (drawing interchange file) exported in AutoCAD
12, 13, 14 and 2000 format into AxisVM. The layers of the imported file are loaded into the
Layer Manager. See...3.3.3 Layer Manager
If the file date of the imported file has changed, the Layer Manager will ask if you want to

update the layers.

Selecting this menu command will bring up the Import DXF dialog box.

The ellipses will be converted to polygons only if you load them as active mesh otherwise they

remain ellipses.

Importing 1=t Hloor architectural dxf x|
—Parameters
Coordinate Unit: Im vl
Maximum Devigtion From Arc [m] = IEI.DSEI
Geometry Check Tolerance [m] = ID.DDS
—AImport As lace
& Actual Nodes & Lines W Select baze plane
' Backoround Layer z * Plang K-
v Plang ¥-Z
—Import Mode
= " Plang ¥-Z
™ Owerwerite
& Add Flace |

Input units

You need to specify the length unit used in the imported DXF file.

Maximum deviation from the arc [m]:
Importing a DXF file as an active mesh, ellipses will be converted to polygons based on
this value.
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Import As

Import Mode

Place

IFC 2.0, 2x and 2x2,
2x3 *.ifc file

Static model

Architectural
model objects

79

Geometry check tolerance
When you import a DXF file as an active mesh, AxisVM checks for coinciding points
(nodes) and lines in your model, and merges them.
You can specify the maximum distance to merge points. Points that are closer together
than the specified distance are considered to be coinciding. The coordinates of the merged
points (nodes) are averaged.
You must always set this to a small number relative to your model dimensions.

You must specify whether you wish to use the imported DXF file as an active mesh or as a
background layer.

Active mesh (nodes&lines)
The imported geometry is considered as if it were created with AxisVM commands.
DXEF layers can be used to create parts.

Background layer
The imported geometry is used as a background layer that is displayed but is inactive as a
mesh. Import a DXF file as background layer when you want to create the model based
on architectural plans or sections. You can use the entities in the background layer as a
reference during editing your model.

You can choose between overwriting the former geometry or adding a new geometry to the
former one

Lets you specify the plane of the DXF layer (X-Y, X-Z, or Y-Z).
The Place button allows to graphically position the imported DXF drawing in your model
space.

Imports objects from an architectural model saved as an IFC file. Imported objects can be
displayed as a 3D background layer or can be converted to a native model by assigning
materials, cross-sections etc. to them. Existing architectural models are always overwritten
by the new one.

You can import object based architectural models from ArchiCAD, AutoDesk Architectural
Desktop, Revit Structure, Revit Building Nemetscheck Allplan, Bocad and Xsteel. Programs.

Impork IFC file x|

—import Method———— import

% Overwtite = Static Model

= Updite: £+ Architectural model objects
—Arc r [t

- Maimum Devistion From Arc [m] = ID,DSD

= By angle [7] = IS
—Joining ob

If ohjects are clozer than

g[m]= ID,D1 il
Cancel |

Importing IFC files can extract the static model (if available) or the architectural objects
overwriting or updating the existing information within the AxisVM model.

From IFC version 2x3 it is possible to export details of the static model (nodes, topology,
supports, loads, load combinations). The Static model option is available only if the file con-
tains this information. If it describes architectural objects (columns, beams, walls, slabs,
roofs) only the static model can be created automatically in AxisVM after importing the file.

This option can overwrite or update existing architectural model information in the AxisVM
model. AxisVM can read columns, beams, walls, slabs, roofs.
See... 4.9.20 Creating model framework from an architectural model

When exporting a model from ADT (Architectural Desktop) turn off the automatic intersection
of walls before creating the IFC file.
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AxisVM *.axs

Stereo Lithography
* st file

Bocad interface
*.sc1 file

Glaser -isb cad-
*.geo file

SDNF file
(Steel Detailing
Neutral Format)

Imports a model from an existing AxisVM file into AxisVM, and merges it with the current
model.

During the merging process, the Geometry Check (See... Section 4.8.14 Geometry Check)
command is automatically applied. If there are different properties assigned to the same
merged elements, the properties of the current model will be retained. Load groups and
combinations if any, are appended to the existing ones as new groups and combinations,
and the load cases as new cases. If no load groups or combinations are defined in the
imported model, the load cases will be appended to the existing ones as new cases.

If the same case exists in both models, the loads will be merged.

If both models contains loads that are limited to one occurrence (e.g. thermal) in the same
load case, the load in the current model will be retained.

The Section Lines/Planes Parts with the same name are merged, otherwise they are
appended.

When importing an AxisVM file the following Importing Shell_1.AXS
dialog is displayed: Geometry Check Tolerance [m] = ID.DD1

Flace | 00,8 I Cancel |

Use the Place button to graphically position the imported model in your model’s space.

Reads the triangular mesh describing the surface of a model from a file in STL format
(binary or text). Multiple nodes and degenerated triangles are filtered out. Import can be
transferred to a background layer as well.

Opens a data file created by Bocad steel construction software (*.scl) and imports beam
cross-sections and geometry.

Imports *.geo files exported by Glaser -isb cad- describing beam or surface models.

Imports a file exported in Steel Detailing Neutral Format used in data exchange between
steel detailing programs.

3.1.7. Tekla Structures — AxisVM connection

Setup

The connection between the two software is made through a COM server enabled to run
AxisVM. To make the connection work first the COM server must be registered within the
operating system (in the Registry) then Tekla Structures must be notified that a compatible
server is available.

AxisVM setup automatically performs these registering operations, however if Tekla Struc-
tures is not installed the second registration cannot be completed. Therefore after installing
Tekla Structures the registration has to be started again by running two batch files from the
AxisVM program folder:

I REG STER_AXI SVM BAT
! REG STER _TEKLA. BAT

If connections fails any time it is recommended to run this registration again.
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After a successful registration the model built in Tekla Structures can be transferred to
AxisVM in the following way: click Analysis & Design models... in the Analysis menu then
click the Properties button to set AxisVM AD Engine as the Analysis engine.

[B]Tekla Structures - C:\TeklaStructuresModels\akd_demo_12- [¥View 1 -3d ] _iElx
TIFle Edt View Ponts Parts Loads | Analysis Detaing Drawing Properties Setup Tools Inqure \Window Help -8 x|
J 2] % 5 um][ 7 7 [ 21 20 |7 11 Newnod i % CD0CE L NG BNEPE|

W& | s i [MELL®|wa]

[ =g=(lala a2 4]

[[@ % Bio ~lfouinecines+1|

|

e

]

Optirize. 3
Resuts
Fiesuls for selected

=l

Member resuts »

TSNS %

=z 3E =

TOX AN LG AN S

[EEEEFEONE (08 VISRR|E/=8 Vg YN

[EEEEEIRT Y EEEE

EEER R R E TR LY

[Database stored s 0 [Pan  [Cunentphase: 1 [0+ 0 obieet(s] selected
st ||| 1) & 2 2 B > || o % 3 4 2OMAS 120

[ﬁfnnalysis & Design models _io EI

Analysis model name Creation method | Resulks Mumber of parts

ed p..  Statuz unkno.. 91

Properties... Mew | Delete | Refresh | [Cretails |Loadcombinalions..| Select objects | Draw |

Run | Create mndell Wigw resultsl Hide resultsl Get results | Get results for selev:tadl LCloze |

ﬁnnalysis model attributes x|
[reszign - Steel I Design - Concrete I Diesign - Timber I
Analysiz model | Analysis | Job Output I S eigmic | Seismic masses | Modal analysis
Analysiz engine: =
Analysiz model name: Fomnat: CIS/2

Fomnat: [FC2x2
Format: IFC2x3
i AD Engine 1.0

Maodel merging

Creation method:

Member axis location IHeFetence axiz =1
Member end release method: [~ By connection
Mode definition: IForce to centic connection ;I ¥ Estended clash check

I~ Modal analysis model

If AxisVM AD Engine does not appear in the dropdown list the registration was not success-
ful and has to be repeated.



Getting back to the Amnalysis & Design models dialog click Run to start the transfer of the
model. The process status is displayed in dialog. If the transfer is completed successfully
click the OK button to see the model in AxisVM.

His¥M-Tekla Structures link i =] |
[~
Al
—Model
Materialz: 4 Lines 115 Logds: 348
Crozs-Sections: 11 Supports: 70 Load cases: 5
Modes: 70 Load Combinations: 14
—Status
[2007.10.03. 12:40:35 687 O ;I

[2007.10.03. 12:40:35 657] Creating load combination (Tekla load combinstion 1T 9)..
[2007 A0.03. 12:40:35.703] OK

[2007.10.03. 12:40:35.703] Creating load combination (Tekla load combination IC: 10)...
[2007 A0.03. 12:40:35.703] OK

[2007.10.03. 12:40:35.703] Creating losd combination (Tekla losd combinstion 10 117...
[2007 A0.03. 12:40:35.703] OK

[2007.10.03. 12:40:35.703] Creating losd combination (Tekla losd combinstion 10 12)...
[2007 A0.03. 12:40:35.703] OK

[2007.10.03. 12:40:35.718] Creating load combination (Tekla load combinstion 10 13)...
[2007A0.03. 12:40:35.718] OK

[2007.10.03. 12:40:35.718] Creating load combination (Tekla losd combinstion I0: 14)...
[2007A0.03. 12:40:35.718] OK

Click the O button to continue j
-

The model transferred to AxisVM:

¥ Anis¥M 8.0.3.412 - €3\ TeklaStructuresModels\a&d_demo_12_cs\Analysis\Modell 1\Modell 1.axs _[®(xi
Bls Edt Settings Yew Window Heip

Element: i
N g‘ ) = 4 | Geometry Hements ILuads | Mesh | Stetic | ibration | Bucking | R.CiDesion | SteslDesion |

S0 63 BE dEcCiy Mamm AR & o 2 s Wh| xR

-

||

|<v o
dx[m] s -27 616

% »
dv[m]: 12524
qanteqad ] I’:dz[m]:n

diim]: 33.254

drim] s 33,254
d a[?]: 146.15 T
d il o

| Click to esit propeties of selected elemerts o drag & frame to select nodes. Lise SHET to add slemerts to the selection

Loads and load cases specified in Tekla Structures are also converted.
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¥ Axis¥M 8.0.3.412 - C\TeklaStructuresModels' agd_demo_12_cs'Analysis\Modell 1\Modell 1.ars =18 5‘
Ele Edit Settings Wew Window Help
= &‘ ) v cu - | Goometry | Bemenis | Loads IMesh | Static | Vibration | Bucking | R€.Desion | SteelDesign |

%o BE|lo-@ &--‘é"\ftx_&;;r/ﬂ«E.&lZIE G o r, Jor [ 25 by 8

Saabudny : M52
Eset

o x

+Wind [a3d in n- 11 varisel

Wind load in %

B2

il

el afmdups

% x| [ d¥[m]: -25.688
sl 25011
aaxtcqud 1] 4 sem) 0

diiml: 41.50%

dirfm]: 41,509
dafe]: 13566 |7
9 dhim] s 0

3.1.8. Page Header

Lets you specify a header text (two lines), which contains the name of the project and
designer. It will appear on the top of every printed page. An additional comment line can
be added.

Page Header
ISteeI frame structure 420 A
IDesigned by Inter-CAD Kit. A

Commert IPage header example

Steel frame structure A20

Designed by Inter-CAD Kit.
Page header example
Model: SteelFrame.axs

A Defautt Settings Ok, I Cancel

3.1.9. Print Setup

é\é

Allows setting the parameters of the default printer.
This is a standard Windows dialog therefore its language corresponds with the language of
the installed operating system.
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3.1.10. Print

= [Ctrl]+ [P]

Printing drawing

Lets you print the model according to the current display settings. Allows the setup of the

printer, and of the page.

Current printer

[V Preview

- IRILALET USERVERHP LaserJet 4080 Series PCL 6
EH7 {LFT1:) Network; Resady
" BMP File Copies: 1| -
I file S B R P —
™ Windowes Metafile Setup... @5 [~ Prirt to File
Scale Margins
f* Fitto Page i Unit: mim -
[v Page Header Left: 20.0 <
. re
Date: 12/14/2009 = Setup... Top: 100 =
Right: 10.0 =
Comment; =
Bottom:  frop =
First Page Mumber |1 =
= Orientation
[v Page numbers & partrat
Color Options Print Window " Landsceps
=4 Color - i Active window Paper Size
Printing Quality € All yindowvs |A4 j
Mormal < 1{3 Change Forts... | ! Pen Widths. . | Ok | Cancel |
Send To

Lets you send the output directly to the printer/plotter or to a graphics file (DXF, BMP
or Windows Metafile [WMF/EMF]).

Printer
Lets you select and setup the printer.
If a file is selected as output, the printing will be stored in the Name.prn file, where
Name is a file name to be entered.
You can set the number of copies required.
The Setup button invokes the standard Windows Printer Setup dialog where you can
change printer and printer settings in detail.

Scale
Lets you set the scale of the drawing to print. In case of perspective or rendered view or
if the output is sent to a Windows Metafile the scale cannot be set.

Margins (Printer/DXF)
Lets you set the size and the units of the page margins. You can also drag margin lines
within the preview area by their corner and midside handles.

Bitmap Size (BMP, JPG)
Lets you set the bitmap size in pixels, inch, mm or cm and bitmap resolution in dpi (dots
per inch).

Preview
Lets you view the printed image prior printing. If you select Printer as a target the
graphics cursor turns to a hand whenever it enters the preview area. By pressing the left
mouse button and moving the mouse you can specify an additional panning which will
affect the printed output only.




User’s Manual

Printing to file

Printing table

85

Page Header
Lets you set the date and remark that will appear on each page, and the starting
number for the page numbering. If the Page numbers checkbox is turned off a blank
space will appear after Page allowing handwritten page numbers.

Orientation
Lets you set the orientation of the page.

Color Options
Lets you select printing in grayscale, color, or black and white.
If your printer cannot print in color you may get different results in the first two cases.
If you select Grayscale the output will be converted to grayscale using an internal
grayscale palette of AxisVM. If you select Colors the conversion to grayscale will be
performed by the Windows printer driver. Try both to find which works better for you.
When black and white printing is selected, all entities are printed in black.

Paper size
Lets you set the size of the paper.

Change Fonts
Lets you select fonts to be used in printing and set the font size.
Pen widths
Sets the size of the pens for printing. Pen Widths...
Thick lines are used for drawing supports and en Widths
rigid elements. Medium lines are used for isolines o & _
and section line. Thin lines are used for elements slos
and geometry and other entities. - B
— Thick = ID,T

Ok I Cancel |

Windows to Print
Lets you print either the active window or all windows displayed.

When Print to File is selected the printing is redirected to a file, name.prn that you can print
anytime later.

If the file name.prn already exists, you can add your printing to it, or overwrite it.

If you want to print only into files, you can set the operating system to do so in the
Start/Settings/Printers choosing Properties and setting the Print to the Port as File. In this case
you can not append print files.

When printing from the table browser, you can set the pages (all / even/ odd) of all / current /
selected pages you want to print.

Example: Entering 1, 3, 7-10, 20-18 in the Selected field the 1%, 3", 7, 8™, 9™ 10™, 20", 19",
and 18" page will be printed in this order.

Table Printer ]
Send T i : v
T
USERVER'HP LaserJet 4000 Series PCL &
= D File Page 11 of 11
& EPE (LPT1:) Network; Ready
£ PG fie . G | 3'
 inclows Metafile Setup .. @" [~ Prirt to File
v Page Header ar gin:
Date: 1271472008 VI Setup... | Unit mim -

Comment: Lett: 200

| Top 100

¥ Page numbers First Page Mumber |1 3,

Table C:
L |

Color Options rientation

4 Grayscale - Change Fonts... ¥ Portrait

i~ Landscape

[ Table of cortents Paper Size |44 -

ages To Print
« Selecter [1-11
£ Current Page
" Selected IA" pages ht

Ok Cancel
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3.1.11. Printing from File

You can print the prn file you created from the following window.

Printing Options E

Printer

Status:  Default Printer; Ready

Location WSERVERHP 4000 HU

Mame: HP LaserJet 4000 Series PCL 5e

Setup... |
Copies: |1 3‘

CxisYMEBDProject Page 9 PRM
CbxisYMEDProject Page 8 PRM
ClxisWMEBDProject Page 7 PRM
ClxisVWMEDProject Page 6 PRM
CsxiswWMEDProjectiPage 4 PRI
ChbxisyMEDProjectiPage 3 PRI
CoAbxisYyMED'Project Page 2 PRN
= i Y

CxisYMEOWProjectiPage 10.PRN

OK | Cancel |

You can print more than one prn file at a time. You can set the printing order with the
up/down arrows in the right of the file list box, or dragging the file names to a new position

with the mouse.

3.1.12. Model Library

-

The File/Model Library command lets you preview, get information and manage your model

files.

As in Open and Save As dialog windows the standard file access dialog box items are

displayed, but in the list box you can select multiple files.

The AxisVM model files are marked with the [ symbol. If a model has a result file the
symbol has a blue right-bottom corner, [&.

Current drive

C:\Axis¥M60\Project\Project 006

Current folder

[=cn x| [cusisvMEDProject | 147G free EE | [eieroject >l 147G e
Mame I SiTe I Saved I Madclified = ﬁ Matme I Size I Saved I Maddifiec! =
[ Project_om 242k Mo123 01.0123 0 & az1-5T1 STk 991208 9912.04
[& Project_noz 242k Mo123 01.0123 50 | Eank 143k 00,0531 991205
& Project_noz 242k o123 01.0123 [ sk 114k 01.01.23 99.12.04
1% Project_oog 242k o123 01.0123 algc %) ag-pnL 29k 991205 99.11.28
& Praoject. 242k a1.01 01.01 (&l pK-RZ-I 80k 000531 991204
(] x [ 2Rz B0k 000531 991204
[ Shell_1 133k 010123 991204 B aK-5T4 219k 001205 0041.24
[8) el 2 13k mord 23 gad2nd 52 cu | EakaTa 7Hk N7 N3 onndAn i
1| | > = |4] D
1 of 12 files Model 474k 23 files
CidsYMB0Rrolect [ Preview
Project 006 hlades: 445
Lines:
Wersion: B.0 Trusses: ggz
Ho resuit file found Beams: e
todel file: 474k supports: 24
Crested: 1409992009 msermls 4
Modified: 23.01 011529 STEEL
Cross-Section: 16
Parts: [
Load Cases: 4
Load Combinations: 4
Project 1

Analysiz by M mérndkiraca Kft

Current model preview }—‘




User’s Manual

ey

(1

abc

X

=

87

New
Creates a new sub-folder in the current folder with the name you enter.
Copy
Copies the selected files to a different folder. You can specify whether to copy the result
files or not.
Rename/Move
Renames the selected files in the current folders or moves them into a different folder.
Delete
Deletes the selected files from the current folders. You can specify to delete only the
result files or all.
Open
Opens the selected file for editing.

AxisVM files are marked with [£. If a result file is available, the bottom right corner of the
icon [# is blue.

Preview
Shows the model wireframe in front, side, top view or in perspective depending on the
model dimensions. Model information is also displayed in a list.

Close
Quits the Model Library.

3.1.13. Material Library

)

Properties of
materials

AxisVM provides a preloaded material library (that contains the most frequently used
structural materials) and allows you to create material property sets that you can use over
and over again in many different models. You must assign different names to each material
property set.

I 1 Table Browser ~=lal]
File Edt Format Repart Help
i Loads -l ‘ ; ‘ . ‘ | 3
£ /> 5 { 7]
i b Load cases (1) + x E Ea 5
() §Scadicombnations Structural Materials - Eurocode
i ¥ Weight Report
=1 LIBRARIES Wiaterial | Cortour [
. 2 2 3
) Material Library Hame: Type | E, (inn?] | E, pum?] v arliral | etamd] [F70F
E Structural Mate:
T 7 |Ca0/s0 Concrete 35000 35000 020 1E-05 2500 I:l-_l
5 |casss Concrete 36000 36000 020 1E-05 =0 T |
Eurocods [4] [ ol|csomn e
3 oncrete 37000 370000 020 1E-05 2500
Eurocods [UK] 1 :l -
P 0|5 238 Steel 21E+05 21E+05 030 12605 7250 [
MSZ 11 |= 235H Steel 21E+05 21E+05 0,30 1,26-05 7as0 [
;M - 1515 235W Steel 21E+05|  24E05] 030 12605 7850 _—_'Ll
4 » LI_ D
Ecling C30/37, Material Name:
ok Cancel

The material library window can also be opened using the Table Browser icon and by
selecting Libraries/Material Library. See... 4.9.7 Line Elements, 4.9.20 Creating model
framework from an architectural model

See the detailed description of the Table Browser in section 2.9.

This table contains the properties of materials often used in civil engineering to the MSz,
Eurocode, DIN-1045, DIN-1045-1, NEN, SIA-162, a STAS and Italian codes. You can add,
modify, or delete existing material data. In case of entering a new material with an existing
name it will be added as materialname_number. These materials can be used in any model.

Changes in the material library does not reflect in models using the modified material.
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Define new material

+ [Ctri+Ins],
Change
material properties

Material Properties

Analysis Parameters

When entering a new material, the following dialog is displayed:

Definig new material or clicking to a non-editable column (eg. national design code, type)
a dialog appears, in which all material properties, calculation and design parameters can be
defined or changed. The fields containing the basic properties independent of the design

code can be edited in the table.

When a material with a name identical to one existing is entered an index is attached to the
name (name_index) to differentiate from the existing one.
If no texture was assigned to the material click the sample rectangle to select one from the

library. See... 2.15.6 Display Mode

Material Properties

—

Zl Mame ISTEEL| FES10

Type ISteeI vl

Currert Design Cocde [l Eurocods

Iational Design Code Im Eurocode j

Matetial Code IEN 10025

—Material parameters

Material model:

1=
E, [Mimm<]= |21 [ulalul}

f* |zotropic =030

 Orthotropic op (1G] = |1 2E-5
p [keim? | = I?asu

Color -
[

Outline Calar

Texture: —

—Steel design parameters

fy MAmm2 ] = | 355

1, Mmm?] = {510

f; [MimmZ] = | 335

1, [Nmm2 ] = [ 490

o]

Cancel

For each material the following properties are stored:
- Material type: [Steel, concrete, timber, aluminum, other]

- Design code, material code

- Material name

- Fill color on the screen

- Contour line color on the screen,
- Texture

You can specify the material as isotropic or orthotropic

General parameters:

E. | Young's modulus of elasticity in the local x direction

E

v | Young’s modulus of elasticity in the local y direction

v Poisson’s ratio

or | Coefficient of thermal expansion

p Mass density

In case of timber materials:

pis the air dry mass density (12% humidity) and, the modulus of elasticity E is based
on bending test results. The effect of time (relaxation) is not taken into account.
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Design parameters depend on the material type and the design code.

EC fy Yield stress
DIN 1045-1, f, Ultimate stress
steel - -
SIA 26x, f, Yield stress 40mm <t< 100mm)
Italian 1. Ultimate stress (40mm <t< 100mm)
f,, Yield stress
NEN teel fyt Ultimate stress
stee fya Yield stress (40mm <t< 100mm)
fyr Yield stress (40mm <t< 100mm)
fi Characteristic compressive cylinder strength at 28 days
EC, Y. Partial factor
Italian concrete Qe Concrete strength reduction factor for sustained
loading
P, Creeping factor
fek Characteristic compressive cylinder strength at 28 days
fokrcuve | Characteristic compressive cylinder strength of cube
DIN 1045-1 | concrete Ve Partial factor
a Concrete strength reduction factor for sustained
loading
P, Creeping factor
fo Characteristic compressive cylinder strength at 28 days
SIA26x | concrete Y. Partial factor
P, Creeping factor
f ek Characteristic compressive cylinder strength at 28 days
NEN concrete ) C :
reeping factor
fm | Characteristic bending strength
frox | Characteristic tensile strength parallel to grain
fro0,x | Characteristic tensile strength perpendicular to grain
fe,0,k | Characteristic compression strength parallel to grain
feo0,k,y | Characteristic compression strength perpendicular to
grain (y)
(for solid and Glulam timber fc90,k,y = fe90,k,z = fc90,k)
feo0,k,z | Characteristic compression strength perpendicular to
grain (z)
(for solid and Glulam timber fcgolk’y = fc90,k,z = fCQO’k)
_ fok,y | Characteristic shear strength (y)
EC timber (for solid and Glulam timber f, x , = f, k2 = fo k)
fok,. |Characteristic shear strength (z)
(for solid and Glulam timber f, ¢ , = fy k2 = fo k)
Eomean | Mean Young’s modulus of elasticity parallel to grain (x)
Eoomean | Mean Young's modulus of elasticity perpendicular to
grain (y)
Eyos | 5% modulus of elasticity parallel to grain (x)
Guean | Mean shear modulus
Pk Characteristic density
Pmean | Mean density
yYm | Partial factor of the material
s Size effect exponent (for LVL materials)
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3.1.14. Cross-Section Library

)

Create a new
library

Cross-section
properties

AxisVM provides preloaded cross-section libraries, that contain the most frequently used
steel shapes and concrete cross-sections, and allow you to create standard cross-section
property sets that you can use over and over again in many different models. The libraries
includes products of manufacturers worldwide.

For the description of the Table Browser see 2.9 Table Browser.

!-r-!'[ahle Browser (O] %]
File Edit Format Repart Help
[=- MODEL DATA - s
" eterns L+ x|mr|BEBS(o@
ons U Shapes
- hodes (63) h b b tt AX ﬂ
Name Draw. |Process | Shape
B Elements P eml | fem) | o [ em | femil
[+ Finite
2l Loads q IPE 230 Ralled 39,12
[+ Onsily =
[+-Hé (32) % HE 200 B T 78,08
[+ Szél (18)
Load cases (3) I |IPE 360 g
- Load Combinations (3) 3
[#-Weight Report —
=1 LIBRARIES 1 040 Pty LS
[ Material Library -
[ Ci _Section Lib IPE &0 = | Rolled 754
[+ Cross-Section Library 5 'T =
a | o 1 C

Ediiting IPE 240, Shape

The Undo function does not work when libraries are modified.

You can create a custom cross-section library by the File / New Cross-Section Table command
in the Table Browser. You have to specify library name, library file name and a cross-section
type. Standard and custom cross-section library files (*.sec) are stored in the folder where
the application is stored.

Assign a name to each cross-section, and specify the following properties:

Name

Fabrication process Rolled, welded, cold-formed, other.

Shape I(H, W), U, L, Pipe, Round, Rectangle, C,Z, S, ], T, Box, Custom

When creating a new cross-section in the table all property values have to be entered.

Ax Axial (cross-sectional) area

A0 Shear area associated with shear forces in local 1% direction
A0 Shear area associated with shear forces in local 2" direction
Iy, Iy 13 Rounding (corner and fillet) radii

Ix Torsional inertia

Iy Flexural inertia about local y axis

I. Flexural inertia about local z axis

I, Centrifugal inertia

" Principal inertia about local 1% axis

L," Principal inertia about local 2™ axis

I, Warping modulus (used for the design of steel shapes)

W, ) | Elastic cross-section modulus, top = I;/e2 max (see diagram below)
W, el,h(*) Elastic cross-section modulus, bottom = I;/e2 min

Wz/gl,t(*) Elastic cross-section modulus, top = I,/ el _max

Wz/gl,b(*) Elastic cross-section modulus, bottom = I,/ el min

Wl,pl(*) Plastic cross-section modulus

Wz,pl‘*) Plastic cross-section modulus

i," Radius of inertia about local 1% axis

i) Radius of inertia about local 2" axis

b Dimension in the local y direction (width)

h Dimension in the local z direction (height)
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yG Position of the center of gravity of the cross-section in local y direction relative to
the lower-left corner of the circumscribed rectangle

ZG Position of the center of gravity of the cross-section in local z direction relative to
the lower-left corner of the circumscribed rectangle

Ve Zs Position of the shear center in local y and z directions relative to the center of
gravity

S.p. Stress calculation points

(*) If first and second principal axes are the local y and z axes values with (*) ap-
pears with indices y and z.

Table properties Custom library properties can be modified by the File / Cross-Section Table Properties
command in the Table Browser.
Custom library properties can be deleted by the File / Delete Cross-Section Table command in
the Table Browser.

Import/Export  You can import and export numerical values in libraries as dBaselll files by File / Import
values  dBase file.

Copy/Pastea  You can copy and paste cross-sections with their full graphical description within the Table
cross-section  Browser. Numerical data exchange with other applications is supported via clipboard.

Add/Modify/ You can add a new cross-section to any custom or standard library by Edit/ New Row (or by
Delete a cross-  pressing [CTRL+INS] or the toolbar button) in the Table Browser and entering field values.
section  You can also call the Cross Section Editor to specify cross-section data. Use Edit / Design New
Cross-Section (or [CTRL+G]) to add a new cross-section and Edit / Modify Cross-Section (or
[CTRL+M]) to modify an existing one.
Changing any dimension of a standard shape AxisVM automatically recalculates all cross-
section parameters and updates the graphics.
You can delete a cross-section with the aid of deletion icon or by pressing [CTRL+Del].
See description of the cross-section editor in section 3.1.14.1.

& Cross-section libraries contain the values of the warping inertia 1w used in the Steel Design
module.

The property values in standard libraries are taken from manufacturers’ databases. You must
verify them before use.

. 'Table Browser O]

File Edt Format Report Help

R RN T

- AISC HP Shape

IPE European |-beams
- &13C M Shapes

- AISC S Shapes N B B o h b by t A A
ame rawing |Frocess ]
- AISC WY Shape: 9 % iy [ g [ peng [ e | g2
~HD wvicle flange
IPE & 270 Rolled | 2670 1350 55 &7 391500
~HE European v -
~HL_EU sec
HP wvide flance ——
IPE & 300 g Rolled | 2970 1300 6.1 9.2 4653,00

-~ IPM Buropesn = .
~UB British univ
= U Britizh univ

1 Hungarian |- -

| Romanian -k

® IPE European |- — = 1
IPE & 330 I Ralled | 3270 1600 85 100 547400

[ |iPE & 360 Raolled | 3576 1700 BE 15 B396,00
B U Channels - b ! | i |
- Angles i
Bl Double Angles T _ld
i — Sl |0 .

Edfiting IPE 80, Crogs-Section Mame

OK | Cancel |

The table below shows the shape and reference coordinate system of the cross-sections.
The properties that were not published by the manufacturers were calculated.
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Cross-sections

Steel cross-section

x
Y

In the calculation of cross-section properties and
displaying the cross-section the rounding
(corner and fillet) radii (r;, 1, 13) are also taken
into account.

The explanation of the these radii, height, width,
wall-thicknesses and diameters can be seen in
the schematic diagrams below.

The Cross-section Library contains the following type of cross-sections:

ZA

A ——

T

i

il

b

Hot rolled parallel flange

I beam
ZA o ZA
3 ﬁ ﬁr‘ .
r] y e
h t
>l h
y LG L2l
b ] 2
< d
v —
4%
Hot rolled T shape Hot rolled angle
ZA ZA
. v
‘s s
» tw N 12
h — y h »y
ry ‘éj 2
v —
<—bP N—bN

Hot rolled parallel flange
channel (U shape)
ZA

Hot rolled tapered flange
channel (U shape)

Z A
t

{am
L

<V

wr]

Cold-formed pipe

Cold-formed and hot rolled
(RHS) box shape




User’s Manual

Concrete cross-
sections

ZA

A

h

t
=
G
—
rr
b
I e —

Cold-formed ] shape

Cold-formed angle

ZA

—————

4

¥

v
L

b
>

ZA
t

p4 Arl

Cold-formed channel (U

shape)
ZA ZA
2 -
h 64; h G;,y
¥ = h4 e Q
H—bN <—b>¢
Cold-formed Z shape Cold-formed S shape
. ZA z A,%
h G - h G;»y
" i
b —2Db 5
Cold-formed C shape Cold-formed Z shape (LINDAB)
(LINDAB)
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The concrete cross-sections are listed starting from the size 20x20 to size 80x80 cm in steps of

2 and 5 cm.
z A

z
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AXISVM /()

3.1.14.1. Cross-Section Editor

i

Editor Keys
Toolbar
{5
KT
Tl
From Cross-

section Library

<

From DXF file
a

=

Stress-points

I

&=

The Cross-section Editor allows you to edit thin and thick walled cross-sections. You can use
parametric circular, rectangular, ring and polygonal shapes, or any shape listed in the cross-
section libraries to edit composite cross-sections. The shapes used to build a new cross-
section are referred to as components, and have to be of the same material.

You can translate, rotate, mirror, copy or move the selected components at any time during
the editing. When a component is placed to its location graphically, the principal axes and
the cross-sectional properties of the composite cross-section are computed.

You can use keyboard commands the same way as in main editing windows.

The OK button exits and closes the cross-section editor window, and saves your current
cross-section into the cross-section table of your model with a name you specify.

Cross-section editor is on the toolbar of the Cross-section Library and can also be launched
from the line element dialog. See... 4.9.7 Line Elements

The editor can be used when creating a native model from an architectural model through
the IFC interface. See... 4.9.20 Creating model framework from an architectural model

See... 2.5 Using the Cursor, the Keyboard, the Mouse
Most important functions are available from the toolbar.

Prints the cross-section. See... 3.1.10 Print

Adds the image of the cross-section to the Gallery.
See... 3.2.10 Saving drawings and design result tables

Undoes the last operation.
Redoes the operation which was undone.
Copies the image of the cross-section to the Clipboard.

Loads a cross-section from the Cross-section Library. Only thick or thin-walled cross-
sections are available depending on the cross-section editor tab position.

Contour of thick walled cross-sections can also be imported from a DXF file.

You can specify the points you want to calculate stresses for. The default stress-point is the
center of gravity. You can specify up to 8 stress-points for each cross-section.
When applying a move command the stress-points can also be moved.

Stress calculations are performed at the specified stress-points only. If you don’t specify any
stress-points, stress will be calculated in the center of gravity only. It means that no bending
stress will appear.
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Editor functions and settings can be found on the Icon bar on the left. The behaviour of the
Icon bar is the same as that of the main Icon bar. See... 2.15 Icon bar.

The only difference is that this Icon bar can be moved above the menus at the top or at the
bottom but it is not dockable.

icaanadas i

4

>

Ve B

Y

Cr

4 b

4

I8 [=] B

- \Cross-Section Editor - 2708190%5
Fle Edi Display Window

g@‘ e cu | THin IThu:kI

p&owT —~INITOOOHNCILTTLE AP
N : 5
5 3 ;
Q
1
& -
Q
@)
it
A
-\
)

z

L,

drem]: 25,5
2 dd al®]: 144,20
@+ cawal ] _»l_l

" X[ dvfem] s 20,7
~ B d d2emls 14,3
R difem]: 75,5

A component belonging to the thin-walled category can be added to your cross-section.

You can select a base-point to each cross-section component, that allows you to position the
component during editing, depending on its shape and final location within the composite
cross-section.

Standard shapes can also be defined parametrically. In this case the following parameters
has to be defined in the dialog;:

Manufacturing
process

Dimensions

Rotation

I shape

I

4

Wedged I shape

I

There are three options (rolled, welded, cold formed.)

Values depending on the type of the cross-section (height, width, thickness, corner/fillet
radius, diameter etc.).

Lets you define a rotation by angle a. The default value is 0.

Definition of an I or wedged I
. . . gL ing process
shape by its height, width, web
and flange thicknesses and a fillet —a rettes
radius. =+ —
. hy [mim] = | 300,0
&l t—W1 by [mm] = | 150,0
b,y [mm]= {100
__________________
i | ;:1 teq (mm] = {100
hy [mm] = | 150,0
bz e o by mm] = [150,0
| by [mm]= {100
4—hf2—F tey [mm] = 10,0
r[mm]=|0
B ion
B‘-[']=|

=
)
o
@
t
@
=)
9
i
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AsymmetricI Definition of an asymmetric I shape
shape Dby its height, width, web and upper ~Dim ; .'.-:'"é"
/lower flange dimensions. " h frm] = f300,0
L by malzoo,o

i Lrhrrﬂ=r'|1D.D
7 Lrjnm]=r'|10,o
by [ri'm]:r'|1 oo

beg fmm] = (10,0

—Rotation

Rectangular Definition of a rectangle by its Rectangular Shape
parameters b (width), v (thickness), Element ppimensi

and a, with b>v. bienl=[70
v[cm]=|8

—Rotation

m[=1=|3?

Place | Cancel |

Pipe  Definition of a pipe by its parameters d (outside diameter), and v (thickness). The centerline
0 is considered as the contour of a closed domain, which is displayed with a dashed line.

Other shapes  Definition of cross-sections by height, width, thickness and in the case of rolled or bended
n E L cross-sections by the corner/fillet radius.

T1IO

Double shapes The base cross-section can be defined parametrically (width, height, web and flange thick-
II 'Ir ][ ness) or taken from the Cross-section Library.
, , Special parameters for double shapes:
distance: a
orientation:  facing or back-to-back (in case of 2U)

Polygonal  Definition of a polygonal shape.

A

Before the definition the position of the control line of Thickness
the segment can be selected: Size

Thickness [mm] = W
1. left side R [rmm] = |3u_u—
2. center line
3. right side SN
R parameter : Rounding (corner and fillet) radii ¢ - I - -
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Arc shape Definition of an arc shape by its [HEEIEES
diameter, central angle and thickness. Element ~Dimensions

Changing Change wall thickness

wall thickness
Thickness [cm] = |1 i) vI
4 I 3
Ok I Cancel
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o [min] = I1DD,D
+ [mim] = |1D,D

o[ = |90,nu

Place I cancel |

For thin-walled cross-sections thickness of selected seg-
ments can be changed individually. For parametric
shapes wall thickness can be changed through the pa-
rameters.

Delete Using the [Del] key you can invoke the Selection Icon Bar, and select the components you

want to delete.

When deleting a component the stress-points will also be delete.

Stress-point  Deletes the selected stress-points.

&=

You cannot delete the default stress-point (the center of gravity).

Options Lets you set the grid size, cursor step, and the zoom factors.

Thick-walled cross- Cross-Section Editor - New Cross-Section
sections Fle Edit Display ‘indow

g&ﬂ “ v Cu | THD Trlicl(l
BT OZT0ac

|

S CHC Ry,

+
&

=0 o

L3

G aamal

=
axlmmz]= B0002,71
Iy[mme]=  966746310,0
Iz[mm®]=  9EE746910,0
Iyz[mm®]= -500045083,0
g [mm]= o

25 *[mm]= 1]
Ii[mm®]= 1,46673196ES
IZ[mm®]= 4E66701807.0

al*]= 45,00
iy [mm]= 135.4
iz [mm]= 76,4|

3 More parameters
-

" of
Ok I cancel |

Rectangular  Definition of a rectangle by its parameters b (width), h (height), and a.

Circular, Definition of a circular or semicircular shape by its diameter and a.

Semicircular

@ =2
4

I'shape Definition of an I shape by its parameters al, a2, a3, bl, b2, b3, and a. (al, a3), (b1, b3).
I Parameters can be set to 0, allowing the creation of T, U, L shapes.
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Polygonal

@

Insert a vertex
:,I, +
Contour

Hole

Delete

Polygon

Stress-point

&=

Options

Compute properties

Definition of a polygonal shape by drawing a polygon.

Insertion of a new vertex on the contour of the cross-section. Shape of the cross-section can
be changed by dragging a vertex by the mouse.

If the Contour button is down the cross-section can be defined. If the Hole button is down a
hole can be specified.

You can specify a hole in rectangular, circular, and closed polygonal shape components.
The hole can be rectangular, circular, and closed polygonal.

Using the [Del] key you can invoke the selection window, and select the components you
want to delete.
When deleting a component, the stress-points will also be deleted.

Deletes the selected components.

Deletes the selected stress-points.

You can not delete the default stress-point (from the center of gravity).
Lets you set the grid size, cursor step, and the zoom factors.
Following cross-section properties are calculated:

AxisVM calculates Ax, ly, Iz, Iyz by integration, Ay, Az, Ix, 1wy p,, P., Py P, P2y Al, A2
by performing a finite element analysis of the cross-section.

In case of a cross-section consisting of two or more independent parts, A, A, p, P Py Pv Po
Ay, A, are not determinded.

Ax Axial (cross-sectional) area

Ay Shear area in local y direction

A, Shear area in local z direction

I Torsional inertia

I Flexural inertia about local y axis

L Flexural inertia about local z axis

I, Centrifugal inertia

" Principal inertia about local 1% axis

L," Principal inertia about local 2™ axis

a Angle between local 1* axis and the local y axis.

I, Warping modulus (used for the design of steel shapes)

Py shear factor in local y direction

p. shear factor in local y direction

Py shear factor for local yz cross

[of shear factor for local 1st direction

P2 shear factor for local 2nd direction

A0 Shear area associated with shear forces in local 1* direction
A0 Shear area associated with shear forces in local 2™ direction
Wi 0 Elastic cross-section modulus, top = I;/ e2 max (see diagram below)
Wi 0 Elastic cross-section modulus, bottom = I;/e2 min

W, 0 Elastic cross-section modulus, top = I,/ el_max

wZ,el/b(*) Elastic cross-section modulus, bottom = I,/ el min

Wl,pl‘*’ Plastic cross-section modulus

erpl(*) Plastic cross-section modulus

i; Radius of inertia about local 1% axis

i Radius of inertia about local 2" axis
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cross-section
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yG Position of the center of gravity of the cross-section in local y direction relative to
the lower-left corner of the circumscribed rectangle

Zg Position of the center of gravity of the cross-section in local z direction relative to
the lower-left corner of the circumscribed rectangle

Vo Zs Position of the shear center in local y and z directions relative to the center of
gravity

P, Outer circumference (cross-section contour)

P; Inner circumference (holes)

() If first and second principal axes are the local y and z axes values with (*) appears

with indices y and z.

2 2
2
I, +I I,-1
I z y "z 2
|2 IZ_ P + ( P ] +Iyz
2n
g | sean=—"
Ny —ny

-90° <a <+90°, relative to the cross-section’s local y axis.

I Ih
Wl,el,tnp = Wl,el,bottom = N
e2_max e2_min
I, I
WZ,el Jtop = WZ,el ,bottom = N
el _max el_min

For beam elements the shear deformations are not taken into account even if the cross-
section was entered with nonzero for the shear area.

The shear areas are used by the rib element and must be positive nonzero values (A, #0
and A, 20).

In the steel design module, the shear areas are calculated according to the corresponding
design code, instead of using the values entered here.

© = shear factor

Where: A, =%

3.1.15. Exit

[Ctrl]+ [Q]

Exits the program.
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3.2. Edit

File §ettings Miew Window Help

k7 Undo Modify Supports (RYY=1E4+07 kNm/rad) Ctrl+2
* Zelect All Ctrl+4
Copy Ctrl+C
R, Paste Ctrl+W

Copy/paste options
7% Delete... Del
BH Table Browser F12
Report Maker F10
g Add drawing to Gallery Fa
gy weight Report F&
(g’ Assemble structural members Ctrl+F7
('é‘ Breal apart structural merbers Shift+ Ctrl+F7

Conwert surface loads distributed over beams

Convert automatic references

3.2.1. Undo

K7)
[CtrI]+[Z]

k7 |3:22Phd Define Domains (ALUMIMIUN, Plates; 4.0 cm)
o |5:22 PM Define Line Element besm; HP 10342, ALUMIMILIR
9:22 P Define Line Element bearm; HP 14X117, ALUMIMILIR
522 PM Generating Rectangles (3.3000m x 1.500 m)
519 PM Creste Line (2x)

Undoes the effect of the previous commands. To undo a sequence of actions (more levels),
click the down arrow next to the Undo icon, and then select the actions you want to undo
based on the time or type of the commands.

You can set the number of undo/redo levels (maximum 99) in the Main menu/Settings dialog
box.

3.2.2. Redo
(|

[Shift]+[Ctri]+[Z]

Cu |19 PM Create Line (2x)
L |22 PM Generating Rectangles (3.300 m x 1 500 m)
522 P Define Line Element beam; HP 14117, ALUMINILIRM
522 PM Define Line Element besm; HP 100442, ALUMIMILR
522 P Define Domaing (ALUMWIMIUR, Plates; 4.0 cim)

Undoes the undo command or goes forward to reverse one or more undo commands.
You can select the actions you want to redo based on the time or type of the commands.

3.2.3. Select All

*. [Ctri]+ [A]

See... 2.15.1 Selection

3.24. Copy

[Ctrl]+ [C]

Copies the selected elements of the model to the Clipboard. If nothing is selected but there
are active parts, active parts are copied. If neither selection nor active parts are present the
entire model is copied.

This function copies the drawing of the current graphics window to the clipboard like in
earlier versions but this operation can be deactivated.
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3.2.5. Paste

=, Pastes AxisVM elements from the Clipboard. For paste options see Copy / paste options.
[Ctri]+ [V]

3.2.6. Copy/ paste options

Copy options  Selected elements are always copied to the Clipboard. User-defined parts containing the se-
lected elements are also copied.
If domains, beams, ribs, trusses are copied certain associated objects (supports, loads, di-
mension lines, reinforcement domains) are also copied.

If you want to control which asso-  [S7 I EERTTHIE
ciated objects should be copied se-  Copy |paste |
lect them and choose one or more o . -

py associated objects
of the following options: Selected | T
supports / Selected loads / Selected di- ——

. . Selected load
mensions / Selected reinforcement do-

| Selected dimensions |

mains. |
Load cases are copied with loads. | | Sefected reinforcement domains
If you want to copy all load cases
choose Copy all load cases instead of
Copy load cases of the loads copied.
Load combinations and T —

groups can also be copied. ¥ Copy active window as a drawing
Turn on Copy active window as a
drawing to copy the active window

{* Copy load cases of the loads copied
 Copy all lnad cases

v Copy all load combinations
load

R X K Cancel |
as graphics as well (it was the only
option in earlier versions).
Paste options Load cases Copy/paste options
Pasting of load cases can be con-  capy Paste|
trolled with the following options: Load cases
Paste as new load case: load cases @ Paste as new load case
found on the Clipboard are copied ¥ Merge load cases wit the same name
as new load cases. If Merge load = Merge loads from all load cases into the current one

cases with the same name is turned on
and the model has load cases with
the same name as the clipboard
load case these load cases will be
merged (loads of the clipboard load
case will be added to model load (~ Dreg by the relative crighn

Case)' ThlS Option must be turned {* Drag by a corner node of the structure
on when copying within the model
to avoid creating unnecessary load
cases.

—Parts

" Paste into all active parts
% Paste into the original parts

—Paste positi
i Pazte into original postion

Cancel |

Merge loads from all load cases into the current one. This option copies all loads from all clip-
board load cases into the current load case of the model.

Parts

User-defined parts containing the selected elements are also copied to the clipboard. The
first option is to paste elements of parts into all active parts of the model. The second option
is to paste the parts themselves.
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Paste position

There are three options.

Paste into original position: pasted elements will get into their original coordinate position.
Drag by the relative origin / Drag by a corner node of the structure: If one of these options are
selected paste position can be defined by clicking the left mouse button. In the first case the
clicked position will become the position of the relative origin in the source model when the
elements were copied. In the other case the clicked position will become the position of an
automatically identified corner of the copied structure.

3.2.7. Delete

X

[Del]

Geometry

Elements
References

Mesh
R.C. Design

Steel / Timber design

Dimensions

Deletes the selected entities. If no elements are selected it brings up the Selection icon bar
and then the Delete dialog window.

Lets you delete the selected geometric entities.
To delete:

1. Select the geometric entities to be deleted. You can select them by holding the [Shift]
key pressed while you click on the entities with the left mouse button or use the
Selection Icon Bar.

2. Press the [Del] key. If there is no selection, the selection toolbar appears and objects
can be selected for deletion. See... 2.15.1 Selection.

3. Enable the check-boxes of the entities you want to delete.

4. Press the OK button, to finish and close the dialog window.

In the dialog window the check-boxes are active or inactive according to the contents of the
current selection set (intended for deletion).

x|
[= an
try Load! R.C. Design
I~ Node (314) [ Masal Farce (1] o Reinforca.mant param. (486)
[~ Line 796 [X Concertrated Force (2) [ Actusl Reinforcement (4)

% Load on Ling (12) [T | Foating
[ Load on Surface (2)
I3 Thermal Load (10)
% Fault In Length (13

[ Tension (7)

[ Self Weight (493)

I~ Support Displacement
I~ Modsl acceleration
I~ Influemce Line

[~ Surface (482)

Design parameters
[~ Steel design parameters (111
[ Timker design parameters (111

Elements

[X Line Elements (31)

[X Surtace Elements (462)
X Sugports (24)

[ Rigid Element (1)

[ Diaphragm (1)

[ Spring (1)

[~ Bctted joint

% Orthogonal dimension line (171

X Gaprl) I~ Tensioning % aligned dimension line (1)
% Link (1) I Wil [% Angle Dimension (1)
[~ Edlye hinge % Mazs (1) 7 Anole Dimension
R 7 Level
[X Domain (4 X
% Hole (1) [X Elevation (13
il [¥ Surface mesh (4) IX Text box (1)

[~ Reference [% Line mesh (2) [ ©hiject nfo / result text box
[¥ Ohject info text box (2)

= Izaline lskel

S pw— |

Lets you select geometric entities for deletion. Deleting geometric entities that have
assigned finite elements, will result in the deletion of its finite elements and of the
associated loads.

Lets you select finite elements for deletion. Deleting finite elements will not delete the
respective geometric entity, but will delete the loads.

Lets you select references for deletion. All finite elements that use the deleted references,
and the associated loads will be deleted too.

Lets you remove mesh from domains.

Lets you select the reinforcement parameters attached to the selected elements for deletion.
Footing parameters are also deleted.

Lets you select the steel / timber design parameters attached to the selected elements for
deletion.

Lets you select the dimension lines, text boxes etc. for deletion.
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3.2.8. Table Browser

[F12]

See... 2.9 Table Browser

3.29. Report Maker

[F10]

See... 2.10 Report Maker

3.2.10. Saving drawings and design result tables

5=

Add drawing to

Gallery [F9]
&
Which file format
to use?

You can save drawings from AxisVM in many different contexts: you can save AxisVM
main windows, beam displacement and internal forces diagrams, steel design results,
nonlinear calculation results, reinforced concrete column and beam design diagrams, bolted
joint diagrams. In case of a divided view you can select to save all windows or the active
one only.

Drawings Library is another way to store diagrams. While Gallery contains static image files,
the Drawings Library uses associative drawings following changes in the model.

See... 2.13 Drawings Library

Bitmap formats ((BMP, .JPG) store the pixels of the diagram, so Windows metafiles provide
higher resolution when printed. JPG is a compressed format with a slight loss of quality but
these files are much smaller than BMPs.

Windows metafiles ( WMF, .EMF) store a series of drawing commands so they can be scaled
and printed in any size in the same quality. However if you choose hidden line removal or a
rendered view drawn by OpenGL technology metafiles will contain only bitmaps.

To get a high resolution rendered view print the picture directly.

Drawings will be saved to a subfolder Images_modelname automatically created under the
folder of the model file. These pictures can be inserted into a report. Do not modify the
name of the subfolder Images_modelname.

3.2.11. Weight Report

fh

IF8]

The weight of the entire model, selected elements or details can be listed in tabular form per
material, per cross-section or surface type.

. 'Table Browser M =]k

File Edit Format Report Help
- MODEL DATA - . ’— :
: [ ? B | : 3 3
g---MateriaIsU) j 0%“ x | % | Eﬂ & | lE‘ |
Dt Weights Per Material [Selected]
References
- Modes (2689 Material Mame p[kgrm3]| Z[m?] | E [ka] | ﬂ
- Burface Elements (4610 E 2500 53,378 133443755

-~ Domains (31 | B 53,378 133443,755 =l

OK

4619 selected elements | Cancel |

3.2.12. Assemble structural members

&

AxisVM handles line elements as structural members. It means that Meshing of line elements
on the Mesh tab creates finite elements but the line elements themselves are not divided.
The Find structural members menu command joins adjacent line elements into a single ele-
ment until a breaking point is found. A breaking point is defined by different local x or z
directions, different material, cross-section or eccentricity, end release or a domain bound-
ary. Line elements must be on the same line or on the same arc.



104 AXUSVM ()

3.2.13. Break apart structural members

s The Break apart structural members menu command breaks apart line elements created with
the Assemble structural members command.

3.2.14. Convert surface loads distributed over beams

This menu item converts selected surface loads distributed over beams into individual
distributed beam loads.

3.2.15. Convert automatic references

This menu item converts automatic references assigned to line or surface elements into
reference vectors.

3.3. Settings

File Edit [Settings | wiew Window Help

& Display Options »
“\, Options »
&F Laver Manager Fii
% Stories F7
& Guidelines Setup Ctrl+G
Q Design Codes...
Units and Formats...
Gravitation...
,% Preferences... 4
2= Language 3
&8 Report Language 3
Toolbars to default position
.
3.3.1. Display
File Edit !iew Window Help
% ‘Ga Display Options f& Syrnbals Ctrl+
Q‘ Options b 12 Labels Ctri+L
&F Layer Manager Fi1 “H switches  Ctl+D
¥ Stories F7 ]
& Guidelines Setup Ctrl+G
@ Design Codes...
Units and Farmats...
Gravitation...
£y preferences... »
ZE Language 3
EE Report Language 3

Toolbars to default position

Symbols ~ See... 2.15.13. Display Options
[Ctri]+ [Y]

Labels  See... 2.15.13. Display Options
[Ctri]+ [L]

Switches  See... 2.15.13. Display Options
[Ctri]+ [D]
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3.3.2. Options

File Edit !IEW Window Help
% &y Display Options 3
|“k Options Grid & Cursor...
&3 Layer Manager Fi1 i Editing..,
¥ Stories F7 B4 Views...

[ Guidelines setup Ctrl+3

@ Design Codes.,.,
Units and Formats...

Gravitation..,

Fb Preferences... 3
2= Language 3
2 Report Language 3

Toolbars to default position

See... 2.15.14. Options

3.3.3. Layer Manager

=
" Propertie:
[F1 1] [ER S Axis VM layers| = e Sxizh kayer |
i i @/‘ Wétak Colour
B B k.
=--Structural lavers _ Delete |
o K Nodes i
B @ /‘, Lines L it Delete empty AxisM layers |
i § A Surface Elements T
o o Mesh Delete empty DXF layers |
H 2 Ling weight
i — @/"Loads
H @ i Supports I 0,00 mim =
=P @/‘J Architectural Layers
g 2’ : :Zz: Apply toall... |
k1 i

..... & b 3. Floor =l

[ Show full path OK
v “isibl

¥ auto Refresh I istels X

I Refresh &1 [V Layer detection Cancel

The Layer Manager allows you to manage AxisVM layers, imported DXF or ArchiCAD
layers. While only one ArchiCAD layer can be imported, multiple DXF layers are allowed.

If no AxisVM layers are defined AxisVM automatically creates a new layer for dimension
lines with the name Dimensions.

On the left side of the Layer Manager dialog a tree view of the available layers is displayed.
If you select (highlight) a DXF layer in the tree, you can modify its properties in the right
side (Name, Color, Style, Size). If you select the main DXF file entry of the tree, you can
modify all the DXF layers at a time. Properties of AxisVM structural layers cannot be
modified.

Apply to All: When using this button, a dialogue window will allow you to select the items
in the DXF layers that will have their properties set based on the layer’s settings.

The visibility of the layers or DXF files can also be set by clicking on the bulb or cursor
symbol next to the layer or file name.

New AxisVM  Creates a new AxisVM layer. You can set the layer’s name, color, line style, and size.
Layer

Delete  More than one layer or group can be selected and deleted by the [Del] key.

Delete Empty  Deletes all AxisVM layers that are empty (contain no entities).
AxisVM Layer

Delete Empty  Deletes all imported DXF layer that are empty (contain no entities).
DXF Layer
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3.3.4. Stories

I+
=
o
=4

[Ctrl] + [R]

Stories are to make it easier to overview and edit the model. They can be defined before
building the model or assigned to an existing structure.

A story is a workplane parallel to the global X-Y plane, with a given Z position. If a story is
selected mouse movements will be projected to the plane of the story even if you find an
element at a different Z position. Coordinates will always be projected to the story plane
to help tracing objects at different levels.

Stories are always listed by decreasing Z position, having automatic names. Changing the
report language makes story names change.

Elements are considered to be part of a story if their lowest Z coordinate is greater than or
equal to the story level but less than the next story level. Therefore if a multi-story column
or wall was defined as a single element it will appear only at the lowest level. To change this
behaviour the element has to be cut with story planes. See ...

New elements will be linked to their story automatically.

@ Stories are logical parts of the model created for editing purposes and they do not affect the
analysis results.
If torsion effects has to be taken into account in seismic analysis seismic stories have to be de-
fined separately in the seismic parameters dialog.

Stories can be managed in the following dialog.

@ Stories =13 Turn off stories  If this button is down no stories are
e N Ex 88 E displayed. Windows will show the entore
strucutre or the its active parts. Stories can

zml=[o + %%

Active story  Ground floor

be added or deleted in this state as well.

S L2 +8_850| Display current  If this button is down and an active story
Story 2 +5.850 story is chosen the active story will be displayed.

R ﬁ E The active story can be chosen by clicking
Stary -1 -3450 the radio button before its name.

Selection status of the list items is inde-
pendent of this choice. More than one
At Fotreh story can be selected. Ctrl+click adds indi-
I Refresh Al vidual list items to the selection,
Shift+click adds ranges to the selection.
Delete operation works on the selected
stories and not on the active story.

OK Cancel
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There can be only one active story. However display of neighbouring stories is also possible.
Editing will be constrained to the active story.

Click this icon to get back to the model and click one or more nodes to pick up Z coordi-
nates. Close the process by clicking on an empty area. Z coordinates will be added to the list
of stories.

Enter the Z coordinate into the edit field and click the + button. A new story will be added
to the list.

If you have an existing multi-story structure with slabs you can find and add Z coordinates
of horizontal domains to the list with one click. If not all horizontal domains refer to a real
story you can delete unnecessary stories later.

Story position cannot be changed. Delete the story and define a new one.

Deletes selected stories. Remaining stories will be renamed and story assignments of the
elements will be updated automatically.

Deleting a story does not delete any element.

If this button is down elements of the story below the active story is also displayed to help
tracing other objects.

If this button is down elements of the story above the active story is also displayed to help
tracing other objects.

To display further stories open the Parts dialog instead where logical parts of any story can be
turned on. Choosing a new active story overrides the parts settings.

Numbering of stories can be controlled with these buttons. If the left one is down (Number-
ing of stories from the bottom) the lowest floor will be considered as ground floor and other
stories will have a positive number. If Signed numbering of stories is selected the story closest
to the zero level will be the ground floor. Underground stories will get a negative number,
others will get positve numbers.

3.3.5.

M [CTRL]*[G]

Guidelines

Guidelines
See... 2.15.7 Guidelines
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3.3.6. Design Codes

Eurocode

Current Design Code:
Eurccode

— Mo design code -
DM (German)

o Eurococe

Eurocode [&]
Eurocode [FIN]
Eurocode [ML]

B Eurocode [UK]

| talian

MSI (Hungarizan)
MEN (Dutch)

Sl 26 (Swiss) 4|

[ Set current settings as defautt

cancel

Sets the Design Code to be used in case of code specific
tasks. Changing Design Code changes the method of
calculating critical load combinations therefore all load
group parameters but partial factors will be deleted.
Seismic analysis parameters and seismic load cases will
also be deleted. As material properties and certain
reinforcement parameters are not the same in different
codes it is recommended to revise the values you have
specified.

If Set current settings as default is checked, new models
will be created with the current design code.

3.3.7. Units and Formats

Units and Formats
Unitz Schems m Save As.. | Delete |
EU Units ]
& Ceometry UM Linits | Unit Dec.
: hcﬂra?z:aﬁ::;;mas ilsstlirgam Units Fares ki = : =
® Properties Custom Moment | kim i 2 i
o Stiinsss Line foree [kiim [z =
-
& Static Line Moment | khmim i 2 i
: \R’ilér_algiz:;gn Surface force | khin? - 2 I
» Steel Design Tempersture  [°C I 1 I
: ;2:22"222253 Temperature Vatiation - 1 I
Safety Factar | - 3 I
Load combination factar ||
Load position ratio | - 3 I
™ =gt current ssttings a= defautt Ok I Cancel |

Lets you configure the units (SI and/or Imperial) and formats of variables used throughout
the program (number of decimals used for displaying or exponential format). You can use
predefined sets as the SI set, or create and save your own custom sets.

3.3.8. Gravitation

Gravitation x|
—Direction

4% X

(ol =

i +7 f+ -

—Gravitational Acceleration——

gmisd]= |9,81D
QK I Cancel |

Lets you set the gravitational acceleration constant and the
direction of gravitation as one of the global coordinate
directions
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3.3.9. Preferences

Data Integrity

Recent file list

Save

File Edit | Settings | Wiew Plugins ‘Window Help

Loy Display Options 4
‘*K Options 4
=3 Layer Manager F11
[5 Guidelines Setup Ctrl+G
@ Design Codes...

Units and Formats. ..

Gravitation,..

|,% Preferences... ﬁ Drata Integrity. ..
2 | snguage » EI Colars...
£ Report Language v A Fonts..,
Taolbars to default position m
@ Meshing. ..
_1'_‘,' Toobar. ..
x Display...
Th Analysis, .
,% Report
Q, Update.
]
» Data Integrity rData Integrity
® Colors —Recent File List
& Forts Mo. o files |5 3,
& Edit
» heshing Open Last File At Startup [~
® Tookar Show welcome screen on startup [V
o Display
» Analysis Save
O [Reza ¥ Auto Save |1D 3, mir.
o Updste
Creste Backup Copy [
Save detivative resutts W
[streszes, envelope values, critical combinations,
design resutts)
—Undo
Undo Levels I2D 3.
Group Unce v
" From hard disk
* From memory
Wiork on local copies of network files v
Ietuork: Time-out IQD 3, T

L8 I Cancel |

Lets you set the number of recently opened AxisVM model files listed in the bottom of the
File menu, and set if you want the last edited file to be opened at startup. The welcome
screen (See... 2.2 Installation) will be shown on startup if the show welcome screen on startup
checkbox is checked.

Auto Save option

To make sure that you do not lose your work, select the Auto Save option by the check box.
In the Minutes box, enter the interval at which you want to automatically save the opened
model (1-99 minutes). You must still save the model when you exit. A model that is saved
automatically is stored in the default temporary folder of the operating system (by default it
is c: \ Documents and Settings \ username \ Local Settings \ Temp) as ~modelname.avm until you
perform a save command. When you have to restart AxisVM after a power failure or due to
any other problem that occurred before you saved your work, AxisVM can recover it from
the temporary file stored in the above folder under the name $modelname.avm.

Create Backup Copy

If this checkbox is checked and a model is saved after making changes a backup copy is
automatically created from the previous state of the axs file. Name of the backup file is
modelname.~AX.

Save derivative results
If this checkbox is checked stresses, envelopes, critical combinations and design results will
be saved as well.
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Undo

GroupUndo

Work on local
copies of network

files

Network time-out

Colors

Fonts

You can undo your last actions. You have to specify the maximum number of actions you
want to undo. This number must be between 1 and 99.

The Group Undo option allows you to undo the effects of complex commands in a single
step. Undo data can be stored in memory or on hard disk. The first option is faster, the sec-
ond option leaves more memory for the program (it may be important if a huge model is
calculated).

If models are opened through a network, the speed of data transfer may reduce the per-
formance of AxisVM. This effect can be eliminated by allowing making local copies of net-
work files. Local copies will be placed into the folder where the temporary files are stored
during the analysis — except when this folder is set to the model folder. In this case the files
are saved to the default folder for temporary files. The original files will be updated at each
save operation.

In case off network hardware protection keys, if in a time period set here there is no activity
(checks) with the key, the current AxisVM session is closed.

Disconnecting may also happen in a situation when you get a phone call and you do not
use the program for a time longer than the network time-out. If another user asks for access
to the key the server gives a license to him/her and when you try to continue your work the
program displays an error message and halts at the next key check.

Preferences x|

® Data Integrity [Colors

» Colors
= Fonts Il
& Ecit

& Meshing
» Toolbar

& Display

& Analysis
& Report

» Update

Lets you select graphics area background color (black, dark gray, light gray or white).
Labels, numbers, symbols and elements will automatically change their colors to remain
visible

Preferences ]
® Data Integrity Fonts ) -
» Colors Drawing Labels
oroms —— [RETEECE
w» Edit
o e Drawing Labels Default Settings |
=& Toolbar D
o Deper ~Information
& Analysis
& Report “erdana 7 pt
» Lpdate
Information Windows
Dialog boxes
Avrial § pt

Dislog boxes

Default Settings |

Preferences |

OK | Cancel

Lets you change the typeface and size of the fonts that are used when displaying your
model and the Floating Palettes. Click white sample area to get to the font selection dialog.

Default settings can be restored by pressing the button on the right.
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Edit

Circle Closing
Angle

Projection line to
workplane

Meshing

Mesh
management
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o Data Integrity
e Colors

» Forts . . l—
Circle Closing Angle [°] = | 5,00
Z ol
Mezhing T=

L]
» Toolbar
» Display
L]
L]
L]

Analysis —Projection line to workplane

Report ¥ Display

Update /

+

u Turn on logical parts when loading models from previous
WErSions

¥ Include internal lines of domains into parts by defautt
[~ Move mouse pointer automatically to dialog windows

[~ Elements of a hidden mesh can be selected

v Delete unnecessary contour lines after automatic domain
intersection

Cancel |

Parameter for drawing arcs. If the center angle of the arc is smaller than this angle or it is
closer to 360° than this angle then a whole circle will be drawn.

Display of projection lines can be turned on/off. Its shows the distance of the cursor from
the current workplane.

Turn on logical parts when loading models from previous version
If turned off no logical parts will be created for older models.

Move mouse pointer automatically to dialog windows.
If turned on mouse pointer will jump to the OK button of dialog windows.

Include internal lines of domains into parts dy default
If turned on internal lines of domains will be included into parts containing the domain.

Elements of a hidden mesh can be selected
If display of mesh is turned off this field controls if the hidden nodes / lines / surface
elements can be selected or not. This switch also controls if these nodes and elements
appear in tables or not.

Delete unnecessary contour lines after automatic domain intersection
Controls if contour lines are automatically deleted after domain intersection. If this
function is turned off contour lines became internal lines of the union.

Preferences
» Data Integrity Meshing
» Colors Mesh management
® F°.m3 + Remove and create mesh automatically
o Eclit
€ Heep mesh edtable
& Toolbar
o Display —
® Analysis Contour division method
O [repaid % Uniform mesh zize
» Updste

" Adaptive mesh size

Default mesh size [m] = (0,500

One of the following mesh management methods can be chosen.

Remove and create mesh automatically
Any editing performed on a domain deletes its mesh. When launching the analysis
missing meshes will be recreated based on the meshing parameters of the domain.

Keep mesh editable
Meshes can be edited manually.
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Contour division
method

Default mesh size

Toolbar

Displaying toolbar

Pet palette
position

Display

Moment diagram

Arc resolution

Uniform mesh size
Meshes will be generated according to the user defined element size regardless of the
shape of the domain (least number of finite elements).

Adaptive mesh size
Takes the shape of the domain into consideration and creates a better mesh by increasing

mesh density wherever it is necessary.

When defining meshing parameters for a domain for the first time this value will appear by
default.

Preferences
o Data Integrity e
» Colors
» Forts {* Horizontal toolbars expanded
o Edit :
® Meshing oA Osy O )
Displ
O DI = Elyout toclbars
& Analysiz
» Report AN B 5 b ;
» Update /‘ Sl 17 1 @a f >
/S A0 El
‘et palette position
{* Relative ~ Appear in the latest position
ox = IBD pixels
dy = IBD pixels

If Horizontal toolbars expanded is chosen, all icon appears in a row. Separator lines indicate
different groups of functions.

If Flyout toolbars is chosen, different functional groups will be represented
by a single icon. Clicking the arrow in the right bottom another toolbar flies out showing
different tools.

Pet palette position can be:
Relative

Specify the horizontal (dx) and vertical (dy) distance from the operation in pixels.
Appear in the latest position

Pet palette appears in its latest position.

Preferences

® Data Irtecrity —Diau::au- -
& Colors diagram

» Fonts 3 3
= Edit
& Meshing E i

@ Toolbar {* Ontension side {~ On compression side

= Display
» Analysiz ~Are I Iurti
® Report

® Updste coarse fine
J
f . . . . K o 0

¥ Turnon 30 wireframe when drawing ohjects

[~ Display of line lnads on all connecting elements

odel graphics style
" Classic (for lower screen resolution)

f* AxisVh10 (for higher screen resolution)

Ok I Cancel

Placement rule for moment diagrams can be set.

Arcs are displayed as polygons. Set the display resolution here. The finer the resolution the
closer the polygon will get to the arc. This parameter affects drawing only and is not related
to the precision of the analysis.
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Model graphics
style

Switches

Analysis

Enable extended
memory access
(AWE)

Using a single
thread /

Using multiple
threads

Folder for tempo-
rary files during
analysis

Message sounds
during analysis
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Classic style is recommended on systems with a lower resolution. AxisVM10 style draws line
elements with thicker pen, automatically fills domains and display surface loads as a
hatched pattern.

Turn on 3D wireframe when drawing models
Displays 3D wireframe of objects while drawing (see... 4.9.3 Direct drawing of objects)
even if the active view is not in rendered mode.

Display of line loads on all connecting elements
If an edge load is applied where a wall and two plates meet and parts are turned on
(see... 2.15.11 Parts) the load will be displayed according to this setting. If this option is
turned on the load will be displayed if an active part contains any of the three elements.
If this option is turned off the load will be displayed only if an active part contains the
elements the loads were originally assigned to. This is useful to check the local system of
the load components.

x|

o Data Integrity Analysis

& Colors bdzximum virtual memaory used in analysis 1500 M
» Fonts I

L =,
® hieshing Anzilaite Total

® Toolkar Physical memory: 1152 M 2047 M

o Dizplay " .
L . L

» Report Largest available memony block: 807 M

o Updste —

Folder for temporary files during analysis
" Model file folder
v Local =ystem temporary folder
" Custom Settings

|C ‘Documernts and Seftingzloe! Local Seftings\Tempt Er’
[ Create analysis log file

fo  Using a single thread
" Using multiple threadsicores

v Message sounds during analysis

At the beginning of the analysis AxisVM divides the system of equations into blocks
according to the available physical and virtual memory. It makes analysis more efficient but
can considerably slow down other applications. Set the amount of virtual memory you let
AxisVM use during the analysis here.

If more than 4 GB of memory is installed, this option makes it possible to get more memory
for analysis. If this option is disabled it means that memory pages are not locked.
See... 2.1 Hardware Requirements for details

Using multiple threads makes AxisVM run analysis on multiple threads. To make the most of
this option it is recommended to use a processor with HT-Hyperthread or DualCore tech-
nology.

Multi-threading improves speed of calculation. Improvement depends on the available
memory and the model size. Linear analysis will be 1.5 times faster, while vibration analysis
can be 4 times faster.

You can specify the location of temporary files during analysis.

Select any of these options :

*  Model file folder
*  Local system temporary folder
*  Custom

Create analysis log file
If this option is turned on technical details of the analysis will be logged and saved to a
text file modelname_msg.txt.

If this option is activated system sounds will be played after completing an analysis or get-
ting an error message. Sound card and speakers must be present.
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Report

Report language

Table layout

Printer buffer

Update

Searching for
program update

Preferences

o Data Integrity [Renort

» Colors
» Fonts Report Language IEninsh 'l
o Edit
» Meshing —Table layout
» Toolbar
o Display
® Analysis inimum number of roves per column n= IS

o Updste

v &llow multiple columns

Printer buffer

* In memary
= 0 hard disk

[~ Prirt page numbers even if page header is turned off

¥ Translste automstic tem names if report language is changed

Depending on your configuration you can select from the following languages: English,
German, French, Italian, Spanish, Dutch, Hungarian, Russian, Portugese, Romanian,
Serbian.

If Allow multiple columns is checked, narrow report tables will be printed in a multi-column
layout to reduce the space required. Minimum number of rows per column can be specified to
avoid column breaks for short tables.

If a report includes many pictures building the entire report in memory may consume too

much system resources an cause printing problems. In this case set printer buffer to hard
disk.

Print page numbers even if page header is turned off
If this option is turned on page numbers appear on printed pages even if headers are dis-
abled in the printing dialog.

Translate automatic item names if report language is changed
If this option is turned on AxisVM-generated names of Drawings Library or report items
will be translated automatically.

» Data Integrity Lslats

» Colors

= Fonts

w» Edit

& Meshing

® Toolbar

® Display earching for program update

& Analysis

® Report " Every day

= Update
(= Every week
™ Every marth
i~ Mewver

Axishh Weh Update

Latest search : 12/11/2009

Proxy settings

AxisVM checks regularly if there is an update available on the web. The frequency of
update checks can be controlled. If Never is chosen an update process can be launched
by clicking AxisVM Web Update. The date of the latest search is displayed. If internet connec-
tion goes through a proxy server, proxy settings has to be defined after clicking
Proxy settings.
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AxisVM  Click the button to get to the AxisVM
Web Update Web Update Wizard which is a guide
to the download process. If download Welcome to the AxisVM Web
is complete and the Update the program i b
option is checked on the last page, the e

program quits and start the installation it are foure for your reisase you can

downioad and install them
Of the new release' To cortinue click on the Nesxt button, To exit click on

the Cancel buttan,

Cancel
3.3.10. Language
Ele. Edt [Settings |veu plons window e If program configuration includes the DM module this
&y Display Options 4 .
o - . menu item allows the user to change the program
S5 Laver Manager Fi1 language (used in menus and dialogs).
B, Guidelines Setup Chrl+iE
@ Design Cades. ..
Units and Formats...
Gravikation. .
&\ Preferences... 4
|,;"-‘|E Language 2 English
2 Report Language » == Hungarian
Tanlbars to default position B German
I 1 Romanian
—— Spanish
I Itali=n
= Dutch
11 French
3.3.11. Report Language
Ble Edt [Spitings | wew Bl window el If program configuration includes the DM module this
&0y Display Opt 4 .
oy o , menu item allows the user to change the report lan-
S Layer Manager Fit guage (used when displaying printable drawings,
& Guidelines Setup Chri+G tables and reports)
@ Design Cades...
Units and Formats...
Gravitation...
£ Preferences... ¢
22 Language 4
|§|§ Repott Language == Hungarian
Toolbars ko default position Im‘
B German
I 1 Romanian
—— Spanish
Il Islian
B Russian
= [Dutch
I Frerch

3.3.12. Toolbars to default position

The moveable Icon bar will get back to the left side. All flyout toolbars undocked and
dragged to a new position will get back to the Icon bar.
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3.4. View
File Edit Settings Window Help
Iigc FEront View Ctrl+1
||'_vg< Top View Ctrl+2
Iy Side View Ctrl+3
L. Perspective Ctrl+4
Perspective Settings...
-L':z workplanes 4
&, Zoomin Ctrl+/
E Zoom out shift+Ctrl+/
Fit in Window Crl+w
¢~ Pan
«Ja Rotate
+ Wireframe
Hidden line remaval
Rendered
Texture
Rendering options...
wireframe cross-sections
*  Actual cross-sections
wireframe while dragging
¥ Mo labels while dragging
Front view
I
[Ctr]+[1]  See...2.15.3 Views
Top view
I
[Ctr[+[2] See... 2.15.3 Views
Side view
1y
[Ctr]+[3] See...2.15.3 Views
Perspective view
L [Ctri#[4]  See...2.15.3 Views
Setting Perspective
View See... 2.15.3 Views
Work planes
(_<> See... 2.15.4 Workplanes
Zoom in
:k [Ctrl* [, See...2.15.2 Zoom
[+]
Zoom out
[Ctrl]+ [Shift]+[],[-] See... 2.15.2 Zoom
Zoom to fit
£l [Ctrll+[W]  See...2.15.2 Zoom
Pan
.1..
7 See... 2.15.2 Zoom
Rotate
‘-I"" See... 2.15.2 Zoom
View undo
‘E:L [CtriJ+] See... 2.15.2 Zoom
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View redo

€y [Ctrl]+]

Wireframe

Hidden line removal

Rendered
Texture
Rendering options...

Wireframe cross-
sections

Actual
cross-sections

Wireframe while
dragging

No labels while
dragging
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See... 2.15.2 Zoom

See... 2.15.6 Display Mode

See... 2.15.6 Display Mode
See... 2.15.6 Display Mode
See... 2.15.6 Display Mode

See... 2.15.6 Display Mode

In rendered mode thin walled cross-sections will be displayed only with mid-planes.

In rendered mode thin walled cross-sections will be displayed as solid objects with their
actual shape.

If it is switch on, the program display the wireframe of the model during the rotation or
pan.

If this option is turned on, labels are not drawn during rotation or panning.

3.5.

Window

Eile Edit Settings Yiew | Window | Help
Property Editar

|7 Status
|T Coordinates

|T Color Legend
Perspective settings

Background Picture 4

Split Horizontally _|_
Split Wertically

Close Window

Drawings Library

d® mEr e

Save to Drawings Library

3.5.1.

Property Editor

Property Editor provides the fastest way to change properties of the selected nodes,
elements or loads. All changes are made immediately. If the selection contains different
elements it is possible to change their common properties (e.g. after selecting trusses, beams
and ribs their material and cross-section will be editable). If result or design tabs are active
the values are read only.
In certain fields regular mathematical expressions are also accepted.
Available operators and functions are:
(, ), SIN COs, TAN, EXP, LN,

ARCTAN, ARCSI NH, ARCCOSH, ARCTANH,
Few fast operators:

++8 adds 8 to the actual value

--8 substracts 8 from the actual value
Negative numbers within operation have to be in brackets.
In these expressions # substitutes the actual value (For instance #/3 divide it by 3). When
entering a value of nodal coordinates, load values, surface thicknesses you can refer to
global coordinates as X, Y, Z or x, y, z. In case of certain load types variables refer to other
load components as well.

LOGIO, LO&, SINH COSH, TANH, ARCSIN, ARCCOS,
INT, ROUND, FRAC, SQR, SQRT, ABS, SGN.
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For nodal loads or point loads on beams variables Fx, Fy, Fz, Mx, My, Mz refer to force and
moment components. For distributed beam loads px1, pyl, pzl, ml, px2, py2, pz2, m2
refer to load components. Variable names are not case sensitive.

Example 1: If you want to turn selected distributed wind loads with different X components
to Y direction enter 'px1' into field pY1 and 'px2' into field pY2 then enter zero into fields
pX1 and pX2.

Example 2: to scale the structure in direction X by 200%, first select all nodes then click the
line first line and enter X*2 as X.

The question mark button turns on/off the help information.

Properties are displayed in a tree-like structure.
Clicking a [+] or [-] symbol before the property
name expands or collapses a list of sub-properties.
If the (...) button appears in a line the property can

be changed using a separate dialog. ;_Eaf:af)on ——

If the (>>) button appears in a line the property by Surface Line Load (8)
can be picked up from another element by clicking R B bl & =

'!. Modal Supports (1)

[ Surface Elements (19289)
Lo Modal Supports (1]
urface Supports (664

Ly Domnain Area Load (3) -
it. Rzz [kMmyirad] 1E+10
Property Editor can be used to modify data but also =IMonlinear Parameters [ |
to select and filter elements with the same Active, £ Aluays
Active, £ Aluways LI
property.
Filter Selecting a property and clicking the filter button you can select all the elements having the
. same property value.

Example: changing an existing cross-section in the whole structure.
Selecting the cross-section property of a rib element you can select all rib elements with this
cross-section then change their cross-section property of them.

3.5.2. Information Windows

v Lets you set the display of the Info, Coordinate, and Color Legend Windows to on or off.
See... 2.17 Information Windows

3.5.3. Background picture

The submenu makes several options available. An automatically fitted background picture
can be loaded to the main window of AxisVM to show the model in its future environment.
Load Background Picture... submenu item or [Ctrl+B] opens a file browser dialog, Reload
Background Picture shows the most recently used picture files. In multi-window mode each
window can have its own background picture.

Picture in the active window can be turned on and off by clicking Display or by [Ctrl+Alt+B].
Save Background Picture saves the picture in the active window into a file. If the aspect of the
picture differs from the window aspect Shift Background Picture makes it possible to drag the
background to a new position. Remove Background Picture removes the picture in the active
window.

Background pictures are saved into the AXS file.

After loading a background picture the model can be set to an appropriate view by zooming
out, zooming in, panning, rotating and setting the perspective.
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3.5.4. Split Horizontally

=

=l[oewrn

21| my em)

e

Inactive graphics
window

Active graphics
window

LB AL 2B

@au+caei

T [—I
J. | !
= ! AW
\4\339
x
o
- |
R S N N
I I T I
~ -1 T -1 —— ol

<R [Tl [ wlrlE= [l

Splits the graphics window horizontally into two parts. The display settings of each

window can be set independently.

You can maximize or minimize or restore the graphics windows by using the buttons at the

top-right of the windows.

3.5.5. Split Vertically

i)

s |Lonts [wesn St |vicain | st | R.Desn | setoeson |

=l 2 |
5
=
S S gy
} J _ ! J. ! I !
=1 \‘/ ol ' T ul
Active graphics \ﬁ’/ 2 \éag
window E N
] ol
Inactive graphics Inactive graphics 5
window 2 window ] §
5 o [
. : s
I I Fiher
x x

< [lemleSl el a2 [l
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Splits the graphics window vertically into two parts. The display settings of each window
can be set independently.

You can maximize or minimize or restore the graphics windows by using the buttons at the
top-right of the windows. Different load cases can be set in each window but only when
displaying results.

3.5.6. Close Window

&

Closes the current graphics window.

3.5.7. Drawings Library

&~

The Drawings Library contains drawings saved in the program. Drawings are not saved
pictures but instructions how to draw a view of the model or parts of it including multi-
window settings. Drawings can be reloaded to restore saved view and display settings.
Including drawings into a report makes it easier to update the report when the model has
changed and recalculated as drawings will be updated automatically like tables.

Drawings Library can store displacement, force, stress diagrams of line elements, diagrams
of steel and bolted joint design, punching analysis, reinforced concrete column check and
beam design in an associative way.

& -3 Clicking the arrow beside the tool button an existing drawing
£ BT et View i can be selected from a pop-up list, restoring its view and
ST, Side Yiew . .
STH, Top View display settings.

[I], Linear, 5T1, eR, lsosurfaces 200
[I], Linear, ST1, eX, lsosurfaces 20
[I], Linear, £T1, &Y', lsosurfaces 20
[I], Linear, ST1, eZ, lsosurfaces 20
[I], Linear, ST1, R, lzosurfaces 20
[I], Linear, ST1, Wx, lIsosurfaces 20
[I], Linear, ST1, Rx, lsosurfaces 20
[I], Linear, ST1, Ry, lsosurfaces 20
[I], Linear, ST1, Rz, lsosurfaces 20

After clicking the Drawings Library tool button a dialog appears.

Drawings Library x|
P | ki wind! , Side Wiswy
Stored dravvings v Display
- MODEL =

L Front Wiew

Top Wiewy

¥ Restore result components Ok Cancel

%




User’s Manual 121

This dialog is to overview, maintain and reload saved drawings.

» Deletes a drawing from the Drawings Library
] Loads a chosen drawing to the active window.
o (available in multi-window mode only)

Loads a chosen drawing to the window.

Restore result components
If this option is checked loading a drawing displaying results restores the result
component as well and sets the appropriate tab (Static, Vibration, etc.).
If this option is unchecked loading a drawing does not restore the result component and
the tab.

OK  Saves the changes and loads the selected drawing.

Cancel Does not save changes.

3.5.8. Save to Drawings Library

== By clicking this tool button one or
el . . [atme
more drawings can be saved into the [, i Jsosrtaces 20,5k view o
Drawings Library.
If the current drawing already eXiStS, << Multiple drawings | oK | Cancel |
a Found in the meings Library Load cases and combinations Result components

isplacements
urface Internal Forces

label is displayed in the dialog.
It can be overwritten or the drawing
can be renamed. Multiple drawings
button opens additional options.
Load cases, load combinations (and
result components if results are
displayed) can be chosen. AxisVM
creates all combinations (i.e. all
selected result components in all
selected load cases) and saves them
into the library with the current view
and display settings.

nvelope hin ha

ntensity variation
urface Stresses
ine Support Internal Forces

| 1 drawings

Clicking the Drawings Library button displays the Drawings Library dialog.
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3.6. Help

File Edt Settngs Wiew Window

@ Conkents

9 AxishM Home Page
£, axisym web Update

About...
Release information. ..

Lets you use the online help of AxisVM. To get context-sensitive help information about the
operations related to a dialog box press [F1].

3.6.1. Contents

& Opens the table of contents of the help, and allows access to the topics you are interested in.
[F1]

3.6.2. AxisVM Home Page

3 Visits AxisVM Home Page using the default Internet browser.

3.6.3. AxisVM Update

0, Launches the AxisVM Web Update Wizard. See... 3.3.9 Preferences

3.6.4. About

©Inter-CAD KR, 1991-2010 Displays more information
ST Reaseite about your AxisVM program.
* Inter-CAD Kft. .
You can determine the
version and release number,
= il configuration, serial number
e g and time limit of your AxisVM
| RC1 msz EC,OIN, S1A, 1TA, 5TAS, NEN DM version.
RC2 msz £C. DIN, S1a.1TA, 5TAS, NEN DXF :
VM 7 Egi s e B ke ::;m Available modules are black,
MSz,EC C
SD1 msz.EC, SIA, STAS, mT others are gray.
Release 2 SD2 msz EC PS1
e SE1 EC.DIN.SIA ITA RUS
l:ar!lr‘-l.slIe-k'nnhjlr.us.lng SE2 ec Tl
3 TD1 ec

3.6.5. Release information...

Latest release information and history of fixes and new developments.
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3.7. Main toolbar

NEEHEG oo~
gv HiE $-F

3.7.1. New

I‘_hl See... 3.1.1 New

3.7.2. Open

[ﬂ_u See... 3.1.2 Open

[Ctri]+[O]

3.7.3. Save

u See... 3.1.3 Save
[CtrI]+[S]

3.7.4. Print

& See... 3.1.10 Print
[CtrI]+[P]

3.7.5. Undo

= See... 3.2.1 Undo

[Ctri]+[Z]

3.7.6. Redo

rd See... 3.2.2 Redo

[Shift]+[Ctrl]+[Z]

3.7.7. Layer Manager

7 See... 3.3.3 Layer Manager
[F11]
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3.7.8. Stories

.00 See... 3.3.4 Stories
b G

[F7]

3.7.9. Table Browser

See... 2.9 Table Browser

[F12]

3.7.10. Report Maker

See... 2.10 Report Maker
[F10]

3.7.11. Drawings Library

@ - See in detail... 3.5.7 Drawings Library

3.7.12. Save to Drawings Library

= See in detail... 3.5.8 Save to Drawings Library
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4. The Preprocessor

The preprocessor lets you create or modify the geometry of the model, in a completely
visual way. The advanced Visual Modeling feature allows quick and reliable modeling and
design.

This chapter introduces the AxisVM modeling commands (geometry generation, element /
mesh generation, and load case/combination definition).

4.1. Geometry

Geometry commands let you interactively and graphically create the model geometry in
3D.

The model geometry is defined by nodes (points), mesh lines (lines) between nodes, and
surfaces (triangular or quadrilateral) created from three or four appropriate lines. Later you
can define finite elements based on the geometry constructed here.

In the case of surface structures (plates, membranes, or shells) the mesh consists of
quadrilaterals that represent the median plane of the elements.

Automatic meshing on domains Automatic meshing on macro quads and triangles

In the case of frame structures (beams or trusses) the mesh consists of the axes of the
elements.
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4.2. The Geometry Editor

Model name and location path

< Axis iles' AxisYM9'\ Peldak' AcelCsarnok.axs

0

= S Slfeeeeen Sf 2 5 |
s ‘ —

- e (e L s R T A R R

it i o e[ g B[

&

=

Perspective Toolbar‘

<
N
o
; \—{ Moveable Icon bar
oy B .
& =
;\ L 5
2 a1 =
Property
Editor

| Graphics %

area

R Pet palette pe— Coordinate 4[
C

window
\ Context sensitive
help message ‘Speed buttons

When AxisVM starts, the graphical user interface is ready for geometry editing. In case of a
new model X-Y, X-Z or perspective view can be set as the default view. In case of an
existing model the latest view settings will be loaded.

Using the horizontal icon toolbar at the top of the graphics area you can apply various
commands to construct geometry meshes describing the geometry of your finite element
model. See... 4.8 Geometry Toolbar

drfm] : 53,564
d o1 145,70
9 dhfen) -3 557

|
|
X[ o [ 82 el s

Using the vertical icon bar on the left you can apply commands that change the display of
the model, and can configure the working environment of the editor.
See... 2.15 The Icon bar

4.2.1. Multi-Window Mode

Split horizontally

Split vertically

Close Window

&=

When the model is complex, it is useful to display different views of the model
simultaneously on the screen. AxisVM allows you to split the graphics area horizontally or
vertically. Each newly created graphics window has its own settings, and allows the
independent display of the model views. This feature is also useful when interpreting
results. You can access split commands from the Window menu.

Splits the active graphics window horizontally into two equal parts. The top window will
become the active window.

See... 3.5.4 Split Horizontally

Splits the active graphics window vertically into two equal parts. The left window will
become the active window.

See... 3.5.5 Split Vertically

Closes the active window if there are more than one graphics windows in use.
The new default window will be that in which you previously worked.

You can change views during any editing command.

In the perspective view some editing commands cannot be used, or are limited in use.
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4.3. Coordinate Systems

AxisVM uses different coordinate systems, to describe the model. The global coordinate
system is used to describe the model geometry. Local coordinate systems are mainly used in
the element definitions. The local systems are usually defined by the element geometry and
additional references. AxisVM denotes the axes of the global system with capital letters, and
the local axes with small letters.

The geometry can be created using Cartesian, Cylindrical or Spherical coordinate systems.

See... 4.3.2. Polar Coordinates

4.3.1. Cartesian Coordinate System

Base coordinate  AxisVM uses Cartesian coordinates to store
system geometry data. AxisVM uses the right-hand rule
exclusively to define the positive directions of
axes and rotation. The illustration shows the
positive directions of the axes and of rotation

according to the right-hand rule.

Global and relative A new model uses the view selected in the New Model dialog (see... 3.1.1 New Model).
origo The origin of the coordinate system is shown by a blue X initially located at the left bottom

corner of the editor window.
A fixed (X, Y, Z) and a relative (dX, dY, dZ) global system are used to locate points (nodes)
in your model. The origin of the relative system can be moved anywhere (using [Alt]+[Shift]
or [Insert]), at any time during modeling.
The Coordinate Window displays either the fixed or the relative global coordinates
according to its current settings. If the relative mode is selected, the denotation of axes
becomes dX, dY, dZ.
With the help of the Coordinate Window, and according to the movement of the relative
origin you can make measurements on the model (distances, angles).
The nodal displacements and mode shapes refer to the fixed global system.

In the X-Y and Y-Z views the third axis (normal to the view’s plane) is oriented toward you.
As a result, when a copy is made by translation with a positive increment about the
respective third axis, the copies will be placed in front (foward you). The opposite occurs with
the third axis in the case of an X-Z view is oriented in the opposite direction.

See... 4.9.19 References

4.3.2. Polar Coordinates

In addition to the Cartesian global coordinate system, you can use either a cylindrical or a
spherical coordinate system. One of the polar coordinate systems can be selected through
its corresponding radio button in Settings / Options / Editing / Polar coordinates.

In the Coordinate Window three variables will be displayed depending on selection:

Cylindrical
h: the value measured from the view plane to a point on the cylinder’s main axis (that
is perpendicular to the view plane) oriented outward from the screen
r: radius that is the distance on the view plane from the projection of the point to the
cylinder’s main axis
a: the angle between the line that joins the point with the origin and the horizontal
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Spherical

r: the radius, that is the distance from the point to the sphere’s center (origin)

a: the angle on the view plane between the line that joins the projection of the point
with the origin and the horizontal

b: the angle between the line that joins the point with the origin and the view plane,
which is positive if the point is in front of the view plane (between the user and the
view plane).

..... .p(r,a,h)

Cylindrical Coordinate System Spherical Coordinate System

4.4. Coordinate Window

®[m]: 1.05¢& r[m]: 1.275
¥[m]: 25.000 a[®]: 24,06

d Z[m]: 0.714 d h[m]: 25.000
L[m]: 25.032

Displays the current absolute and relative values of the cursor position in the global
coordinate system (Cartesian and cylindrical or spherical).

You can switch between absolute and relative coordinate displays, by clicking on the letters
d in the Coordinate Window. The display of the d letters also show whether the relative
coordinates are enabled or not.

d&[m]: 0.914 drlm]: 1.30%2
d¥[m]: 25.000 d a[?]: 45.65

d d2[m]: 0.925 d dh[m]: 25.000
difm]: 25.034

The positive angles, a:

90°

180° 0°

270°

The relative switch (delta) can be used together with the constrained cursor movements.
See... 4.7.4 Constrained Cursor Movements.
You can enter expressions in the edit fields (e.g.: 12.927+23.439, cos(45), sin(60))

4.5. Grid

See in detail... 2.15.15.1 Grid and Cursor

4.6. Cursor Step

See in detail... 2.15.15.1 Grid and Cursor
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4.7. Editing Tools

Editing tools help the work by several features. See... 2.15.15.2 Editing

4.7.1. Cursor Identification

Sets the size of the cursor identification area (in pixels).

When you position the cursor over the graphics area, AxisVM finds the entity of the model
that is closest to the center of the cursor from among the entities that are located in or
intersect the identification area. The size of the identification area can be set at Settings /
Options / Editing / Cursor identification.

The current shape of the cursor shows what kind of entity was identified. Depending on

entity type, the cursor will have the following shapes:

Node

Mid-side node

Support

Edge hinge

Mesh independent load
Load polygon vertex
Center of an arc

Arc

Tangent

References

Line

Surface

Intersection
Perpendicular (normal)
Guideline

Domain

Rigid element
Dimension line

In case of Pick up function
Text box, label

Reinforcement domain,
COBIAX solid area

kO L ¥
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&

Background
detection

AXISVM /()

If there are several entities at the same location, the program identifies the first entity
according to the ordering of the list above. If there are multiple entities of the same type,
the cursor will show a double symbol.

Use the Coordinate Window to find out which one of the elements was actually identified.

The cursor can be set to detect the lines on architecture background layers.

4.7.2. Entering Coordinates Numerically

During the model editing, coordinates of the cursor can be specified directly entering the
numerical values into the Coordinate Window. There are two ways to enter the numerical
values:

1. by pressing the corresponding character button on the keyboard
2. by clicking with the left B button on the desired coordinate value display field, and
then typing in the value.

If the relative mode is enabled (the letter d is depressed), the coordinates you enter will
define a point from the relative origin.

If contradictory values are entered (in case of a constraint), the last entered value will
update the others.

You can enter expressions in the edit fields (e.g.: 12.927+23.439, cos(45), sin(60))

The relative origin can be moved at any time, anywhere. Therefore when drawing a line,
you can specify its endpoint coordinates relative to different origins.

To draw a line with a given length and direction move to relative origin to the starting point
(using [A]+[Shift] or [Insert]), enter the angle at d a[°] and enter the length at d r[m] then press
the Enter button.

4.7.3. Measuring Distance

The distance between two points or the length of a line can be measured by moving the
relative origin onto the first point and then identifying the second point by positioning the
cursor over it. In this case the value of dL in the Coordinate Window is the distance
between the points.

The cursor can be moved to a location relative to a reference point by moving the relative
origin onto the reference point, then entering the angle in the input field da and the
distance in the dr input field.

4.7.4. Constrained Cursor Movements

Aa

The cursor movement constraints can be customized in the onstraint Angle
Settings / Options / Editing dialog. The constrained cursor Mm:l—ﬁm

movements use the following values:

Custom e [7] = IIZI

Holding the [Shift] key pressed, the cursor is moving along a line that connects its current
position with the origin, and that has an n*Aa angle, where the value of n depends on the
current cursor position.
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Custom @ Holding the [Shift] key pressed, the cursor is moved a line that connects its current position

Geometry Tools

with the origin, and that has an a or a+n*90+4 angle, where the value of n depends on the
current cursor position.
Ao and o can be set in Settings/Options/Editing/Constraint Angle.

The meaning of origin depends on the d switches of the coordinate palette. Turning off both
the origin will be the global origin. Turning on any of the d switches the origin will be the
local origin.

You cannot use Aa and Custom a constraints in perspective view.

If the cursor is over a line, holding the key [Shift]
depressed, will constrain the cursor movement

to the line and its extension . /
d

If the cursor identifies a point, holding the key
[Shift] depressed, makes the cursor move along 'Y

the line defined by the point and the relative
origin..
X

When the cursor identifies a domain or surface element pressing [Shift] makes the cursor
move in the plane of the element.

L} N
X

Y Perpendicular
X
X

R B S B

The icons of Geometry Tools allow you to lock the direction of drawing a line.
See... 2.15.8 Geometry Tools
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4.7.5. Freezing Coordinates

You can freeze the value of a coordinate, allowing for

better positioning. A frozen coordinate will not change o B
on cursor motion. Freezing can be achieved by using Rl L0000 LiEgo.000
[AIt] + [X],[Y1,[Z],ILL[R],[AL,[B], [H] respectively.

L[m]: z.081
A black rectangle over the coordinate input field shows that the coordinate is frozen.
To cancel coordinate freezing, press the same button combination, that was used to freeze it
or press [Alt]+ [Space].

Frozen X coordinate Frozen angle Frozen radius

=<
> <

I 2% X

4.7.6. Auto Intersect

At the intersection point of the lines, a node will be generated and the lines will be bisected.
If surfaces are intersected by lines, they will be split, and the resulting elements will have
the same material and cross-sectional properties as the original. Set the line intersection
options in Settings / Options / Editing / Auto Intersect. See... 2.15.15.2 Editing

If Auto Intersection is on, surfaces will be divided into smaller surfaces if necessary. Surface
finite elements are also divided and the new elements inherit the properties and loads of
the original element.



User’s Manual

133

4.8. Geometry Toolbar

Geometry ‘Elements ] Loads ] Mezh ] Static ] Buckling l ibration ] Dynamic ] R.C. Design l Steel design ] Tirmkber design ]

= | A O RO20) | HFIFEBEP P X XS & X

These tool buttons create new geometry or change the existing one..
If you are working on parts and Settings / Options / Editing / Auto / Part Management option is
checked then all the newly created geometric entities will be added to the active parts.

The geometric entities can be selected prior to applying the geometry construction
commands, as well.

4.8.1. Node (Point)

Lets you place new nodes or modify existing ones.

To place a node:

1. Move the graphics cursor to the desired location and press the [Space] key or the left
mouse button (in perspective view you can place nodes only to special locations).

2. Enter the node coordinates numerically in the Coordinate Window, and then press
[Space] or [Enter] (it works in all views).

You can place a node on a line or surface. If the Settings / Options / Editing / Auto Intersect
check-box is enabled, the line or surface will be divided by the new node, otherwise it
remains independent of the line.

If nodes are generated closer to each other than the tolerance specified in Settings / Options /
Editing / Editing Tolerance value, nodes will be merged.

When working on parts with Settings / Options / Editing / Auto / Part Management turned on all
geometric entities created will be automatically added to the active parts.

4.8.2. Line

2

Line

Polyline

pu

The Line Tool is to construct lines or other simple shapes. The line type can be chosen by
clicking on the arrow at the bottom-right corner of the currently used Line Tool Icon, and
then clicking on the desired Line Icon.

The Line Tool offers the following options to draw simple T
shapes: /A0 ey )

Constructs straight lines by defining their end points (nodes). You must graphically or
numerically (by the Coordinate Window) specify the endpoints (nodes). The command lets
you generate one or more independent lines. You can cancel the process by pressing the
[Esc] key or the right mouse button.

In perspective view lines are drawn on the Z=0 plane by default. To draw lines in
perspective in a different plane workplanes can be used.

See... 2.15.4 Workplanes.

Constructs a series of connected straight lines (a polyline). You must specify the vertices.
Exit current polyline by pressing the:

1. [Esc] key

2. [Esc] key a second time will exit polyline drawing mode.

3. /B right button & Quick Menu/Cancel
4. /% left button while pointing to the last point (node) of the current polyline.
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Rectangle Constructs a rectangle (its corner points (nodes) and edge lines). You must specify two
opposite corner points.

Y Y

e L.

After you specified the first corner you can cancel the command by pressing the [Esc] key.
This command is not available in perspective view.

Skewed rectangle Constructs a skewed rectangle (its corner points (nodes) and edge lines). You must specify
Q one of its sides (by its endpoints), and then the other side.

" ik

After you specify the first corner you can cancel the command pressing the [Esc] key.
In perspective view, you can draw skewed rectangles using only the existing points.

Polygon Number of sides has to be defined in a dialog. Polygon has to be defined by entering a
centerpoint and 2 polygon points.

Polygon Number of sides has to be defined in a dialog. Polygon has to be defined by entering three
£ points of the arc.

Draws an arc or a circle. Arcs and circles will be displayed as polygons according to the Arc
resolution set in Settings / Preferences / Display.
[Esc] cancels the command.

.3 Defining an arc by its radius, and starting and ending points.

+

»

1st point
(central point)
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Defining an arc by three points. The command can be applied in perspective setting as

well.
A
arc
"

4.8.4. Horizontal Division

i 4 This function creates a horizontal divider line passing through the cursor position. This line
#47 s in a plane parallel with the X-Y, X-Z or Y-Z plane depending on the actual view
(or parallel with the workplane if a workplane is used). Creates new nodes at the
intersections. If finite elements are intersected new elements inherit properties and loads of

the original element.

L L

4.8.5. Vertical Division

1 This function creates a vertical divider line passing through the cursor position. This line is

=T in a plane parallel with the X-Y, X-Z or Y-Z plane depending on the actual view
(or parallel with the workplane if a workplane is used). Creates new nodes at the
intersections. If finite elements are intersected new elements inherit properties and loads of
the original element.

[ L
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4.8.6. Quad/Triangle Division

HEF P |

Quad-to-quads

it

Quad-to-triangles

&

Triangle-to-quads

»

Constructs a mesh of quads/triangles over a quad or triangle. Use this command to generate
a macro mesh before applying a finite element mesh generation command. If the mesh is
fine enough, it can be used directly as a finite element mesh.

Generates an nxm mesh between the corners of a 3D quad Quad Division
(not necessarily flat, or with any side lines). You must He= [ 2] 1 4
successively graphically select the corners (four points), and | iy %3
specify the number of segments (N =1) between corners 1 TN,

and 2, and the number of segments (N, =1) between v Creating Surtaces

corners 2 and 3. ok | concal |

The quad and the mesh are displayed with solid grey lines.

If the mesh leads to quad subdivisions that are distorted (have an angle smaller than 30° or
greater than 150°), the quad is displayed with grey dotted lines.

If a quad shape is entered that is not allowed (e.g. concave), the quad is displayed with red
dotted lines.

4
n,,=3
;=4
1
2" 3 :

The command is similar to the quad-to-quads command, Quad Division
but each generated quad is divided into two triangles by its R O 4
shorter diagonal. | M1 %3
The quad and the mesh is displayed with solid grey lines. 27N,

If the mesh leads to triangle subdivisions that are distorted [ Creating Surfaces

(have an angle smaller than 15° or greater than 165°), ’T| po— |

the quad is displayed with grey dotted lines.

If a quad shape is entered that is not allowed (e.g. concave), the quad is displayed with red
dotted lines.

u =3
1
2" 3
Constructs a mesh between the corners of a triangle Triangle Division
(not necessarily with any side lines). The mesh will also Ne [ 2 2
contain triangles along the side that corresponds to the first E;F
two corners entered. 1
You must graphically select the corners successively (three [V Cresting Surfaces
points), and specify the number of segments N between [ o | conca |
corners.

The triangle and the mesh are displayed with solid grey lines.

If the mesh leads to quad subdivisions that are distorted (have an angle smaller than 30°
or greater than 1509), or to triangle subdivisions that are too distorted (has an angle smaller
than 15° or greater than 1659), the triangle is displayed with grey dotted lines.

If a quad shape is entered that is not allowed (e.g. three collinear corners),
the triangle is displayed with red dotted lines.
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n=4

N

3 1
Triangle-to- The command is similar to the triangle-to-quads command, Triangle Division
triangle except that each generated quad is divided into two ne o 2] 3 2
triangles by its diagonals which are parallel to the side first %
W entered. 1

v Cresting Surfaces

QK I Cancel |

&~ Same as for triangle-to-quads.

2

n=4

4.8.7. Line Division

/ Lets you create new point (nodes) on the selected lines.
The following input options are available:

By Ratio: Lets you divide the selected lines into two  Divideline x|
segments. You must specify the parameter a of the 0 1
location of the inserted node relative to the first node (i). : :

The parameter a4 must be between 0 and 1. a=0.5
represents a division of the selected lines into two equal asfoss 3
segments. T

By Length: Lets you divide the selected lines into two (% By Rstio
segments. You must specify the length (d) of the ® 5 L
segment corresponding to the first node (i end). ;"U'“?fﬁe“:a'lpa;:

NITorm En
The parameter d must be between 0 and the total length. = !
QK I Cancel

Evenly: Lets you divide the selected lines into several equal-length segments. You must
specify the number of segments (IN).

Uniform by length: Lets you divide the selected lines into several equal-length segments.
You must specify the length of segments (d).

before division after division
If finite elements are divided the new elements inherit properties and loads of the original
elements.

“ If you divide surface edge lines surface elements will be deleted.
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4.8.8. Intersect
>.< Divides the selected lines by creating nodes (points) at their intersections.
If finite elements are assigned to the lines, finite elements are also divided and inherit the
properties and loads of the original element..

“If the Settings / Options / Editing / Auto / Intersect check-box was not enabled in the dialog
window at the time of creating the geometric entity, using this command you can intersect the
selected lines. You can select elements for intersection beforehand.

4.8.9. Remove node
~J» Removes the selected nodes at the intersections of lines. It makes it easier to construct
“ ™ trusses crossing but not intersecting each other or to remove unnecessary division points
along a line.

“ Intersection nodes can be removed only if the number of connecting lines are even and lines can

be joined.
4.8.10. Normal Transversal
<
Creates a connection between two lines along their normal tranversal.
4.8.11. Intersect plane with the model

h

After defining the intersecting plane intersection lines and nodes will be added to the model.
Domains, beams and ribs will be divided.

4.8.12. Intersect plane with the model and remove half space

5

This operation is similar to Intersect plane with the model, but after defining the plane a half
space can be selected. Elements within that half space will be deleted.

4.8.13

. Domain Intersection

¥

Creates intersection lines of domains and A A

line elements. After clicking the tool button

select domains to create their intersection

or select a domain and a line to create the 7 7
intersection.

N\ N
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4.8.14. Geometry Check
H -/ This function selects (if Only select nodes is checked) E
or eliminates extra nodes and lines within a given ¥ -Geometry Check
tolerance and fixes domain contours forcing Toleranze m] = |0.001
contour segments into the same plane and I Cny sslect nodes

[ List deleted nodes
[T Select unsttached nodes o lines

adjusting arcs if radius is not the same at the
startpoint and the endpoint. You can specify the
maximum tolerance (distance) for merging points.
The default value is AL=0.001 [m].

Points that are closer together than this distance are [ x| conca |
considered to be coinciding.

[v -Checking domain contours

Tolerance [m] = | 0.001

If Only select nodes is checked, nodes closer than Tolerance will be selected but the model re-
mains unchanged. If it is not checked, nodes closer than Tolerance will be deleted and a new
node will be created with averaged coordinates. Lines connected to the nodes will be re-
placed with a single line to the new node. The command reports the number of merged
nodes/lines. If List deleted nodes is checked a list of deleted nodes is displayed using the node
numbers before the deletion. If Select unattached nodes or lines is checked a warning will be
displayed if there are independent lines or nodes not connected to the rest of the structure.

e -

before checking after checking

Select unattached nodes or lines:
If this check-box is enabled, AxisVM will send a warning message if unattached
(independent) parts are encountered.

The following case is not identified by the Check command.

To avoid having hiding lines check Settings / Options / Editing / Auto
/ Intersect or click Intersect on the Geometry Toolbar.

4.8.15. Surface

In any cases when you wish to model surfaces (plates, membranes, or shells) you have to
create a mesh that consists of triangles and convex flat quadrilaterals. The mesh then can be
refined. The command searches all triangles and quads in the selected mesh of lines. You
must select all surface edges when applying the command. The number of surfaces detected
is displayed in an info dialog.

The reported surfaces are geometry surfaces but not surface elements. You can make them
surface elements by assigning material and cross-section properties to them.

NN
7\ 7
/NSNS /.

\WVAVE
TR D

N
N
N

Quads have to be flat. AxisVM takes into account only those surfaces that have an out-of-
plane measurement smaller that the tolerance entered in the Settings / Options / Editing /
Editing Tolerance.
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4.8.16. Modify, transform

[ad

Using pet palettes

Dragging nodes

Lets you modify existing geometric entities.
To modify nodes or lines:
1. Position the cursor over the node/line/centre of surface.
2. Holding the left mouse button pressed, drag the node/line/surface.
3. Drag the node/line/surface to its new position, or enter its new coordinates in the
Coordinate Window, and then press enter or press the left mouse button again.

If multiple nodes andjor lines are selected, the position of all nodes and lines will be modified.

Fast modify: Clicking a node you get to the Table Browser where you can enter new
coordinate values. If multiple nodes are selected and you click one of them, all the selected
nodes will appear in the table.

Moving selected nodes into the same plane: If the plane is a global one you can move
selected nodes into this plane easily.

1. Click on any of the selected nodes.
2. Select the entire column of the respective coordinate.
3. Use Edit / Set common value to set a common coordinate value.

Depending on the type of the dragged element different pet palettes appear on the screen.
Their position can be set in Settings / Preferences / Toolbar. See... 3.3.9 Preferences

The following dragging modes can be selected:

1. Dragging the node.

2. Dragging the node disconnecting selected connecting lines.

3. Dragging the node translating connecting lines.

4. Dragging the node lengthening or shortening connecting arcs.
5. Detaching a copy of the node from the original.

The 6™ and 7™ tool buttons determines the behaviour of connecting arcs.

6. Center angle remains constant.
7. The new arc is defined by the dragged node, the startpoint and midpoint of the
original arc.

j : 8. When detaching icon (5th item on
¥ Support toolbar) is active you can select the
¥ Loads properties which will detach with the

- selected node./line/arc
BN NBE

Entering node coordinates: Clicking a node the table of nodes appears where coordinates
can be changed. After selecting one or more nodes their coordinates can be edited in the
property editor as well.

=5
=
B —

Examples of aligning nodes to a plane if this plane is parallel with one of the global
coordinate plane:

1. Select nodes to align.
2. Enter the required coordinate value in the property editor.
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Dragging arcs

Transforming objects

The following dragging modes can be selected:
1. Dragging the line parallel with its original position.
2. Breaking the line at a given point by adding a node.
3. Making an arc.
4. Detaching a copy of the line from the original.
5. Dragging a cutoff parallel to its original position
6. Replacing a straight line with an arc based on two endpoint tangents.

See the last three tool buttons in Dragging nodes.

R85 E

The following dragging modes can be selected:

1. Dragging the arc parallel with its original position.
2. Straightening the arc.

3. Changing radius of the arc.

4. Inflating / deflating the arc.

5. Detaching a copy of the arc from the original.

See the last three tool buttons in Dragging nodes.

See... 2.15.5 Geometric tranformations on objects

141

4.8.17. Delete

[Del]

See in detail... 3.2.7 Delete
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4.9. Finite Elements

The commands related to the definition of the finite elements are described below.

Elements |

CUOE IO B em@ FE X X 2 mds| 2 o 1L 4

The commands associated with the icons let you define the finite elements used for
modeling. In the definition process you must define and assign different property sets.

Depending on the type of finite element, you have to define the following properties:

Properties of finite Finite element Material Cross-section Reference Stiffness Surface
elements
Truss . . o
Beam . . . 0
Rib . i 1]
Membrane . . i
Plate . . .
Shell . . .
Support . .
Rigid
Spring o .
Gap .
Link .
Edge hinge .
o: optional

Note that some elements like springs and gaps can have nonlinear elastic stiffness
properties that are taken into account only in a nonlinear analysis. In a linear analysis the
initial stiffness is taken into account for the spring element, and the active or inactive
stiffness depending on its initial opening for the gap element.

4.9.1. Material

Define Materials b T Bl [=[of=]
Ele Edic Format Report Help
: Szél (18) = ‘ By ¢ | ‘ o ‘
i iLoadcases (3) 2+ X 2| &
| Load Cambinations (| ggpyctural Materials - Eurocode
| B Weight Report
£ LIBRARIES Material | Certour ﬂ
v 2 2 i
5 Material Library Name Tye | E, en?] | B, Goven®) | v | apiirdl | liom?) (MEREEEE Tetira

(=) Structural Mater
PoboM

Concrete 2600 2600 020 1E-05 2500 [ | Coorete A
Concrete 2750 2750 020 1E05 200 T | Conerete A
Concrete 2900 2900 020 1E05 2500 [ | [ Conorete A
Concrete 3050 0s0 020 1E-05 2500 I:l - Concrete A
Concrets 3200 3200 020 1E05 2500 | [ Conorete A
Concrete 3350 3350 020 1E-05 2500 [ | I [ Conorete &
Concrete 3500 3500 020 1E05 200 T | Conerete A
Concrete 3600 3600 020 1E05 2500 [ | [ Conorete A _'Ll
3

Eurocode [4]
Eurocode [UK]
kalian code
MsZ

-

oA 26x

olsTas

e custom

[+ Dahar Stael Gra T
gl 3

Editing C12415, Material Name

K Cancel

Lets you define and save material property sets or load them from a material library.
If you delete a material property set, the definition of the elements with the respective
material will be deleted.

AxisVM uses exclusively isotropic materials with linear elastic behavior.
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Browse Material
Library

&

[Ctri+L]

&=

Material
Properties
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The material library contains material properties of civil engineering materials based on
Eurocode, DIN, NEN, SIA and other specifications. The following parameters are stored:

If a material type is deleted all elements made of this material will be deleted.

Depending on the type of the finite element you must define the following material
properties:

Finite Element E % a P
Truss . . .
Beam . . .
Rib . . .
Membrane . . . .
Plate . . . .
Shell . . . .
Support

Rigid

Diaphragm

Spring

Gap

Link

Displaying and changing material properties is described in 3.1.13 Material Library.

In AxisVM all the materials are considered to be linear elastic (Hooke’s Law), and uniform
isotropic or orthotropic (for beam, rib, membrane, plate, and shell elements).

Some elements can have nonlinear elastic material (truss), or stiffness (support, gap, link,
spring elements).

Nonlinear material models are taken into account only in a nonlinear analysis.

In a linear analysis the initial stiffness is taken into account for the nonlinear elements.

49.2. Cross-Section

Define Cross-
sections
[T

& Table Browser - o x|
Eile Edit Format Report Help
[= MODEL DATA
aterials (2)

I+ x|wnr dg(e|H

= Shapes
R P!
- Nades (240) S T ax iI
Hame Draw . |Process| Shape
[ Elements P L tem [ tem [ tem [ femn | e
[# Finite
IPE 240 Rolled 1 240 120 0B 10 39,12
E} Loads 1 .
Gnsiily
6 (32) Cross-Section Library Import x|
[+- 5261 (18) ) )
Load cases (3) Cross-Section Tables Cross-Sections Parameters
- Load Combinations AISC HP Shapes ] [ee a0 a| [hleml 18,0 1
[# Weight Report AISC M Shapes IPE 100 b [cm] a1
£ LIBRARIES - MISC § Shapes :Egﬁg {;"’ [em] 05
. [cm] 08
Material Library LS PE 160 sx[em?] 2385
[ Cross-Section Lil HD wide flange columns \PE 150 Ay fom? ] 1328
HE Europesn wide flange heams IPE 200 Az [cm? ] 9,23
LI— ~oHL beams with very wids flanges IPE 220 1 [cm] 48
- HP wide flangs beating piles IPE 240 Iy [em?] 1317 2
| Hungarian Hoeams PE 270 Iz [em*] 1008 =
IPE 300
IPE 330
IPE 3601
IPE 400
UB British universal calumns \PE 450
UC British universal columns IPE 500
[#-U Channels IPE 550
[#- Angles IPE 500
IPE 750 x 137
Double Angles
et atha =l e rsoxrar =]
~ Import Method | Shapes / IPE European l-heams
& Add IPE 180

Lets you define and save cross-sectional property sets or load them from a cross-section
library. The beam, truss, and rib elements require a cross-section. The properties are related
to the element’s local coordinate system.

For cross-section properties see... 3.1.14 Cross-Section Library
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“ If you delete a cross-section property set, the definition of the elements to which it was

assigned will also be deleted. The lines will not be deleted.
You must enter values for all properties.

Cross section properties are defined in the coordinate system of a truss / beam / rib element.

4.9.3. Direct drawing of objects

]
< logDwois] [T

Type Shell
Material C25/30

Local x Orientat.. | = guto fld
Local z Reference | = auto Property fields

Thickness [crn] 40,0

COBIAK CBCM-E-270
Auto Stiffness I~
£ 0,900

Yed.cahian KN 0]

mislololy o |

After clicking the icon a direct drawing toolbar and property editor appears. With the help
of this window columns, beams, walls, slabs and holes can be drawn. Their properties can
be set previously and changed any time during the drawing,.

The top toolbar shows the type of the object to draw and the orientation of the object
(for columns and walls). Property fields can be edited like in the Property Editor.

The bottom toolbar shows the drawing methods available for the object (one segment,
polyline, polygon, rectangle, etc.).

Clicking a domain contour before drawing holes forces the drawing into the plane of the
domain.

Object types
Column (in global Z direction)

Beam (in global X-Y plane)

Beam (spatial)
Wall (always vertical with a constant height, i.e. its normal and upper/lower edges are
parallel to the global X-Y plane)

Slab domain (parallel to the global X-Y plane)

COBIAX slab Slab domain (parallel to the global X-Y plane)
Surface domain (spatial)

Hole

Object dragpoints %; Column upwards / downwards

% Wall upwards / downwards

Object geometry Single segment beam or wall

Beam or wall polyline

Arced beam with centerpoint, start and endpoint

Q0N Ul 0@ 0 ON D=

Arced beam with three points
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Object geometry @ Polygonal beam or wall

B wallsona rectangle
@ Walls on a slanted rectangle

4.9.4. Domain

A domain is a planar structural element with a
complex geometric shape described by a closed
polygon made of lines and arcs. A domain can
contain holes, internal lines and points. .
Polygon vertices, holes and internal lines must be E

in same plane.

A domain has the following parameters:

Element type (membrane, plate, shell)
Material

Thickness

Local coordinate system

The following parameters can be assigned to the polygon, hole edges, internal lines and points of a
domain:

point, line, and surface support

rib element

distributed load

dead load

thermal load

nodal degrees of freedom (DOF)

&~ A domain is displayed by a contour line inside of
the domain’s polygon, with a color corresponding
to the domain’s element type (blue for membrane,
red for plate, and green for shell).

Domains can be defined for floors, walls, and any other complex structural surface element.

The domain can be meshed automatically.
See... 4.11.1.2 Mesh generation on domain

More than one domain can be used to model a structural element.

1* domain

1% Domain

A domain can contain other (sub-) domains.
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Define a domain

Modify a domain

Delete a domain

Select lines on the contour of the domains you want to define. If you select more lines or
lines from different planes, AxisVM will find the planes and the contour polygons of the set.

The program applies the parameters you entered in a dialog window.

Domains

{* Define = Madify

Type

' Membrane (plane stress]
' Membrane (plane strain)
= Plate
= Shell

Material

Thickness [cm] = (15 l

Local Reference

Local = Reference

c12Ms 'I

* Auta vI
* Auta vI

Pick Up > |

o]

Cancel |

Select the domain (click on the contour line of the domain) you want to modify and make the
changes in the dialog displayed.

Press the [Del] button, select the domains (click on the contour line of the domain) you want

to delete and click OK in the dialog.

4.9.4.1.

COBIAX domain pa-
rameters

COBIAX-domain

If the package includes the COBIAX module (CBX), void formers can be placed into slabs re-
ducing self weight and the total amount of concrete, making larger spans available. COBIAX

slabs can be designed according to Eurocode, DIN 1045-1 and SIA (Swiss) design code.

Clicking on the checkbox be-
side the graphics showing a
COBIAX slab we can turn the
void formers on or off.
This checkbox is enabled only
if the material is concrete and
the thickness of the slab is at
least 200 mm.

Models avaliable for the given
thickness are listed in the
dropdown combo box. Ele-
ment parameters and the
schematic diagram of the slab
is displayed under the combo.
Void formers reduce the stiff-
ness and shear resistance of
the slab. If we choose Auto-
matic, factors will be set to
their default values. These can
be overridden after clearing
the checkbox.

Domain self weight will be
automatically reduced and
analysis will be performed
with reduced stiffness and
shear resistance.

Definition of shear resistance
depends on the current de-
sign code.

{* Define " Modify
Type
 Membrane (plane stress)
(" Membrane (plane strain) /
" Plate i
* Shell
.
Material | C25650_1 = [l
Thickness [cm] = [20,0 vl .
cobiax
Locallx Reference | I " At 'I = .
Lozsl = Reference | I = Auto vl ¢
co bla}' [cacm-E-ans =%
Heightidiameter 4050405 cm
More information Cage support height 411 cm
Min. slab thickness 50,0 cm
Spacing 450 cm
Stiffness——— &uto Yolume reduction 01718 m* jm
Concrete reduction 429 5 kodm
e = ID'BB B Stiffness factar 0,58
Shear resistance 0 kMim

Shear resistance

'R Cobiax (KNI = I

OO

Pick Up »» |

o]

Cancel
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These design codes require specification of the Vg, coiax Shear resistance.

To estimate its value build the model with solid slabs and read the (V4. shear resistance of
the slab. Sheer resistance of COBIAX slabs is about half of the solid ones.

Swiss design code allows two options. It is possible to enter the actual shear resistance or
only the shear factor.

If more than one COBIAX domains were selected, their COBIAX parameters can only be
redefined. Modifying COBIAX parameters of multiple domains is not allowed.

Void formers appear as circles drawn in the slab plane in wireframe mode and balls placed
into a partially transparent plate in rendered view.

Colours assigned to COBIAX-slabs and void formers can be customized by clicking on the
button right to to the element type combo.

Void formers are positioned according
to a raster depending on element type.
Certain design rules are applied near
holes, edges, and supports. Shifting the
origin of the raster void former positions
will change accordingly.

Right-clicking the domain outline
choose Move Cobiax elements from the
popup menu. Enter the base point of
the translation vector then its end point.
Number of the void formers in the
resulting raster is displayed while
moving the mouse.

&
BEEEEEEEEREE0D

Table Browser shows COBIAX slabs of the model and their parameters in one table under
Elements.

Two additional tables appear in the Weight Report section. A table titled COBIAX-elements lists
elements by type with the number of void formers, the total area covered and the total weight
reduction. COBIAX Weight Report displays and sums the weight reduction of individual slabs.

For details of COBIAX slab design see... 6.5.10 Design of COBIAX slabs
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4.9.5. Hole

@ Holes can be defined in domains. Holes have to be inside the domain and in the domain’s
plane.
Select the (closed) polygons that are the edges of the holes you want to define. You can
move holes from one domain to another, or change their shape.

Domain

1

1% hole

& Holes are displayed by a contour line with the color of the domain in which they are
located.

4.9.6. Domain operations

Domain contours can be changed, cut and a union of domains can be calculated.

Change domain con- 1. Click the Change domain contour icon on the toolbar.
tour

] 3. Change selection to modify domain contour and click OK on the selectioin toolbar.

2. Select a domain to change. Domain countour will be selected.

%

Before After

Domain properties (material, thickness, local system) will be retained but the existing mesh
will be removed.

If loaded areas are removed from the domain, loads will automatically be removed.
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Union of Domains  Union can be created from adjacent domains.

Qﬁ 1. Click the Union of domains icon on the toolbar.
2. Select the domains and click OK on the selection toolbar.
3. If domains have different properties (thickness, material or local system) one of the
domains has to be clicked. The union will inherit properties from the clicked domain.
Before After ’
Cut domains To cut domains along en existing line:
1. Click the Cut domains icon on the toolbar.

2.  Select the domains.

3. Select the cutting line and click OK on the selection toolbar.

Before

After

4.9.7. Line Elements

Line elements are defined and modified in a common dialog. After choosing the element
type specific truss / beam / rib element parameters can be set.

Line elements are handled as structural members and not as finite elements. Meshing a line
element divides a beam or a rib into finite elements. Existing line elements can be joined to
form a single element if the geometry and their properties allow it. (Edit / Find structural
members). Numbering, labeling, listing functions will consider it to be a single structural
member. Structural members can be broken apart by Edit / Break apart structural members)
See... 3.2.12 Assemble structural members, 3.2.13 Break apart structural members
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Truss

Define

Defining
materials and
cross-sections

= ) §)

&

Service class

Local x
Orientation

X
* Define 7 ity
v
z iNZ
|.LY w4t
—Material Properties _
Material  [c24 [ % Browse Material Library

Service class ICIaSS 2 j Het = ID,B j

I™ | Wariahle cross-section

—Cross-Secti

Crozs-Section |4DDx4DD_oak_beam LI x 5 ..»E,.. 5

{ Cross-section Editor
Lacal x Oriertation  |1—1 =

Locallz Reference || * Ao :I' /ﬁ Browse Cross-Section

Honli Parameters Library
) Tension anly I= | Resistance

= Compression anly. 1, kM) = I vl
Pick Lp »» | Ok I Cancel |

Truss elements can be used to model truss structures.
Trusses are two node, straight elements with constant
cross-section  properties along the truss length.
A maximum of three translational degrees of freedom are
defined for each node of the elements. The elements are Y
pin-ended (spherical hinges).

Axial internal forces N, are calculated for each truss. The variation of the axial force is
constant along the element.

i denotes the truss end with the lower node index (first node). By default the element x axis
goes from the node (i), to the node (j). It can be changed by selecting the other orientation
from Local x Orientation.

You must select the lines to which you want to assign the same material and cross-sectional
properties in order to define truss elements.
If elements of different type are selected element definition will be activated.

Materials and cross-sections can be selected from built-in libraries or from a list of the
materials/cross-sections already defined.

Allows browsing of the material library to assign a material to the element. The material
selected will be added to the material table of the model.

Allows browsing of the cross-section library to assign a cross-section to the element.
The cross-section selected will be added to the cross-section table of the model.

Launches the Cross-section Editor. The cross-section created in the Editor will be registered
in the list of model cross-sections.

The truss elements are displayed on the screen as red lines.

If the current design code is Eurocode and a timber material is selected, the service class can
be set here. For details see...6.7 Timber Beam Design

Local x direction of a beam can be set to point from Node i to Node j or vica versa.

i 27 :local x axis is directed from the end node with a lower number to the node
with the higher one
j =i :local x axis is directed from the end node with a higher number to the node
with the lower one
Setting this parameter to automatic means that the program determines this orientation
based on the endpoint coordinates.
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The orientation can be reversed any time using the shortcut [Ctrl+E] or in the dialog or in the
property editor window.

In the calculation of the element stiffness, only the cross-sectional area A, is considered from
the cross-sectional properties.

A reference point can be assigned to define the element orientation.

This allows a correct display of the cross-section on the screen. In case of selecting Auto the
reference(s) will be set by the program. Affects only the display of references.

See... 4.9.19 References

Rotation of cross-sections is made easy by the reference angle. The automatic local coordi-
nate system (and the cross-section) can be rotated around the element axis by a custom an-
gle. If the element is parallel with the global Z direction, the angle is relative to the global
X axis. In any other case the angle is relative to the global Z axis.

In a nonlinear analysis you can specify that a truss has stiffness only if it is in tension or
compression. You can optionally enter a resistance value as well. A nonlinear elastic
behavior is assumed for the nonlinear truss elements.

The nonlinear parameters are taken into account only in a nonlinear analysis.

The initial elastic stiffness of a truss element is taken into account if a linear static, vibration,
or buckling analysis is performed, disregarding any nonlinear parameter entered.

x|l Beam elements may be used to model

@ Define Moty frame structures.

Type “ Beams are two-node, straight elements
j\Tz with constant or variable (linearly

z . . .
Ly, se changing) cross-section properties fﬂon'g
Material Properties : the beam length. A reference point is
Materil [c24 -1 [ used to arbitrarily orient the element in
Service class [Ciass 2 Slkee=os = 3-dimensional space (to define the local

: _ x-z plane). A maximum of three
';iafﬂe eross-secton - translational and three rotational
Cross-Secton [00#00_oa beam =1 [11) 0 || (R degrees of freedom are defined for each

: node of the elements. The ends of the
elements can have arbitrary releases.

Localx Orentation [T+ 7] Three orthogonal internal forces, one
Local z Reference B 1 axial and two shear (N,, V,, V.), and

nd Rel : : three internal moments, one torsional

’—[ Setup | anssus  amamms and two flexural (T,, M,, M) are
calculated at each cross-section of each

Pick Up 3> | OK I Cancel | element.

The variation of the internal forces along the beam are: constant axial force, constant
torsion, constant shear forces and linear moments.

The displacements and internal forces are calculated at intervals of at least 1/10 of the
element length.

i denotes the beam end with the lower = Reference point

node index (first node). By default the o\
element x axis goes from the node (i), to .
the node (j). It can be changed by

selecting the other orientation from Local Z,
x Orientation.
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Material, cross-

section, lo

cal x

orientation

Automatic
reference

Reference angle

7

&

End releases

Defining material, cross-section and local direction X are similar to truss elements.

The reference vector will be generated by the program according to the section 4.9.19
References.

The orientation of the local x axis of the element can be reversed or can be set to Auto which
means that local x directions will be set automatically based on the beam end coordinates.

Rotation of cross-sections is made easy by the reference angle. The automatic local coordinate
system (and the cross-section) can be rotated around the element axis by a custom angle.
If the element is parallel with the global Z direction, the angle is relative to the global X axis.
In any other case the angle is relative to the global Z axis.

The beam elements are displayed on the screen as blue lines.

You can specify releases that remove the connection between the selected elements’” degrees
of freedom (in the local coordinate system) and the nodes. The end-releases are set by a six
code set for each end. Each code corresponds to one internal force component. By default the
beam ends are considered rigidly connected (all codes are of rigid connection) to the nodes.
Setting a code as hinged connection will result in the corresponding internal force
component of the respective end to be released. A semi-rigid connection code can be
assigned to the in-plane rotation components of the beam ends.

End releases at the

start node

® & O

End Releases x|
[TTTETS [TTT LT
{E»‘Hinge around y and z axis j I &Hinge around y and z axis j
T Fixed [
i}r—x’:Hinge around z axis . EI?
e ety iz ot '[ . os
x B, (v
8, & C
Endlpoirit g, C O @
6, CCG&C
-Stiffness Stiffness
S,y lihimirac] = |—;[ S,y ehimirac] = |—;[
s, [kNmiad] = I—;l 55, [himirad] = I—;l
I M,y Citim] = l—;, 7 M,y Tkhim] = W
™ My [ktm] = l—;, ¥ My [khim] = m
End releases at the
(a4 I Cancel | end node

Graphical symbol of a rigid connection code (the corresponding local displacement
component of the beam end is transferred to the node)

Graphical symbol of a hinged connection code (the corresponding local displacement
component of the beam end is not transferred to the node)

Graphical symbol of a semi-rigid connection code (the corresponding local displacement
component of the beam end is partially transferred to the node)

Graphical symbol of a plastic connection: the maximum value of the moment at the
endpoints is calculated from the material and cross-section properties.
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The table below demonstrates the use of end releases for some common cases:

End Release Symbol
Hinge in x-y plane. NN
Can’t transmit M: moment. E%f’
Hinge in x-z plane. EB x
Can’t transmit My moment. § g
Hinge in x-y and x-z plane. h

Can’t transmit M, and M, moments.

Hinge in x-y and x-z plane and free rotation about local x axis (spherical
hinge). Can’t transmit Mx, My, and M: moments.

BB

Free translation along local y axis.
Can’t transmit Vy shear force.

LLLLS
T
v,

Free translation along local z axis.
Can’t transmit V: shear force.

T

Care must be taken not to release an element or group of elements such that rigid body
translations or rotations are introduced.

For example, if you specify spherical hinges at both ends (code: 000111), a rigid body
rotation about element axis is introduced. In this case at one of the ends you may not
release the element degree of freedom corresponding to the rotation about local x axis
(e.g. i end numerical code: 000011; j end numerical code: 000111).

End node
[ I § JeJeoXe

Start node
EEEREOO

Example:

To define semi-rigid hinges set the radio button to semi-rigid and enter the torsional
stiffness of the linear elastic spring modeling the connection about the local axis y or z.
The value should be the initial stiffness of the real connection M- characteristics.

The moment - relative rotation diagram of a connection is modeled by a linear or nonlinear
elastic rotational spring. The nonlinear characteristic can be used only in a nonlinear static
analysis. In a linear static, vibration, or buckling analysis, the initial stiffness of the
connection is taken into account.

Connection: Moment - Relative Rotation Diagram

7777‘:7777 M A

I

I

1 - d

! ,—% rigi

: —j— i S=0c0 \\4 /

F-tH-------- - ») M AN

i ‘ N 00

P | semi-rigid

i A/ S=S,

! - >

,

I hinged ¢
S S S(%O

For example, in the case of steel frame structures, Eurocode 3 Annex ] gives the details of
application.

To fixed or semi-rigid connections a moment resistance can be assigned, that is the
maximum moment that can develop in the connection.

The moment resistance parameter is used only in case of a non-linear analysis.
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Rib

Plastic hinge

To define plastic hinges set the radio button to plastic. Moment resistance will be displayed
but cannot be edited. If elements with different materials or cross-sections are selected no
value will appear in the edit field but hinges will be defined with the appropriate moment
resistance.

After completing the nonlinear analysis and displaying beam internal force diagrams hinges
that got into plastic state at the current load step become red. The number beside the hinge
shows the order of getting into a plastic state. Hinge with number 1 is the hinge getting
plastic first. Where hinges are not red, plastic limit moment is not reached yet.

Plastic hinges can only be used with steel beams.

If any beam end release code is of a hinged connection, the beam end is displayed on the
screen as a blue circle. If it has a stiffness value a blue cross is inscribed. If the end release
corresponds to a spherical hinge, it is displayed as a red circle.

The plastic hinges are displayed as solid circles.

The defined beams appear as dark blue lines.

{+ Define " Modify

Type x

Truss | Beam | .........

—Material Propertie:
Materizl ICZ4 'l
Service class ICIass 2 j Kgat = IU.S j

[~ wariable cross-section

Crozs-Section |4DDx4DD_oak_beam vl x . --»:,-- .

€r

Local x Orientation |'|—>J VI

Lozal = Reference I = Auta vl E.e
~End Rel
Startpoint Enclpoint
Setup | EEEEEN EEEEER
Eccentricity ustom eccertricty

ecc [mm] = |0 -

Pick Up > | oK I cancel |

Rib elements may be used, independently or in conjunction with surface elements (plates,
membranes, and shells) to model ribbed surface structures. When used attached to surface
elements, the ribs can be connected centrically or eccentrically to the surface elements.
The properties of the corresponding surface elements are used to orient the element in the
3-dimensional space (to define the local x-z plane).

When used independently, the ribs can model frame structures in a similar way as the beam
element, but it can take into account the shear deformations. A reference point or vector is
required to arbitrarily orient the element in the 3D space.

Rib elements are isoparametric three node, straight elements with constant or variable
(linearly changing) cross-section properties along the rib length, and with quadratic
interpolation functions. Three translational and three rotational degrees of freedom are
defined for the nodes of the element. Three orthogonal internal forces, one axial and two
shear (N,, V,, V.), and three internal moments, one torsional and two flexural (T,, M,, M)
are calculated at each node of each element. The variation of the internal forces within an
element can be regarded as linear.
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You must assign the following properties:

Defining material, cross-section and local direction X are similar to truss elements.

The material of the rib can be different from the surface material (if it is connected to a
surface).

The rib element’s cross-section is taken into account as is shown in the figure below:
The reference vector will be generated by the program according to the section References

Independent rib: Reference point
The local coordinate system is defined as
follows: the element axis defines the x local
axis; the local z axis is defined by the
reference point or vector; the y local axis is
according to the right-hand rule.

Rib connected to a surface element:

The local coordinate system is defined as follows: the element axis defines the x local
axis; the local z axis is parallel with the z axis of the surface element; the y local axis is
parallel with the plane of the surface element, oriented according to the right-hand rule.
The figure below shows that when the beam is located on the edge of two surface
elements that makes an angle, the local z axis is oriented by the average of normal axes
of the surfaces. If more than two surfaces are connected to the edge and you select one
or two of them then an automatic reference will be available when defining the rib.

The cross-sectional properties must be defined in this coordinate system.
Reference point

z
A

4
-

The automatic local coordinate system (and the cross-section) can be rotated around the
element axis by a custom angle. If the element is parallel with the global Z direction, the an-
gle is relative to the global X axis. In any other case the angle is relative to the global Z axis.

End releases can be defined for ribs the same way as for beams. By default both ends are
fixed.

You can specify eccentricity for a rib only if it is on the edge of one or two surfaces. If more
than two surfaces are connected to the edge select one or two of them to define eccentricity
for the rib.

The eccentricity (ecc) of a rib is given by the distance of the center of gravity of its cross-
section to the plane of the model of the surface (neutral plane). It is positive if the center of
gravity is on the positive direction of its local z axis.

There are four options to set the rib eccentricity. Bottom rib, top rib, rib in the midplane or
custom eccentricity.

In the first three cases the actual eccentricity is calculated from the rib cross-section and the
plate thickness. If the rib is made of concrete the definition of top and bottom ribs are
different, so button pictures change according to the rib material. If rib cross-section or plate
thickness changes the eccentricity is automatically recalculated.

If the rib is made of steel or timber, connected to a shell and is defined as a top or bottom
rib, an additional axial connection stiffness can be defined.
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In case of reinforced concrete plate-rib connections rib cross-section must include the plate
thickness. In other cases (steel or timber structures) the cross-section is attached to the top or
bottom plane of the plate.

For plates, the eccentricity of the rib will modify the flexural inertia of the rib as follows:
I, =1, +Alxc?

For shells, due to the eccentric connection of the rib to the shell, axial forces will appear in the
rib and shell.

Ribs appear as blue lines.

Selecting elements of the same type and clicking the tool button Modifying will be actived.
Properties of elements can be changed if the checkbox before the value is checked.
If a certain property is does not have a common value its edit field will be empty. If a value
is entered it will be assigned to all selected elements.

Properties of another element can be picked up and assigned to the selected elements.
Clicking the Pick Up button closes the dialog. Clicking an element picks up the value and
shows the dialog again.

Only those properties will be copied where the checkbox is checked.

4.9.8. Surface Elements

&

Surface elements can be used to model membranes (membrane element), thin and thick
plates (plate element) and shells (shell element) assuming that the displacements are small.
As surface elements you can use a six node triangular or eight/nine node quadrilateral finite
elements, formulated in an isoparametric approach. The surface elements are flat and have
constant thickness within the elements.

It is preferable for the element thickness not to exceed one tenth of the smallest characteristic
size of the modeled structural element, and the deflection (w) of a plate or shell structural
element is less than 20% of its thickness (displacements are small compared to the plate
thickness).

Use of elements with the ratio of the longest to shortest element side lengths larger than 5,
or with the ratio of the longest structural element side length to the thickness larger than
100 are not recommended.

In some cases when the elements are used (that are flat with straight edges) to approximate
curved surfaces or boundaries, poor results may be obtained.

Reference point 2 Reference point aZ e
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Surface Elements E3
i+ Define " Mocify
Select the surface
Type element type
{* Membrane (plane stress)
= Membrane (plane strain)
~ Plate <
" Shell
Material [caomr 7]

Assign a reference
for the local x axis

Thickness [cm] = | 20.0 - l

Assign a reference
| for the local z axis

Pick Up > | Ok I Cancel

Membrane elements may be used to model flat structures whose behavior is dominated by
in-plane membrane effects. Membrane elements incorporate in-plane (membrane) behavior
only (they include no bending behavior).

The element can be loaded only in its plane.

AxisVM uses an eight node Serendipity,
plane stress (0,; = 0, = 0, = 0,€,, =¢,, =0, €, #0) or
plane strain (., = €,, = €, = 0,0,,=0,, =0, 0., 20),
finite element as membrane element.
The membrane internal forces are: n,, n,, and n,,. In addition the principal internal forces n;,
n, and the angle a, are calculated.
The variation of internal forces within an element can be regarded as linear.

The following parameters should be specified:
1. Plane strain or plane stress
2. Material
3. Thickness
4. Reference (point/vector/axis/plane) for local x axis
5. Reference (point/vector) for local z axis

Allows browsing of the material library to assign a material to the element. The material
selected will be added to the material table of the model.

Automatic reference:
The axis of element local directions x and z can be determined by reference elements, see
part 4.9.19 References or can be set automatically.

&~ The center of the membrane elements is displayed on the screen in blue.

Plate

Surface Elements | x|
{* Define = Madify
Type
{~ Membrane (plane stress)
(" Membrane (plane strain)
+ Plate
" Shell
Material |C3545 vI
Thickness [cm] = |20.0 vI ®
=
Local x Reference »» = Auto vl «
Local z Reference > = Ao vl
Pick Up 3> | Ok I Cancel |

Plate elements may be used to model flat structures whose behavior is dominated
by flexural effects.
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Shell

AxisVM uses an eight/nine node Heterosis finite element as plate element, that is based on
Mindlin-Reissner plate theory that allows for transverse shear deformation effects).
This element is suitable for modeling thin and thick plates as well.

Plate elements incorporate flexural (plate) behavior only (they include no in-plane
behavior).

The element can only be loaded perpendicular to its plane.

The plate internal forces are: m,, m,, m,, moments, and v,, v, shear forces (normal to the
plane of the element). In addition, the principal internal forces: m;, m;, , the angle a;, and the
resultant shear force gg are calculated.

The variation of internal forces within an element can be regarded as linear.

The following parameters should be specified:
1. Material
2. Thickness
3. Reference (point/vector/axis/plane) for local x axis
4. Reference (point/vector) for local z axis

Allows browsing of the material library to assign a material to the element. The material
selected will be added to the material table of the model.

Automatic reference:

The axis of element local directions x and z can be determined by reference elements,
see part 4.9.19 References or can be set automatically.

The center of the plate elements is displayed on the screen in red.

Surface Elements %]
{* Define = Macify
Type
" Membrane (plane stress]
" Membrane (plane strain)
" Plate /
{* Shell
Material [cCasms -] &l
Thickness [cm] = |20.0 vl ®
L=
Local x Reference »» = Auto vl ¢
Local z Reference »» = Ao vl
Pick Up 3> | Ok I Cancel |

Shell elements may be used to model structures with behavior that is dependent upon both
in-plane (membrane) and flexural (plate) effects.

The shell element consists of a superimposed membrane and plate element. The element is
flat, so the membrane and plate effects are independent (first order analysis).

The element can be loaded in its plane and perpendicular to its plane.

The shell internal forces are: n,, n,, and n,, forces (membrane components), m,, m,, and m,,
moments, and v,, v, shear forces (plate components). In addition, the principal internal
forces and moments ny, n,, the angle a, , m;, m, , the angle a,, and the resultant shear force
vSz are calculated.

The variation of internal forces within an element can be regarded as linear.

The following parameters should be specified:
1. Material
2. Thickness
3. Reference (point/vector/axis/plane) for local x axis
4. Reference (point/vector) for local z axis
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Allows browsing of the material library to assign a material to the element. The material
selected will be added to the material table of the model.

Automatic reference:
The axis of element local directions x and z can be determined by reference elements,
see part 4.9.19 References or can be set automatically.

The center of the shell elements is displayed on the screen in green.
Selecting elements of the same type Modifying will be activated. Checked properties can be

changed or picked up from another element. Selecting elements of different types Definiton
will be activated.

See... Pick Up at 4.9.7 Line Elements.

4.9.9. Nodal Support

i

Nodal support elements may be used to model the point support conditions of a structure.
Nodal support elements elastically support nodes, while the internal forces are the support
reactions. Midside nodes of surface edges cannot be supported. References are used to
arbitrarily orient the x and z axes of the element.The x axis is directed from a reference point
to the attachment node (the node to which it is attached).

You can specify the translational and/or rotational (torsional) stiffness values about the
element axes. Nonlinear parameters can be assigned to each direction. To change the
characteristics click one the three buttons (bidirectional, compression only, tension only)
and set the resistance checkbox and specify a value if necessary.

Support 1 ﬂ
& Define 1~ Modity
irection
1+ Glokal 3
" Referential 2 .
 BesmRib Relative kv e
¢ Edge Relative -
Reference I vl ¥ Monlinear Parameter p—
EsIsTance
Ry [kNJ‘m]=|1E+1D - s I__l, %
L
Ry [ihiim] =[1E+1D - B %
Ry, It =[ 1E+10 = R T T R | j'a
o [kNm.l‘rad]=|1E+1D - EE I -l %
Ryy [dmirac] = [1E+10 - D T m=| %
Rr [kNm.l'rad]=|1E+1D - ERE I T vl %
Fick Up 3> | Calculstion... | oK I cancel |

The default stiffness values are 1.000E+10 [kN/m], [kNm/rad].

The support elements are displayed on the screen in yellow (translational spring) or orange
(rotational spring).

The support can be defined in the following systems:

- Global - Beam/rib relative
- Reference - Edge relative
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Global

Reference

Beam/rib relative

Edge relative

Defines nodal support elements parallel to global
coordinate axes. You must select the nodes that are
identically supported, and specify the corresponding
translational (Rx, Ry, Rz) and rotational (Rxx, Ryy, Rzz)

stiffnesses.

AXISVM /()

RZT
Red r R,"“w
Y
ii& .
7 ~"

L

You can define only one global support for a node. You cannot define nodal support for a

midside node of a surface element.

Defines nodal support elements in the direction of a reference (point or vector). You must
select the nodes that are identically supported, and specify the corresponding stiffness

(translational Rx, and rotational Ru).

The direction of the reference vector is defined by the
element node and its reference point or reference vector

in the following way:

Support elements oriented
toward a reference point

Defines nodal support elements about local
coordinate axes of beam / rib elements. You must
select the beam / rib elements and the nodes that
are identically supported, and specify the
corresponding  translational R,, Ry, R, and
rotational Ry, Ryy, R;; stifnesses.

Defines nodal support elements about local
coordinate axes of surface element edges. You must
select the surface elements and the nodes that are
identically = supported, and  specify the
corresponding translational R,, R;, R, and
rotational Ry, Ryy, R;, stifnesses.

Reference vector

Support elements parallel
with a reference vector

If one surface is connected to the edge the local coordinate axes of the edge are:

x = the axis of the edge

y = the axis is oriented toward inside of the surface element in its plane
z = parallel with the z local axis of the surface element
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If two surfaces are connected to the edge the local z-axis direction is bisecting the angle of
surfaces. The y-axis is determined according to the right hand-rule.

If more than two surfaces are connected to the edge and you select one or two of them then
support local system will be determined based on the selected surfaces.

Nonlinear Nonlinear force-displacement characteristics can be specified for this element as follows:
behavior ~compression only (very small stiffness in tension), tension only (very small stiffness in
compression). A resistance value can be also be entered.

The non linear parameters are taken into account only in a nonlinear analysis. In any other
case in the analysis (Linear static, Vibration I/Il, Buckling) the initial stiffnesses are taken
into account.

&~ Nodal supports appear as brown (Rx, Ry, Rz) and orange (Rxx, Ryy, Rzz) pegs in 3
orthogonal direction.

Supporp stiffness Global Node Support Calculation Load from material
calculation ¥ ~Column above library
Material —End Releases

i |c25r30 -] . Use the cross-section

Cross-Section editor
4040
L [m] = _l

Load from the [ Column below

fixed/pinned at the
top of column

==

—End Releases

cross-section library REE]
ICQSBU I . Fixed/pinned at the
Cross-Section bottom of the column
v [aoxan -] . =

L[m]— 3|

I_*—|—_*

Ry [khlim] = 576E+4 | Ry [khmirad] = 1 74E+5
Ry [kblim] = 578E+4 | Ryy [KNmirad] = 1 74E+5
R [kMin] = 1 B3E+6 | R [kMMitad] = 1E+D

Ok I Cancel |

Use the Calculate... button to calculate the support stiffness (including the rotational
stiffness) due to a column type support. The support stiffnesses are determined based on
the end releases, material, and geometry of the column.

Calculating nodal support stiffness a column below and a column above the node can be
specified separately. These column parameters can also be used in punching analysis
(especially in the case of intermediate slabs). The columns and walls modeling the supports
also appear in rendered view and the cursor can identify them.

Modifying Selecting elements of the same type Modifying will be activated. Checked properties can be
changed or picked up from another element. Selecting elements of different types Definiton
will be activated.

Pick Up>>  See... Pick Up at 4.9.7 Line Elements.
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4.9.10. Line Support

23333

Global

Beam/Rib relative

Support 6 x|
{* Define £ Moy

i e
R | o= " Resistance
R, limj=[1E+7 < [ e T | 74
Ry = [1E57 o] [¢ £ & o= [ 74
R, il =[1Es7 | [§ £ & O E - 1 74
Re Mmbedl= [0 -] S X VN TR R
Ryy bhimiad=[o < B 9 B I 74
M [kNmfrad]=|—;l s T 7 Fwpm-[ 74
Pick Up > | Calculation... | ITI Cancel |

Line support elements may be used to model the line support conditions of a structure. Line
support elements (Winkler type) are elastically supporting beams, ribs, or surface edges,
while the internal forces are the support reactions.

You can specify the translational and/or rotational (torsional) stiffness values about the
element axes. Nonlinear parameters can be assigned to each direction. To change the
characteristics click one the three buttons (bidirectional, compression only, tension only) and
set the resistance checkbox and specify a value if necessary.

The support can be defined in the following systems:
Global
Beam/rib relative
Edge relative

The default stiffuess values are 1.000E+07 [kN/m/m], or [kKNm/rad/m].

Defines line support elements parallel to global coordinate axes. You must specify the
corresponding translational (Ry, Ry, Rz) and rotational (Rxx, Ryy, Rzz) stiffnesses.

Defines line support elements for beam/rib elements in their local coordinate system acting as
an elastic foundation. You must specify the corresponding translational R,, R, R, and
rotational Ry, Ryy, R,, stifnesses.

The beams/ribs with line supports must be divided into at least four elements.

In addition, the following condition must be satisfied:

[4E1, [4E]
L<I, =% min | 4 4]]5(—*12, 4 p Y|, where L is the beam / rib length.
y z
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AxisVM warns you if the condition is not satisfied (by one or more elements). In this case the
Winkler’s modulus of the defined elements are set to zero, therefore you can divide the elements
and repeat the definition/modification process.

If you specify line supports the internal forces are linearly interpolated between the ends of the
element, therefore the division of the elements is required.

Defines edge support elements relative to local coordinate axes of the edges. You must
specify the corresponding stiffness (translational Rx, Ry, R- and rotational Rxx, Ryy, R=).
If one surface is connected to the edge the local coordinate axes of the edge are:

x = the axis of the edge

y = the axis is oriented toward inside of the surface element in its plane

z = parallel with the z local axis of the surface element

If two surfaces are connected to the edge .

the local z-axis direction is bisecting the
angle of surfaces. The y-axis is determined
according to the right hand-rule.

If more than two surfaces are connected to
the edge and you select one or two of them
then support local system will be
determined based on the selected surfaces.

§

Nonlinear force-displacement characteristics can be specified for this element as follows:
compression only (very small stiffness in tension), tension only (very small stiffness in
compression). A resistance value can aslo be entered.

The non linear parameters are taken into account only in a nonlinear analysis. In any other case
in the analysis (Linear static, Vibration I/II, Buckling) the initial stiffnesses are taken into
account.

Line supports appear as brown (R,, Ry, , R;;) lines in 3 orthogonal

direction.

R,) and orange (R, Ryy

Local Line Support Calculation

haterial

Y =
|c20r25 vl
L [m] = |3,nnu
L
e d [om] = |2U,U _l

nd Releases

R, [kMinin] = TIZE+4 | R, [KMmiradin] = 8,55843
R‘r [kRimin] = 2, 33E+3 va [kNmfracdim] = 1E+0
R, [kMAnim] = BA1E+5 | R,, [kNmiradin] = 1E+D

o]

Cancel |

Use the Calculate... button to calculate the global or edge-relative line support stiffness
(including the rotational stiffness) due to a wall type support. The support stiffnesses are
determined based on the end releases, material, and geometry of the wall.
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4.9.11. Surface Support

% Support for Shell 78

* Define £ Moty

Resistance

Ry Iktimin] = [1E+4 -] [+ £ 4 T F poun?)- [ = %
R, [khimin?] = |1E+4 vl ’? = & - F, 2] = I—L, %
R, [kN.i'm.i‘mz]=|1E+4 vl z I? & I F ["NW]:I—L, 7{_.

Pick Up »» | Ol I Cancel |

Surface support Defines a surface support element (Winkler type elastic foundation) to surface elements.
You must specify a translational stiffness in the surface element local coordinate system.
The surface support behaves identically in tension and compression and is considered
constant within the element.
You must specify the support stiffness Ry, Ry, R; (Winkler's modulus) about the surface
element local x, y, and z axes.

v Monlinear Parameter:

The default stiffness values are 1.000E+04 [kN/m/m], or [kKNm/rad/m].

Nonlinear Nonlinear force-displacement characteristics can be specified for this element as follows:
behavior compression only (very small stiffness in tension), tension only (very small stiffness in
compression), or with resistance (the same stiffness for compression and tension).

The non linear parameters are taken into account only in a mnonlinear analysis.
In any other case in the analysis (Linear static, Vibration I/Il, Buckling) the initial stiffnesses
are taken into account.

&~ Surface supports appear as an orange square-hatched fill.

4.9.12. Edge hinge

? Edge hinge can be defined between domain edges or between a rib and a domain edge.
Select edge and a domain. Hinge stifness can be defined in the local system of the edge of
the selected domain.

Edge hinge x|

= Define = Moty QL
%

Ky [KNAmin] = |1E+8 -[ F, [in] = |0 -
Koy [kiimim] = |1E+8 -[ F,y [khiim] = |0 -
K [kNmiim] = |1E+8 -[ F, [khim] = |0 -
Ky [KRIMIrachin] = |u -[ M, [kNmin] = |0 -
Ky [himiractin] = |u -[ M, [himim] = |0 -
K., [kmiraclin] = |n -[ M, [khimin] = |n -

Pick Up 3> |

Cancel |
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4.9.13. Rigid elements

=

Define

Rigid elements may be used to model parts with a rigid behavior relative to other parts of the
structure. Rigid elements may be used only in a linear static analysis.

The elements can be defined by selecting the lines that connect its nodes.
The selected lines that have common nodes define the same rigid element. There is no limit
to the number of nodes of any element.

The degrees of freedom of the nodes of a rigid element cannot be constrained (fixed).

Modeling membrane-beam Modeling eccentric beam-beam
element connection: element connection:

Lets you define rigid elements. You must select the lines that connect the nodes attached to
rigid elements. Recall that the lines with common nodes define the same rigid element.

Flement 1 Flement 2 Element 2 Element 1 Element 2

rigid 1 2 3 rigid 1 2
You can join or split rigid elements using the modify command.
If you select lines that connect nodes of different rigid elements, the elements will be joined.

If you deselect lines of rigid elements interrupting their continuity, the respective elements
will be split.

A finite element cannot have all of its lines assigned to the same rigid body.

If we want to calculate the mass of the body in a vibration analysis, place a node to the center of
gravity, connect it to the body and make this line a part of the rigid body. Assign the mass of
the body to this node.

The rigid elements are displayed on the screen with thick black lines.
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4.9.14. Diaphragm

=

Definition

Using diaphragms means simplifying the model. Diaphragms are special rigid bodies where
the relative position of the element nodes remain constant in a global plane. Diaphragms
considerably reduce the amount of calculation. It can be an advantage running vibration
analysis of big models. Diaphragms can represent plates totally rigid in their planes.

Select lines to define diaphragms. Each set of connecting lines will form a diaphragm.
Diaphragms are displayed as thick gray lines.

If you modify the diaphragm and select lines
connecting to another diaphragm the two w
diaphragms will be merged into a single dia-

phragm. Selecting several groups of lines —
with no connection between the groups will
break apart the original diaphragm.

iy

|

7
7’

[
a:’.: R —
1
-
" e i
After definition you must set the working plane of the diaphragm.

lane of operation

The relative position of element nodes remain constant in this plane.
For rigid plates in the X-Y plane choose XY.

LOW'{'s
C HE
¥z

4.9.15. Spring

x

Spring element

Define

Springs m

i+ Define i Modify

irection
& Global
By Geometry z %,
" By Reference E‘-’ I}”
" Elemert Relative w4 ey
' Mode Relative

i
n

Local x Orientation m
Stiffness Resistance
Wyltum =[156.5 =] P Fepan=[eooon v
Kyowm=[22 o] I Feo=[ 5]
¥z [k = lﬁ T Fe= l—_[
L N [ NP T I |
Kypy [Kimirac] = l—_[ ™ My [khim] = l—_[
Mo imicl=[0 o pomn-[ ]

The spring element connects two nodes of the model. The element has its own coordinate
system. You can specify the translational and/or rotational (torsional) stiffness values about
the element axes. The element can have nonlinear elastic stiffness properties.

The support can be defined in the following systems:
Global / By Geometry / By Reference / Element relative / Node relative

You must select the nodes that are connected, and specify the corresponding stiffness
(translational Kx, Kv, Kz and rotational Kxx, Kvv, Kzz). If a nonlinear elastic spring is to be
defined, you can specify resistance values, for each internal force component.
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- Py

k

—W\v-e > s

=y

& Resistances will be taken into account only in a nonlinear
static analysis, otherwise they will be ignored.

The nonlinear parameters are taken into account only in a nonlinear analysis. In any other
case in the analysis (Linear static, Vibration I/II, Buckling) the initial stiffnesses are taken
into account (that stay constant during the analysis).

4.9.16. Gap

X Gaps
{+ Defing ) Modify,
ctive
+ In Tension " In Compression

Local x Orientation | —JF

Active Stiffness [kiim] I 1E+5 - l
Inactive Stiffness [kiim] I 1E+0 - l
Initial Cpening [m] ID [~ By Geometry

v Auto Active Stiffness Adjustment:

Penetration Allovwed

Mirirmum [fmim] |1E—5 vl
Mz<itmum [mim] |1E-2 vl

Adjustment Ratio (100 -

Pick Up 2> | Defaults | LoL8 I Cancel |

Gap element The gap element is used to model point-to-point contact. The element has two states:
» one active, when it has a large stiffness value (simulates that a contact is achieved)
* one inactive, when it has a small stiffness value (simulates that no contact is
achieved).
This contact model is approximate.
The gap element can be active in tension or compression. Typical force-displacement
diagrams of gaps active in tension and compression are shown below correspondingly.

P, (tension) Py
L
Ko )
(displacement) /ﬂ (displacement)
— | e u Ug u
K .
(compression)

The gap element is a nonlinear element that can impose difficulties to the solution of the
nonlinear problem, due to large changes of element stiffness when it changes status
(active/inactive).

If the element is used to model regular contact problems, you may allow the element to auto
adjust its stiffness, in order to smooth the large stiffness variations (at status changes)
that can cause even divergence of the iterative solution process.
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You must specify with two nodes:

Defining local x orientation is the same as for beam elements.

Active: The active state that can be tension (a tension bolt connection) or compression
(contact of two plates)

Orientation (from one of its node to its other node)
Active stiffness: By default it is 1E+8 kIN/m.
Inactive stiffness: By default it is 1E-2 kIN/m.

Initial opening\penetration: By default it is 0. The initial opening can be set based on
element geometry as well (Check By Geometry). The initial opening is a positive or zero value.
While the initial opening does not close, the gap is considered inactive.

Auto active stiffness adjustment:
If no adjustment is selected, the values below are not taken into account.

Minimum allowed penetration: You can set a minimum value for the penetration of the
contact condition that is allowed. By default is 1E-05.

Maximum allowed penetration: You can set a maximum value for the penetration of the
contact condition that is allowed. By default is 1E-05.

Maximum adjustment ratio: If the penetration is below the minimum, the active stiffness is
softened by a maximum ratio entered here. If the penetration is between the two limits, no
action is taken. If the penetration exceeds the allowed maximum, the active stiffness is
hardened by a maximum ratio entered here. The default value is 100. In this case, the value
of the adjustment ratio is the taken as: 1/100, 1/10, 1, 10, or 100.

If the gap element is used in an analysis different from a nonlinear static analysis, the element
will be taken into account as a spring with a stiffness corresponding to its initial opening. If the
initial opening is zero, the active stiffness will be taken into account.

4.9.17. Link

Link elements

7

]

Link elements connect two nodes (N-N) or two lines (L-L) and have six stiffness components
(defined in their coordinate system) that are concetrated on an interface (located between
the connected nodes/lines). Its position can be entered relative to one node/line that is
considered as reference.

Link elements can have a nonlinear parameter called limit resistance that limits the force they
are able to transfer.

Node-to-Node (N-N) Link

Connects two nodes. The stiffness components are defined in the global coordinate system.
Assigning zero value to a component the corresponding force or moment will not be
transferred from one node to the other. The position of the interface can vary from 0 to 1
relative to the master node (selected by the user). If the location of the interface is = 0 the
interface is at the master node. If it is = 1 the interface is at the opposite node. For any value
greater than 0 or lower than 1 the reference is between the nodes.
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Link elements

* Define = Wodify

irectio
& Globsl z L et
By Geometry I_-’_-J
Local = Reference | I vl

Interface Location = ID.SDD 3,
[ Nonlinear Parameters

Stiffness Resistance

Kyl =[1E10 <] ! CI TR I |
Ky [khim] = = i r Fylu= I—Ll
Ky il =[1E10 <] : r o= 4
Kogq [kmmnad]=m L o, [kNm]=|—L[
:
:

By [kNm.l'rad]=|D vl T wy [kNm]=| vl
Ko [kNmJ‘rad]:ID vl o [kNm]=| vI

W Ouerwrite cther existing elemrts with 2 link element
Pick Up »» | QK I Cancel |

Typical applications are: main girder-purlin connection; some types of grillage connections;
St. Andrew bracing connections; etc.

[ L | T

L S

Example: A main girder-purlin connection (see... SteelFrame.axs in the examples folder)

Let assume that the vertical axis is Z being parallel to the local z axis. The main girder is an
IPE-400 in X-Z plane, the purlin is an I-200. You would like to transfer forces from the purlin
to the main girder but not the moments.

N

30

40

These elements are represented by their line of gravity. The link has to be placed between
these two axes at their point of intersection (if seen from above). Therefore, this link has to be
assigned to a vertical line having a length equal to the distance of axes i.e. 30 cm (40/2 + 20/2).
Select the node on the main girder to be the master node of the link. The inter-face always
has to be placed at the actual point of contact. In this case the interface is located 20 cm far
(40/2) from the master node (i.e. the main girder axis). So the interface position is 20/30 =
0.666. You assume that the connection is fixed against displacements but can rotate. There-
fore, you enter 1E10 for translational stiffnesses and 0 for rotational ones. If the purlins are
supported only by these links you have to enter KYY=0.001 or a similar small value to elimi-
nate rotation around the main girder axis.

Nonlinear parameters can be assigned to each nonzero stiffness component. To change the
characteristics click one the three buttons (bidirectional, compression only, tension only)
and set the resistance checkbox and specify a value if necessary.
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Line-to-Line Link

Connects two lines with three nodes each that
can be rib elements and/or edges of surface
elements. A line-to-line link has 6 nodes.
The stiffness components are defined in the
local coordinate system of the link that is in the
plane of the link element with the x local axis
parallel to the master line, and the local z axis
oriented toward the other line in the plane of
the link and is orthogonal to the local x axis.

Assigning zero value to a component the corresponding force or moment will not be
transferred from one node to the other. The position of the interface can vary from 0 to 1
relative to the master line (selected by the user).

If the location of the interface is 0, the interface is at the master line (at the start point of the
arrow).

If it is 1 the interface is at opposite line (at the end point of the arrow). For any value greater
than 0 or lower than 1 the interface is between the lines.

Typical applications are: floor-wall hinged connections; semi-composite / full-composite
layered beams; Semi-rigid rib-shell connections; etc.

Link elements

{* Define = ity

="
|

Interface Location = ID.SDD 3,
v Honlinear Parameters

Stiffness Resistance

Ky [kN.i'm.l‘m]=|1E8 vl & O F, [kN.l'm]=| v[
Ky [kN.i'm.l‘m]=|1E8 vl " [kN.l'm]=| v[
K, [kN.l‘m.l‘m]=|1E8| vl w [kN.l‘m]=| vl
Moo [kNmJ‘radJ‘m]:ID -[ oM, [kNmJ‘m]:I vl
Kyy [kNmJ‘radJ‘m]:ID vl o, [kNmJ‘m]:I v[
Key [kNm.l‘rad.l‘m]=|D vl o, [kNm.l‘m]=| v[

¥ Ouerwrite other existing elemnts with & link element

Pick Up >» | Ok I Cancel

Example: A floor-wall hinged connection.

b e R R e

B S S

Let’s assume that the vertical axis is Z, the
wall is in Y-Z plane, the floor is parallel to
the X-Y plane and walls are represented by i
shell elements. Floor thickness is 15 cm.

You would like to transfer forces from the
floor to the wall but not the moments.

Elements are represented by their middle plane. The wall has to reach until the bottom
plane of the floor. Links have to be placed between the upper wall edge and the floor edge.
In this case the link elements have to be in the plane of the wall. The distance between the
edges is 7.5 cm (15/2). Select wall edge nodes to be the master nodes. The interface has to be
at the actual point of contact which is in the bottom plane of the floor and is 0 cm far from
the master node. Therefore enter 0 for the interface position. You assume that the
connection is fixed against displacements but can rotate. Therefore, you enter 1E10
for translational stiffnesses and 0 for rotational ones.

15

7,5 .
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A limit resistance can be specified for each corresponding component with non-zero
stiffness.

When used in conjunction with domains the following steps can be followed to define line-
to-line link elements:

1. Define the domains (See... 4.9.4 Domain)
and connect the cor-responding opposite
nodes of the domains with lines (the
number of nodes on the edges of the
domains should be equal).

2. Select the quadrilateral between the
domains. Click OK on the Selection Toolbar.

3. Select the master line of the link element.
Click OK on the Selection Toolbar.

4. Define the link stiffness, and set the
interface location. By default the interface is
in the midpoint of the link element. The link
element(s) are created.

5. Now you can mesh the domains. N EVAVANAYE  NAVAVAY
See... 4.11.1.2 Mesh generation on domain OISRV S 2 SV D

6. Link elements are divided according to the LR TR
domain mesh. AT, | D P

4.9.18. Nodal DOF (Degrees of Freedom)

Lets you constrain the six nodal degrees of freedom that are: translations (ex, ey, e; and
rotations (8y, By and 6;).

In the default setting no nodes have constrained degrees of freedom.

In the calculations, equilibrium equations will only be written in the direction of the free
displacements (translations/rotations).

Any combination of the six nodal degrees of freedom (ey, ey, ez, 6%, 8y and 8;) can be selected.
However, in many cases typical combinations of degrees of freedom can be used. In these
situations, you can quickly apply a predefined setting by selecting it from the list box.

The following particular structures are listed:

Plane truss girder/ Space truss/ Plane frame/ Grillage/ Membrane / Plate
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Define a nodal DOF

Example of union

Use the buttons to set the degrees of freedom. eritl) Wiz s of (et

Button captions will reflect the current value. 2) Overwrhe 1 Unkon

Changes will be applied only to those nodal Free node f’
Fixed node

DOF which have their corresponding check-box
checked. Unchecked components will retain
their original values in the selection.

You have two options to change nodal DOF.

Truss girder in Plane K-
Truss girder in Plane X-Z
Truss girder in Plane %-Z
Space truss LI

Frescribed Displacement w |

V| ey Constrained I
Z

Overwrlte |7 Sy Constrained I
The new setting overwrites the existing W oez [ Fres v
degrees of freedom settings of the selected TN e
nodes. ~ % [ Free 4
Union W 6z _Constrained |

Performs a union set operation with the set of o ]
the new degrees of fregdom codes and the set pecp > _| - =
of existing degrees of freedom codes of the
selected nodes. This option is useful in the
definition of symmetry conditions.
ex ey ez Bx By 0z
initial code: free constr. free constr. free constr.
new code: free free free constr. constr. constr.
resulting code: free constr. free constr. constr. constr.

The six nodal degrees of freedom (ex, ey, ez 6x, 6y and 6;) are set by a six digit code
comprised of f (free) and ¢ (constrained) symbols.

Each digit corresponds to one degree of freedom component. By default the nodes are
considered free (all digits are f-free symbols). By setting a digit to c (constrained) the
corresponding degree of freedom component is constrained.

The default DOF code of anodeis [ffffff].
The loads that apply in the direction of a constrained degree of freedom are not taken into

account. Loads in the direction of the constrained degrees of freedom will appear in the table of
unbalanced loads.

&~ The nodes with DOF different from [f f f f f f] are displayed on the screen in cyan.
Notations: T free translation, ¥ free rotation about the specified axis.
1 2 3 4 5 6
|ex|ey|ez|9x|9Y|GZ|
Degrees of Free Degrees of Free
Freedom displacements Freedom displacements

Truss girders
Truss girder in z Truss girder in z
X-Y plane \/V X-Z plane 14

X X
Truss girder in z Space truss 2
Y-Z plane % Y v

X X
Frames
X-Y plane frame z X-Z plane frame Z

% ¥ Y

X X
Y-Z plane frame z

Y

:x
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Degrees of Free Degrees of Free
Freedom displacements Freedom displacements
Grillages
Grillage in X-Y Z Grillage in X-Z z
plane % TY plane % ¥
X X
Grillage in Y-Z Z
plane % Y
X
Membranes
Membrane in X-Y 2 Membrane in X-Z z
plane iV plane %\iv
X X
Membrane in Y-Z Z
plane ‘?‘ \/Y
X
Plates
Plate in X-Y plane Z Plate in X-Z plane Z
% ¥ % ¥
X X
Plate in Y-Z plane Z
Y
:x
Symmetry
XY z X-Z z
symmetry plane % TY symmetry plane % TY
X X
Y-Z Z
symmetry plane % Y
X

Pick Up>> Degrees of freedom can be picked up from another node and assigned to the selected
nodes.

4.9.19. References

JERSER PRVl

Lets you define reference points, vectors or axes, and planes. The references determine the
orientation of the local coordinate systems of the finite elements in the 3D space. The local
coordinate system of the elements defined with the references is used to define cross-
sectional properties and to interpret results.

The element properties are defined and the internal forces (N,, Vy, Vo, Ty My, M, for beams,
m,, m, my, for plates, n,, n,, n,, for membranes, etc.) are computed in that local system.

Quick modify: Clicking on the symbol of a reference the Table Browser is invoked displaying
the table of the references. The reference vector and axis can be defined by two points, the
reference plane by three points. When closing the table the reference vectors, and axes are
normalized with respect to 1.

&~ Color codes: x = red, y = yellow, z = green.
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Automatic
references

Reference point
1=

&

AXISVM /()

The following references can be used:

Automatic references for truss and beam elements:

A reference vector is generated and assigned to the truss and beam elements as follows:

If the axis of the element is parallel with the global Z axis the reference vector will be parallel
to the global X axis.

In any other case it will be parallel with the global Z axis.

For arcs: if the arc plane is parallel to the global X-Y plane, automatic reference is perpendicu-
lar to it and points to the +Z direction. If the arc is in a different plane its reference vector is
in the arc plane and points outwards from the arc centerpoint.

Automatic references for rib elements:
If the rib is independent the reference vector will be generated and assigned to the element
as for the beam elements.
If the rib is connected to a surface element, the generation of the reference vector is as
follows:
The reference vector will be parallel to the bisector of the local z axes (normal to the surfaces)
of the surfaces that have the rib element attached.

Automatic references for domains and surface elements:
Reference vectors will be generated and assigned to the surfaces as follows:
Local x-axis reference
If the plane of the surface is parallel with the X-Y plane the reference vector for the x local
axis will be generated as a vector parallel with the global X axis.
In any other case, it will be parallel with the intersection line of the surfaces and X-Y plane.
Local z-axis reference
If the plane of the surface element is parallel to the Z axis, the generated reference will be a
vector oriented toward the origin of the global XYZ system. In any other case it will be
parallel with the global Z axis.
The Edit / Convert automatic references menu item converts automatic references into reference
vectors.

Reference point is used to define the orientation (local coordinate system) of beam, rib,
support, and spring elements or to define the positive local x and z axes of surface elements.
The reference points are defined (by its coordinates) in the global coordinate system.

The reference points are displayed on the screen as small red + symbols.

Beams, ribs, and springs:
The reference point and the element’s local x axis defines the local x-z plane. The positive
local y and z axis direction is determined by the right-hand rule.
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Surface elements:

The positive local z axis is oriented toward the half-space in which the reference point is
located, and is perpendicular to the element’s plane. Once the local x-axis is defined local
y-axis is determined according to the right hand-rule.

Reference point » |Reference point .
n

¥4

/ /

J

The local x axis will be oriented in the direction of the reference point.
In the case of a surface element the reference point must be located in the plane of the
element.

T x B
\L» Ll j\‘ujkj(\/

\ e
P X/V%\Eii\/ A

\ PN
T
N

Supports:
In the case of a support element you can use a reference point to define local x axis.

.

Lets you define the local x axis for surface, support, and spring elements. Also defines the
orientation of local z coordinate axis of beam, rib and spring elements.

The reference vectors are displayed on the screen as red arrows.

Surfaces:

The local x axis will be parallel with the reference vector. In the case of a surface element the
reference vector must be parallel with the plane of the element.

The orientation of local z-axis can also be defined by a reference vector.

N7 7 7| \r| \7| \r

e NS
’\e‘e(\oz >(
?\3
\ =
\ =

C O«
OO«
OO«
OO«
ClOr ]
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Reference Axis

1

&

Reference Plane

H
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Supports:
In the case of a support element you can use a reference vector to define local x axis.

Beams, ribs, and springs:
The reference vector and the element’s local x axis defines the local x-z plane.
The positive local y and z axis direction is determined by the right-hand rule.

Reference vector

Reference axis is used to define the local x-axis of surface elements, that will be oriented
towards the reference axis. The reference axis must not include element centerpoint.

§

Reference Axis

The reference axises are displayed on the screen as red arrows.
Reference plane is used to define the local x axis of surface elements, that will be parallel to

the intersection line of the reference plane and the plane of the element. The reference
plane must not be parallel with the plane of the element.

Reference Plan
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Reference angle Rotation of truss / beam / rib cross-sections is made easy by the reference angle. The auto-
g matic local coordinate system (and the cross-section) can be rotated around the element axis
/L by a custom angle. If the element is parallel with the global Z direction, the angle is relative

to the global X axis. In any other case the angle is relative to the global Z axis.

&~ The reference plane is displayed on the screen as a red triangle.

4.9.20. Creating model framework from an architectural model

This icon starts the conversion operation of the architectural model if previously an IFC file

B3 (*.IFC) was loaded by File / Import (See ... 3.1.6 Import.) as a background layer.
Architectural model
[ Stories
v Slab 5 =
[ sl 04
™| Galumn 3
= Beam 2
¥ Root 10 -
[~ Refresh &l
Cregte Model Framework > |
Delete Objects > | Cloze |
Display  Select architectural project stories and element types you want to be displayed.
& Use the built-in Filter to enhance selection.
If you create model framework or delete objects and nothing is selected the Selection
Toolbar appears. Click the Property Filter icon to select beams and columns within a certain
range of section size according to their minimum side length or select walls or slabs within a
certain range of thickness.
If you want to restore the whole range click the button at left bottom.
If the Only objects without static model is checked only elements not having static model will
be selected.
Delete Objects Click this button to delete selected architectural model objects.
« Deleting an architectural object having a static model will not delete its associated static
model.
'(:)reate Moslel Model framework will be created from selected layer elements. Columns will be reduced to
ramewor

their axis, walls, slabs and roofs will be reduced to their center plane. Framework nodes and
lines become part of the AxisVM model and are independent of the background layer.

Parts will automatically be created for levels and object types and the elements created for
the static model will be included in the appropriate parts.

Hinged wall connections can be modeled using edge hinges when creating
a model framework from the architectural model.
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Slab

Wall

Column

Create Model Framework %]

Slab |Wa|| |COIumn |F_Ieam |Roof |

Load from Material
Library

Type—————
% Plate
" Shell

hizterial

|c2m25 +] 2l
Thickness [cm] = IZD,DD vl

Ohject Layers
20,00 cim: [Load Bearer Core]

Slab 0038 I Cancel |
g elements
Create Model Framework X|

Slak  wall |COIumn |F_Ieam |Roof |

Type——————
& Metmbrans
' Shell

hiaterisl

|c25r30 ~] 2l
Thickness [cm] = I 30 - l

Ohject Layers
30.0 o [comman brick]

ncl Rel

y

™ Apply battom support
[T Convert walls to suppaorts

Wall

o]

Cancel |
83 elements

You can assign properties to the selected architectural objects as follows:

Floors can be defined as plates or shells. Assign
a material and a thickness. For layered floors,
the thickness of the layers will appear in the
layer list. You can select the layers that you
want to take into account.

Walls can be defined as membranes or shells.
Assign a material and a thickness. For layered
walls you can choose to apply the thickness of
the load bearing layer, the total thickness or a
custom value.

Apply bottom support:

You can automatically assign a support to the
bottom edge of the selected walls.

Convert walls to supports: You can convert wall objects to supports by enabling this
checkbox. The support will be placed at the top edge of the corresponding wall
The support stiffness will be computed based on the top and bottom end releases.

Create Model Framework ]
Slab |u\ra|| Column | pream |R00f |

haterial

ICQD.QS Vl

Croge-Section

- -

[ Apply bottom support "
[~ Convert columns to supports

nd Releases

Graphical Cross
Section Editor

Cross-section
Library

Column
20 elements

o]

Cancel

Column objects are always converted to beam
elements. Assign a material and a cross-section.
If Auto is selected the cross-section is created
based on the geometrical description of the
architectural object.

You can assign a support to the bottom of the
column.
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Convert columns to supports: The selected column objects can be converted to supports.
Support stiffness is established based on the end releases. Supports will be placed at the top
of the column.

212717/l Create Model Framework Beam objects are always converted to beam
elements. Assign a material and the cross-
section.

If Auto is selected the cross-section is created
based on the geometrical description of the
architectural object.

JL50  Create Model Framework Roof objects are always converted to shell
elements. Assign a material and a cross-section.
For layered roofs, the thickness of layers will
appear in the layer list.

You can select the layers that you want to take

15,00 cm: [Load Bearer Core] into account.




180

AXISVM /()

4.9.21. Modify

Immediate mode

Lets you modify the definition of the selected elements.

1. Holding the [Shift] key down, select the elements to modify. You can use the Selection
icon as well.

2. Click the element’s icon on the Elements Toolbar.

3. In the element’s dialog window check the properties you want to modify. Property
fields show the common value in selection. If selected elements have different values
the field is empty.

4. Modify the respective properties as desired.

5. Click the OK button to apply the modifications and exit the dialog window.

In fact, the modification is similar to the element definition, but does not assign properties to
undefined geometrical elements and allows access to a specific property without altering
others. You can switch to the element definition radio button to define all properties of all the
selected elements, lines or surfaces.

If the Geometry or Elements tab is active click a finite element to modify its properties.
If more finite elements have been selected they can be immediately modified by clicking
one of them. If you click an element which is not selected, selection disappears and you can
modify the element you clicked. If you click on a node its nodal degrees of freedom can be
edited immediately.

You can also modify the properties using of Property Editor.

See... 3.5.1 Property Editor

4.9.22. Delete

[Del]

See... 3.2.7 Delete
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4.10. Loads

Luadsl
Ml A ALl [Ey 6 anLlals st e Ml g

Lets you apply various static loads for static and buckling analysis, and define concentrated
masses for vibration analysis.

4.10.1. Load Cases, Load Groups

Load Case Lets you set the current, create new, and modify or delete existing load cases. Any load you

Ry create will be stored in the current load case. In the professional version the number of load
cases is not limited. In the standard version a maximum of 99 cases can be created.
Load groups can also be created from the different load cases.

x|

8- Ungrouped —Load Case:
5T Mewe Caze

e W . i

Duplicate |

Load-duration class
[ for timker desian

I Undefined x l

—Load Group (Eurocode)
ey Group

\mm@

1

PERM1

Safety Factor Upper Value (g, ) = [1,350
Safety Factor Lower Yalue (vg) 1= |1 ]

' Include all load cases in combinstions

" Include the most unfavourable load case only

* Delete | Ok | Cancel |

New Case  You must assign a different name to each case. The following are the three types of load
cases that you can choose from when you want to create a new load case:

1. Static
The static load case can be applied to static, vibration, and buckling analysis. In case of
vibration analysis, the loads can also be taken into account as masses.
The load case can be included into a load group. When calculating the critical load

combination, the load case will be taken into account according to the parameters of the
load group to which it belongs.

Critical combination can be determined only from the results of a linear static analysis.
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2. Influence line
Lets you apply a relative displacement load to obtain the influence line of a result
component, of a truss or beam element.

When the influence line load case type is selected you can apply only the influence line -]+
load

3. Seismic
When selecting seismic load case type you can specify the parameters for calculation of
earthquake loads. Prior to creating an seismic load case, you must perform a vibration
analysis. Based on the mode shapes, and on the structural masses, AxisVM generates
seismic loads case, in a k+2 number, where k is the number of available smallest
frequencies. The two additional cases corresponds to the signs +, and -, that contain the
critical combinations. See...4.10.20 Seismic Loads

When selecting seismic load case the only icon available on the Toolbar will be Seismic iy
parameters.

4. Pushover

When selecting pushover load case type you can specify parameters for generating load
distributions that can be used in pushover analyses. Prior to creating a pushover load
case, you must perform vibration analysis. Based on specified mode shapes AxisVM gen-
erates nodal forces on each node of the model. A total of four load cases are generated ini-
tially. They represent a uniform (U) and a modal (M) distribution in the direction of each
of the horizontal axes (X and Y by default). The uniform load distribution option gener-
ates nodal forces proportional to the masses assigned to each node in the model. The mo-
dal load distribution uses the mode shape weighed by the masses at each node to gener-
ate the nodal force distribution. In both cases the sum of forces generated is 1 kN in the
same horizontal direction.

See details... 4.10.21 Pushover loads

When selecting pushover load case the only icon available on the Toolbar will be E
Pushover parameters.

@

5. Tensioning

If tensioning calculation according to the current design code is supported, tensioning
load cases can be created. These load cases always get into a tensioning load group.
After defining a load case with the name name, two load cases will be created. name-T0
will contain the equivalent load calculated for the end of tensioning process, name-T1 will
contain long term values of the equivalent load. Any of these load cases can be selected to
define tensioning. After definition just loads for name-T0 will be calculated as static analy-
sis results are required to determine the long term equivalent loads.

See details... 4.10.22 Tensioning

“ When selecting tensioning load case the only icon available on the Toolbar will be |, F,

Tensioning.

6. Moving load
In this type of load case only moving (line or surface) loads can be defined. When defin-
ing a moving load a group of new load cases will be created. The number of these load
cases is equal to the number of steps specified in the moving load definition dialog.
Their name is created automatically like MOV_xx. As they get into a load group the most
unfavourable effect of the moving load can be checked displaying the result of the critical
combination. These auto-created load cases can be moved together only and only into
another moving load group.
If more than one moving load is applied in the same load case the number of steps (and
auto-created load cases) will be equal to the maximum number of steps specified.
If the maximum number of steps is k, and another moving load has i steps (i < k), then
this load will remain at the end of the path in steps i+1, i+2, ..., k.
See details... 4.10.23 Moving loads
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“ When selecting moving load case the only icon available on the Toolbar will be ﬂ

Moving Load.

7. Dynamic load case
Dynamic load cases can be used only if DYN module is available. After defining a dy-
namic load case and selecting it the Loads tab will allow definition of dynamic loads and
nodal acceleration.
See details...4.10.24 Dynamic loads (for time-history analysis)

Dynamic load cases cannot be included in load groups and load combinations. Loads within
dynamic load cases will be applied only in Dynamic analysis.

Load-duration Timber design module requires information on the load duration. So if a timber material has
class been defined in the model load case duration class can be entered. (Permanent: > 10 years;
Long term: 6 months-10 years; Medium term: 1 week—6 months; Short term: < 1 week; In-

stantaneous; Undefined)
Duplicate Lets you make a copy of the selected load case under another name. You must specify the
new name, and a factor that will multiply the loads while copying. The factor can be a

negative number as well.

Selected loads can be copied or moved to another load case by changing load case during the
copy or move process.

Delete  Lets you delete the selected load case.

You can change the current load current case by selecting from the i j
drop down list near the load case icon. Selection can be moved using —— 0 Desd oo
the up and down arrow keys. This is the best way to overview

moving load cases.

Payload Full
Payload Partial
wyinch
windd2
[ Roof
i Snow
m Engines

@ The name of the selected load case will appear in the Info window and
the loads you define will get to this load case.

In case of choosing Tensioning load case only the v
Tensioning Icon will be active on the toolbar. T Mo
Click on it then select the proper beam or rib elements, so e nd

the Tensioning Dialog will appear. 5 P11l

See... 4.10.22 Tensioning

Click right mouse button over the list, select Order of load cases to get to a dialog setting the
load case order. This dialog is also available in the Table Browser (Format / Order of load cases).

Order of The display order of load cases and groups can be changed by dragging the load case or
load cases  load group within the tree. Display order is also used in the load combination table and re-
and groups sult load case combo boxes.
Right-clicking the tree displays a popup menu allowing other ordering options (alphabetical
or creation order). Position of the ungrouped load cases in the tree can also be set.

Load group You can select the load group you want to place the current load case in from the
dropdown list. Load case will immediately be moved to its new position in the tree view.
You can also drag and drop load cases between load groups by mouse.

Setting the current load case :
Click on any existing load cases from the list which is on the left side of the Load
Groups & Load Cases dialog window. The chosen load case will become the current
case. Any subsequently defined loads will belong to the newly selected load case.

Safety Class  Select the safety class of the building from the combo box. Changing the safety class may
require changes in the incidental group factors yg,, W and ¥,.
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Load Group Load groups are used when generating of critical (design) values of the results.

New Group Lets you define a new load group. You must specify the name and the type (permanent,
incidental, exceptional) of the load group, and the corresponding factors according to the
current design code. Later you can specify which load cases belong to a specific load group.
Clicking any icon within the New Group group box will create a new group in the tree and
you can specify a name for it. Existing load group names will be rejected. After creating a
load group you have to specify the value of its paremeters (like the partial factor, dynamic
factor, simultaneity factor, etc.). A load case can be assigned to a load group by choosing a
group from the dropdown list or dragging the load case under a load group in the tree.
See... 4.10.2 Load Combination

The following load groups are allowed depending on the design code:

1. Permanent
Includes dead load, permanent features on the structure...

Include all load cases in combinations
All load cases from the group will be taken into account in all load combinations with
their upper or lower partial factor.

Include the most unfavourable load case only
Only the most unfavourable load case will be taken into account from the load group
with its upper or lower partial factor.

2. Incidental
Includes live load, wind load, snow load, crane runway load...

Can be simultaneous with exceptional goups
If checked load case(s) from the group can act together with a load case from an
exceptional group in critical combinations.

Simultaneous load cases
Any number of load cases from the group can act simultaneously in critical
combinations.

Mutually exclusive load cases
In a critical load combination only one load case from the group will be taken into
account at one time.

3. Exceptional
Includes earthquake, support settlements, explosion, collision... Only one load case from
the group will be taken into account in a load combination at one time. That load case
must have the simultaneity factor of a =0.

4. Seismic load group (Eurocode, SIA 26x, DIN 1045-1, STAS and Italian code)
Only one load case from the group will be taken into account in a load combination at
one time. That load case must have the simultaneity factor of a =0.

5. Tensioning load group (if tensioning can be calculated according to the current
design code)
Tensioning load group is handled as a permanent load group. It can contain only
tensioning load cases. Both load cases for the same tensioning (name-T0 and name-TI)
cannot be included in any load combination.

6. Moving load groups
Auto-created load cases for the moving loads in a moving load case get into a moving
load group.
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Load types The following loads can be applied to the elements:
Load Element
Concentrated node, beam
Line (distributed) beam, rib, plate, membrane, shell
Edge (distributed) plate, membrane, shell
Dead load truss, beam, rib, plate, membrane, shell
Temperature truss, beam, rib, plate, membrane, shell
Fault in length truss, beam
Tension/Compression truss, beam
Forced support displacement | support
Fluid plate, shell
Seismic node
Influence line truss, beam
Tensioning beam,rib
Moving Beam, rib, plate, shell
4.10.2. Load Combination
L+ i Table Browser [ [=]
— File Edt Format Report Help
— =l poids. - Q + X% =R W
= Beam Loads 7 E =y
BLCE e Load Combinations
Bleam Self Weigh
+ neige (389) Mame |Type‘ poicts | neige | wit w2 vi3 | vol w02 ‘ w3 | Catnmenit d
L i (356) 140 #14 g 135 50 ] [ 0 ] 0 080 |
Efh wf2 (458) | 15|cow1s - 00 i 150 0 i a 0 i
i m‘H:“]; [ 16]|canis E 0.60 ] ] 150 ] ] 0 ]
: :22:4‘?; lCD LAk - 0.0 o o o 1.50 o o o
152 18 |Co #18 - 080 a a ad a 1.50 0 a
L;E‘;O:a(;:s_za) E Co#19 - 0.0 o o o o o 140 o
oad Groups 20|co 20 B 080 [ [ 0 [ [ [ 150
RSl ) 7 Co ¥ uLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incidertal combinations ] E Co#22 uLs 1.39 1.00 1.00 1.00 1.00 1.00 1.00 1.00
+ Weight Report 23 |Co #23 uLs 1.00 1.35 1.00 1.00 1.00 1.00 1.00 1.00
= LIBRARIES E Co#24 uLs 1.35 1.35 1.00 1.00 1.00 1.00 1.00 1.00
+ Material Library 25(Co#25 uLs 1.00 1.00 135 1.00 1.00 1.00 1.00 1.00
# Cross-Section Library = E Co#26 uLs 1.35 1.00 1.35 1.00 1.00 1.00 1.00 1.00 f
[ LTIk 2
O Cancel

Automatic load
combination

g 95

Lets you define load combinations of the defined load cases. You can specify a factor for
each load case in a load combination.

The results of a load combination will be computed as a linear combination of the load cases
taking into account the specified load case factors. A zero factor means that the respective
load case does not participate in the load combination.

Inserts a load combination table to the current report.

Calculates all critical combinations based on load groups and transfers them into the load
combination table.

You can also define load combinations after you have completed a linear static analysis.
Then, when required the postprocessor computes the results of these load combinations.

In case of nonlinear static analysis, AxisVM first generates the combination case, and then
performs the analysis (a load combination at a time).

The program builds all possible combinations depending on the load groups parameters
and the equations of the current design code.

The minimum and maximum result values of these combinations are selected as critical
(design) values.
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Internal forces
(Eurocode)
ULS

Displacements
(Eurocode)
SLS

[talian code

Permanent and Incidental:

ZVGini +Y0i Qi "'ZVQi Woi Qi

izj
Exceptional:
szi + A W0+ z Wy Qi
it]
Seismic loads:

Eurocode, SIA and DIN Z G, +A, + z W, Qu
STAS ZGki +y) Ayt Z W, Qy

Rare (SLS1):

Z Gy +Qy + Z WoiQxi

%)

Common (SLS2):

z Gy +W;Qy + z Wi Qi

i)

Quasipermanen (SLS3):

z Gy + z W, Qi STAS: z Gy +0.6y;Ap; + Z W, Qu

Critical load combination method for internal forces and for displacements are selected
automatically. Critical load combination method for displacements depends on the type of
structure you are modeling. Click Result Display Parameters on the Static Toolbar then click
Select. If your current design code is Eurocode you can set the critical combination formula
at the bottom of the dialog.

Seismic loads: see above at Internal forces

Combination of seismic loads with other load types:

ZGK Y EE+Zi (‘-lei @Ki)

Where: y; importance factor
E seismic load
Gy characteristic value of permanent loads
Qxi characteristic value of variable loads
Yii ,; (ULS) combination factor for quasipermanent Q;
Woi (DLS) combination factor for rare Q;

4.10.3. Nodal Loads

+

Lets you apply forces / moments to
the selected nodes. You must & Define £ hoiity
specify the values of the load Type
components Fy, Fy, F; and My, My, k e Cw
Mz, in the global coordinate kv R
System. ‘ " Overwrite o add ‘ . Fxﬁ:.
If you apply a nodal load to a node Reference | ] |
that is already loaded, you can Fel=[so 3] A T R
overwrite or add it to the existing Fy [kN]—l—_l My [kNm]—l—_l
load. Fz [kN]—I 10 [ M [khim] = In [
7A
M, T Pick Up »» | Ok I Cancel |
T Fy M, "
i =
B ./
My
X

3
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Modify nodal loads
Modify position

Modify value
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The positive directions are according to the positive directions of global coordinate axes.

You can select, move, copy or modify the load independently of the node.

1. Select the loads you want to move together.

2. Grab any of them by pressing the left mouse button.

3. Move them to their new position.

4. Click the left mouse button or use a command button. (Enter or Space).

1. Select the load.
2. Click the Nodal Load icon on the Toolbar.
3. Change the values
Nodal loads can be moved onto a beam, a rib or a domain.
Signs of the load values are calculated according to the right hand rule.

Load components applied in the direction of a constrained degree of freedom will be not taken
into account in the analysis.

The forces are displayed on the screen as yellow arrows, the moments as green double
arrows.

4.10.4. Concentrated Load on Beam

A

Lets you apply concentrated Concentrated Loads on Beams x|
forces/moments to the selected & Define £ Moty

beam finite elements. You must [

specify the values of the load ;ff::'

components Fx, Fy, Fz, Mx, My, Mz l

in the local or global coordinate |r' Overwite & Add ‘

SyStem' —Positio /

If you apply a concentrated load ;:z Lend azfps =

to a node that is already loaded, -

you can overwrite or add it to the Fediti=fo 5] Mthmi =0 <]
existing load. Felg=fo =] M m=fo |
Concentrated loads can be Foim=[1s00 = T [ |
selected, moved, copied, modified

independently of the beam. pikue » | S

Modify load values like in case of
nodal loads.

The positive directions are in accord with the positive directions of the local or global coor-
dinate axes.

The forces are displayed on the screen as yellow arrows, the moments as green double
arrows.

4.10.5. Point Load on Domain

iz

Applies a point (concentrated) load at the location of the cursor if it is over a domain.
You can also enter the location of the load by its coordinates. You can place loads by
clicking the left mouse button or pressing any of the command buttons.

See...4.7.2 Entering Coordinates Numerically

The direction of the load can be:
- Global (with respect to the global coordinate system)
- Local (with respect to the local (element) coordinate system)
- Reference (with respect to a reference)
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Dire-:tiulelobal vl Fyp [kM] = I 'I M [kRm] = I 'I Pick Up > |
Reference | Fy [kM] = ID vI My [kNm] = ID 'l
| 'I FZ[kN]=|-15 vI Mz[kNm]=| .l &l

Erter the point of application |: T—

ZAOdifY pointload on  You can modify the location and value (intensity) of the load:
omain

Modify position . Select the load with the cursor (a load symbol appears beside the cursor).
. Keep left mouse button depressed.
. Move the mouse or enter the relative coordinates to move the load to a new location.

1
2
3
4. Release left mouse button to set the load in its new location.
1
2
3

. Select the load with the cursor.
. Click the left mouse button.
. Enter the new load values in the dialog.
4. Click on the Modify button to apply the changes and close the window.

Modify value

The load value can also be changed in the Table Browser.

“ Modifying domain mesh leaves the concentrated loads (applied on the domains) unchanged.

4.10.6. Distributed line load on beam/rib

nﬂ]]] Lets you apply Constant or Distributed Loads on Beam 1 m
- linearly distributed forces and QoaiE = i

torque to the selected beam/rib £f2°s:;4Alnng o i

finite elements. You can apply ~ Gicksl Projecive T~ 1A

multiple distributed loads to a " ocal et R

beam/rib in the same load case. ‘ P ‘ /

Line loads can be selected,

. . e . Type
moved, copied, modified inde- _ o o
pendently of the beam or rib. L
MOdify load values like in case Q Startpoint Enclpairit
of nodal loads. = Py [kl 40 = g [eiim] 40 =
You must specify the distri- Py it o = Pz il 49 |
bution, the location and the oz [l §3 | bz i) 2 |
values of the load components i U g =l o ikl =l
in the local or global coordinate ; |

Pick Up »» Ok, | Cancel |

system as follows:
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Loads in local Loads in global
coordinate system coordinate system
Ya Ya ij
2
Py 7] i PXq
—ooooo a0 by >
1 ] PYy X
J
Ya 7Y Ya Py,
]
i
.i I]—P x > X
Z A z* P2 .
Pz J
li > x ) “
] 194
X
X © |

You have to specify the following parameters:

Direction: local or global coordinate system
Distribution: along length, projective
Location definition:
By Ratio (0< xi<x2<1)or
By Length (0< x1 < x2< L) where L is the length of the beam/rib
Starting location: xi1 relative to the i-end
Starting value: pxi, py1, P21, Mror:
End location: x:relative to the i-end
End value: P2 Py2, P22, M10OR2

If the load is projective, the value of the load that is applied to the beam/rib is plsina,
where ¢ is the angle of the load direction and the beam/rib axis.

For rib elements you can apply line loads distributing along the entire length of the rib only.

4.10.7. Edge Load

< Lets you apply distributed Edge Load on Plate 177
(constant) loads to the selected &+ Define € Madify
edges of the selected surface Direction
elements. " Global On Surface
If more than two finite elements O A e
" Local
are connected to the edge or they

have different local coordinate
systems you have to select both the

% Overwrite  Add

edge and the finite element when pefum= Jo  H
you specify the local load. Load will D
w

be defined in the local system of
the selected element.

B, [knlim] = [-100 =

Pick Up >» | OK I Cancel
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Element Load in Local Directions Load in Global Directions
(in Local Coordinate System) (in Global Coordinate System)
A,
5 Px
6’/70@
Membrane o, il
b 2
7
Py
A,
’%%0
o, -+
b 2
Plate P, )
e
8,
e
X}bf )
A i 7 )
Y
e X e
/"s,-@’o Pr Px
2
i “og 2 -2
" 7 )
.
o -
X
Shell o R,
Y
e
8,
R@%m . ad
- bz
P; Pz
%N %\
G CO»&O +
"oy, = %,

AXISVM /()

In the case of shell elements, the load that is applied in global coordinate directions can have a
projective distribution. If the load p is projective, the value of the load that is applied to the
shell is p cos a, where « is the angle of the load direction and the element plane normal.

4.10.8. Domain Line Load

A,

Applies a uniform or linear distributed line load over a domain.

The direction of the load can be global projective, global along element, edge relative or
surface relative. The m, is always the torsional moment (around the application line of the
load). Set load components and placement method then draw the load (or click the lines) to

place it.

A pirection By [KMim] = - Py [KRUM] = Pick Up 33
Py [kin] = - By (kM) =
Pz [khim] = |- - P [kblim] = [-1.00

Edge Relative
Surface Relative

Myory [RMMAM] = i

Morg [kMmin] = s Close
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Line load between
two points

Line load along a
polyline

Distributed line
load on an
existing line or
arc

o

Sk

N
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Line load along a rectangle

Line load along a rotated rectangle

Line load along an arc defined by its centerpoint and two points

Line load along an arc defined by three points

Line load along an arc polygon defined by its centerpoint and two points

Line load along an arc polygon defined by three points

Line load along a complex polygon. Complex polygons can contain arcs.

x bl +

1CECCeA 4|
During definition of a complex polygon a pet palette appears with several geometry func-
tions. These are: drawing a line, drawing a line as a tangent of an arc, drawing an arc with

centerpoint, drawing an with a midpoint, drawing an arc with the tangent of the previous
polygon segment, drawing an arc with a given tangent, picking up an existing line.

Distributed line load on an existing line or arc. Click any line or arc on the domain boundary or
within the domain to apply the load previously defined. This type of load is associative.
Moving the boundary or the internal line moves the load as well. Deleting the line deletes
the load.

Line load by selection. Similar to the previous function but the load will be applied to the
selected lines.
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Modify of the You can modify the location and value (intensity) and any vertex of the load polyline:
load

Modify location Select the load with the cursor.
Keep left mouse button depressed.
Move the mouse or enter the relative coordinates to move the load to a new location.

Release left mouse button to set the load in its new location.

e

Modify shape Move the cursor above the vertex (a load polyline vertex symbol appears beside the
cursor).

Click the left mouse button

Drag the vertex to its new position after pressing the left mouse button.

Click the left mouse button.

Modify value Select the load with the cursor (a load symbol appears beside the cursor).
Click the left mouse button.
Enter new load values in the dialogue window.

4. Click on the Modify button to apply the changes and close the window.

W= WD

The load value can also be changed in the Table Browser.

Delete  Select the loads you want to delete and press Delete.

“ Modifying domain mesh leaves line loads (applied on the domains) unchanged.

4.10.9. Surface Load

@ Distributed Load on Shells
+ Defing = Modify
irection

& Global On Surface
i Global Projective = o
" Local i

oAl Tévx

‘ O Overwtite % Ml |

by kM2 ] = IU v[
By [kMim?] = |n vl
Bz [kMin?] = |-1D,DD vl

Pick Up 3> | Ok I Cancel |

The intensity of a distributed load on a surface element is constant.

Lets you apply distributed loads to the selected surface elements or domains.

“ Modifying domain mesh leaves the loads (applied on the domains) unchanged.
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Element Load in Local Directions Load in Global Directions
(in Local Coordinate System) (in Global Coordinate System)
b 2
\ B - -
%%‘ \A\B\\
"oy, e
Membrane - "
NEEEN
&”Oo
o -
b 2
Plate B B
%@%O 4 7?3
N -
bz
A X
”@f@/% \\Ag\‘\‘
Ok&'f’or -+
zZ
Shell }% = Y|
o
&/’co
"y, =
bz
Z
%fsf ? ?pZT
2ol Lﬁo)éf 2

4.10.10.Domain Area Load

A

7

Loads disappear/
allowed on holes

Applies a mesh-independent area load to a domain.

The domain element type determines the load type and direction as follows.

For a membrane domain the load must be in the plane of the domain. For a plate domain
the load must be perpendicular to the plane of the domain. For a shell domain any load
direction is acceptable.

The load can be a global load on surface, a global projective load or a local load and the
components will be interpreted accordingly.

You can select between constant or linear load intensities and set if loads disapper over
holes or are distributed on the edge of the hole.

The first icon represents the option that loads over holes are not applied to the structure.
The second one represents the option that loads over holes are distributed on the edge of
the hole.



194

[
Constant load

[

Rectangular area
load

v

Skewed rectangle
area load

O

Polygon load

Distributed
domain load

™

Linear load

AXISVM ()

Steps of load definition in case of constant load:

x| -Direction Load Value
1= Pick Up 2>
Global on Surface - Py [KRUM=] - ﬁ
py [krim?]= |0 -
Type ¥

i pz [kilim?] = |0 - % Close
B DD DD

1. Enter load components (py, py, P-)
2. Enter two diagonal end points of the rectangle by clicking or by coordinates.
(This function is available only on the X-Y, Y-Z and X-Z planes)

1. Enter load components (py, py, P-)
2. Enter three corners of the rectangle by clicking or by coordinates.

1. Enter load components (py, py, P-)

2. Enter polygon vertices by clicking or by coordinates. In this latter case press an extra
Enter after specifying the last position. If you enter the polygon by clicking on the
domain close the polygon by clicking on the first vertex again or by double-clicking at the
last vertex. Instead of the left mouse button you can also use Space or Enter key to enter
polygon vertices.

1. Enter load components (py, py, p-)
2. Click on the domain

The load will be distributed over the domain. The shape of this type of load will
automatically follow any change in the domain geometry. Within a load case you can apply
only one load of this type on a domain. New distributed domain load definition always
overwrites the previous one.

Steps of load definition in case of linear load:

X -Direction Comp. Load Value
1= Pick Up >»
Global on Surface - Cx [y LR = hd ﬁ B
R Py [ ] = -
Type

MM | [y +++> = Z Py lkiim?] = |0 - % Cloze
B0

The plane of the load intensity can be specified by load intensity values (p1, p2, p3) at three
points [(1), (2), (3)] in the plane of the domain. These points are the load value reference
points. If you want to use the same reference points and values to many loads of different
shape and position you can lock the reference points and values by clicking the Lock
button. Loads are applied by entering an area.
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Rectangle area
load

G

Skewed rectangle
area load

O

Polygon load

SUE OO

Distributed
domain load

Modify area load

Modify position

Modify shape
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Define load value reference points

Lock/unlock value reference points

1. Enter load values at the reference points (p1, p2, p3)-

2. Enter two diagonal end points of the rectangle by clicking or by coordinates.
(This function is available only on the X-Y, Y-Z and X-Z planes)

3. Enter three reference points by clicking or by coordinates.

1. Enter load values at the reference points (p1, p2 p3)-
2. Enter three corners of the rectangle by clicking or by coordinates.
3. Enter three reference points by clicking or by coordinates.

1. Enter load values at the reference points (pi, p2, p3)-

2. Enter polygon vertices by clicking or by coordinates. In this latter case press an extra
Enter after specifying the last position. If you enter the polygon by clicking on the
domain close the polygon by clicking on the first vertex again or by double-clicking at the
last vertex. Instead of the left mouse button you can also use Space or Enter key to enter
polygon vertices.

3. Enter three reference points by clicking or by coordinates.

Sector or disc shaped load defined by centerpont and two points
Sector or disc shaped load defined by three points

Arc polygon shaped load defined by centerpont and two points
Arc polygon shaped load defined by three points

Complex polygon shaped load

1C8CC&A 4]

During definition of a complex polygon a pet palette appears with several geometry func-
tions. These are: drawing a line, drawing a line as a tangent of an arc, drawing an arc with
centerpoint, drawing an with a midpoint, drawing an arc with the tangent of the previous
polygon segment, drawing an arc with a given tangent, picking up an existing line.

1. Enter load values at the reference points (p1, p2 p3)-
2. Click on the domain.
3. Enter three reference points by clicking or by coordinates.

Within a load case you can apply only one load of this type on a domain.
New distributed domain load definition always overwrites the previous one.

The position, shape and intensity of a mesh-independent area load can be changed.

1. Place the mouse above the load contour (the cursor will identify the load).

2. Press the left mouse button and move the mouse.

3. Find the new load position by moving the mouse or by coordinates.

4. Drop the load by clicking the left mouse button or pressing the Space or Enter key.

1. Place the mouse above a vertex of the load polygon (the cursor will identify the load
polygon vertex as a corner).

2. Press the left mouse button and move the mouse.

3. Find the new vertex position by moving the mouse or by coordinates.

4. Place the vertex by clicking the left mouse button or pressing the Space or Enter key.
The load shape will change.
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AXISVM ()

Modify intensity 1. Place the mouse above the load contour (the cursor will identify the load).

Delete

&

2. Click the left mouse button. The area load windows appears.
3. Change the load intensity values.
4. Click on the Modify button to confirm the changes.

Multiple loads can be selected and modified this way.

Area load intensity and shape can also be changed in the Table Browser by changing the
appropriate values in the load table.

Select the loads to delete and press [Del]

Mesh-independent loads are not affected by removing or re-creating a meshes on domains.

4.10.11. Surface load distributed over line elements

[

Homogenous surface load can be placed over line elements (trusses, beams and ribs).
Loads over trusses will be converted into loads on the truss end nodes.

1. Click the icon and select the load distribution range in the dialog.

Auto distributes the load over the elements under the load.
Any new truss, beam or rib defined under the load will
redistribute the load.

To selected elements only distributes the load over the selected
elements only. Select lines using the selection toolbar.
Distribution remains the same if a new beam or rib is
defined under the load.

2. Define load polygon the same way as for a constant or linearly changing domain area
load.

X Direction Kormg. Load Value Pick Lo 33
Global on Surface ¥ K Py [kNim?] = |-1 = — =
Tifus v Py [khuimt] = |-2 -

| [, +++_ +z By [kMim?] = |- - Close
D@0 B0 D8

Load direction can be global on surface, global projective or local. Local directions are
defined like automatic references for domains See... 4.9.19 References.

Enter load values into the edit fields. (px, py, pz)

The load polygon can be a rectangle, a skewed rec- N )
tangle or any closed polygon. The fourth method on —
the icon tollbar is to click lines of a closed beam/rib
polygon. This way the load becomes associative.
Moving the elements or their end nodes changes the
load polygon accordingly.

Edit / Convert surface loads distributed over beams menu item converts loads created this way to
individal beam loads.
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4.10.12.Fluid Load

jam

Lets you apply pressure loads Fluid Load on Shells

characteristic to fluids to the selected
plate or shell elements. The actual load ’—L

oad Variation Direction

is calculated from values computed at

the corner of the elements.

(g oy (O P
z
& Overwrite & Add ‘ L)P‘Zzi

Fluid loads created with the same

definition will be handled as one load. Z, = [5,00 PZ;) Iklin? ] = [0
So if you specified a fluid load on more Lm=[o  ezpwwd=[eo

than one element and click on the load

contour on any of these elements the
load will be selected on all of them and

Cancel |

you can easily change the load
parameters.

To change a fluid load only on certain
elements use partial selection, i.e. draw
a selection frame around the elements.

QK I
Z1, Pq F s

—\

=

Z [l

T—»X Zy, Py

4.10.13.Dead Load

G

&

Lets you take the dead load of the elements (that have materials assigned) and domains into
account in the analysis. The dead load is computed based on the cross-sectional, the mass
density of the material, the gravitational acceleration g, and the length or area of the
element. The load is applied as a distributed load in the direction of the gravitation vector.

A dashed line is drawn along line elements or surface/domain contours. If load intensity

labels are turned on a light blue G appears.

4.10.14.Fault in Length (Fabrication Error)

fu'|
(===

This load type is used when a structural beam
element is shorter or longer than required due
to a fault in manufacturing.

Lets you apply the load, which is required to
force the shorter/longer beams to fit the distance
of the corresponding nodes, to the selected
elements.

You must specify the value of the manu-
facturing fault, dL [m]. A positive dL means that
the beam is longer by dL.

Fault In Length of Beam 1
{+ Define € Maodify

dl [m]=|D,02 vl —_—
—s

Pick Lp 3> | Ok I

Cancel

The load has the same effect as the dT~ = dL/ (a EL) thermal load.
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4.10.15.Tension/Compression

-—

Lets you define an initial axial internal force in Tension/Compression on Trusses and Beams
truss/beam elements. The load has the same  Define Moty

effectasa dT~ =-P/(a [E[A) thermal load.

P[kN]=|U vl —_——
—

+P +
i {5 )
! ] Pick Up »» | Ok I Cancel

4.10.16.Thermal Load on Line Elements

[l

Truss

Beam/Rib

Lets you apply temperature loads to the Thermal Load Dn Beam 1
selected line elements (truss, beam, & Define Moty
and/or rib). You must specify values for Temperature Variation o T
pecity -3
the following parameters: (f-‘ In plane x-z —‘ q
i In plane x-y =
T
k]
T, [*C] = |-25,00 vl
Ty [C] = |4D.DD vl Traterence [°C1= |20,00 vl

Pick Up 3> | (514 I Cancel |

Tret -reference temperature (corresponding to the initial unstressed state)
T -the temperature assumed for the analysis

dT=T - Tre is the temperature variation that is taken into account in the analysis. A positive
dT means a warm up of the truss.

Tret: - reference temperature (corresponding to the initial unstressed state)
Ty: - the temperature of the top cord (in the corresponding local direction)
T.: - the temperature of the bottom cord (in the corresponding local direction)

dT™ =T - Trsis the uniform temperature variation that is taken into account in the analysis,
where T is the temperature of the cross-section in its center of gravity.

in local y direction: T =T, +(T; —TZ)I}{I—G
y

in local z direction: T =T, +(T, - T, )IZ_I—G

where,
y¢, z¢, and Hy, H: are properties of the cross-section.
A positive dT" indicates a temperature increase of the beam.

dT#=Ti - T2 is the non-uniform temperature variation that is taken into account in the
analysis.
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4.10.17.Thermal Load on Surface Elements
ﬂ@ Lets you apply temperature loads to the selected Thermal Load on Surface Elements E

surface elements. You must specify values for the ¥ Define £ Moy

following parameters: nra= [ 3] ;[ 0
T2

T, [*C] = |-1n,00 vl

izt [ C= |2D,DD vl
Pick Up 3> | Ok I Cancel |

Tt - reference temperature (corresponding to the initial unstressed state)
T1: - the temperature of the top cord (in the positive local z direction)
Tz - the temperature of the bottom cord (in the negative local z direction)

dT™ =T - Tret is the uniform temperature variation that is taken into account in the analysis,
where T is the temperature in the center of gravity of the cross-section.
dT#=T1 - Tz is the non-uniform temperature variation that is taken into account in the

analysis.

z
[]

For membranes only dT is taken into account. For plates only dT# is taken into account.

/I

x

4.10.18.Forced Support Displacement

AE
=

Lets you apply forced displacements to the
selected support elements. You must specify & Define ooy

the values of the forced displacement
components (translational: e [m] ; rotational: ool o | ::T -
lrad]). m—r—a B
AxisVM approximates the problem, by : .
applying a force Py, in the direction of the % lra = [T []

support element so as to produce the forced ral=fo
displacement e. , [rad] = [0 -

Psupport = Ksupport l} Pick Up »> | OK I Cancel

where Ko is the corresponding support
stiffness.

If the stiffness of the support element is large enough, the - /7{:9)
secondary deflections due to other loads will be negligible. e
Therefore, you may apply forced displacements only to the
supports stiff enough relative to the stiffness of the
structure (at least 10° times larger) in the corresponding
direction.

Check this assumption every time, by checking the
displacement results and verifying the displacement at the
respective node.

A positive forced displacement moves the node in the
positive direction of the local axis.

X

(+e)

=4
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4.10.19.Influence Line

i Lets you apply a relative displacement load My Influence Line Load on Beam 2
to obtain the influence line of an internal

‘osition
force component, on the selected truss/beam P — ;
elements. f+ By Ratia " '/,,
. . z e
Y.ou must specify the value of the relative s = . ] A
displacement e as +1 or —1. /
Length = 2,500 m

Relative displacement

» e1=|u » ax=|u
- ey=|D o ay=|1
[ ez=|D [ 6Z=ID

You can define influence line load, only in an influence line type load case.

See... 4.10.1 Load Cases, Load Groups

Truss  You can specify the value of the relative displacement e, as +1 or —1.

Beam You can specify the value of the relative displacement e, / e, /e, / 6,/ 6,/ 8,
as +1 or-1.

4.10.20.Seismic Loads

n0°uud"°u The seismic loads are taken into account according 7/ N /
e to the Response Spectrum Analysis method. L o
This method requires a previously calculated C
number of undamped free vibration frequencies
and the corresponding mode shapes. 8 %

Based on these vibration mode shapes AxisVM generates equivalent static loads
(for each vibration mode shape) which are then applied to the model in a static analysis.
Then internal force results obtained for each mode shape are summed using to the method
described in design code specifications.

Seismic analysis can be performed based on the following design codes:
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Design codes

Seismic load

generation, setting

parameters

&
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*  Eurocode 8 (EN 1998-1:2004)

*  Swiss code (SIA 261:2003)

*  German code (DIN 4149:2005-04)
» Italian code (OPCM 3274)

The program performs only the analysis described below. Any other supplementary
analysis required by the design codes must be completed by the user. AxisVM can calculate
extra torsional moments due to random eccentricities of masses and check the sensitivity of
stories to second order effects.

These are the steps of creating seismic loads and setting response spectrum parameters:

1. Calculate the first n vibration mode shapes and frequencies.
Check the table of seismic equivalence coefficients in X, Y, Z directions in the Table
Browser. Vibration results will appear only if you the Vibration tab is selected.

;hr-‘TahIe Browser H[=]
File Edit Format Report Help
-l Results ﬂ @ s
) Bz 5 1
= Vibration {first-order) e X E Eﬂ @ @
LA Seismic Equivalence Coefficients (L) [ST1]
Wode 1 (1.34 Hz)
Mode 2 (1 63 Hz) f [Hz] | e | Ey | e Active
W) (il ) 1 134 0837 0.003 0
:o:e g E:';g :Z; 2 153 0.010 0591 o
(ale]-) . I
3 20 0.003 0242 il
e () 4 410 0100 0 0 ::
R s 5 4‘98 . 0 0.064 0
Wode B (9.24 Hz) :
Made 8 (9.5 Hz) [ 624 0.005 0.039 0
Mode 10 (1047 Hz) 7 694 0.023 0.007 0
Wode 11 (10,86 Hz) [ 924 0.008 i o]
Wode 12 (1261 Hz) 9 9.58 1 0.029 0
All Mode Shapes (12) 10 1047 0.001 0003 oot | o
11 1056 0 0 0518
ence Coeffic 12 1261 i 0.003 0003 o
- 1212 0.989 0.982 0.522
4 »
Ediiting 1, Freguency
Ok | Cancel |

Each design code requires that the mode shapes must represent a certain ratio of the total mass.
E.g. In Eurocode 8 the requirement is & > 0.9 (the sum of the coefficients must represent at least
90% in each direction) and every mode shape having a coefficient larger that 5% in any
direction must be included.

The individual mode shapes can be turned on or off. Mode shapes turned off are not used
when calculating seismic loads.

After right-clicking any cell of the the Active column  MEGERETEIILEEIENS
the popup menu appears. Choosing Turn on/off ¢ Tumonallmade shapes
mode shapes displays a dialog. . Tumoff allmode shapes

{* Turn off mode shapes under threshold values

5 |0.003 et [0003 %= [0003

[~ Reapply after every vibration analysis

Mode shapes under user-defined threshold values
can be turned off. The program can be set to
reapply this filtering based on &y, €&y and &z auto-
matically after every vibration analysis. o cncel |

2. Create a new seismic load case.

[« Ungouped ~ [LoadCase
i DY hlew Case
] P anent
A0 P W e 8
S ight
] Self Weight wl
contains 60 loads.
Load Group
[Permanent =]
= [£] MOVING LOAD1
& MOV1-00 m
M MOV1-002 o Sroup (Fur o
B 01003 New Group
8 MOV -004
& MOV1.005 BB &8 = £
B MOV1-006
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a.) Without extra torsional effects:
Load cases with endings X, Y and Z. The result of these cases will contain the maximum
displacements and forces summed up from seismic effects in X, Y or Z direction.
Load cases with endings + and —. The results of these cases will contain the positive and
negative maximum displacements and forces summed up from seismic effects in X, Y
and Z direction.

b.) With extra torsional effects:
Load case with endings Xa, Xb, Ya, Yb. The results of these load cases will contain the
maximum forces and displacements calculated from the seismic effect in X or Y direction
and the torsional effect with a + eccentricity (Xa and Ya) or with a — eccentricity (Xb and
YDb).
Load case with ending Z. The results of this load case will contain the maximum forces
and displacements calculated from the seismic effect in Z direction.
Load cases with endings 1+ and 1-. The results of these load cases will contain the
maximum forces and displacements calculated from the sum of Xa, Ya and Z with a + or
—sign.
Load cases with endings 2+ and 2-. The results of these load cases will contain the
maximum forces and displacements calculated from the sum of Xa, Yb and Z with a + or
—sign.
Load cases with endings 3+ and 3-. The results of these load cases will contain the
maximum forces and displacements calculated from the sum of Xb, Ya and Z with a + or
—sign.
Load cases with endings 4+ and 4-. The results of these load cases will contain the
maximum forces and displacements calculated from the sum of Xb, Yb and Z with a + or
— sign.

Select any of these cases.

The effect of seismic forces in Z direction will be taken into account only if a vertical response
spectrum is defined.

3. Setting seismic parameters

Clicking this button you can set the response spectrum and other parameters.

]
Analysis Case
|-_|: == ;] |'»T 1 j
—Parameters (Eurocode
Tl
Spectrum (horizontal) |Spec:lrurn {vertical) I Torsional effect I Combination methods I
Design spectrum
3R [mis?] = |1 oo |<Parametric: shapes j |
Ground type - 4
i |2 j: 5y [mis?]
B s=| 1,250
L&
] Ta [S]=ID,1SD
: oz
g T [sl=|0400 BT
2 Tp lsl= 2,000 0200
C B=102
E sl
i 4,000
O I Cancel |

The parameters required depend on the actual design code (see details below).

Closing this dialog futher load cases will be created:

Load cases with endings 01X, 02X, ....nX, 01Y, 02Y, ...nY, 01Z, 02Z, ....nZ.

These are the seismic forces in X, Y or Z direction coming from individual mode shapes.
Load cases with endings 01tX, 02tX, ....ntX, 01tY, 02tY, ....ntY.

These are the extra torsional forces due to the seismic effects in X or Y direction.
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4.10.20.1. Seismic calculation based on Eurocode 8

Eurocode 8
(EN 1998-1:2004)

&=

Design response spectrum
S4(T) (for linear analysis)

The program uses two different spectra for the horizontal and vertical seismic effects.
You can create a spectrum in two ways
1. Define a custom spectrum.
2. Define a parametrical spectrum based on Eurocode 8
EC8 EN1998-1 (4.2.4.)

Parametrical design response spectrum for horizontal seismic effects:

S; 4
\= Ny

[m/s” ]
0ST<TBI Sd(T):agES[FE.fl(E_E]}

3 Tzl g 3
Tg< T < Tc: Sd(T):agESBZ'—5
q
Te< T<Tp: Sd(T):agDSBZ‘—S{T—C}z,Bmg
qgLT
: _ 5[ Tc [Ty
TDS T: Sd(T)‘“gm%{T}Zﬂmg

where S, T, Tc, Tp, is defined in EC8 EN 1998-1(Table 3.2,3.3.)
The default values of these parameters depend on the soil class and the type of spectrum.

Type 1 spectra

Subsoil | S Tg Tc Tp
class [s] [s] [s]
A 1,0 015 |04 2,0

B 1,2 015 (05 2,0

C 1,15 020 |06 2,0

D 1,35 020 |08 2,0

E 1,40 015 |05 2,0

Type 2 spectra

Subsoil | S Tg Tc Tp
class [s] [s] [s]

10 0,05 | 0,25 1,2

135 |005 | 025 |12

1,50 {010 025 |12

1,80 [0,10 | 0,30 1,2

|| Q|| >

160 | 005 | 025 |12

The above parameters can be changed when defining the parametric spectrum.

a, : design ground acceleration

B: lower limit for the horizontal design spectrum (the recommended value
is 0.2).

q : behaviour factor for horizontal seismic effects. It depends on the type and material of
the structure. This factor connects the linear analysis results and the nonlinear (elastic-
plastic) behaviour of the structure.
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Parametrical design response spectrum for vertical seismic effects:
EC8 EN 1998-1 (3.2.2.5.)

Vertical design parametric spectrum is calculated from the horizontal spectrum, but
ag and q is replaced by ag, and qy,

default values of S, Tg, T¢, Tp are:

Typel
a/a, | S Tp Tc Tp
[s1 |[s] [s]
0,90 1,0 005 1015 |10
Type 2
avg/ ag S TB TC TD
[s1 |[s] [s]
0,45 1,0 005 1015 |10

ag, : vertical design ground acceleration
qv : behaviour factor for vertical seismic effects

Torsional effects (optional) EC8 EN 1998-1 (4.3.3.3.3.)
AxisVM calculates extra torsional forces around a vertical axis due to random eccentricities
of masses for every story and modal shape using the maximum X and Y sizes of stories:

Hy

Hz
Extra torsional moments due to seismic effects in X or Y direction are

M;x; =Fx; [(20.05[Hy;)

Myy; =Fy; [(£0.05[Hy;)
where
Fx; and Fy; are the horizontal forces belonging to a modal shape of the ith story due to
seismic effects in X or Y direction. Torsional moments will be taken into account with both
(+ and -) signs but always with the same sign on all stories.

Seismic forces are

Py =5p(T,) lmy Ligy,
where
k- is the mode shape ordinate reduced according to its seismic coefficient
k: index of degree of freedom
r:  index of modal shape

Analysis
Seismic effects are analysed in global X and Y direction (horizontal)
and optionally in global Z direction (vertical).

Seismic effects in X and Y direction are considered to be coexistent and statistically
independent effects.
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Combination of modal responses in one direction, EC8 EN 1998-1-2 (3.3.3.2.)
Force and displacement maximum values can be calculated according to two different
methods:

SRSS method CQC method
(Square Root of Sum of Squares): (Complete Quadratic Combination):

E= ZEIZ E= ’ZZEZ-HI-]-DS]-
i ]

where E is a displacement or force component value at a certain point.

Combination of spatial components

Resultant maximum displacement and force values can be calculated from the coexisting
effects in X, Y and Z direction according to two different methods:

1. Quadratic mean:
E=\E% +E% +E}

2. Combination with 30%:
Ex"+'0.3Ey"+'0.3E,
E =max| 0.3Ex"+"Ey"+'0.3E;
0.3Ey"+"0.3E,"+"E,
where
Ex, Ey, Ez are the maximum values of independent seismic effects in X, Y, and Z
direction.
Calculating displacements
Displacements coming from nonlinear behaviour are calculated this way:
Es=qq4E
where
gq: behaviour factor for the displacements
E : maximum displacement form the linear analysis

Usually qa=q.
Check of second order seismic sensitivity EC8 EN 1998-1 (4.4.2.2.)

At the end of a seismic analysis AxisVM checks the second order seismic sensitivity of each
story. The sensitivity factor 6 is calculated from the seismic effects in X or Y direction:

P O
g = tot —r —_—
Vit th ,where P,
[

P, is the total gravitational load above and on the story Vi

<>
=

d, is the interstory displacement calculated from the D

differences of average displacements between

stories with a seismic effect in X or Y direction. . L
Vot is the total seismic shear force above and on the

story coming from a seismic effect in X or Y L L

direction.

h s the interstory height

The program finds the section of walls at the story level then determines the shear center
(S) using the calculation method for cross-sections. It converts the loads of the load case
used for vibration analysis to masses, then finds their center of gravity for each story (G,,).
Calculates the total mass of stories (M) and the inertia at the center of gravity about an axis
in Z direction (1,,,). Results can be find in the table of Seismic sensitivity of stories.

This table appears among the results only if the Static tab is selected.
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Seismic
parameters
Eurocode 8

18

Spectral function
editor

Combination
methods

[ Table Browser 19 [=] B
Ele Edit Format Report Help
FRI1X n £ 7
A+ x| = =@ e
:thx Seismic sensitivity of stories, Eurocode
FRI1tY z h P, W, o s G M !
n i i n me
FRIZK Staries X | | S | g ‘ o] ‘ P ‘ ) n] il ‘ ol | )
FR12Y
FRI2Z Story 4 12.000 3000 .00 213430 99.27 5% 1413 7000 5045 217564071 7IAE+06
FRIZUE Y 0m3 100.75 5% 1810 5750 5750 217564 071
FRIZY Story 3% G000 3000 0025 440223 18319 4% 3142 7000 7.000 231185020 B1EXDS
Envelope Min Max v 0.018 178.44 4% 2184 5750 4205 231185020
Critical Min bz Story 2| £.000 3.000 0.037 BET7 B0 24110 4% 3970 7.000 S167 231964072 7 BE+06
=+ Finite elements. hd 0.028 23704 4% 2,878 5750 5750 231964072
# Internal Forces Sy d|% | 000 Soo0 00w owsrz 21273 3% 5485 7000 7000 231185020 GAE-06
+ Stresses Y 0.026 26315 3% 2257 5750 4205 231185020
= Ground floar | % o o — — — — — 7.000 7000 14400001  64E+0S
Unbalanced Loads R — — — — 5780 5750 14400001
= LIBRARIES Total % 2216005 196.29 i
o Material Library v T i
] Cross-Section Library =
O Cancel
X
m Analysis Case
ILinear vl IOnSL’JIy vl
Importance
Reference HParameters (Eurocode)
factor
value of m =1 o= =
round : : : P ;
& A Spectiup (hotizontal) | Spectrum (vertical) | Torsional effect | Combination methoys | Behaviour
acceleration factor for
R Design spectrum o
Soil class displacements

\;round type

Design
response
spectrum

parameters

g [miz?] = |1 oo

|<Parametric shape=

|

|| Spectrum edi-

tor

a=jie 2 5, [m/s2]

5= 1,316
Tg 5] = |0,150 ]
T [5]= |0,4nu
c bl 567
TD [2]= |2,DDD DIZDD

Bolez Tis]

il 4,000
Ok I Cancel |

Seismic parameters, response spectra and combination methods can be set in a dialog.

Setting the Design spectrum type T xmeGeg® = — _—ul—'
combo from Parametric to Custom RN &
and clicking on the Spectral =y e || [ ]
Function Editor icon a dialog = e o
appears. Spectrum can  be R
created/modified as a function i
consisting of linear segments. [ = o |77
Segment points listed on the left E
hand side can be edited. T 2?23 31333
s 2 i

On the third tab page you can choose the combination methods.

Spectrum (horizontal) I Spectrum (vertical) I Torsional effect  ombination methods I ‘

Combination of modal

action

Ey +0.35, +0.3E;

[l =max|0.3Ey + E,

na

+0.3E,
U.3E, +0.3E,

responses e

ol =\'\7 £ (SRS5)

O E= [T EnE (00 - [0.05
Comhbination of the
componerts of seismic @ E=+Fi +Ef +E2
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Combination of modal responses

It is possible to let the program choose the combination method of modal responses
by turning on the Automatic radio button. If Tj/ T; < 0.9 is true for all vibration mode shapes
(i.e. the modal responses can be considered to be independent) then the program choose
SRSS method. In other cases the CQC method will be chosen.

Combinations of the components of seismic action
The quadratic formula or the 30%-method can be chosen.

4.10.20.2. Seismic calculation based on Swiss Code

Swiss code
(SIA 261:2003)

&=

Design response spectrum
S4(T) for linear analysis

AxisVM uses two spectra for the analysis: one for horizontal seismic effects and one for
vertical ones.

A design response spectrum can be defined as a user-defined diagram or in a parametric
form based on SIA 261:2003 (16.2.4.)

Parametric design response spectrum for horizontal seismic effects:

Sy 4

[m/s ]

> Ts]
0<T < Tg: Sa(T) =yy lagy (5 %0‘67 +(§ —ow}%}
q B
T‘BS T<Tc: Sd(T):ZSD/f mgdli
q
T,
Tc< T<Tp: S4(T) =250 @, B =5
c D a(T) Uy Lagy EETDJ
Tp< T: S(T) =250, @, BHCID |5 010y, @
ps T: a(T) =250y [d gy TZQ_.D/f <d

where

agq: horizontal design ground acceleration

v¢ :importance factor of the building

q : behaviour factor for horizontal seismic effects which depends on the type and material
of the structure. q is the link between the linear calculation and the nonlinear (elastic-
plastic) behaviour of the structure.

S, Tg, T, Tp : the default values of these parameters depend on the soil class based on SIA

261:2003 (Table 25)

Design response spectrum

Subsoil | S Tg Tc Tp
class [s] [s] [s]

A 1,0 015 |04 2,0

B 1,2 015 |05 2,0

C 1,15 1020 |06 2,0

D 1,35 020 |08 2,0

E 1,40 015 |05 2,0

The design spectrum is not normalized with g.
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Parametric design response spectrum for vertical seismic effects:
SIA 261:2003 (16.2.4.)

The vertical parametric design response spectrum is based on the horizontal one. agq and q
must be replaced by ag4, and qy,
where

agqy : vertical design ground acceleration, (agay = 0,7ag4)

qv :behaviour factor for vertical seismic effects

Torsional effects (optional) SIA 261:2003 (16.5.3.4.)
AxisVM calculates extra torsional forces around a vertical axis due to random eccentricities
of masses for every story and modal shape using the maximum X and Y sizes of stories:

Hy

Hz
Extra torsional moments due to seismic effects in X or Y direction are
Mx; = Fx; [{+0.05Hy;)
Myy; =Fy; [+0.05[H ;)
where
Fx; and Fy; are the horizontal forces belonging to a modal shape of the ith story due to

seismic effects in X or Y direction. Torsional moments will be taken into account with both
(+ and -) signs but always with the same sign on all stories.

Seismic forces are
Py = Sp(T,) Umy gy,
where
k- is the mode shape ordinate reduced according to its seismic coefficient

k: index of degree of freedom
r:  index of modal shape

Analysis
Seismic effects are analysed in global X and Y direction (horizontal)
and optionally in global Z direction (vertical).

Seismic effects in X and Y direction are considered to be coexistent and statistically
independent effects.

Combination of modal responses in one direction
Force and displacement maximum values can be calculated according to two different
methods:

SRSS method CQC method
(Square Root of Sum of Squares): (Complete Quadratic Combination):

E= ZEzZ E:\/ZZEiﬁszEj
i r ]

where E is a displacement or force component value at a certain point.
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Combination of spatial components
Resultant maximum displacement and force values can be calculated from the coexisting
effects in X, Y and Z direction according to two different methods:

1. Quadratic mean:

E=\E% +E% +E}

2. Combination with 30%:
Ex'"+'0.3Ey"+'0.3E,
E = max| 0.3Ex"+"Ey"+'0.3E,
0.3Ex"+'0.3Ey"+"E,

where
Ex, Ey, Ez are the maximum values of independent seismic effects in X, Y, and Z
direction.

Calculating displacements
Displacements coming from nonlinear behaviour are calculated this way:
E;=q,4(E
where
gq: behaviour factor for the displacements
E : maximum displacement form the linear analysis

Usually q,=4.

Check of second order seismic sensitivity EC8 EN 1998-1 (4.4.2.2.)

At the end of a seismic analysis AxisVM checks the second order seismic sensitivity of each
story. The sensitivity factor 6 is calculated from the seismic effects in X or Y direction:
b tot mr

g=-—r
Vit th , where

v

P, is the total gravitational load above and on P
the story OO A A

d, is the interstory displacement calculated from Ihi
the differences of average displacements .
between stories with a seismic effect in X or Y
direction.

Vit is the total seismic shear force above and on
the story coming from a seismic effect in X or
Y direction.

h is the interstory height
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Seismic parameters, response spectra and combination methods can be set in a dialog.

Setting the Design spectrum type
combo from Parametric to Custom and
clicking on the Spectral Function
Editor icon a dialog appears. Spectrum
can be created/modified as a function
consisting of linear segments. Segment
points listed on the left hand side can

be edited.

Spectrum (horizontal)l Spectrum (vertic:al)l Torsional etfect  Combinstion methocls | J

[ Soektrum-szerkeszti

+ X B E|SBEDS

g (=)
oK Mégsem

CHIE
03000
03750
03750
o
oo

0,3750

0,500
10,5000
2,300
4,000

=d

0,1600

00620

Tls]

Combination of modal

responses (: s
O =\',VJ_2 (SR55)
e ,-'=\'\‘,_;I ErE; [CQC &= ID.US
Cambination of the:
COMponents of seismic @ . =yEE+EF+E2
action '
Ey +0.3Ey +03E;
O Eyu = max|03Ey + Ey +0.3E;
0L3Ey +03E, +E;

Combination of modal responses
It is possible to let the program choose the combination method of modal responses by
turning on the Automatic radio button. If T;/ T; < 0.9 is true for all vibration mode shapes
(i.e. the modal responses can be considered to be independent) then the program choose
SRSS method. In other cases the CQC method will be chosen.

Combinations of the components of seismic action
The quadratic formula or the 30%-method can be chosen.
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4.10.20.3. Seismic calculation based on German Code

DIN 4149: Design response spectrum
2005-04 S4(T) (for linear analysis)

The program uses two different spectra for the horizontal and vertical seismic effects.
You can create a spectrum in two ways

1. Define a custom spectrum.

2. Define a parametrical spectrum based on DIN 4149:2005-04 (5.4.3)

Parametrical design response spectrum for horizontal seismic effects:
S, 4

[m/s ]

» T[s]
0< T<Tp: Sd(T>:ag|:yIL—S l+l @—1
T\ q
Tg< T < Tc: Sd(T)zﬂgD/IESBB—O
q
Te< T<Tp: S4(T) = ag D/IEEE@TTC
q

Tp< T: sd(T)zagD/IESGB—OBTCT[—Z%
q

where S, T, Tc, Tp, is defined in DIN 4149:2005-04 (Table 4)
The default values of these parameters depend on the soil class.

Response spectrum
S Tg Tc¢ Tp

Soil Class [s] [s] [s]
AR 1,0 005 02 20
B-R 125 005 025 20
C-R 15 005 03 20
B-T 1,0 01 03 20
C-T 125 01 04 20
C-S 075 01 05 20

& The above parameters can be changed when defining the parametric spectrum.

a; : Ground acceleration

v1 : Importance factor for buildings DIN 4149:2005-04 (Table 3)

Bo :Spectral acceleration factor (Refrence value o = 2,5)

q : Behaviour factor for horizontal seismic effects. It depends on the type and material of
the structure. This factor connects the linear analysis results and the nonlinear (elastic-
plastic) behaviour of the structure.

Parametrical design response spectrum for vertical seismic effects:

DIN 4149:2005-04 (Table 5)

Vertical design parametric spectrum is calculated from the horizontal spectrum, but
ag and q is replaced by ag, and q,

default values of S, Tg, T¢, Tp are:
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Response spectrum
. S Ty Tc Tp
Soil Class [s] [s] [s]
A-R 1,0 | 0,05 02 2,0
B-R 1,25 | 0,05 02 2,0
C-R 1,5 | 0,05 02 2,0
B-T 1,0 0,1 0,2 2,0
C-T 1,25 0,1 02 2,0
C-S 0,75 0,1 02 2,0

ayy : vertical design ground acceleration (ag, = 0,7ag)
qv : behaviour factor for vertical seismic effects

Torsional effects (optional) DIN 4149:2005-04 (6.2.2.4.3)

AxisVM calculates extra torsional forces around a vertical axis due to random eccentricities
of masses for every story and modal shape using the maximum X and Y sizes of stories:

Hy

Hx

Extra torsional moments due to seismic effects in X or Y direction are

M,; = Fy; [(20.05[Hy,;)

M,y; = Fy; [(20.05[Hy;)

where

FXi and FYi are the horizontal forces belonging to a modal shape of the ith story due to

seismic effects in X or Y direction. Torsional moments will be taken into account with both
(+ and -) signs but always with the same sign on all stories.

Seismic forces are

Py =Sp(T,) lmy g,y
where
nkr is the mode shape ordinate reduced according to its seismic coefficient
k: index of degree of freedom
r:  index of modal shape

Analysis
Seismic effects are analysed in global X and Y direction (horizontal)
and optionally in global Z direction (vertical).

Seismic effects in X and Y direction are considered to be coexistent and statistically
independent effects.

Combination of modal responses in one direction
Force and displacement maximum values can be calculated according to two different

methods:
SRSS method CQC method
(Square Root of Sum of Squares): (Complete Quadratic Combination):

E= ZEZZ E:\/ZZEiﬁszEj
i r ]

where E is a displacement or force component value at a certain point.
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Combination of spatial components
Resultant maximum displacement and force values can be calculated from the coexisting
effects in X, Y and Z direction according to two different methods:

1. Quadratic mean:

E:WIE;?‘( +E§ +E%

2. Combination with 30%:
Ex"+'0.3Ey"+'0.3E,

E = max| 0.3Ex"+"Ey"+'0.3E,
0.3Ex"+'0.3Ey"+"E,

where
EX, EY, EZ are the maximum values of independent seismic effects in
X, Y, and Z direction.

Calculating displacements

Displacements coming from nonlinear behaviour are calculated this way:
ES =44 (E

where

qd: behaviour factor for the displacements

E : maximum displacement form the linear analysis

e Usually qd=q.
Check of second order seismic sensitivity DIN 4149:2005-04 (7.2.2.(2))
At the end of a seismic analﬁ/sis AxisVM checks the second order seismic sensitivity of each
story. The sensitivity factor L is calculated from the seismic effects in X or Y direction:
6= Dyt L, R
Viot L , where
p;
Pyt is the total gravitational load above R
and on the story Vi ’
d, is the interstory displacement h;
calculated from the differences of average AR RRRATR R T
displacements between stories with a
seismic effect in X or Y direction.
Vior is the total seismic shear force above - T
and on the story coming from a seismic
effect in X or Y direction.
h is the interstory height i e
Seismic parameters, response spectra and combination methods can be set in a dialog.
Seismic =
Analysis Case
parameters . = = [ow Bl Importance
Reference
DIN 4149: (DN (German factor
value of ‘ W [T w3
2005—04 ground Nrum (harizortal) |Spemrum [vemca\]l Tarzional effem' Comkingtion m%' B h s
acceleration ehaviour
E[b: Design spectrum factor for
agg, Imis] = lmT -Parametric shape= - LT [ displacements
St a-fp 3 S, [mis?]
s=1 1,250
o Tg [s1=[0.0s0 - i
Design el To = [o200 Spectrum edi-
Tp 1= [2000 ot tor
response e Be lT )
spectrum . g
parameters i
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Spectral function Setting the Design spectrum type X ® e G i

Combination
methods

editor

AXISVM /()

combo from Parametric to Custom w ] s [ Sd
and clicking on the Spectral e [ ]
Function Editor icon a dialog
appears. Spectrum can be created /
modified as a function consisting of

linear segments. Segment points

listed on the left hand side can be

edited.

0150
0,400
0533
087
0800
0933
1,087
1,200
1333
1,487
1,600
1733
1,867
200
200
2083
2167
2280
2333
2417
2500
2583
267
2750
2833

02187
01944
01750
01501
01458
01346
01250
01167
01167
01120
01077
01037
0,1000
0,0086
00833 o
00903
00875
00848

el i

01558
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FFEEEE

On the third tab page you can choose the combination methods.

Spectrum (horizontal) I Spectrum (vertical) I Torsional effect  ombination methods I ‘

Combination of modal
FESpOnNzes @ Auto
O = (v (5RSS)
i
s r=\}__ Eyn (COC) P,'=|U,DS
Comhbination of the
components of seismic " Epax = 4 E3 E2 +E2
action '
Ey +0.3F, +0.3F
& Eppay =max| 035, +E,
0.3Ey +03E, +E,

Combination of modal responses

It is possible to let the program choose the combination method of modal responses by
turning on the Automatic radio button. If Tj / Ti < 0.9 is true for all vibration mode shapes
(i.e. the modal responses can be considered to be independent) then the program choose
SRSS method. In other cases the CQC method will be chosen.

Combinations of the components of seismic action
The quadratic formula or the 30%-method can be chosen.

4.10.20.4. Seismic calculation based on Italian Code

ltalian code

Design response spectrum

S4(T) for linear analysis

AxisVM uses two spectra for the analysis: one for horizontal seismic effects and one for
vertical ones.

A design response spectrum can be defined as a user-defined diagram or in a parametric
form based on the Italian code.

Parametric design response spectrum for horizontal seismic effects:

S; 4

[m/s” ]

> T|s]
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0<T<TB:  $4(T)=a, ESE{l+TL(2’5 —1]}
B

Ty T<Te: Sy =a, 5EF2
q

Tc< T<Tp: SyT)=a, Esgz'—S{TTC} >0.20 (@,
q

51 T T;
Tp< T: Sd(T):agESBZq—[%}ZO.ZODkg,
Where
the default values of S, Tg, T¢, Tp depend on the subsoil class.
Subsoil S TB TC TD
class [s] [s] [s]
A 1,0 0,15 0,40 2,0
B,C,E | 125 0,15 0,50 2,0
D 1,35 0,20 0,80 2,0

ag: design ground acceleration

q : behaviour factor for horizontal seismic effects. It depends on the type and material of the
structure. This factor connects the linear analysis results and the nonlinear (elastic-
plastic) behaviour of the structure.

Parametrical design response spectrum for vertical seismic effects:

0<T<Ts: S,.(T)=0.9& 3 1+1[ﬂ—1]
TB T
Tp< T < Tc: 5,4(T) =09 52
To
Te< T<Tp: svd(T):o.gmg;g}_O[T_C}
Gy LT
Tp< T: Svd(T)=0‘9I]7ESB?£{TC EZTD}
GoL T
e = 0,9-a,

If no detailed results are available 4,=1,5 for all type of structure and all materials.

Seismic forces are
Dy =Sp(T,) lmy [y,

where
1, is the mode shape ordinate reduced according to its seismic coefficient

Analysis
Seismic effects are analysed in global X and Y direction (horizontal)
and optionally in global Z direction (vertical).

Seismic effects in X and Y direction are considered to be coexistent and statistically
independent effects.
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Combination of modal responses in one direction

Force and displacement maximum values can be calculated according to two different
methods:

SRSS method CQC method
(Square Root of Sum of Squares): (Complete Quadratic Combination):

E=\/ﬁ E=\/ZZEiE

where E is a displacement or force component value at a certain point.

Combination of spatial components
Resultant maximum displacement and force values can be calculated from the coexisting
effects in X, Y and Z direction according to two different methods:

1. Quadratic mean:

E=yE% +E% +E2

2. Combination with 30%:
Ex"+'0.3Ey"+'0.3E,
E =max| 0.3Ey "+ Ey"+'0.3E,
0.3Ex"+'0.3Ey"+"E,

where

Ex, Ey, E; are the maximum values of independent seismic effects in
X, Y, and Z direction.

Displacements coming from nonlinear behaviour are calculated this way:
E, =q4LE, where
gq4: behaviour factor for the displacements
E : maximum displacement form the linear analysis

x|

u Analysis Case

Jurmear 2 N

Design ground arameters (Halin
i - 2
acceleration i :
Spavicy (herizantl) | Spectrum (vertil) | Torsiona effect | Gambination methads |

Design spectrum

ayg [mis?]= 1,500 =Parametric shape= -l &3

Ground type 5, ]
Soil class ; |T I
§ ‘ Spectrum edi-

B
=
o T [5]= [0,400

E tor

TopographisGategary

104

i\

Design Tls]
response _/ 0 4,000
spectrum

parameters Cancel

Seismic parameters, response spectra and combination methods can be set in a dialog.
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Spectral function
editor

Combination
methods

Setting the Design spectrum
type combo from Parametric to
Custom and clicking on the
Spectral Function Editor icon a
dialog appears. Spectrum can be
created/modified as a function
consisting of linear segments.
Segment points listed on the left
hand side can be edited.

A
+ X b &G ®EIE
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Spectrum (horizontal) | Spectrum (vertical) | Torsional effect  Combinstion mthDdSI ‘

Combination of madal
responses @ Auto
O =Y F (SRSS)
V&
[» r=\:‘ Eirif CQC) @':ID,DS
Combination of the
components of seismic Il Epnax = 4 E3
action '
Ey +0.3Ey +0.3E;
O E,,. =max|03Ey +Ey +03E;
0.3E, +03E, +F;

Combination of modal responses

It is possible to let the program choose the combination method of modal responses by
turning on the Automatic radio button. If T;/ T; < 0.9 is true for all vibration mode shapes
(i.e. the modal responses can be considered to be independent) then the program choose

SRSS method. In other cases the CQC method will be chosen.

Combinations of the components of seismic action

The quadratic formula or the 30%-method can be chosen.
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4.10.21.Pushover loads

Pushover load
generation steps

Pushover loads are generated according to the regulations of Eurocode 8 (EN 1998-1:2004)
by default. The load generation uses undamped free vibration frequencies and correspond-
ing mode shapes of the model, therefore loads can only be generated if a vibration analysis
has already been performed.

The following description shows how to create pushover load cases and set their properties
before performing a nonlinear static analysis.

1. Calculate vibration mode shapes and frequencies.

When running the vibration analysis be sure to use the convert loads to masses option with
the appropriate load case if there are loads defined that need to be considered static. Check
the table of seismic equivalence coefficients in the Table Browser. Vibration results will
appear only if the Vibration tab is selected.

h-\ Table Browser
File Edit Format Report Help
-I Results ﬂ Q . 2
4 B 3 ¥ A 1
= Wibration {first-order) w%e X E Ea &
Sl Seismic Equivalence Coefficients (I.) [ST1]
Mode 1 (1.534 Hz)
Mode 2 (1.63 Hz) f[Hz] | By | Sy | = Active
B s 1 134 0837 0.003 0
xD;’e; E:';g :Z; 2 153 0010 0581 o
ocle 98 Hz
3 2.0 0.003 0.242 u]

e i) 4 410 0100 i i ::
Mode 7 (5.94 Hz) z 4.98 . = DR a "
Made & (9.24 Hz) : :
Mode 9 (9.55 Hz) B 624 0.005 0.039 u] o
Made 10 (1047 Hz) 7 £.94 0.023 0.007 o
Mok 11 (1085 Hz) & 9.24 0.008 o o v
Mode 12 (1261 Hz) 9 9.58 1] 0.029 0 v
Al Mode Shapes (12) 10 1047 0001 0.003 0.001 o
Freguencies (12) 11 1086 u] 1] 0518 N
g ic Equivalence Coeffic 12 1261 a 0.003 0.003 N

= LIBRARIES i 1212 0.989 0.982 0.522

1 | 3

Editing 1, Frequency
O | Cancel |

Although there is no requirement in Eurocode 8 for the minimum value of seismic
equivalence coefficient, it is strongly advised to perform standard pushover analysis only on
structures having clearly dominant mode shapes in each horizontal direction.
The coefficients for each mode shape are listed in the Seismic Equivalence Coefficients table
(see Figure above). Unlike Seismic loads, standard pushover load generation uses a single
vibration mode shape for each load case, therefore the sum of seismic equivalence
coefficients is not important. Thus there is no need to calculate a large number of modes if
the dominant ones are among the first few.
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2. Create a new pushover load case.

Pushover load cases can be created, renamed and deleted in the Load Cases Load Groups
dialog window. The initial configuration of four load cases is created by clicking on the

Pushover Load button.

¢ Lngrouped

L Cnsuly

H Haszznosz

H teszt
Puszhover X LI
PLz bl
Pushaover ¥ U
Pushover ¥ M

K Delete. |

—Load Case

Mewy Caze

‘m o 3 oxe A e
Pushover X M Dupficate |

containg 144 loads.

Load Group.

II_Ingrnuped j

Lo Gf oup (Eurocodey
ey Group

\mm&a@_

ok | cancel

3. Setting pushover load parameters.

After creating the load cases the parameters for the loads can be set up by clicking on the

Pushover Analysis button in the toolbar of the Loads tab.

¥ X direction

v ¥ direction

Analysis |2nd order vl
Load case |1 Tk vl
[V Unitorm load distribution
¥ Modal load distribution
Mace [v Dominant

|M2 0,950) v[

Analysis [andorder ]
Load caze || Tk -l

[ Uritorm lasd disteibution
¥ Modal load distribution
Mode [v Dominant

IM1 {0,380 v[

~Stories

S‘tm‘ie_s..

ZIm Iz = | i

Cancel

219



220

AXISVM ()

The parameters for load generation can be set up at the top, while the story levels used for
interstory drift calculation are specified at the bottom part of the window. (Previously
defined story data is also available here)

Load generation for a specific direction can be disabled using the topmost checkboxes. This
is useful in case the model is two dimensional. For each direction the vibration analysis type
and the assigned load case needs to be selected first. The checkboxes below turn the uni-
form and modal load generation on or off respectively. The uniform load distribution
option generates nodal forces proportional to the masses assigned to each node in the
model. The modal load distribution uses the mode shape weighed by the masses at each
node to generate the nodal force distribution. In both cases the sum of forces generated is
1kN in the same horizontal direction.

If modal loads are to be generated it is possible to override the dominant mode shape used
for load generation. It is important to emphasize that this option is only for advanced users
and Eurocode 8 requires the use of dominant mode shape for analysis. The number in
brackets by each mode number shows the corresponding seismic equivalence coefficient.
Pushover loads are generated only after closing the dialog window. Unnecessary load cases
are also removed at this time.

4. Run a Nonlinear Static Analysis

After defining loads for pushover load cases the pushover analysis shall be run using the
Nonlinear Static Analysis button under the Static tab of the main window. Setting the
solution control to Pushover lets the user define a parametric and a constant load case.
The parametric load case is typically a pushover load case, however AxisVM does allow
users to define other load cases as parametric too. The constant load case represents
gravitational loads in most cases. The other settings of this dialog window are explained in
Static Analysis chapter.

The control node shall be one of the nodes at the top of the structure. It is important to set
the direction of the analysis according to the direction of the parametric load case.
The stability of the analysis can be increased significantly by increasing the number of
increments. Following geometric nonlinearity is recommended for pushover analyses.
The analysis is started by clicking the OK button.

Generation of capacity curves and related results are explained in 6.1.4 Pushover capacity
curves chapter.
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4.10.22.Tensioning

wF

Tendons

Tendons can be assigned to a continuous selection of beam or rib elements. After defining
tendon properties and the tensioning process AxisVM determines the immediate losses of
prestress and the equivalent loads for the end of tensioning (load case name-T0). After com-
pleting a static analysis it determines the time dependent losses of prestress and the long
term equivalent loads from the result of quasi-permanent combinations (load case name-TI).
Tendon trajectory tables can be generated with user-defined steps.

The first tab is to define tendon parameters and geometry.

Tensioning between Node 1 and 4 [=]x]
File Edt Window

EY=] Mo | o |
Tondons: | rensiaing pacess | Conerete | Resuts | Traetonytatie |
Tendons Base points - T1
+ x v G = &
gent
E, linvem?] = 13500 j il I ml 1 r
A, fen?]=[3000 bl 2250 0100[ 0] 387,26
X [sims B 25000 2250 0500 |
foy ebiem?] = [i26,00 - - S
= DLl o 1= 16 5 o000 2250 0100 ¥ o ars|
71717 = [ozm
51718 -
171 -
R K[t = oS
111711 Fonin (1= [2
1217102
31113 Injected
i =l ik
e
5
¥

| [ dkiml 2,228
z d d2[m]: 5,951
difm] 12,852

I—Mm]‘ 12,892 |
dd ] s3,8s
X g

qau+cand ] _>l_I

H
[t

[
Icons on the vertical toolbar beside the tendon list are

Add new tendon. Geometry for the new tendon can be defined using the toolbar beside the
diagram.

Geometrical tansformations of tendons

Geometrical transformations on tendons x|

[El-:2 Alltendons - ‘ Tranzlate | Mirror about the -z plane | Mirrar about the y-z plane | | Move | Copy |

o [m] = |0
Ay [m] = I
I—

Az m] =

Clozs I Cancel |

Tendons selected in the tree can be translated or mirrored. Tendons can be copied or just

moved. Copied tendons inherit the original parameters and the tensioning process assigned
to them.
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Delete tendon. Deletes the selected tendon.

Parameters of the selected tendon appear beside the tendon list. Parameter values can be
edited.

E, modulus of elasticity of tendon steel

Ay cross-section area of the tendon

fok characteristic tensile strength of tendon steel

7, coefficient of friction between the tendon and its sleeve

k unintentional angular displacement for internal tendons per unit length. Shows the

precision of workmanship.
Ususally 0,005 < k < 0,01.

Rin Minimum radius of curvature. Where the radius of curvature is smaller than this
limit tendons are displayed in red.

To draw tendon geometry click the icons on the vertical toolbar beside the drawing and en-
ter base points. AxisVM determines the trajectory passing through these base points as a
cubic spline to minimize curvature. For each basepoint the angles of tangent can be speci-
fied by setting the a (top view) and £ (side view) values in the table. Enter values between -
180° and 180°. Initial values are 0°. Existing base points can be dragged to a new position us-
ing the mouse.

Draw tendon in 2D. Base points can be created by clicking the diagram or using the coordi-
nate window. Double-click or Mouse Right Button/Complete to make the base point the last
one. The tendon position within the cross-section has to be specified only at the first base
point. Further base points will be in the local x-z plane containing the first base point.
Steps of drawing a tendon in 2D:
1. Select the postion of the cross-section where you want to define the tendom base-

point.

Settle the tendon onto the proper position in the cross-section view.

You can position the tendon onto the top or at the bottom of the cross-section con-

sidering the concrete cover.

_*  Position the tendon onto an optional point

Z Position the tendon onto the neutral axis

" Position the tendon onto the top of the cross-section
T Position the tendon onto the bottom of the cross-section

2. Following the first location you can position the other points of the tendon onto
the longitudinal section.

Draw tendon in 3D. The tendon position within the cross-section has to be specified at every
basepoint. You can close a tendon geometry with using Mouse Right Button/Complete.
Steps of drawing a tendon in 3D:

1. Select the postion of the cross-section where you want to define the tendom base-
point.
2. Settle the tendon onto the proper position in the cross-section view.

Following the first location repeat the step 1. and step 2. to define all basepoint.

Add new base point. Click the cable to add a new base point. In case of several tendons this
function only works with the active tendon.

Delete base point. Clicking an existing base point deletes it. After deleting the second base
point the tendon geometry is deleted. In case of several tendons this function only works
with the active tendon.
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Base point properties can be edited in the table. Use the toolbar beside the table to add base
points or remove the selected lines.

Base points - T1

+ * v * Tangent O_t' Es
— [m] [m] [m] [l [l
L 1 -2,250 0,100 ' o 357,25

2 25,000 -2,250 -0,500
5 | sooo0f 2280 0100 W 0 2,75

Options. Grid and cursor settings of the longitudinal and the cross-section diagram can be
set. See... 2.15.15.1 Grid and Cursor

The second tab is to define the tensioning process for tendons by determining the order of
certain operations.

Tendons Tensioning process - T1

Operation Aot o

= [=imE

Tensioning from both side 0,750 [*,]
sl T e L

Anchor on both si 10,000 mm

3| Tensioning from both side 0,750 [* 1oy ] frrrne o] ]

Possible operations and parameters:

Tensioning from left/ right /both side Force as a fraction of the characteristic value of

Release from left / right / both side tendon steel tensile strength (f,¢ ).
Anchor on left / right / both side Wedge draw-in of the anchorage device

Deletes the last operation from the list.

The third tab is to check the material properties of the concrete. e,(c) | Concrete Properties
is the long term value of the concrete shrinkage strain. Its value can
be entered here.

foe (@31 = [0

If valid parameters, geometry and tensioning process is assigned to every tendon, result
diagrams are displayed on the fourth tab. If one tendon is selected in the tree two diagrams
are shown. The first one is the actual tension along the tendon (f, /f,x), and the equivalent
load for the tendon (F). If more than one tendon is selected the diagram shows the resultant
equivalent load for the selected tendons only.
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Immediate losses of tension
1. Tension loss due to friction between tendons and their sleeves at position x measured
from the anchorage point along the tendon is calculated as

Ou (X) =0 max (1= e—p(6+kx) )

where
Oiax is the maximum tension in the tendon
e is the sum of the absolute angular displacements over a distance x

2. Losses due to the instantaneous deformation of concrete are calculated as

_ jAo,
AP, = APEPZ|: Ecmc:| ’

where

Ao, is the variation of stress at the centre of gravity of the cross-section
j = (n-1) / 2n, where n is the number of stressing steps

E. is the secant modulus of elasticity of concrete

3. Losses at anchorage are due to wedge draw-in of the anchorage devices.

Long term loss of tension
Long term loss of force due to shrinkage and creep of the concrete and the relaxation of the
tendon is calculated as

E
&E +O,8Aap,+E—p¢ O.,op

cS p
A‘Pﬁ-s+r = Ap A0’c+s+r = Ap Ep Ap A zcm ’
1+ 2P 22 )[1+40,8¢ ]

Ecm AC IC
where
ACysir is the tension loss due to the effects above
E.. is the secant modulus of elasticity of concrete
Ag, is the long term absolute tension loss due to the relaxation of tendons

in case of 2nd relaxation class :

Aapr = Omax [0,66,01000 69/1# 5000/75(1_'“) DO_S 7

in case of 3rd relaxation class :
NG, =0, (1980, BOF'XH 107°

where pjp00 = 2,5% is the relaxation loss at a mean temperature of 20°C at 1000
hours after tensioning
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Trajectory table

Main toolbar

Copy diagram
Ctrl+C

&
Print
Ctrl+P

I, 0op

final value of creep coefficient

225

is the stress in the concrete adjacent to the tendons, due to self-weight and ini-

tial prestress and other quasi-permanent actions where relevant.
is the total cross-section area of tendons
is the cross-section area of the concrete

is the second moment area of the concrete section
is the distance between the centre of gravity of the concrete section and the
tendons

The last tab is to build a trajectory table for the selected tendons with the desired increment
and optional shift of origin. The trajectory table consists of the local y and z coordinates of

the selected tendons at the calculated x positions.

The defined basepoints are always displayed in the Trajectory Table.

. Tensioning between Node 1 and 4

File Edit Window

g

Tendons | Tensioning process

Trajectory table

Cancrete

Resuts  Trajectory table |

Properties

Close Cancel |

= All tendons

-2 TN

Coordinates

B (Ohs!
50,019
E, [kiiom?] 19500

& [om?] 30,00

oy (KR0Em? ] [186,00

u 0,200
K 0,005
Ry |-
Injected YES

Increment m] = [1,000 am | 7| T =l
¥l [m]
11000 2250 0312
ety 12000 2280 0,338
13000 2280 0382 m
¥ [m] = 14000 2,250 0,384
l— 15000 2280 0404
Sl 16000 2250 0422
dzm=[o 17000 2280 0438
18000 2250 0453
19000  -2280] 0485
20000 2280 0476
21000 2250 0485
22000 2280 0491
23000 2250 049
24000 2280 0433 |

The main toolbar has two buttons.

Copies the drawing on the active tab to the Clipboard as a Windows metafile. This way the
diagram can be pasted to other applications (e.g. Word).

Prints a report of the tensioning using diagrams and tables. Tendons and report items can
be selected. You can choose the position of the drawing (landscape or portrait) and set the
scale of it (Print options for drawings).
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¥l Tendons - [11T1
£l Total equivalent load - 1 tendons
EH Base points - [1]1T1
] Tendon parameters - 1 tendons
u
u
u
£l Tendons - [1]T1
Pl Total equivalent load - 1 tendons
9 Base points - [1]T1
EH Tendon parameters - 1 tendons
Menu You can reach the following functions via the menu:
File  File
Brink...  CtrH+P
Print See Main toolbar / Print
Edit
Y Copy diagram Zhrl+C
Geometrical transformations on kendons
Join connecting tendons
Undo/Redo  Undoes the effect of the previous command./ Executes the command which was undone.
Copy diagram  See... Main toolbar / Copy diagram
Geometrical ~ See... Tendons / Geometrical transformations of tendons
transformations of
tendons

Join connecting
tendons

If more than one beam or rib element has been selected and these elements contain con-
necting tendons this function joins the connecting tendons. The joining works in case of
single element, too.
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Window  File Edit | Window
|7 Coordinates
|T Status
Coordinates  Editing of the longitudinal and cross-section diagrams is made easier by a coordinate win-
dow. The display of this window can be turned on and off.
Status  On diagrams an information window appears displaying diagram-specific information.
The display of this window can be turned on and off.
4.10.23.Moving loads

& &

Moving loads allow modeling of a drifting load with a constant intensity like a vehicle cross-
ing a bridge or a crane carriage moving along its runway.

To define a moving load a moving load case must exist. It can be created on the Loads tab
clicking the Load cases and load groups icon. See... 4.10.1 Load Cases, Load Groups. Moving
load icons will be enabled only if the current load case is a moving load case. After defining
the load new load cases will be created automatically according to the number of steps
specified. Auto-created load cases cannot be deleted or moved into another load group in-
dividually. Increasing the number of load steps will create additional load cases. Decreasing
this number will make certain load cases useless. These excess load cases will be removed
only before saving the model.

Moving load symbols can be displayed in two ways. The first option is to draw the current
phase only. The second one is to draw other phases in gray.

4.10.23.1. Moving loads on line elements

Moving line load definition

Load pattern |Custom ﬂ u

o ¢ 9.000

|8

Concentrated loads l Digtributed loads: ]

+ J Type | Pos. [m] | Fx [kM] | Fy [kM] ‘ Fz [kN] |Mx [kRlm] |My [kMm] ‘Mz [kidm] |
% || ] -1.00 a [ [}

2| Global 2.000 -200
3 | Global 5.000
4| Global 7.000
3 | Global 9.000

-3.00
Load path

200
-1.00

E:E St % Load path

B—

oo

ooooo
oo oo o
=1

0
0
0
0

oo oo
=1

1

Path length  9.556 m QK | Cancel |

Moving load on line elements is a load pattern moving on a user-defined load path in
N steps.

The load pattern can contain any combination of concentrated and distributed loads.
Individual loads in the pattern can be local or global and their position and intensity com-
ponents can be set. This way the vertical load of a crane carriage and the horizontal forces
can be applied together on the runway.

Loads can be added to the pattern by clicking the plus icon and filling out the fields in the
row. Selected rows can be deleted by clicking the Delete icon under the plus icon.

Load patterns can be saved under a name and reloaded.
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After load pattern definition it is necessary to select the load path. It must be a continuous
sequence of beams or ribs. After selecting the elements constituting the load path the start-
point and endpoint has to be selected. These points must be nodes along the path.

Beside the load path button the value of N can be set. It determines the number of steps the
load pattern will make evenly along the path.

The local z direction of the load pattern will always be the local z direction of the line
elements it is placed on.

Lengthening, shortening or breaking a line element of the path will lead to an automatic
recalculation of the load phases.

In the first phase the load with the lowest coordinate in the pattern will be placed over the
startpoint. In the last phase the load with the highest coordinate in the pattern will be
placed over the endpoint.

In the first phase the load with the highest coordinate in the pattern will be placed over the
startpoint. In the last phase the load with the lowest coordinate in the pattern will be placed
over the endpoint.

One way: Load moves from startpoint to endpoint in N steps.

Round trip: Load moves from startpoint to endpoint and back in 2N steps.

4.10.23.2. Moving loads on domains

=

Moving surface load definition
Load pattern |Cus‘tom ﬂ u
] ] ] []
L L L L
1] [ [A] 1]
L L L L
Load .
- Pos. [m] u [m] | a[m] | b [m] | F [kM] |
{* Distributed I +
! Concenirated 3 x 1 2000 0350 0600 20000
- »T'c 2 3.000 2.000 0.330 0600 200.00
Direction u : E S000 2000 03500 0600 20000
4 11.000 2.000 0.330 0600 200.00

" Local
' Global X

raim
—
=

n=fg =
= =
=
B Load peth ‘

Path lenoth: 155.523 m |

Ok Cancel |

This load type is convenient when vehicle loads has to be defined. The load pattern consists
of concentrated or rectangular surface loads pairs representing the wheels on the axles.

u is the vehicle gauge, a and b refers to the rectangle dimensions. Axle load F will be distri-
buted evenly on the two wheels . Load patterns can be saved under a name and reloaded.
The load type and direction switches on the left determines the properties of all loads
entered into the table.

Loads can be added to the pattern by clicking the plus icon and filling out the fields in the
row. Selected rows can be deleted by clicking the Delete icon under the plus icon.

After load pattern definition it is necessary to select the load path. It must be a continuous
polyline running through domains.

The load path does not have to stay in the same plane and can cross holes or empty areas
between domains.
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Path startpoint and endpoint is the first and last point of the polyline.

Each phase will contain only the loads actually falling on a domain. The local z direction of
the load pattern will be the local z direction of the domain it is placed on. In case of a path
running along the edge of two or more domains in different planes only the domains in the
active parts are taken into account. The local z direction will be chosen finding the domain
with the minimum angle between local z and global Z directions.

Beside the load path button the value of N can be set. It determines the number of steps the
load pattern will make evenly along the path.

In the first phase the load with the lowest coordinate in the pattern will be placed over the
startpoint. In the last phase the load with the highest coordinate in the pattern will be placed
over the endpoint.

Changing domain geometry will lead to an automatic recalculation of the load phases.

In the first phase the load with the lowest coordinate in the pattern will be placed over the
startpoint. In the last phase the load with the highest coordinate in the pattern will be placed
over the endpoint.

In the first phase the load with the highest coordinate in the pattern will be placed over the
startpoint. In the last phase the load with the lowest coordinate in the pattern will be placed
over the endpoint.

One way: Load moves from startpoint to endpoint in N steps.

Round trip: Load moves from startpoint to endpoint and back in 2N steps.

4.10.24. Dynamic loads (for time-history analysis)

Defining
functions

Dynamic nodal loads and acceleration functions can be defined for time-history analysis.
Acceleration functions can be used for seismic analysis. In this case it is recommended to
obtain proper seismic accelerograms and assign these functions to support nodes to analyse
the effects of the earthquake. This method provides more exact results than the response
spectrum analysis and can be used even if nonlinear elements are defined in the model
(nonlinear supports, tension-only trusses, etc.). Its disadvantage is that it cannot be
combined with other load types automatically.

To define nodal loads or acceleration functions the current load case must be a dynamic load
case. See...4.10.1. Load Cases, Load Groups

i@ Dynamic load function editor

+ X B ‘@ {5 [meco 1585 e - (= oK Cancel
EHEEE ﬂ Load Factor

0
0020 0.0012
0.040 0.0089
0.060 0.0166
0.030 0.0244
0400 0.0321
0420 0.0322
0140 0.0324
0160 0.0325
0430 0.0327
0200 0.0328
0.220 0.0367
0.240 0.0407
0.260 0.0446
0230 0.0455
16 0300 0.0524
0.320 0.0584
0340 0.0643
0360 0.0702
20 0380 0.0762
21 0.400 0.0821
2 0.420 0.0917
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Dynamic loads and accelerations are defined by functions which describe the parameter in
time. Function editor is available from the dynamic load definition dialogs.

Functions must be entered as value pairs in a table. Plus sign icon adds a new row, Delete icon
deletes selected rows. Functions are plotted automatically and can be printed. Functions can
be reused. In order to make them available later, save them into the function library. Saved
functions can be reloaded, edited and saved under a new name. Functions are saved into
separate *.dfn files in a dfn folder created under the main folder of the program.

+ X B & §I |mexico 1985 Ew | o =

Table editing functions

Adds a new row to the table.

Deletes selected rows from the table.

Copies the selected cells to the Clipboard.

Insert the content of the Clipboard into the table.

Formula editing.
The f(t) load function can be entered as a formula. 4
The follwing operators and functions are avail-
able: +, -, *,/, (, ), sin, cos, tan, exp, In, l0g10, log2,
sinh, cosh, tanh, arcsin, arccos, arctan, arcsinh, arccosh,
arctanh, int, round, frac, sqr, sqrt, abs, sgn, random.
random(t) returns a random number between a P
Oand 1.
A machine rotating about the Y axis has a dy- » X
namic load function with the following X and Z
components:

fx(t) =a* cos(at+@) and fz(t) =a* sin(at+ @)

»
»>

As functions are represented as a series of values a
At step and a T, total time must be specified.

Diagram and report functions

Prints the diagram and the table.

Copies the diagram and the table to the Clipboard.
Starts the Report Maker.

Saves the diagram into the Gallery. See... 2.10.4 Gallery

A function previously saved to the library can be loaded by selecting its name from the
dropdown list.

Renames the current function.
Saves the current function to the library.

Loads a function from the library.
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Dynamic load library X
Dymamic load functions Mexico-1985-EW
Bucuresti-1956-E45M = Load Factor
Bucuresti-1986-B 17146
Bucuresti-1986-N4gw :
DryrFunctiont L1946
CrynLoads
Drynloady
DynloadZ
El-Centro-1340-B e
El-Centra-1940-hi5
El-Cerntro-1 94DJ - 0.9367 -1.1
’ 1.0086 -1.3157 X
hd 1.8010
0 53,900
Ok I Cancel |
The first point of functions must be at t=0. This value pair cannot be changed or deleted.
If the load is applied only at T > 0, the function value must be zero between 0 and T.
To define dynamic nodal loads select Dynamic nodal loads
nodes and set the parameters in a ' Define £ Wodity
dlalog' . irection
For each component you can assign an ' Global ,
. . . . f F;
intensity and a dynamic load function ® e ‘zv R
1. . oy
describing the time-dependence of the Reference [ = S
load factor. S :
L . ynamic load functions
To use an existing function from the Fe 0= [0 5] [ BN
library click the first icon beside the Fy = [0 5] [sete BN
combo. To edit the load function click o b= <] [oviosaz =N
the second icon. My ] = [ =] [estatior &k
The load directions can be the global " . : o
- . - ; v [khim] = ID | |<Sta‘t|c> | & I
X, Y and Z directions or the direction : -
. M [khm] = |0 =] [-static- = &
can be determined by a chosen refer-
ence. In this latter case there is just one Pick U % | ok | Cancel |
force and moment component.

It is possible to define a constant (time-independent) load by selecting <Static> from the

Dynamic load functions combo.

The actual value of a load component in t will be calculated as OB Dc(t), i.e. the load
intensity is multiplied by a time-dependent load factor.

If a dynamic load is defined for a support with an existing dynamic load the existing load will

be overwritten.

Dynamic loads can be modified or deleted the same way as static loads.

Dynamic loads are displayed as dashed yellow arrows.
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Dynamic support ~ Acceleration function can be assigned to any B
acceleration nodal support in the model. For each com- (0 TS o [TEls
L | ponent you can assign an acceleration inten- riny
241 sity and a dynamic load function describing F; e o = .
the time-dependence of the load factor. k "

: : JNEZCE | X
The actual value of the acceleration at ¢ will =

Dinamikus teher flggwények

be calculated as o 21 rl &
ai (t) = ai Ef(t) 7 Ay [m.isz]= IU vl p

i.e. the acceleration is multiplied by a time- el -] |
dependent load factor.
p Felvesz »» | O I Mégzem |

" Acceleration acts at the bottom of the support string. The acceleration of the supported node can
be different depending on the support stiffness.
- If acceleration is defined for a support with an existing acceleration load the existing load will
be overwritten.
- If multiple nodal supports are attached to a node, acceleration acts on all supports.
Modify, delete Dynamic support acceleration can be modified or deleted the same way as a static load.

& Dynamic support acceleration is displayed as a circle and a yellow arrow.

Dynamic Nodal acceleration can be assigned Dynamic nodal acceleration
nodal acceleration to any node in the model. For each & Define o
+ml": corppopent you can assign an :accele— Direction
ration intensity and a dynamic load & Glohal . =
function describing the time- " Referential kv L
dependence of the load factor. = G
The actual value of the acceleration Eymanic load functions
in t will be calculated as ay [mis? | - [T | [pyrFunctiont =N
a; (t) =a; [:f(t) , ay [mis?] = |9.81D j |D\,anunctic-n1 j =
i.e. the acceleration is multiplied by a az [mis?] = [0 x| S

time-dependent load factor.

Pick Up »» Ok | Cancel |

- If acceleration is defined for a support with an existing acceleration load the existing load is
overwritten.
7 To specify ground acceleration for seismic analysis nodal support accelerations must be defined.
Modify, delete Dynamic nodal acceleration can be modified or deleted the same way as a static load.

&~ Dynamic nodal acceleration is displayed as a circle and a yellow arrow.



User’s Manual 233
4.10.25.Nodal Mass
.% In a vibration analysis the masses are Nodal Mass
concentrated at nodes that you can take into @ Define ooty
account by their global components Mx, My, Mz.
In second-order vibration analysis, the loads due & Querwrie C Add ‘
to the nodal masses are applied on the model, I i e sams s i i
as well as the masses due to tk}e ap-plie.d !oads. N R
If mass is the same in each direction it is enough O
to spgcify one Va1ue after checking Apply the same N
mass in each direction..

Pick Up »» | o] I Cancel |

In dynamic analysis nodal masses and nodal accelerations result in dynamic loads causing
displacements and forces in the model.

&~ The nodal mass is displayed on the screen as two dark red concentric circles.
4.10.26.M0dify
Modify To modify loads:

Immediate mode

1. Press the [Shift] key and select loads you want to modify (or the loaded elements).
You can also select by drawing a selection frame or using the Selection Toolbar.

Click the load type icon on the Toolbar.

Check the checkboxes beside the values you want to change.

Enter new values.

Close the dialog with OK.

Ul LN

If the Loads tab is active click a finite element to modify its loads. If the element has more
than one load only one of them will come up. If you have placed different concentrated and
distributive loads on a beam and click the beam the load nearest to the click position will
come up. If more finite elements have been selected their loads can immediately be
modified by clicking one of them. If you click an element which is not selected, selection
disappears and you can modify the element load you clicked.

In fact, load modification is similar to the load definition, but does not assign loads to
elements not being loaded and allows access to a specific load property without altering
others. You can switch to the Define radio button to place loads on all the selected elements,
lines or surfaces. If we select elements with loads not matching the load type we choose these
loads remain unchanged.

4.10.27.Delete

[Del]

See... 3.2.7 Delete
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4.11. Mesh

Mesh l

™| @ | EREEE B

Clicking the mesh tab mesh toolbar becomes available with mesh generation for line
elements and domains, mesh refinement functions and a finite element shape checking.

4.11.1. Mesh Generation

Automatic detection of overlapping lines and missing intersections during meshing reduces
the errors in model geometry.
Support of multiple core processors can reduce the time of meshing.

4.11.1.1. Meshing of line elements

‘-\ Finite element analysis uses linear elements with constant cross-section so arced and
variable cross-section (tapered) line elements must be divided into parts. This is called line
element meshing. The accuracy of the solution depens on the mesh density.

This mesh can be removed or modified just like a domain mesh. Removing a mesh does not
delete loads and properties assigned to the line element.

A mesh can also be defined for linear elements with constant cross-section.
It is useful in nonlinear or vibration analysis when it is required to divide line elements to
achieve a higher accuracy.

Mesh parameters for x|
line elements iz e
€= Waimum Devistion From At d[m] = Iﬁ
= Maximum elemert size dim]=]0500 |=
£+ Division inta M segments M= m
) By angle d[] = l—;l
’TI Cancel |

Mesh generation can be performed according to different crteria:

Maximum deviation from arc
Chord height cannot exceed the value specified.
Maximum element size
Length of the mesh lines cannot exceed the value specified.
Division into N segments
Line elements are divided into N parts.
By angle
Central angle of arced mesh segments cannot exceed the value specified.
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4.11.1.2. Mesh generation on domain

ﬁ A mesh of triangular surface elements can be generated on the selected domains by
specifying an average surface element side length for the mesh. Meshing will take into
account all the holes, internal lines and points of the domain. Meshes can also follow loads
above a certain intensity.

Meshing paramaters )
for domains & Define £ haclify

[ Mesh size

Average Mesh Element Size [m] = IU,SUU vl
 Fit mesh to loads

v | Point Ioads | = k)= |0

v | Line loads | = [kiin] = |ﬂ

V' | surtace loacs | = fkrim? ] = |0

—Contour divisi thod

i+ Uniform mesh size
= Adaptive mesh size

[~ Creste mesh only for unmeshed domains
[~ Caloulstion of domsin intersections

Ok I Cancel |

Mesh size  An average mesh element size can be specified. The actual mesh can contain smaller and
larger elements as well.

Fit mesh to loads Meshes will follow checked loads if load intensity exceeds the value specified. Point loads
will create mesh nodes, line loads will create mesh lines.

Contour division Uniform mesh size
method Domain boundaries and inner lines will be divided according to the mesh size to ensure
the given element size.
Adaptive mesh size
Adaptive meshing follows domain geometry and refine the mesh by reducing element
size wherever it is necessary.

If Create mesh only for unmeshed domains is checked no mesh will be created for domains
already meshed.

If Calculation of domain intersections is turned on domain intersections are
automatically calculated before meshing.

The progress of the mesh generation process can be monitored in a window, and can be
canceled any time with the Abort button.

The mesh generator uses only the end-points of beam elements that are in the plane of the
domain, and disregards their corresponding line segments. Rib elements are incorporated
with their line segments because they can be defined on surface edges as well.

If there are existing quadrilateral or triangular meshes within the domain, the mesh
generator will not change these meshes, and will integrate them in the new mesh.

Before Meshing After Meshing

= If a mesh is generated over an existing domain mesh (with a different average element side

length), the new mesh will replace the existing one.
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4.11.2. Mesh Refinement

iis|

Uniform

i

Bisection

e

Node relative

o B T

Lets you refine the finite element mesh of surfaces. The elements in the refined mesh have
the same properties (material, cross-section / thickness, references, etc.) as those in the
coarse mesh.

You have to manually set the nodal degrees of freedom of the newly generated mesh that were
not set automatically during the process of mesh generation.

The following options are available:
X
Maximum element side length [m] = IEI,SDEI

O Cancel |

Lets you refine the entire selected mesh. You must specify the maximum side length of a
surface element in the refined mesh.

Before mesh refinement After mesh refinement

Lets you refine the selected mesh by bisecting the elements as shown in the figure below

Quadrilateral element Triangular element

Refine Mesh Around Hodes

Lire Division Ratio = ID,S
Ok I Cancel |

Lets you refine the mesh around the selected nodes (locally around columns, nodal
supports). You must specify a division ratio (0.2-0.8). The command refines the mesh
dividing the elements connected to the respective nodes by the defined ratio.

o

Before mesh refinement After mesh refinement
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Edge relative Refine Meszh Along Edges
[ Line Division Ratio = |u,5
O I Cancel |

Before mesh refinement After mesh refinement

Lets you refine the mesh along the selected edges (locally along edge supports / loads).
You must specify a division ratio (0.2-0.8). The command refines the mesh dividing the
elements connected to the respective edges by the defined ratio.

4.11.3. Checking finite elements

% Program checks the minimum angle of surface finite elements (a).

A triangular finite element is distorted if a < 15.
A qudrilateral finite element is distorted if a < 30.
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5.

Analysis

AxisVM lets you perform linear and nonlinear static, linear and nonlinear dynamic,
vibration and buckling analysis. It implements an object-oriented architecture for the Finite

Element Method.

The instructions included in this User’s Manual assume a preliminary knowledge of the
finite element method and experience in modeling. Note that the finite element analysis is

only a tool, not a replacement for engineering judgment.

i Linear analysis of Shopping Mall.axs

Spring element strain evalustion

Result File Generation

162515 Beam element strain evaluation d
162518 Beam element stress evaluation
16:28:18 Beam element equilibrated oad evalustion
16:28:18 Beam elemert equilibrated load assembly
16:28:18 Spring element strain evaluation j
Mumber of Equstions: 6504 = ;r::r: ?gg
Equations Memory: 4.7 i i Fib -~
Estimated Memory Requirement: 348 M Spring _
Solver block size 1M Gap o
Largest available memory block: 116 W Link .
Anakysiz block size 5w Edoe hinge  —
Avegilable physical memoary: 1081 G Membrane —
Total physical memory:  1.999G Plate: -
CPL:  IntelR) Pentivm(R) 4 CPU 3.00GHz (2x) Shell -
hultiple cores Jthreads 3010 MHz Disphragm — —
o Load case 13
Mol optimization 00:00
Model Verification 00:09
| Analysis 00:05

Each analysis consists of three steps:

1) Model optimization
2) Model verification

3) Performing the analysis

4) Result file generation

The actual running times of each step, and details of the model can be displayed by

pressing the Details button.

Parameters of the latest analysis is saved into the model file and can be studied in the Model
Info dialog. See... 2.15.16 Model Info.
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Model
optimization

Model verification

Performing the
analysis

Error of the
solution

Result file
generation

Optimization reduces the band width of the system stiffness matrix by iterative node re-
numbering. Changes in the memory requirement is displayed real-time. The duration of
the optimization process and the final memory requirement depends on the size of the sys-
tem and the available memory.

The system of equations can be solved the most efficiently if the whole system fits into the
physical memory. If the system does not fit into the physical memory but its largest block
does, the running time will be moderate.

If the largest block does not fit into the physical memory, the necessary disk operations can
slow down the solution considerably.

The input data is verified in the first step. If an Error is found a warning message is
displayed and you can then decide whether to cancel or continue the analysis

AxisVM displays the evolution of the solution process by two progress bars. The bar on the
top displays the current step performed, while the other displays the overall progress of the
analysis process.

The equilibrium equations in the direction of constrained degrees of freedom are not
included in the system of equations. Therefore to obtain support reactions you must model
the support conditions using support elements.

The Cholesky method is applied to the solution of linear equilibrium equations.
The eigenvalue problems are solved with the Subspace Iteration method.

Solution error is calculated from the solution of a load case with a known result. It is a good
estimation of the order of errors in displacement results for other load cases.

Info palette shows this error as E(EQ).

If the value of E (Eq) is greater than 1E-06 the reliability of the computed results is
questionable. It is expected, that the Error of the displacements is of the same order.

During the processing of the results the program sorts the results according to the original
order of the nodes and prepares them to graphical display.

In the following chapters we ‘Il show the setting of the parameters of the each calculation
methods.
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5.1. Static Analysis

Linear static

Nonlinear static

The term static means that the load does not vary or the variation with the time can be

safely ignored.

Performs a linear static analysis. The term linear means that the computed response
(displacement, internal force) is linearly related to the applied load.
All the load cases are solved in the analysis. Through the geometric linearity,
it is assumed that the displacements remain within the limits of the small displacement
theory. Through the material linearity, it is assumed that all materials and stiffness
characteristics are linear-elastic. The materials assigned to surface elements can be

othotropic.

See the description of the gap, and spring elements in Chapter 4, on how to use these elements

in a linear analysis.

Performs a nonlinear-elastic static
analysis. The term nonlinear means that
the computed response (displacement,
internal force) is nonlinearly related to
the applied load. This can be due to the
use of gap, link or non-linear support,
truss or spring elements, or taking into
account the geometric nonlinearity of
truss, beam, rib and shell elements.
Select load cases or combinations in the
tree view. AxisVM will perform nonlin-
ear analysis for the selected load cases
and shows a progress dialog.

=
I

Load cases

_[ol x|
Parametric load caze IST1 j
Conztant load case IST1 j

Control

{~ Force
" Displacement

{* Pushover

Mode > |

Direction:

Maximal Displacement: [mm]

X
1

]

{~ Equal increments
Humber af increments:

=Eqqual increments=

|1D
& I

l

Load Factor
1,0000

—Convergence Criteria

Maximum terations:
v Displacement
[~ Faorce

[ wiark

.
[ooor
[ |
=

[~ Continue even if no convergence has been achieved

c il Alse reinfor
= Lotual Reinforeement

t in cal

(" Caleulsted Reinfarcement

[V Follow geometric nonlinearity of beams, trusses, ribs and shells

™| Stare last increment only

o]

Cancel

rﬁ:‘Nonlinear Analysis of Shear.axs / Axial 3

1in progress, 4 finished

Load case | Status | Started at |\f‘erificati0n Analysis | Processing I Total time | Finished at |
Self Weight Finished  17:09:52 ] 0010 ] 0o:11 17:10:05
Surface Load  Finizhed 17005 0 010 0 0011 171016
Axial 1 Finizhed ATA01E 1] a0 0 o011 171024
Axial 2 Finizhed 1710024 u] a0 0 o1 171058
Axial 3 42% 171038 = p 00:04

Cancel |
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Solution control
Force
When the Force control is selected, the increments are applied as equal fractions of
the loads (as one parameter load).

Displacement
When displacement control is selected, the increments are applied as equal fractions
of the displacement component of the node specified.

Pushover
Pushover control is a special type of displacement control that allows the use of a
constant load case while having another parametric load case that is increased
incrementally. This is essential for pushover analyses to model P-A effects
appropriately.
After selecting pushover control, the top of the dialog changes to accommodate the
drop-down boxes for parametric and constant load cases. See... 4.10.21 Pushover loads
for details on load definition and recommended analysis settings.

Load factor
Load factor can be used to multiply loads of the selected load case or combination for
the nonlinear analysis.

Number of increments

There are two methods to define the number of increments:

1. Equal increments. Specify the number of increments. The default value is 10.
When highly nonlinear behavior is analyzed, you may specify a greater value in
order to achieve convergence.

2. Increment function. Loads are not increasing in a linear way but follow a pre-
defined function. Using an increment function it is possible to reduce the number
of increments where the behaviour of the structure is linear and increase the
number of increments where the behaviour is nonlinear.

Increment function must be monotonous (loads cannot decrease).

Convergence criteria

Based on the convergence tolerances you specify, AxisVM will determine if the
nonlinear solution has reached the required accuracy (convergence). Therefore it is
important that the convergence tolerances to be set properly. During the iteration
process, the norm of the unequilibrated load and/or of the iterational displacement
increment vector must vanish (to approach zero).

Maximum iterations
You can set the maximum number of the iterations based on the specifics of your
model, and of the incremental solution parameters. By default the value is set to 20.
If the convergence is not achieved within the maximum number of iterations, no
results will be obtained.
Displacement/Load/Work/Convergence criteria
In case of a nonlinear calculation you can specify multiple criteria, in terms of load,
displacement, and work, for monitoring the convergence of the nonlinear solution.
At least one criteria has to be selected. The criteria expressed in terms of work can be
adequate for most problems. However, you may encounter a small Error in your
unequilibrated load while the Error in displacements is still large, or vice-versa.
Factors of convergence criteria has the following default values: 0.001 for displace-
ments, 0.001 for force, and 0.000001 for work.
The relative errors at the end of the iteration process appear in the info window.
E(U): relative error of the displacement convergence
E(P): relative error of the force convergence
E(W): relative error of the work convergence
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Use reinforcement in calculation
When analyzing reinforced concrete plates it is possible to take the calculated or actual
reinforcement into account.
Displacements and internal forces of reinforced concrete plates are calculated according
to the moment-curvature diagram of the reinforced cross-section of the plate.
These results show the actual plate deflection and forces in the plate.

Include geometric nonlinearity

The equilibrium is established with respect to the deformed line elements. Geometric
nonlinearity can be taken into account only for truss, beam, rib and shell elements.
If your model does not include nonlinear finite elements (gaps, springs, supports,
and/or links), this check-box is automatically enabled. If nonlinear elements are
included in the model, by enabling this check-box, you may or may not include the
geometrical nonlinearity for the above mentioned line elements (truss, beam, rib and
shell).

The beam elements must be divided in at least four parts when geometric nonlinearity is
taken into account.

Store last increment only

Allows you to reduce the size of the results file when an incremental nonlinear analysis
is performed with multiple increments (load or displacement) when just the results of
the last increment are of interest to you. You can enable this checkbox when you do not
need the results of previous increments.

You should disable this check-box if you want to trace the load-displacement or other
(nonlinear) response of the structure.

AxisVM applies a Newton-Raphson iteration technique to the iterational solution of each
increment. The technique is known in different variants, depending on the update of the system
(stiffness) matrix.

The following example shows the behavior of a one degree of freedom spring system with
load control:

P
‘ u k=
) Kw | Stiffening
e koo -
P
kw=ky+k, (1) k<0
Softening
u
Nonlinear-elastic spring element Possible load-displacement characteristics
Pa Pa ®),
P, { a b B P, a \ b B
p,-P, / (k) 5 p,-P, / 7
P& 1 P w0 7|
f (77/ Pp‘P A f 7 P B‘P A
) ) l
P A P A A,
— Al — s a— AU, [— At
0 > 0 >
0 U, U, w U, gy 0 u, U U Uy

If n=1 (default), the system stiffness If n > Maxlterations, the system stiffness

matrix is updated in each iteration. matrix is updated only once, in the first

The method is known as the classical iteration of each increment. The method is

Newton-Raphson technique. known as the Modified Newton-Raphson
technique.
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If 1<n<Maxlterations, a variant of the P4 - k, 2 4 5
Modified Newton-Raphson technique is By =
. . . . k)| R
obtained. In the figure above the iterative ,ﬂ‘
process is shown for the case n=2. P, p IA
"A
A
P,
0 >
0 () W u W Uy u

The stiffening systems, usually lead to more significant numerical solution problems (than the
softening systems), and solutions with n>1 can lead to divergence. This is why, when gap
elements change their state (from active to inactive or vice-versa), a system stiffness matrix
update is triggered, even though it would not be required based on the value specified for n.

The softening systems, and the so-called snap-through phenomenon cannot be analyzed
with load controlled increments. You must apply a displacement control to pass through the
peak points.

This figure shows a load control applied to a nonlinear P4
system. The incremental solution fails in the 5t |
increment. 0‘8;
To find the peak value of the load-displacement ’
characteristics of the system, you must apply a .
displacement control technique. 04P,
02P,
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5.2. Vibration

Lets you determine the lowest natural frequencies vibration Analysis
and mode shapes corresponding to the free Solution Control

. . . “ilaration (first-order) [RE cl-or ol
vibration of an undamped linear structure when no L
externally applied loads are computed. AxisVM b of Made Shapes FR
verifys whether the required number of the lowest P P =]
eigenvalues has been determined. Y
The system mass matrix has a diagonal structure r

and includes only translational mass components. :

" Masses only

& The solution technique applied to the associated ::
generalized eigenvalue problem is designed to find
the lowest real and positive eigenvalues. It is not SRS G il
suitable to find eigenvalues that are zero or nearly h:S:’:natrixW':em" e
zero.

& Diagonal
" Congistent (only if justified)

Diaphragm

[T Convert slabz to diaphragms

Convergence Criteria

Madmum kerations: |30
Eigenvalus Convergence |1E-10
Eigenvector Convergence |1E-5

Ok | Cancel |

Solution control

Lets you specify the parameters of the incremental solution process:

First-order
The solution does not include the effect of axial forces of truss/beam elements on
the system stiffness.

Second-order
The solution include the effect of axial forces of truss/beam elements on the system
stiffness.
Tension axial forces have a stiffening effect, while the compression axial forces have
a softening effect. These effects influence the free vibrations of the structure.

Case
Lets you select a case. The loads are converted into masses. If a second-order
analysis is selected, the results of a linear (first-order) static analysis, that precedes
the vibration analysis, will be accounted too.

Number of mode shapes
Lets you specify the number of the vibration mode shapes you want to evaluate.
A maximum number of 99 can be requested. The default value is 6. The value
specified here can not be larger than the number of the system’s mass degrees of
freedom.

Convert loads to masses
You can enable the conversion of the gravitational loads into masses, and take these
concentrated masses into account.

Masses only
You can analyze models without loads, but with masses, and take element masses
into account.

Include mass components
Only checked mass components will be used in the analysis. It is useful when
calculating modal shapes only in a certain direction.

Mass matrix type
Diagonal: smaller mass matrix but without centrifugal intertias
Consistent (only if justified): complete mass matrix with centrifugal intertias
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Diaphragm
When running a vibration analysis with the option Convert slabs to diaphragms
checked, all slabs (horizontal plates) will be temporarily replaced by diaphragms.
The running time is reduced if the model contains only columns and slabs. If struc-
tural walls are included, the number of equations will be reduced but the band-
width will be increased. The resultant running time may be greater than without
diaphragms.

Convergence criteria

Based on the convergence tolerances you specify, AxisVM will determine if the
calculated eigenvalues and eigenvectors have the required accuracy. Therefore it is
important that the convergence tolerances be set properly.

Maximum number of iterations
You can set the maximum number of the iterations based on the specifics of your
model, and the number of eigenvalues requested (more iterations for more
eigenvalues). By default the value is set to 20. If the convergence is not achieved
within the maximum number of iterations, no results will be obtained.

Eigenvalue convergence
Lets you specify the convergence tolerance for the eigenvalues.
The default value is 1.0E-10.

Eigenvector convergence
Lets you specify the convergence tolerance for the eigenvectors.
The default value is 1.0E-5.

The program uses a diagonal mass matrix by default. Due to the lumped mass modeling
technique to achieve the required accuracy the elements must be divided into more elements
(by refining the mesh). Usually at least four finite elements must correspond to each half wave.

A good rule-of-thumb is that beams must be divided into at least eight elements.

The mode shapes are normalized with respect to the mass:

{uy dm]du} =1
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5.3. Dynamic Analysis

Dynamic |
g | B= [ Dvriel (0,008) =] Jexmm) | [ Diagram j|1 = == .
Flafpet Dynamic analysis determines time-dependent displacements and forces due to dynamic

loads or nodal accelerations.
Dynamic analysis can be performed on linear or nonlinear models.

—

il - 0] x|
—Load cases Honli ity
Static load caze or combination = [ Followr norlinear behaviour of materials
Cryynamic load case or combination IDYN1 'l [ Follow geometric nonlineatity of beams, trusses, ribs and shells
1
! —Solution Control —Convergence Criteria
| Titme incrament [5] = |0,020 [ I ™ Perform with equilibrium terstions
: Tatal time [=] = IS,DDD 3000 flaximum ferations: |1
\A [ Displacement Ig 001
| M [ Force |0 001
1
o 1s0 [v Wik |1 [T
1
% Save all steps ¥ | Continue even if no convergence has been achieved

" Save st regular intervals Rayleigh damping constarts

A [5] = |u,020 a[Hz] = |0,43 b [s] = [0,002

[~ Consider loads and nodal masses

Hodal M

i+ Convert Loads to Masses

™ Concentrated Masses

I™ | Comvert Concentrated Masses to Loads
" Masses only

[ Element Mazses

I~ | Conyert Masses to Loads

Mass matrix type
{+ Diagonal

Ok I Cancel |

Load cases  Static load case or combination
Select the static load case or combination to apply during the analysis. Select 'None'
to apply dynamic loads only.
Dynamic load case or combination
Select the dynamic load case or combination.

Solution control ~ Analysis can performed in equal increments or according to a custom time increment func-
tion. Predefined functions can be loaded or a new function can be created using the function
editor.

If Equal increments is selected two parameters are required: Time increment and Total
time. Analysis uses the value of Time increment as the increment between time steps and
Total time defines the total time of the analysis.

Due to the considerable result file size result saving options are introduced: Checking Save
all steps means that all result will be saved. Save at regular intervals saves results only at
certain model time coordinates reducing file size.

Rayleigh damping constants (a, b)
Damping matrix is determined from the damping contants according to the follow-
ing formulas:
Mii+Cii+Ku=P()

C=a£+b£

If Consider loads and nodal masses is checked another matrix will be added to M representing
loads and nodal masses.
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Nodal masses

Nonlinearity

Convergence
criteria

Solution method
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Nodal masses will be taken into account like in a vibration analysis.

Follow nonlinear behaviour of materials
If nonlinear elements are defined (e.g. a tension-only truss) here you can activate or
deactivate the nonlinear behaviour.

Follow geometric nonlinearity of beams, trusses, ribs and shells
If this option is activated loads will be applied to the displaced structure in each step.

Convergence criteria has to be set and will be taken into account like in a nonlinear static
analysis.

Linear or nonlinear equilibrium equations are solved by the Newmark-beta method. If 4t is
the time increment, in t+4t we get:

Ky +£ EMHAt +£D]it+At =P(t),

where C is the damping matrix, M is the mass matrix, K is the stiffness matrix.

~ . A2 ( . . )
Uy g =U, + AU, +T 1-2p U, +28U,, 4

Qt+4t :Qt +At((1_y) Qt +Vgt+4t)-

AxisVM uses B = 1/4, y=1/2.

The differential equation of the motion is solved by the method of constant mean accelera-
tion. This step by step integration is unconditionally stable and its accuracy is satisfying.
AxisVM assumes that no dynamic effect is applied in t=0. Time-limited loads appear in ¢>0.
Cis calculated from the Rayleigh damping constants:

C=aM+b(K

Where a and b should be calculated from the damped frequency range (between @ and &)
and the damping ratio according to the following figure:

€ 200
n Q=& il
‘I‘ C{)Z""CL)]'
|
\ _ 2
iflfb gt b= EC<)z‘+a)-

2 20, ]

' i
ot T -
\ l 2
\! " 1
\ — |
— I
| _
'\\ /// i
1 N\ _ |
N i C=aM
~
- ! .
i — ! =
e — i )7 ),
/: 7777777T***—d/778n
1
1

e
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5.4. Buckling
Lets you determine the lowest (initial) buckling Buckling Analysis x|
load multipliers and the corresponding mode [ Solution Control
shapes. Case  [Partial2 =l
AxisVM verifys whether the required number of Number of Bucking Made Shapes |
the lowest eigenvalues has been determined.
The buckling load multiplier n, =A, is com- ~Convergence Criteria

Beams/ribs

&

Trusses

Maximum terstions: IQD

. . . Eigenwalue Convergence |1E1D—
smalles.t elgenvalu-e and the corresponding eigen- Eoervecter Convergence. [1E5
vector is the buckling mode shape.

The Sturm sequence check is applied to verify ok | coest |
whether the computed eigenvalues are the
lowest. A, <0 means that buckling occurs for the

puted, solving the eigenvalue problem. A, is the

opposite load orientation and A% 2|, .

The solution technique applied to the associated generalized eigenvalue problem is designed to
find the lowest real and positive eigenvalues. It is not suitable to find eigenvalues that are zero
or nearly zero.

Solution control

Lets you specify the parameters of the incremental solution process:

Case
Lets you select a case that will be taken into account. A linear (first-order) static
analysis, that precedes the buckling analysis, will be performed.

Number of mode shapes
Lets you specify the number of the vibration mode shapes you want to evaluate.
A maximum number of 99 can be requested. The default value is 6. The lowest
positive eigenvalue is of main importance.

Convergence criteria
See... 5.2 Vibration/Convergence criteria

The buckling of beams/ribs is considered as in-plane buckling (flexural buckling), which
means that the deformed shape of the element remains in a plane and the cross-section
does not warp.

For buckling analysis the beam cross-section must be defined by specifying
its principal moments of inertia.

The beam elements must be divided into at least four elements.
The flexural buckling of truss elements are not considered by the program. You must

calculate the buckling load of each truss manually, or by modeling the trusses by four beam
elements with the corresponding end releases.

If A. > Othe instability is caused by loads in the reverse direction and the critical load

parameterfor the given case is A% > |/\,_,,|

If the model contains trusses the critical load parameter of global structural buckling will be
computed only. Buckling of individual trusses is not analysed.
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5.5. Finite Elements

All finite elements may be used in a linear static, nonlinear static, vibration, buckling and
dynamic analysis. Note that not all elements have geometric stiffness.

Quadrilateral membrane, plate, or shell Triangular membrane, plate, or shell
~ ~ Pl
/xl‘{ : e \(-l““ .
Spring Gap Support
(only one component (active in compression and (only one component
is shown) tension respectively) is shown)

The directions in the local coordinate system in which an element has stiffness, and the
corresponding local displacement components are summarized below:

Finite ex ey ez Ox Oy 0
element | u v W
* 5 d
Truss s o d —»

2-node, linear, isoparametric element

Yy
GvT
8,
Beam * * * * * * ey gxi
S
[
z‘/‘/

Euler-Navier-Bernoulli type, 2-node, cubic Hermitian element
v

“

8,
Rib * * * * * * . ey gxi
|

0
ZK{
Timoshenko type, 3-node, quadratic, isoparametric element
T
ey,
Membrane | * * o x

Serendipity type, 8-node, quadratic, isoparametric element
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Internal forces

Finite ex ey ez Ox ey 0
element | u v W
¥
oy T
Plate * * * Koy
WA
Hughes type, 9-node, Heterosis isoparametric plate element
3
oy T
e,
Shell R N L ot o oy
Z
Flat shell superimposed membrane and plate element
e, f, X
Support * * * * * * AV
(only two components are
shown)
S, 0, X
AWV —> >
I
Sprmg * * * * * * (only two components are
shown)
x_ Ox
Gap * ——
Rigid
e, f X
Link * * * * * * M — >
(only two components are
shown for a node-to-node
link)
where:

u, v, w denote the deflections in local x, y, z directions.
B, By, Bzdenote the rotations in local x, y, z directions.
* element has stiffness in the respective direction.

The computed internal forces in the local coordinate system are:

Finite element Internal forces

Truss Nx

Beam Nx Vy V: Tx My | Mz

Rib Nx Vy | Tx My | M:

Membrane Nx ny Ny

Plate Mx my My | Ux Uyz
Shell Mx ny Ny | Mx My Mxy | Vxz Vyz
Spring N: | Ny [N: |M: [My | M:

Gap Nax

Support Nr [Ny [N: |[M: | My | M:

Rigid

Link N-N N: [Ny |N: |M: |My | M:

Link L-L Nx ny Nz Mx my Mz

251
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5.6. Main Steps of an Analysis

Modelling

1. Define the geometry of the structure, the material and cross-sectional properties of
the members, the support conditions, and the loads.

2. Determine the load transfer path.

3. Determine local discontinuities such as stiffeners, gussets, holes.

4. Determine the type of finite elements that will best model the behavior of the
structure. With this step the properties of structural elements will be concentraded in
their neutral axis (point, axis, or, plane).

5. Determine a mesh type and size for the model. The size of the mesh have to
correspond to the desired accuracy of the results and with the available hardware.

6. Create the model:

a.) Equivalent geometry

b.) Equivalent properties

c.) Topology of the elements

d.) Equivalent support conditions

e.) Equivalent load (static) or masses (vibration, response-spectrum)

Check input data (accuracy, compatibility)

Run analysis

Select important results

10. Evaluate and check the results

a.) Accuracy and convergence of the solution

b.) Compatibility taking into account point 6.d.

c.) Uncommon structures shall be analyzed with other methods and/or software as
well.

11. Restart analysis with a correspondingly updated model, if in step 10 a criteria is not

satisfied.

12. Evaluate the results by the means of isoline/isosurface plots, animation, tables...

Draw conclusions on the structure’s behavior.

O *© N

To build a model of a structure you have to accept many assumptions so you also have to
keep the effects of these assumptions in view when evaluating results.

The finite element method provides an approximative solution for surface models. To make
the model match the real solution you have to use finite element meshes with an
appropriate density. Making finite element meshes you have to take into account the
expected stress distribution, the model geometry and the materials, supports and loads
used.

The position af nodes and mesh lines (called the fopology of the finite element mesh)
depends on the geometrical discontinuities (irregular contours, line supports) and the
discontinuities of loads (concentrated loads, terraced load values for line loads).

At stress concentration points (sharp corners) you have to refine the mesh.
To avoid singularities due to concentrated effects you can distribute them on a small area
around the point of effect.

Arc contours can be approximated as polygons. Using very small tolerance in this
approximation leads to polygons with extreme small sides. The very dense mesh created on
this contour may cause the model exceed the capacity of your computer.

In general if you refine the mesh you get more accurate results.
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5.7. Error Messages

The error messages corresponding to modeling errors are listed below:

Non-positive definite stiffness matrix
The determinant of the stiffness matrix is zero or negative due to modeling error.

Singular Jacobian matrix
Determinant of the element’s Jacobian matrix is zero, due to distorted element
geometry.

Excessive element distortion during deformation
The element has been excessively distorted in the current increment.

Too large rotation increment
The rotation increment of an element exceeds 174 radian (90°). You should increase the
number of load increments.

Invalid conrol displacement component
The displacement control is applied about a constrained degree of freedom.

Convergence not achieved
The number of iteration is too low.

Too many eigenvalues
The rank of the mass matrix is lower than number of requested eigenvalues (frequencies
or buckling modes).

No convergent eigenvalue
No eigenvalue converged.

Not the lowest eigenvalue (xx)
There are xx lower eigenvalues than the lowest the one determined

Element is too distorted
The geometry of the finite element is distorted. In order to maintain the accuracy of the
results you should modify the finite element mesh to avoid too distorted element
geometries.

Excessive element deformation
During a nonlinear analysis excessive deformations developed the element within an
increment (load or displacement). You should increase the number of increments.

No convergence achieved within maximum number of iterations
There was no convergence within the maximum number of iterations (see... Static
Analysis/Nonlinear Static Analysis/Solution Control parameters). You can increase the
number of iteration. The model may not converge at the respective load level, and you
should change the Solution Control parameters accordingly.

Divergence in the current iteration
A divergence was detected in the iteration process. Increments are too large or the
convergence criteria are too loose.

No stiffness at node ... in direction ...
There is a singularity in the system stiffness matrix corresponding to that degree of
freedom. You should check the support and degrees of freedom (DOF) settings of your
model.
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6. The Postprocessor

Static
Vibration
Buckling
R.C. Design
Steel Design

Timber Beam Design

Lets you display the results of a static analysis. (6.1)

Lets you display the results of a vibration analysis. (6.2)

Lets you display the results of a buckling analysis. (6.4)

Lets you display the results of a reinforced concrete design analysis. (6.5)
Lets you display the results of a steel design analysis. (6.6)

Lets you display the results of a timber design analysis. (6.7)

6.1. Static

Start a linear static
analysis

Start a nonlinear
static analysis

Result display
parameters

The Static menu item allows you to display the tools for displaying and interpreting the
static analysis results.

Display of nonlinear
diagrams

Geometry |Elements |Loads Static |\-’ibration |E|uck|ing |R.C.Design |8tee| Design I

qu PKU EEZH |Envelope hdin ol jl &f [mm] dl Dizgram jl2,5 31 :ﬁ’: & |
Result Display Available result Display Animation
Parameters components scaling
factor
Start a nonlln?ar Display mode Min-max
static analysis search

Load case, combination,
envelope, or critical
combination

Start a linear
static analysis

See... 5.1 Static Analysis
See... 5.1 Static Analysis

Lets you set the options of the graphical display of the results.
You can select the results of a load case/combination or critical load combination.

Display Parameters dialog shows the following options.

Display Parameters E
|Lir|Ear Analysis | | Component J Scale by —Se.ction lines—————————

mexy [khmim] ~| |t Plane 1
I I j Plane 2

‘Case | Envelope | Critical | ‘Min | Mac | plin, Max ‘ ~Dieplay Mode Segment A

- Segment B

ISemiDn Ling j Segment C

[ Investigste all combinations resulting in the same Seqment O

mazimum value Segment E

Misplay Shape

ritical ion formula
Uneleformed |Defnrmed
£ Ao {* Custom
“Method of C. ite Yalues to
© ULS fUtimate Limit State] combinations I bades
" Rare [” Lines
[l [~ Surfaces

[~ minvisse, only r Drave diagram in the plane

of the elements

Mizcelaneaus setings |
= o [¥ Drawe section plane cortour

cmen_|

‘ 3 G +01,Qk + Y U Qi

=]

[~ Refresh &l




256

Analysis Type

Display Values

Investigate all
combinations
resulting in the
same maximum
value

Method of
Combination

Display Shape

Display Mode
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Depending on the performed analysis you can select the results of a linear or nonlinear
static analysis. Each analysis type can be further defined:

Case
Lets you display the results of any load case/combination.

Envelope
Lets you display the envelope of the results from the selected load cases and/or load
combinations. The program searches for the minimum and/or maximum values at each
location of the selected result component.

Critical
Lets you generate the critical load combinations, according to the load group definitions,
for each location of the selected result component.

If you selected envelope or critical you can choose from the following options:

Min+Max

Displays the minimum and maximum values of the current result component.
Min

Displays the minimum (sign dependent) values of the current result component.
Max

Displays the maximum (sign dependent) values of the current result component.

By default this option is off. AxisVM takes into account combinations resulting in an
extreme for any result component. In certain design methods however a combination
which produces no extremes can be more unfavorable.

In this case turn this option on. In design calculations AxisVM will build all possible combi-
nations and check them according to the design code requirements. As the number of com-
binations can be extremely high this option is recommended only if the model size and the
number of load cases are small.

If Critical combination formula is set to Auto AxisVM deter- | [ e BTl e
. . . . . . . . = WASIpEr haner ritic = | | e I v eCtic
mines if ULS (ultimate limit state) or SLS (service limit state) CESCERTEREE ML
combination is required based on the result component. e
If Critical combination formula is set to Custom Min / Max / D e
Min, Max results of all combination methods will be avail- i knschwanEn
able in the load case combo tree regardless the current S Envepe
= =
result component. 2 Conicu combinations (L)
L (ULS) Critical Min.
- - L L) c:n:E:: mx
In case of Eurocode, DIN 1045-1, SIA 262 and other Euro _
. . B (LS Critical Min Mao.
code based design codes the formula for creating SLS com- 21 Critieal combimations (L5 Rare)
. . - (SLS Rare) Critical Min.
binations can be chosen. = (55 v il
L (ELS Rare) Critical Min Max.
D Critical combinations (SLS Common)
5 (LS Common) Critical Min.
[N=] (5LS Common) Critical Max.
(=] (5LS Common) Critical Min Mo,
D_ Critical combinations (SLS Quasipermanent)
fE S Guasipermanent) Critical bin
L (5LS Guasipermanent) Critical Max
(=] (5LS Quasipermanent) Critical Min s
Undeformed

Displays the undeformed shape (original configuration) of the model.
Deformed
Displays the deformed shape of the model.

Diagram
Lets you display the current result component in a colored diagram form.
The numerical values are displayed if a Show Value Labels On option is enabled.
Diagram+average values
This display mode is available only if line support forces are displayed. If this mode is
selected line support forces diagrams are enhanced with the display and labeling of the
average value. Averaging is made over continuos supports. Supports are considered to
be continuous if they have the same stiffness and their angle is below a small limit.
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Section line
Lets you display the current result component in the active section lines and/or planes
in a diagram form. The numerical values are displayed if the Show Value Labels On
option is enabled.

Isoline (contour line)
Lets you display the current result component in a line color contour plot form.
The values that are represented by the isolines are specified in the Color Legend
window. You can set the parameters of the Color Legend window as was described in
the Information Windows paragraph. The numerical values are displayed if a Show
Value Labels On option is enabled.

Isosurface 2D or 3D
Lets you display the current result component in a filled color contour plot form.
The ranges that are represented by the isosurfaces are specified in the Color Legend
window. You can set the parameters of the Color Legend window as was described in
Information Windows paragraph. The numerical values are displayed if a a Show Value
Labels On option is enabled. See... 2.17.3 Color Legend Window

None
The current result component is not displayed.

Section lines Lets you set the active section lines, planes and segments. If display mode is set to Section
line result diagrams will be drawn only on active (checked) section lines. Symbol of the
section planes can be displayed enabling the Draw section plane contour checkbox. Turning
on the Draw diagram in the plane of elements option changes the appearance of all section
diagrams. To change this parameter individually use the Section lines dialog.

See... 2.15.12 Sections

Component  Lets you select the result component to be displayed.

Scale by  Lets you set the scale of a diagram drawing. The default value is 1, when the maximum
ordinate is represented as 50 pixels.

Write Values to  Nodes

Writes the values of the current result component to the nodes.

Lines
Writes the values (intermediate values if applicable) of the current result component to
the line elements.

All surfaces
Writes the values of the current result component to the surface elements.
The maximum absolute value of the nine values computed at the nodes of each surface
is displayed, and the respective node is marked by a small black circle.

+46.52 [

+12.54

Min/max only

Writes the local min/max values only of the current result component to the nodes,
lines and surfaces.

b5s T et 055
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my moment component R, support force component



258

Result
Smoothing
Parameters

Intensity
Reference Value

Case selector to
display

Available result
component
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After clicking the Miscellaneous Settings... button the following options are available:

x|
—Result Smoothing Parameters
Smootfing [Selective -l
Maimum Andle Allowed Between Local z Axes [ |1S,DU
Maimum Angle Allowed Between Local x Axes [7] |15,DD
—Intensity Reference Value
* Absolute masximum of the entire model in current load case or combinstion
" Abzolute maximum of current parts in current load case or combination
 Custom Yalus IU
Ok I Cancel |
None
The values of the internal forces of the surface elements computed at the nodes are not
averaged.
Selective

The values of the internal force components of the surface elements computed at the
nodes are averaged in a selective way, depending on the local coordinate systems, the
support conditions and the loads of the elements that are attached to a node.
All
The values of all internal force components of the surface elements computed at the
nodes are averaged.
Lets you display the variation of the current internal force component within the surface
elements in a filled color contour plot form. The numerical values are displayed if a Show
Value Labels On option is enabled.
See... 6.1.9 Surface Elements Internal Forces

Geometry |Elements |Loads Static |\f’ibration |Eluckling |R.C.Design |SteeIDeSign |

JI Diagram j |2,5 -

= Ay
= min

Envelope hin hax jl ef [mm]
El Nonlinear Analysis
i Dieadd Load (10,2007

You can select a case from the drop-down list to display:

Load case, load combination

The k-th increment of a nonlinear analysis
Envelope display

Critical combination

el [imm] = I

= Displacements
E---e}( [rmim]
ey [rmm]
ef [mm]
T [rad]
1Y [rad]
1L [ra]
[+ Beam Internal Forces
[+ Beamn Stresses
[+ Hodal Support Internal Forces
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You can select a result component from the drop-down list for display:

Displacement (eX, €Y, eZ fX, fY, fZ,eR, fR)
Beam/rib internal force (Nx, Vy, Vz, Tx, My, Mz)
Beam/rib stress (Smin, Smax, Tymean, Tzmean)

259

Surface element internal force (nx, ny, mx, my, mxy, vxz, vyz, vSz, nl, n2, an, m1, m2, am,

nxD, nyD, mxD, myD)
Surface element stress (Sxx, Syy, Sxy, Sxz, Syz, Svm, 51, 52)
Nodal support force (Rx, Ry, Rz, Rxx, Ryy, Rzz)
Line support force (Rx, Ry, Rz, Rxx, Ryy, Rzz)
Surface support force (Rx, Ry, Rz)
Spring internal force (Rx, Ry, Rz, Rxx, Ryy, Rzz)
Gap internal force (Nx)

Display mode You can select a display mode from the drop-down list:

& If Min,Max envelope or critical load combination is selected, the Isoline

and Isosurface 2D cannot be selected.

Display scaling factor |3.5 =
Lets you scale the display of the diagrams.

|zosurface 20 vl

Disgram
Section Line
Izaline
lzozurface 20

6.1.1. Minimum and Maximum Values

xMak Lets you search the minimum and maximum value of

= min .
the current result component. If you are working on  surface Forces

parts, the search will be limited to the active parts.

AxisVM will mark all occurrences of the minimum /
maximum value.

mix [KMmidim]

& If parts are displayed extreme values are determined from
the displayed parts only.

iy [kimidm]
iy [kMmitn]

vl [KMmiim]
mi2 [kMmim]

am [7]

vz [k

wyz [khAm]
Sz [khin]

mixD [kMmitn]

D [kRm/in]

Cancel
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6.1.2. Animation

Animation

Recording
Options

Video File

|-| . "animation - Linear Analysis - Frame 15 / 20

L.

X

E T = | l—\]_. | Eelwp. Cese |
\—{ Control buttons | \—{ Speed | \—|Setting parameters|

Lets you display the displacements, internal forces, and mode shapes in animated form
(frame by frame). The animation consists of a sequence of frames that are generated by linear
interpolation between initial values (frame 0) and the actual values of the current result
component (frame n), according to the number of frames (n).

Parameters —= Unidirectional play
animation | vides Fis | Plays the frames starting from frame zero and
o ending with frame n.
—Recording Options————————

Frames |1 2 3,

¥ Rendered
v Colored

0h

=, Bi-directional play
Plays the frames starting from frame zero and
ending with frame n and then the reverse.

Frames

Lets you set the number of animationframes. You must specify a value between 3 and 99.
More frames produce smoother but slower animation.

Rendered
Each frame consists of a rendered display.

Colored

Each frame consists of an iso-line/surface display. The colors are animated according to
the color legend.

You can create a video file, name.avi.
Click Save button to save the parameters of the video file.

You can set the duration of displaying a frame. Lower duration will result in a bigger number
of frames. A number of 30 frames/second is usual, therefore you should not normally enter
less than 30 ms for the duration of a frame.
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6.1.3. Diagram display

i,

This dialog displays nonlinear or dynamic results as diagrams. Two diagrams can be dis-
played simultaneously. Each diagram has a result component on its X and Y axis. Points
representing consecutive value pairs are connected. Reading coordinates can be changed by
dragging the dashed lines or the black mark of the bottom trackbar. Diagram points can be
displayed as a table and exported to Excel through the Clipboard.

3

jagram Display = 10| x|
= & a3 k(8 5 2 =
‘ = {i/ | % ‘ e d I B I ! ! .I. Gl
Time [s] | eX [mm] | Time [s] | &£ [mm] ﬂ e
eX [mm] el lmm
:l*m o 0 0% Nt 5% % % 8 5 %3 8 8 2 % 2§ g g g gnen
2| oos0 -0005 0.060 i L & 3 2 2 2 & 3 =2 02 3 0 2 2 2 @ 3z 2
3| 04200 -0081 0420 0003 . ime [<)
4| 0180 -0233 0180 0009 — o
5| 0240 -0644 0240 0019
6| 0300 1297 0300 0028 50.000 .
— 5
7| 03s0| -2024) 0360 0030 °
8| 0420) -2380 0420 o002 . 20e0
9| 0480 1834 0480 003 Saun0
10| 0540 0408 0540 -0.098 500
11| 0E00| 3050 0600 -0.089 100.000
12| 0680 BOTI 0560 -0.289 - d 000
13| 0720 14999 0720 -0.366 i
14| 0780 23308 0780 -0.402 200.000 ! 0.500
15| o840 32763 o0.840| -0308 i
16 0800 43984 0900 -0.362 250.000 | 0
17] 0860 s7ars| 09RO 0314 T : -
18| 1020 75041 1020 -0.275 i Heand
19] 1080 94898 1080 -0222 350.000 i y
20| 17140114580 1140 -0.098 ' A
21| 1200 131045 1200 o432 LT ; .
e I 5
22| 1260 141304 1260 0474 450,000 :
23] 1320 144387 1320 0900 : AT
24| 1380 140688 1380 1.323 500.000 i
25 1440130528 1.440| 1651 : 2,501
— 550.000 ' 4ot
26| 1500 112945 1500 1847 :
27| 1s60| 85532 1.560| 1819 500,000 ; 3.000
28| 1820 45842 1820| 1875 :
= 550.000 J
29| 1680 6264 1680 1715 T e e e e e Time [¢]
30| 1740 67473 1740 1385 § 3§ 2 8 8 § § ¥ 8 8 &8 § ¥ &8 2 8 % =
31| 1800 -1317., 1800 0841 S s s 7 o m s mem e m e m .
32| 1860 -1927., 1860 0038 2,641
33| 1920 -2465., 1920 -0819
— [ [2441]
[ 34] 1980 -2025., 1860 1865 -
35| 2040-3305., 2040] 2892 I 1 Time [2]
— = = = = = = = = = = =
36| 2100 -3891., 2100 -3197 g g g g g g g g 5 g
37| 2460|-3746., 2180| -3362 = Bl = - w - = L o E
kGl M T3S 2 27N -3 77 ;I

In case of dynamic analysis the bottom trackbar displays time instead of increment numbers.

—

iagram Display

wi [m/s]
Mode 13

=[O %]

450,000
400.000
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300.000
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50.000 T4

50.000

100,000

el [mm]
Node 13

150,000

:_-
=
=
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Toolbar

B

&

ol

I I

C 2

1-r|rr

AXISVM /()

Sa@kBEilxI(H+F

Copies selected cells to Clipboard
If the table is visible its selected cells are copied to the Clipboard.

Print drawing
Prints the diagram (and the table if it is displayed)

Copy to Clipboard
Copies the diagram to the Clipboard.

Add drawing to Drawings Library
Saves the drawing into the Drawing Library to make it available for reports.

Diagram Display Parameters S
Components to be displayed can be selected ¥ x1-y1 Diagram

from combo boxes. IV Show markars

If a result component is selected clicking the X1 Comporent: | Time [3] =l
Node button allows selecting the node where the

result is read.

The xI-y1 diagram is in blue, with ticks and la- 1 Componert: [ o ] =]
bels on the left and bottom axes. Notle 55 Notke 10

The x2-y2 diagram is in red, with ticks and labels
on the right and top axes.

After turning on Show markers, data points are
marked with small rectangles.

[v ¥2-y2 Diagram
[v Show markers

X2 Component: | Time [s] j
2 Compaonert: | &7 [mm] d

Mode >» Mo 10

Table
Turn on/off the table displaying numerical values.

Same range on the two X-axes
If the same X-component is chosen for the two horizontal axes their ranges can be set to the
same.

Same range on the two Y-axes
If the same Y-component is chosen for the two vertical axes their ranges can be set to the
same.

Fit in view in X-direction
Sets the horizontal range between minimum and maximum of X values.

Fit in view in Y-direction
Sets the vertical range between minimum and maximum of Y values.

Interval controls
Turns on/off the green interval control rectangles of the bottom trackbar. Dragging them
changes the displayed range of increments or time.

Point of reading
Turns on/off the reading point (black rectangle) of the bottom trackbar. Dragging it moves
the reading point along the curve.
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6.1.4. Pushover capacity curves

=

This dialog is only active if results of pushover analysis are available and it helps the user
determine the capacity curve and the target displacement depending on ground motion
characteristics.

A combo box on the top of the dialog lets the user select the pushover load case to be ana-
lyzed. Results are based on an acceleration-displacement response spectrum with properties
specified on the left side of the dialog. These are identical to the properties of response spec-
tra used for Seismic loads (See... 4.10.20 Seismic Loads). Main results of the calculations are
shown both on the bottom left side of the dialog and under the diagrams themselves.

The default dialog displays a capacity curve for both the Multi Degree of Freedom System
(MDOF) and the equivalent Single Degree of Freedom System (SDOF).

The sky blue curve is the capacity curve of the equivalent single degree of freedom system
(SDOF). It has the same shape as the deeper blue curve for the multi degree of freedom sys-
tem (MDOF). Its points are a result of dividing the corresponding force and displacement
values of the MDOF curve by T'.

Generally the end point of both capacity curves is the point corresponding to the maximum
displacement (divided by I for the SDOF curve) set by the user at the beginning of the non-
linear static analysis.

The resulting curve on the figure below shows that the structure is capable of even more
displacement, since the base shear force (vertical axis) is increasing as the displacements are
increasing. The maximum value for the shear force can only be determined by running an-
other analysis limited by a larger displacement and checking if the curve reached a maxi-
mum after which the base shear started to decrease. If so, then the maximum value is at the
maximum of the curve. If no maximum has been reached, the displacement has to be in-
creased even further if necessary.

=

S o @

‘ % Pushover load cage |Pushaver X U -
Capacity Curve |ADRS I
spectrum
a 7
Ground type s il ) ed tom] j Capa‘:lty Curve
,— DH 1,071
a,t[mis2] = i1 inideell FlkM
& 1 289 2,071 [kN]
s=i 2 434 3072 a0
3 578 4072
T = [215 4 7,22 EO7E !
Tc;,glq_ 5 8,67 6,074 I e e e
6| 1011|7074
Ui 7| 158 &0 '
pﬂ=|0_,2_ 3| 1300, 907 ) e e e e e e e e e e T i
9 14,44 | 10,076 i
Resul 1] 1589 11,077 - .
e
1] 17,33 12,077 50 !
T= 1182  nlkel= 220134355 2| 1878 13,078 ) ;
Folkh] = 4588  d* fmm] = 50 651 13| 20,22{ 14,073 e |
A cpm= 36438 14| 2166 1500 409 ~ :
Tsl= 2645 dy” mm] = 50,661 1518 L U z ! !
16| 2455 17,080 & i
# [mim] = 50 661 z L - / 1
S il 17| 2s,00] 18,081 o % :
Target displacemert Wl ol / i
oy [fmim] = 58,834 193]  zs88| 20,082 504 / i
20| 30,33 21,083 3y
21| 31,77 zzost |
zz| 33,21 23084 10 i
23| 34| 2408 ;
24 36,10| 25,085 | :
25| 37,23 26,086 - T T T -
26 37,87 27,086 20 40 B0 a0 dmm]
27| 3ms0| zs0e7 —
Its
23] 39,14| 29,087 esd
25| 78| au0m C=1182 m"=220134856 kg F,"=4588kN d,"=S50660 mm  d,”=36935 mm
30 40,42 31,083 T*=2F45s d,"=80861 mm d,"=50B661 mm d, =59 3894 mm
1 41 NA 7 NA9 ;I
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6.1.4.1.

Capacity curves according to eurocode 8

All of the results are based on the N2 method (see 11.32) recommended in Appendix B of
Eurocode 8. The bilinear force-displacement relationship for the SDOF system (green curve)
is calculated by taking the force at the target displacement (d;*) as the force that corresponds
to yielding (F,*) and defining yield displacement (d,*) using the equivalent deformation en-
ergy principle.

A vertical red line marks 150% of the target displacement (d;) according to Eurocode 8
(4.3.3.4.2.3). Generally if the deformation capacity of the structure is above this level (the line
style is dash-dot) it fulfills the deformation capability requirements, otherwise (the lines style
is continuous) it fails these requirements.

6.1.4.2.

Acceleration-Displacement Response Spectrum (ADRS)

The Acceleration-Displacement Response Spectrum (ADRS) is shown by switching to the
ADRS tab on the dialog. Both elastic and inelastic ADRS spectra, SDOF and equivalent bilin-
ear capacity curves are shown here.

A separate line highlights the natural period corresponding to the elastic behavior of the
structure. The intersection of capacity and demand corresponding to the target displacement
is marked by a red circle.

i Capacity Curve ——
=y | B pushiover oad e ST
Copacty Curve ADRS |
Cround type Acceleration-Displacement Response Spectrum
agr[mI32]= 2 SE[mISZ]
S=H35
Tg =02
s
T =03 7
c ’/
T =2 7
By = (0.2 B A
T= 1,267 m® [ky) = 73203,233 = //3
F = 7558 dotfmml= 24500 ) 2
dffmml= 24491 -
Tsl= D867 dg*fmm]= 24,500 A -
o * [mm] = 24,500
Target displacement i
dy [mm] = 31,050 3 ) /,,/
¥
2 ’/
‘/’
A ;
T T : T : T T T T
40 a0 120 160 200 240 260 S4[mm]
Results
[=1267 m*=73203233kg F,"=31908kN d,"=140283mm d = 116,103 mm
T =10255 d,"=140264 mm d,"=140264 mm d, =177 763 mm
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The variables marked by an asterisk (*) represent the SDOF system’s behavior, while the
others correspond to the MDOF system.

r transformation factor for computing SDOF characteristics

m* mass of equivalent SDOF system

F,* base shear force at d,,* displacement of the equivalent SDOF system and yield force
of the elasto-perfectly plastic force-displacement relationship

dp* ultimate displacement of the idealized bilinear force-displacement relationship (not
necessarily the ultimate displacement of the SDOF system due to the iterating pro-
cedure of the N2 method)

a,* yield displacement of the idealized bilinear force-displacement relationship

T* natural period of the equivalent SDOF system

Aot target displacement of the equivalent SDOF system with period T* and unlimited
elastic behavior

ay* target displacement of the equivalent SDOF system considering inelastic behavior
It represents the end of the green bilinear capacity curve.

d; target displacement of the MDOF system considering inelastic behavior

& = iE B E

Print drawing
Prints the current diagram

Copy to Clipboard
Copies the current diagram to the Clipboard.

Add drawing to Gallery
Saves the current diagram to the Gallery to make it available for reports.

Table
Turns the table displaying numerical values on/off.

Add to Drawings Library
Saves the current diagram to the Drawings Library to make it available for reports.
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6.1.5.

Displaying results

[Ctri]+[R]

Extremes to find

Property Filtering

Print
[Ctri]+[P]

Result Tables

Table Browser lets you display the numerical values of the results in a table in customizable
form. If you switched on parts, the table will list the values corresponding to the active
parts. If you selected elements the table will list the selected elements only by default.
You can change the range of listed elements by clicking the property filter button on the
Table Browser toolbar.

You can transfer data to other applications via Clipboard. See... 2.9 Table Browser.

Display Dptions x|

Modal Displacements

After calling the Table Browser you can set if you need a detailed
table and/or the extremes and you can select which components
you need the extremes from. This dialog can be called later from
Format / Result Display Options.

Results  Unchecking this option removes the detailed results
leaving the extremes as the only content of the table.
Extremes Unchecking this option removes the summary of

extremes from the end of the table.

You can set the components for which you want to find the extreme (maximum and minimum)
values. Among the minimum and maximum values the concomitant values of the different
result components are displayed if the minimum/maximum values occur in a single location
or otherwise. If there are multiple locations the symbol * will appear, and in the Loc
(location) column the first occurrence of the extreme value will be displayed.

When you display the results of critical combinations in addition to the minimum and
maximum values, the load cases that lead to the critical values are included with the
following notations:

[...] represents the results of a permanent load case.
{ ..} represents the results of an incidental load case.

(...) represents the results of an exceptional load case.
:P.r-ETahIe Browser o [=]
File Edit Format Report Help
- Load Combinations (=« . 28 T
cidental combinati;r_l @ w%v x | E | Eﬂ 5 | @ |
Weight Report Beam Forces [Linear, Co #2]
I RESULTS
=3 Linear Analysis . Loc. I Wy Wz Tx My Mz d
[l Displacements omm k] kM) kil | fkm] [ [khm] | knm)
=l Internal Forces
- Truss Intern: g U i i i : i i
5 Beam Interne 3 0 4145 043 63,51 007 11466 -001
3 3048 -4145 043 6198 007 10532 -001
3 0 N N 068 N N
3 i . . . 0,68 . .
3 3048 -3991 004 2031 0 140,50 143
3 0 -39 004 1878 0 140,50 143
3 0 -4145 -043 6351 007 11466  -001
2 3658| -34,80 041 18386 0 5078 1,51
; Critical Min 3 3048 1892 009 855 -028  -59.03 4,05
q Bl j““'“ F“"B—I 3 0 1832 0,09 7.02 028 -5903 2,05 ZI
Ok | Cancel |

See in detail... 2.9 Table Browser.

Clicking the Print tool button or choosing the File / Print menu item the print dialog
appears. See... 3.1.10 Print.
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6.1.6. Displacements

Node

At each node, six nodal displacement components (three ZT
translations and three rotations) are obtained in the global 6,
coordinate system. o
The resultant values of translations (eR) and of rotations (6R) ey Oy \%

. —» >
are also determined. ey

Displaying the displacements of a cantilever (membrane model):

Diagram with nodal values Section line with nodal values

i
4

AL
LETFTF

v
iy

o
o Tie

Lx

Isosurfaces 2D

Beam For each beam element the intermediate displacements are obtained in the local and global
coordinate systems. When displaying the displacements of the structure the beam
displacements are related to the global coordinate system. If you pick the cursor on a beam
element the six beam displacement components related to the element local coordinate
system are displayed in a diagram form.

You can display displacements of more than one beam element if:

a) The local coordinate system of the elements are almost or entirely identical.
See... 2.15.15.3 Drawing/ Contour line angle

b) The local x orientation is the same.

¢) The elements have the same material

& B E B[S crticaimingiax g

en [mm] ey [mm] ez [mm]
6.875

0,005 09 0,005
oo 0.313 e 0312 | |-0.008 -0.403 -0.005
0,002 B

TTa04 571
-1.086 -1.004

0.000s5 0.00048
o.00050 oag0ss
000015, | [Goood -0.00026 o.00004

[T " 5.00033 o003
R -0.5564¢
-0.00051 -0.00050

ERTTEE

“0.00244

Cress-section location Linear - Critical MinMan, Material 5275
i LEH
e 3 = ' E [Nfmm’] 2.1E405

IPE 100
[J]

0 0217
592,93
asT.63
11784.0
1,7E+06
1.6E+05

0

0

0,009 -0.008
-0.00036 0
-0.00002 0

103250
3 -0.00060 0

Total length: 12,000 m
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Save diagrams
to the Drawings

Library

Result Tables

AXISVM /()

You can display the diagrams corresponding to any load case or combination, as well as
envelopes. You can turn on and off the display of envelope functions and set the position
along the member where you want the results displayed.

Associative diagrams can be saved to the Drawings Library. Drawings from this library can
be inserted into reports. After changing and recalculating the model diagrams in the library
and reports change accordingly.

See... 6.1.5 Result Tables

6.1.7. Truss/Beam Element Internal Forces

Truss

Beam

Axial internal forces (Nx) are calculated for each truss element.
A positive axial force corresponds to tension, a negative Ny
axial force corresponds to compression. b

When displaying the Envelope and Critical Combination results the minimum and maximum
values can concomitantly be displayed.

Displaying the internal forces of a truss girder:

Nx diagram Nx min/max envelope

Three orthogonal internal forces, one axial i
and two shear forces (N,, V,, V.) and three [~ MZ$

. . S = \\\ Vy
internal moments, one torsional and two N 7/7My
& W
flexural (T,, M,, M.) are calculated at the . X
intermediate  cross-sections of each ) ?5‘ A

element.

The internal forces are related to the element local coordinate system, and the positive sign

conventions apply as in the figure above. The moment diagrams are drawn on the tension
side of the beam elements.

Displaying the internal forces of a frame:

Nx diagram Vz diagram

192.19

16

-192.18

-147.18
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My diagram My min/max envelope

114.40

—T1aj0

If you click a beam element all six beam internal force components are displayed in a
diagram form.

You can display internal forces of more than one beam element if:

a) The local coordinate system of the elements are almost or entirely identical.
See... 2.15.15.3 Drawing/ Contour line angle

b) The local x orientation is the same.

¢) The elements have the same material.

|, 'Cross-Section Internal Forces in 2 Connecting Beams =]

= = : :
=] [BE [Sowawmm 5 b
N [kny] va [kn] wy kM)
u

“oone

[TTTTTTTT

0543

T tkNm] My [kNm] Mz [kNm]

prevSPeY ] inear - Critical MinMan. Wrasarial
_ E [N/mm?] 2.1E+05
#[m] = [:000 =l ] = 000 S

1PE 100

M k] - -0.187 -0.078 i [’ ] 103250
vy [kN] - -0.006 0.006 Ay [mm’] 552.33
vz [kn] - 0,343 0362 2 [mm-] 357.63
TelNm] = o 0.002 T [mm | 11784.0
My [kNm] = 0278 0384 Ty [mm ] 1.7E+06
13 ME[kNm] = o 0037 1 [m’] 1l6E+05
5 E 1y2 [mm' 1 o

Total length: 12,000 m

On selecting envelope or critical load combination, the selected beam internal force
minimum and maximum values of the intermediate cross sections will be displayed.

You can display the diagrams corresponding to any load case or combination, as well as
envelopes. You can turn on and off the display of envelope functions and set the position
along the member where you want the results displayed.

Associative diagrams can be saved to the Drawings Library. Drawings from this library can
be inserted into reports. After changing and recalculating the model diagrams in the library
and reports change accordingly.

If the min/max values occur in a single location the concomitant values of the afferent
internal force components are displayed, or the symbol * (if there are multiple locations).
An occurrence of such a location is displayed.

See... 6.1.5 Result Tables
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6.1.8. Rib Element Internal Forces

Result Tables

Three orthogonal internal forces, one axial and two shear .
forces (N,, V,, V) and three internal moments, one torsional i i
and two flexural (T,, M,, M) are calculated at the nodes of F\ o

each element. The rib can be used independently (not .~ ﬁ%ﬁm
connected to a surface element), or connected to a surface @i ;
element. T Ay

The internal forces are related to the element local coordinate system positioned in the
center of gravity of the cross-section, and the positive sign conventions apply as in the

figure below. The moment diagrams are drawn on the tension side of the beam elements.

If the rib is connected eccentrically to a shell element, axial forces will appear in the rib and
in the shell.

Displaying the internal forces of a ribbed plate:

Tx diagram My min/max envelope

See... 6.1.5 Result Tables

6.1.9. Surface Elements Internal Forces

Internal forces

The internal forces and the positive sign conventions of each surface element type are
summarized in the table below.

Surface elements

Membrane Nx Plate M
Ny
Nxy
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Displaying the internal forces of a ribbed plate:

Diagram Section line

v

<
7y
A

5=

X

S
%
VAU

X

‘\(\;

A
‘?A?A‘(
AN

AV

7

The x and y index of the plate moments indicates the direction of the normal stresses that occur
due to the corresponding moment, and not the rotation axis.

So, the mx moment rotates about the y local axis, while the my about the x local axis.

The moment diagrams of plate and shell elements are drawn on the tension side. On the
top surface (determined by the local z direction) the sign is always positive, on the bottom
surface it is always negative.

The finite element method is an approximate method. Under normal circumstances the
results converge to the exact values as the mesh is refined.

The refinement of the mesh (the number of the elements used in the mesh), the geometry of
the elements, the loading and the support conditions, and many other parameters influence
the results. Therefore some results will be relatively accurate whereas other results require
the user to determine if they meet the conditions of accuracy that he expects.

The intensity variation values are intended to give you help in identifying the regions in
your model (mesh) where it is possible that the accuracy of the results is not satisfactory,
without performing an additional analysis. This method does not show that the results are
good, but will highlight intensity variations with high magnitudes, where you may want to
check and/or refine your mesh.

The allowable values of the intensity variation can be determined based on practice.

See... 6.1.5 Result Tables

The n;, ny a, m;, my a, principal internal forces and the vSz y
resultant shear forces are computed. The sign conventions are as 1
follows: A

mlsz, Tl12n2

-90° <a £ +90° (relative to the local x axis) N
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Shell
Membrane Plate
1
o)
an
my
my
am
vSz = vfz +v§Z
vSz -
& . . ,
In the case of plane strain membrane elements, n, Z0 and is not determined.
&~ The internal forces can be displayed in diagram, section line, isoline or isosurface forms.
The principal directions (0, ;) can be displayed only in diagram form.
The direction vector color and size are determined based on the value of the respective
principal internal forces.
If the principal internal force is negative the corresponding direction vector is bounded by
two segments perpendicular to it.
FE>>x X X XX
EEEEI 15555
IR R R R dols
RN IR L /A R
R e e P P A < e e I RS S togo o Ry o
IAIAADA LA X X[ | A H [ [ A A R X X XXX ii i iiiiiiﬂ;«#iééiiiiii
ESiee iiE
T -+
B R A A ESESES P AP USRI 3 PR
e e e P Y e e e B s A e EA PAEA A R AR I S Tt !
I 8 T T A A B Y A A [CF % X Attt it 1
Bt X x + ++++++E( |
e X 4+ 1
B y b X % X X X drdrd |
J_X L_x X X X X X X XXX XXX i
i \ Negative principal internal
% % % force
L.
Result Tables ~ See... 6.1.5 Result Tables

Reinforcement forces

&

For surface elements nxv, nyv, mxv, myv reinforcement (design) forces and moments are
also calculated according to the following rules:

N, =N, x

nxy

m,, =m, J_r‘mxy

; My, =1y &

yv y=

nxy

, m, =m +‘m

Xy

The reinforcement design forces can be displayed in diagram, section line and iso-line /

surface colored

form.
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6.1.10. Support Element Internal Forces

&

Result Tables

Diagram
+average values

The internal forces can be displayed in diagram or colored form. In RZZT
the case of nodal supports, when displaying in diagram form, the R, ,T\ o Py
internal force components are represented as vectors. i
Rx
. R
The resultant internal forces Rz, Rgr are computed as follows: 5 =S

R =R +RE +RE R = RG + R, + 3 I<A
X

Displaying the internal forces of supports in a frame and a shell structure:

Ryy moments ReR resultant forces
LX LX
Ry edge forces ReR edge resultant forces

See... 6.1.5 Result Tables

When displaying line support forces a special display mode (Diagram + average values) is
available. If this mode is selected line support forces diagrams are enhanced with the display
and labeling of the average value. Averaging is made over continuos supports. Supports are
considered to be continuous if they have the same stiffness and their angle is below a small
limit. Labels also show the length of the averaging segment.
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6.1.11. Internal forces of line to line link elements and edge hinges

Internal forces

AxisVM determines the nx, ny, nz forces and mx, my, mz moments for line to line link ele-
ments and edge hinges. If any stifness component is set to zero the related result compo-
nent is zero and not displayed neither in the component combo nor in result tables.

6.1.12. Truss/Beam/Rib Element Stresses

Truss

Beams / Ribs

The display modes for stress results are the same as for the internal forces.
The table of the stress results are similar to those of internal forces.

The S,=N,/A, stress value is calculated for each truss element.
A positive value means tension.

The following stress values are calculated in each stress point of each cross-section of the
beam/rib element:

Normal stress from tension/compression and bending is calculated disregarding warping

stress:

N, ML M

- 2
Ao LL-IE

M.I, + ML,

2 Yi
1,1, -1,

vz
Zi

Sx,i

where y;, z; are the stress point coordinates. Positive stress value means tension in the cross-
section.

Resultant shear stress is calculated from shear and twisting (Saint-Venant) disregarding
warping shear stress.

For thick-walled cross-sections V; = ,[Vyz it szi ,

where shear stress components are:

V. :ﬁﬂ +£ a‘pZ +MX a_&) -z
A, ayiAx oy ), Iy ayil

V, (0@
Vi :_y( yj +£(—a¢zj +Mx [(O_a)j +yl)
TOA N 0z . Ay oz ); 1, \\0z);

@, and @ are the shear stress functions for shear in y and z direction, wis the warping func-
tion.

For thin-walled cross-sections:

V: :ﬁ ﬂ +£(6&] +& [a_a)\J +m: +&t‘
CAles )ooA Ve ) o \les )y ) LY

where the last two terms are the shear stress from twisting derived from shear flow in
closed and open subsections. m; is the distance of the centre of gravity from the segment, ¢;
is the wall thickness of the segment. @ @, and @, are centerline values.

Von Mises stress is defined as S, ; = 1’851' + 3Vi2
If a cross-section contains two or more separate parts V;and S, ; is not calculated.

Mean shear stresses: Vy yean =Vy /Ay o Vamean =V2/Az
if Ay, Az = 0 then Ay=Az=Ax.
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F
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Beam stresses Sminmax, Vminmax, Sominmax are minimum / maximum values within the
cross-section and displayed like internal forces.

You can click a beam/rib element to display stress diagrams. On the left the mini-
mum/maximum values along the line are displayed. Dragging the blue line with the mouse
the evaluation position can be changed. The axonometric diagrams in the middle and the
tables on the right show the stress distribution within the section at the evaluation point.
Select more elements before clicking to display them in one diagram.
Continuous beams/ribs can be displayed in one diagram if conditions described in section
6.1.7 Truss/Beam Element Internal Forces are satisfied.

3:3CI‘DSS*5ECtiun Stresses in 2 Connecting Beams
o = b
= fE DE—] ox
Sminmax [M/mm? ] Sminman [N/mm- | A —
=[m] 5696
457 Sup. Si v S0
299 L -0.08 0.65 112
2 5.97 0 5.97
3 5.87 0 5.97
4 612 0 6,12
[ 5 612 o 612
-f3T 3 443 0.55 4,54
7 5.37 018 5.8
s 3 -4.59 0.55 469
4,73 ' 9 612 0.18 613
Hin 612 0 112
Max 5.87 0.65 613
Vymean o
Vamean 0.59 [M4 /]
0.60
Material S 275
2 73
i E [N/mm?] 2,1E+05
Cross-section IPE 100
A [mm? ] 1032,50
sil: Ay [mm?] 592,33
0.05 A Az [ram” | 397,63
it [ | 11784.0
- Iy [mm’] 1.7E+06
Sominmax [M/mm? ] ] Iz [mm®] 1.6E+05
.22 Y vz [mm”] 0
Cross-section location:
#[m] = |5.8698
473 4,73
4.15 415
(21
2 E s
B4 e
3 1
1.05 i 105
R iz E] Total length: 12,000 m

You can display the diagrams corresponding to any load case or combination, as well as
envelopes. You can turn on and off the display of envelope functions and set the position
along the member where you want the results displayed.

Associative diagrams can be saved to the Drawings Library. Drawings from this library can
be inserted into reports. After changing and recalculating the model diagrams in the library
and reports change accordingly.

Selecting envelope or critical combinations only one of the min and max components will
appear depending on the component. If extreme values are located in one cross-section only you
will see values of the other components as well. Otherwise a [Jwill appear and the cross-
section location will be the first one.

See... 6.1.5 Result Tables
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6.1.13. Surface Element Stresses

Von Mises
stresses

&
Result Tables

The following stress components are calculated at each node of the
center, and bottom fiber:

element in the top,

Component | Membrane Plate Shell
ny 6 ny 6
S Sy =— Syy =x—[in =—*—-ln
XX xx ¢ xx 12 X xx ¢ 12 x
S - ny S +£ [in - ny 6
vy Sy = w ==y Sy = iy
s T T DT
X X - X - =5
Y xy ; Y 2 Y xy f 12 xy
3v 3v
Sxz Sxz = 2:2 xz 2_;2
3v 3v
=y =%
- T T

In the case of plane strain membrane elements s,, # 0, and is determined ass,, =V [{s,, +5

W)

In case of moments the x or y suffix refers to the direction of the section, therefore mx moment
will make the plate rotate around the local y direction and my around the local x direction.

The Von Mises stress is computed:

Sy = 05 (S0 =5yy)% + (S =522) + (5.0 =5,0)21+3 (52, +52, +52,)

Stress values can be displayed as a diagram, section diagram, as isolines or isosurfaces.

See... 6.1.5 Result Tables

6.1.14. Influence Lines

Truss

Displays the internal force influence lines corresponding to the unit applied forces Px, Pv, Pz
that act in the positive direction of the global coordinate axes. An ordinate of the influence
line represents the value of the respective internal force that occurs in the respective cross-
section caused by an applied unit force at the position of the ordinate.

Clicking a truss shows the elements’ absolute maximum ordinate value.

Displaying the axial force influence line diagrams of a truss girder:

Unit force in Z direction

Influence line of a top bar

74

i g
VAVAVATATAVATATA

z

[

z

[

Influence line of a truss

Influence line of a bottom bar

e
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Beam Clicking a beam shows the elements’ absolute maximum ordinate value and its location.

Displaying the internal force influence line diagrams of a frame:

Unit force in Z direction Nx influence line
K
K
Lx Lx
Vz influence line My influence line
K K
L. [.

6.1.15. Unbalanced Loads

3] Table Browses = [=] B3

File Edit Format Report Help

- Load Cazes (3) ;I = | B : ‘ ”7|
-~ Load Groups (2) = el TE E 3 5 3
Load Combinstions (3]
‘Weight Report

Unbalanced Loads

E Results ame: anea‘ Fyy [l0] ‘ Fy [i] | F [KH] | My, [iim] ‘ My [ihim] | M [fhim] |
E Linear Analysis 7 E i 0 Tear  7a a0 45520 ]
Displacements o 0 n o 0 B .
L e T 25w E [ 0 2mel| oeimez 178a0S 0
Truss Interna —
: LN i i [ i i [
[ 3| wina E EX 2500 ] 5918 10440 3272
Nodal Suppor] [Tz i i 0 i i 0
Stresses
m
[ Libraries
Material Library
Cross Section Libr
4 I I »
QK Cancel

The resultant of all external loads with respect to the origin of the global coordinate system
is calculated (in the direction X, Y, Z, XX, YY, ZZ) for each load case.

The unbalanced loads for each load case is also displayed (UNB) by its components
(in the direction X, Y, Z, XX, YY, ZZ). The unbalanced loads are not appearing in the
supports, therefore, if there are non-zero unbalanced load components, it usually means
that a part of the external loads are supported by constrained degrees of freedom and not
the supports.

& It is recommended to check the unbalanced loads after each analysis run.
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6.2. Vibration

Geometry |Elements |Lu:uads |S‘tatiu: Vibration

U'P‘U*t | EEZE Ir-.-1|:|de1 1,39 szjlez jl |zosurface jl1 = :r:::

Buckling |R.C.Design |Steel Design |

Result table

Displays the results of a vibration analysis (mode shapes and frequencies).
You must specify the mode shape number.
The mode shapes are normalized with respect to the mass.

Displaying mode shapes:

Frame, first mode Frame, second mode
L. L

Plate, second mode Plate, sixth mode

In the Info Window the following will appear:

f the frequency

W the circular frequency

T the period

Ev the eigenvalue

Error the relative Error of the eigenvalue

Iteration the number of iteration performed until convergence was achieved

AxisVM stores the vibration analysis results corresponding to each case.

See... 6.1.5 Result Tables
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6.3. Dynamic

Dynamic |

" Jfaper | E'E:E [ s Dvhi2 18] (0,005) =] = imm] || pizgram j|1 | =

5l i

Displays the results of a dynamic analysis.
Available settings and display modes are the same as for static results. See... 6.1 Static.

6.4. Buckling

Geometry |Elemer|ts |L|:uads |Stati-: |Vihrati|:|n Buckling |R.C.Design |Steel De=ign

B= [Mooe1(5644) v|[ez || tsosurtace Elps B ==

Displays the results of a buckling analysis (buckling mode shapes and critical load

parameters).

In the Info Window the following will appear: Buckling of a frame:
N, the critical load multiplier l l
Error relative Error of the eigenvalue

Iteration  the number of iteration performed
until convergence was achieved

AxisVM stores the buckling analysis results corresponding to each case.
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6.5. R.C.Design

6.5.1. Surface Reinforcement

Design Codes

Result components

R.C. Design

@ % EE:E |ECr'rticaI Min,Max.j|ayb [mm2im] j| lzosurface 20 j|1 ﬂ :n;::

Io 25 . cobiax’

Eurocode 2: EN 1992-1-1:2004
DIN: DIN 1045-1:2001-07
SIA: SIA 262:2003

Surface reinforcement can be calculated based on Eurocode 2. The calculation of the
reinforcement of membrane, plate, and shell elements is based on the 3" stress condition.
Reinforcement directions are the same as the local x and y directions. The nominal moment
and corresponding axial strengths are determined based on the restricted direction optimal
design.

The minimum reinforcement is not calculated. If the amount of reinforcement that is
calculated is less than the minimum reinforcement, the calculated values are informative only,
and are not based on the assumptions of an under reinforced design.

z
K- point .
T - A I/OV
top

- Y

Lottom
A]/

top
AY

A

& bottom

AZOHDI”

mxD, myD,
nxD, nyD: design forces

axb: calculated reinforcement area at the bottom in x direction
ayb: calculated reinforcement area at the bottom in y direction
axt: calculated reinforcement area at the top in x direction

ayt: calculated reinforcement area at the top in y direction

xb: actual (applied) reinforcement at the bottom in x direction
yb: actual (applied) reinforcement at the bottom in y direction
xt: actual (applied) reinforcement at the top in x direction

yt: actual (applied) reinforcement at the top in y direction
xb-axb:  reinforcement difference at the bottom in x direction
yb—ayb:  reinforcement difference at the bottom in y direction
xt-axt: reinforcement difference at the top in x direction

yt-ayt: reinforcement difference at the top in y direction

vRd,c: shear resistance

vSz—vRd,c: difference between the resultant shear force perpendicular
to the surface and the shear resistance

wk(b) crack opening in the axis of bottom reinforcement

wk(t) crack opening in the axis of top reinforcement

wk2(b) crack opening at the bottom of the plate

wk2(t) crack opening at the top of the plate

wR(b) crack direction at the bottom of the plate

wR(t) crack direction at the top of the plate
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Reinforcement
parameters

@

Materials
Thickness

Unfavorable
eccentricity

Position

&
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In the surface reinforcement design, the following parameters must be assigned to the finite

elements:

Concrete properties ‘

Surface Reinforcement Parameters {Eurocode)

Steel rebar properties

Concrete |

Rebar steel |BS002

Thickness (h) [cm] = |29,E| vI

Unfavarable eccentricity (k= 0) = -l *h

|

Untarviaorable eccertricty (N = 0) = - *h

osition

Xigp [cm] = |3,D | vl Yiop [cm] = |3,D vI

*hottam [cm] = |3'D 'l Yhottam [om] = |3'D 'l

I~ Usethis rebar steel and concrete cover by defautt

Pick Up »» | OK I

Cancel

| Reinforcement cover position

Concrete material, rebar material
h is the total thickness used in the calculation

It has to be added in case of Eurocode2.

Extra eccentricities will always be added to the actual value (calculated from normal forces
and moments) to increase the absolute value of the excentricity.

xbottom, ybottom, xtop, ytop

The position of the reinforcement is defined as the
distance between the edge of the concrete and the axis

of the rebar.

position (< h/2)

position

..‘...—A_

6.5.1.1.

Plate

Calculation based on Eurocode 2

If mx, my, mx are the internal forces at a point, then the nominal moment strengths are as

follows:
) . 4dmy =0
- the moment optimum is: A |
m1 = min
Yes No
v v
m{:mx+mxy m{—O 2
mf =m, +|\m mf =m oL
y =iy T My Vo my
\ |
Yes No
v v
2
m
My =y |y, mt = my Y
. m]
my— my+mxy m;:O
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Membrane

Shell

Results

Results

Results

Tables

AXISVM/()
AxisVM calculates the tension and/or compression reinforcements (for doubly reinforced

sections).

Only plane stress membranes can be reinforced.
If nx, ny, nxy are the internal forces at a point, then the nominal axial strengths are as follows:

. . . Ai’lz =0
- the axial force optimum is: )
Anq =min!
ny 2,
Yes No
v v
nx:nx+nxy Tlx_O
2
n,=n, +|n = "y
Y Y xy n, =ny, +-—
|

AxisVM calculates the tension or compression reinforcements. Compression reinforcement
is calculated only in the points at which the axial compression resistance of the section
without reinforcement is lower than the compressive design axial force.

If nx, ny, nxw, mx, my, mxy are the internal forces in a point, than the design axial forces and
moments are established based on the reserve axial force optimum and reserve moment
optimum criterias that were emphasized, at the membrane reinforcement and plate
reinforcement description.

The program calculates the necessary tensile and compressive reinforcement.

The following values are provided as results: axb, axt, ayb, ayt
Total reinforcement in x direction: Ax = axb+axt
Total reinforcement in y direction: Ay =ayb+ayt

The total amount of reinforcement necessary is Ax + Ay.

The error message The section cannot be reinforced appears if:
Ax>0,04A,, or Ay>0,04A,

where A, is the concrete cross-section area.

The following symbols are used in tables:

(-) compression reinforcement bar
??? the section cannot be reinforced in the corresponding direction
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6.5.1.2.

Plate, Membrane,

Shell

Error message

Tables

Calculating based on DIN 1045-1 and SIA 262

Reinforcement of membranes, plates and shells are calculated according to the three-layer
method.

The internal forces (m,, m,, m,, n, n, n,,) are calculated in the perpendicular directions of
the reinforcement.

The surface is divided into three layers. Membrane forces for the top and bottom layers are
calculated then design forces and the required amount of reinforcement is determined.

z

Top layer

Medium layer

Bottom layer

o |

Besides calculating the required reinforcement zones of concrete are checked for shear and
compression according to A, B and C cases.

Case A Case B Case C
t

P - —t

-l
|
|

The error message The section cannot be reinforced appears.

If the compressed zone of the concrete fails due shear forces.

If the compression principal stress is higher than f.

Ax>0,04A,,or Ay >0,04A,, where A, is the concrete cross-section area.
The following symbols are used in tables:
(-) compression reinforcement bar

??? the section cannot be reinforced in the corresponding direction
No symbol appears when tension reinforcement is required.
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6.5.2. Actual Reinforcement

Actual Reinforcement

Z

Rebar statistics

Lets you apply an actual reinforcement to the surface elements depending on the calculated
reinforcements.

Using the actual reinforcement you can perform a non-linear plate deflection analysis.

There are two ways to define actual reinforcement:
1.) select surface elements or domains then click the button on the toolbar to specify rein-
forcement
2.) click the button with no selection, specify reinforcement then draw mesh-
independent reinforcement domains.

The actual reinforcement within the model can be checked by displaying Rebar statistics in
the Weight Report section of the Table Browser. This table lists total length and mass of rebars
and the total reinforced concrete surface and volume per rebar diameter.

Load cases (1)

S Rebar statistics
Load Combinations

=] Weight Report & EL m* Em A, EY, EmiE Y,
Waights Per Material [m] Tkgyim] [ka] m?] m#] [kim? ]
Wigights Per Surface Type
212 0.688 313638 35.327 7.065 44
= RESULTS @14 88.907 | 1.208 107.437 17.781 3.556 30
2 Linear Analysis @16 B7.728 1578 138454 17.548 3.509 39
+ Displacements Total 529.904  1.056 559.538 35.327 7.065 79

+ Internal Forces
+ Stresses
=l R.C. Design

+ Reinforcement Paran ¥
1 »

6.5.2.1.

Reinforcement

Min. Thickness

Reinforcement for surface elements and domains

x|
Parameters (Eurocode)  Reinforcement |
[=]- % Direction [pAEEEE
- Top Reinforcement = 1005 Type |Ribhed -
LB £ 200 (400 [R]
[=- Bottom Reinforcement = 1005 & [mim] = |1‘3 3

; LB £ 200 (400 [R]

E--y Direction

E| op Reinforcement = 1005
LB 200 (400 [R]

i cement = 1005

Spacing [mm] = |2DD 3
Rebar position [mm] = |4D 3

& [mm? im] = 1005

Add | Delete

—Max. Reinforcement in Selection

at [mm2 im] = 536
2 =
Win. Thickness (b [mm] = 150 gk [mem= din] = 07
ayt [mm? in] = 332
ayb [mm? /m] = 724
Pick Up »» | Ok | Cancel |

The actual reinforcement of the selected surfaces is shown in the tree on the left. Selecting a
reinforcement makes its parameters editable on the right. Changing the values updates the

tree.

Min. Thickness displays the minimum thickness entered as surface reinforcement
parameter for the selected elements, and not the minimum thickness of the elements.

The position of the rebar is defined as the distance g
between the side of the concrete and the axis of the Y
e o000 0 |
rebar.
h
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design codes
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The applied reinforcement is shown in a tree view on the left. By selecting a reinforcement
you can change its parameters in the right side. By selecting a location (e.g. x Direction / Top
Reinforcement) you can set a new reinforcement on the right side and add it.

Use the Delete button (or [Del] key) to delete reinforcement or the Add button (or [INS] key) to
add reinforcement to a group. If you select a node of the tree view the Delete button
(or [Del] key) will delete all the reinforcements under that node. The Add button
(or [INS] key) will add reinforcement to the corresponding group.

In the Max. Reinforcement in Selection group box the maximum calculated reinforcement
values are displayed corresponding to different directions of the selected elements.

Load duration

™ Shart term (kt = 0.6)
%  Longterm ikt = 0.4)

Eurocode,
Swiss code (SIA),
Italian code

hfin. Thicknes= (h) [cm] = 29,0
~Primary direction of reinforcement

oy [om] = |1,S vl =16
T

— 3

Top Surface

x Oy
h

H

*x oy
Bottom Surface

cpleml=|18 <l Z1E

Dutch code (NEN)

¥ &pply minimum cover

—Rebar steel

IFeEI 500 HL ‘l

No additional parameters.

German code (DIN 1045-1)

6.5.2.2. Mesh-independent reinforcement

To define mesh-independent reinforcement set reinforcement first then draw rectangular or
polygonal reinforcement domains.
If no surfaces or domains are selected clicking the button on the toolbar displays this dialog.

Actual Reinforcement
Parametars (Eurocods)  Reinforcement ] -
= = Rebars
= x Direction

Type [Ribbed  v]

@ [mim] = |15—3

Spacing [mm] = ,FE
Rebar position [cm] = ,45—3

& [mim? im] = 314

S Top Reinforcement = 914
16 mm £ 220 mm (3.0 cm) [R]
=] Bottom Reinforcement = 1330
16 mm £ 150 mim (3.0 cm) [R]
-y Direction
= Tep Reinforcement = 914
16 mim £ 220 min (4.6 cm) [R]
=l Bottom Reinforcement = 1340
16 mm £ 150 mim (4.6 cm) [R]

Delete |

340
=
=

=+
=
m

Pick Lp >> h =& Closs

Reinforcement can be added or deleted the same way as above.

The dialog can be reduced to a toolbar. Clicking the triangle icon at the top right corner
shrinks or opens up the dialog. The reinforcement amounts specified are displayed as
symbols. The amounts of top and bottom y reinforcement are written along the vertical line.
The amounts of top and bottom x reinforcement are written along the horizontal line.
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e gH

E:]

&

Overwrite
3

Add

Actual Reinforcement
= -
Bick Up »» % EH @ @ ﬁ §|§ % Cloze

Toolbar icons:

Displays the selection toolbar to select existing domains. The current reinforcement is
applied when the selection is completed.

Option to draw rectangular reinforcement domains.

Option to draw skewed rectangular reinforcement domains.
Option to draw polygonal reinforcement domains.

Option to apply reinforcement to domains just by clicking them.

Reinforcement is applied only where reinforcement domains fall on surface elements or
domains.

Contours of reinforcement domains are identified by the cursor. Clicking reinforcement
domains allow making changes in the reinforcement. [SHIFT] + clicking selects multiple
reinforcement domains. Clicking on one of the selected domains allow making changes in
multiple reinforcement domains. This is the same method used for elements or mesh-
independent loads.

Mesh-independent reinforcement domains are displayed as
contours made of dashed brown lines. A symbol showing top
and bottom reinforcement amounts in x and y directions
appear at the center. Centerpoint is connected to two vertices
of the domain polygon by continuous brown lines.

012/ 200=565 ",

o014 / 200=770

012/ 200=565

When modifying an existing reinforcement domain two methods are available:

New reinforcfement overwrites the existing one.

New reinforcement is added to the existing one.

6.5.3. Crack Opening Calculation

Design Codes

Results

Eurocode 2: EN 1992-1-1:2004
DIN: DIN 1045-1:2001-07

After the assignment of the actual reinforcement the program
calculates the crack openings and crack directions in the
membrane, plate and shell elements.

The direction of the reinforcement is relative to the surface
element’s local x and y axes.The program displays the crack
openings in a color coded mode, can draw the crack map and
the crack angles.

— <

The set of the parameters can be seen in the previous section.
In the table of results the following information can be found:

Aax, Aay actual reinforcement in x and y direction

wk  crack opening at the axis of the rebar

wk2 crack opening at the edge of the slab

X position of the neutral axis relative to the edge on the compressed side
O, rebar stress

wR angle of cracking relative to the local x direction

nx, ny, nxy, mx, my, mxy surface forces and moments
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A warning message will appear if the calculated

M y rebar stress is higher than the characteristic
top > <k X2 yield strength.
I\ h
I The calculation of crack opening is based on the
Aatton B actual reinforcement assigned to the surfaces.
» |l k2

6.5.3.1. Calculation based on Eurocode 2

Wy =5y, max WEsm — Ecm) » Where s, oy is the maximum cracking, &, is the strain of the rebar,

&.m 18 the strain of the concrete between cracks.

Os2 —ky M(l + = pp,eff)
Esm ~Em = pp,Eﬁ - =0,6 E&
ES ES
Sy max = 3,4 [0 +0,425k; [k, , Where
Ppeff

@ is the average rebar diameter,
C is the concrete cover,
k is a factor depending on rebar surface (ribbed or plain),
ky is a factor depending on the character of the eccentric tension,
k; is a load duration factor

for short term loads ki=0,6

for long term (permanent) loads ki=0,4

A . . . .
Pp,ef =——— is the effective reinforcement ratio.
T A

If plain rebars are used or the spacing of ribbed rebars exceeds 50c+¢/2), then
Sr,max =130h-xy).

The program takes account of the fact that cracking is not perpendicular to any of the
reinforcement directions and calculates its angle relative to the x axis.

6.5.3.2. Calculation based on DIN 1045-1
Wy =5, max WEsm — Ecm) » Where s, oy is the maximum cracking, &, is the strain of the rebar,

&:m 18 the strain of the concrete between cracks.

E
0o -04T8 (4 L )
0
Esm ~€em = Efé = >0,6 :IIJ—ESZ
S S

E_l () B_i
Sr,max ~ s
3,6 weff 3,6 et

d is the average rebar diameter

, where

A . . . .
Py =———is the effective reinforcement ratio.
c,eff

The program takes account of the fact that cracking is not perpendicular to any of the
reinforcement directions and calculates its angle relative to the x axis.
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6.5.4. Non-linear deflection of RC plates

In case of the linear static analysis the plate deflection is calculated according to the elastic
theory. In fact the behaviour of RC plates is non-linear due to two opposite effects.
The actual reinforcement increases the bending strength but cracking decreases it.

The non-linear RC plate deflection analysis follows up these two effects with the actual
reinforcement.

The program performs a non-linear analysis in an iterative way using the moment-
curvature diagrams of RC cross-sections. The strength effect of the tensile concrete is also
taken into account.

This non-linear analysis is available based on Eurocode, DIN 1045-1 (German), SIA-262
(Swiss), NEN (Dutch), MSz (Hungarian) and STAS (Romanian) design codes.

The main steps of a plate deflection calculation are

1.) performing a linear analysis of the plate

2.) calculating the required reinforcement

3.) applying the actual reinforcement

4.) performing a non-linear analysis of the plate

When you start the non-linear analysis, check the Use actual reinforcement in the calculation
checkbox.

Plate deflection:

" T

/
| W= \
| i { ) , l
WA\~ ] )
\ S
\\g-—-——‘/ \é: — v

Linear (elastic) analysis Non-linear analysis

6.5.5. Shear resistance calculation for plates and shells

Design Codes

Eurocode 2: EN 1992-1-1:2004
DIN: DIN 1045-1:2001-07
SIA: SIA 262:2003

AxisVM calculates the shear resistance of the reinforced plate or shell without shear
reinforcement, the normal shear force and the difference between them.

vg, = ZJ)ZCZ +v§Z is the resultant shear force, where v,;, and v, are the shear force

components in planes with normals in the local x and y direction.
@=arctan(v,, /vy, ) is the angle of the normal of the plane, in which resultant shear force of
qr. acts.

d=(d, +d,)/2 is the average effective height.

P, =./Py @)y is the reinforcement ratio of the longitudinal reinforcement.

P and p, are rebar ratios calculated from tension reinforcement in x and y directions of the
reinforcement.

The calculation of the shear resistance is based on the actual reinforecement assigned to the
surfaces.
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6.5.5.1.

Calculation based on Eurocode 2

Shear resistance is
Vide =|Cra.c K000, )/ ® 4Ky @y |2 (0 +K1 B,,)) @, where

CRd,c =0.18/y,, k=1+,/(200/d) 2.0, ky =0.15
Ny

<02y, Omin = 003502 FY/2

O = c

P
C
is the normal force in the

Nk4 is positive in compression.

NEq shell perpendicular to the plane of gg,.

The reinforcement ratiois 0; <0.02.

The Vg4 shear resistance and the difference between actual shear force and
the shear resistance (vs,—Vg4) can also be displayed with isolines and isosurfaces.

6.5.6. Column Reinforcement

[e=

Design Codes

The reinforced column check can be performed based on the following design codes:

Eurocode 2: EN 1992-1-1:2004
DIN: DIN 1045-1:2001-07
SIA: SIA 262:2003

Commands for editing are the same as in the main window.
See... 2.5 Using the Cursor, the Keyboard, the Mouse.

On Reinforcement bars tab the cross-section can be choosen, material parameters of the
concrete column and the rebars, buckling lengths of the column can be set and rebars can
be placed.

After clicking the Column Check tab N-M strength interaction diagrams are calculated.

Checking Concrete Columns - Eurocode _[O] x|
File Edit Display Window
é Reinforcement Bars |Cnlumn Check |
.g EEGE!E| ] v|%| £ 5?._/.” @ mmi=[25 <] canor ¢ = [zA0 - n=f 3,
| B
l\\b C25/30
@ ob e = 2460001
Q As/Ab[%zf{':A 2.05
B e
v
N L [m] 4.000
.-q EEEEEEEE
c, J
—p
a4
A
w&
@ z
] dylmm]: &1.8 drfmm]: 655.1
iFdz[mm] i 652.2 “;d a[e]: 24.59
v dilmm]: &55.1 =
_ laanseawasl ] LlJ
Close
Open  Opens a new cross-section or reinforcement.
"}
Only cross-sections with graphics data can be opened.
Save Saves the reinforcement under a name for further use.
—
L

Save diagram to the Drawings Library.



290
Define Reinforcement

Parameters

Reinforcement Bars
To a point
Covering

By spacing

LR R
il

On circular arch

Ve

* N

Diameter

& tomj=[25 =]

Covering

Concr. C. [mm] = I- - l

N

Translate
iy

Rotate

At

Mirror

Alk

The following icons are available on the Define Reinforcement menu:

Lets you specify the parameters for
calculation of the load-moment strength ing parameters _M:onc;te

interaction diagram. Ic_zsm—;,

The unfavorable eccentricity increments L -
determined based on the buckling : Rebaresf‘tfeel

parameters are displayed in the internal i B

i Calculste eccentricity increment
in z direction

By = |1 000

W Calculste ecoertricity increment
in y direction

force check table.

Byy- is the buckling length
factor in x-z plane

P~ is the buckling length Bas = 000
factor in x-y plane L fml= [+.000

—Stirrup distance

5, [mm] = IQDD

[ Use this rebar steel by default

o1

Cancel

Generates a reinforcement bar with a specified diameter to the location of the cursor.
If the cursor is on a corner or on the contour line the reinforcement will be generated

taking into account the concrete cover.

Inserts evenly N+1 new rebars between two selected points.

Inserts evenly N+1 new rebars between a selected starting point and an end-point of a

circular arch.

Lets you define or modify the diameter of a rebar.

To modify, select the rebars and than the enter the diameter or select a value from the list.

Lets you define or modify the concrete covering.

& In this case the concrete cover is the distance from the extreme
fiber to the rebar!

Modifying the geometry of the rebars:

1. Move the cursor over the centroid of the rebar.

2. Use the left “B button (keep depressed) to move the rebar to its new
location, or, enter its new coordinates numerically in the
coordinate window.

The division number which defines the number of rebars as N+1.

Creates new rebars by copying existing ones by translation.

Creates new rebars by copying existing ones by rotation.

Creates new rebars by mirroring existing ones.

4
® 9 A
(] (]
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Modifying the geometry of the rebars:

1. Move the cursor over the centroid of the rebar.
2. Use the left “B button (keep depressed) to move the rebar to its new location, or, enter
its new coordinates numerically in the coordinate window.

Calculates the interaction diagram based on the cross-section properties and reinforcement
parameters and determines the eccentricity increments for the forces in the selected
columns (or any N,, M,, M,, M, M. values) based on the given buckling parameters and
according to the requirements of the current design code.

Calculates N, M4, M., design forces using the eccentricity increments and checks if these
points are within the interaction diagram.

The display of the diagram can be set in the Display Parameters window.

Allows setting the display modes for the interaction diagram.

Display Parameters %]
—Display Mode: —Axial Forces————————————————

" Cross-section [w] -5953 495 -
& h-M Surface [ -5300.000
: []-5500.000
" M-ty Disgram []-5700.000
" M-Mz Diagram [ -5600.000
- ) []-5500.000
My-Mz Disgram (MN=const.) [ -5400 000
N kM) = l—_,U - [ -5300.000
-5200.000
" Critical Ece, Curves [J-5100.000
[ -s000.000
—Labels [ -4300.000
[ -4500.000
Critical Ecc. Curves []-4700.000
¥ Axial Forces [[] -4500.000
[ -4500.000
Internal Forces 4400000
[v Graphic: symbols [ -4300.000
2% ;IE []-4200.000
L N 9 [1-4100.000
. [] -4000.000
[~ Axial Forces [ -3900.000
Cross-section E -3800.000
. " -3700.000
¥ DiametersiCoordinates 3500000

¥ Corner Coordinates [] -3500.000 x|

¥ Reinforcement
I Refresh &l

Cancel |

&~ Blue color shows that the N,;-M,4-M,; values are within the interaction diagram.
Red color shows that N.;-M,-M., values are ouside the interaction diagram.
The normal forces for these points are always displayed.

Select display mode by clicking a radio button in the Display Mode group box. It has the
same effect as selecting it from the dropdown list.

Select axial force values to use when drawing the 3D interaction diagram (N-M Surface)
from the check list.

In the Labels group you can turn on and off axial force labeling, the display of graphic
symbols for internal forces of selected columns in the N-My-Mz space and display options
for the cross-section display mode.
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N-M surface

N-M diagram

Displays the N.-M,-M, strength interaction 3D diagram.

Checking Concrete Columns - Eurocode

5 [=] 3
File Edit Display wWindow
& Reinforcement Bars Column Check |
=
H &‘ﬁ B= [nMsurtace ] Hikh= o =l H=|1 = V=|1 2
| <
% fj[kN] M [kM] | My [kMm] | Mz [kMNm] || O]
mindman
Gl 5963.50 o of =l
2125.20 a a
Q min/max
-1200,00| -722.07 a
-1200,00 T22.07 o
Titfman
+ -1200.00 0 -403.87
<_VL_> -1200,00 a 403,87
C25/30

Cross-Section £00x400
&b [mm?] = 240000,01
BS00A
Reinforcement 10fi25
As/Ab [%] = 2,05
Eurocode
Case 1 5T1

S

(=
b‘v

, [kMrm]

C25/30
Cross-Section 500x400 —I
Ak [mm?] = 240000,01
BSO0A
Reinforcement 10fi25
Asihb [%] =
Stirrup
sw [mm] = 200
Buckling Coefficients
by = 1
Bz = 1
L[m] = 4.000
Eurocode

@~ 2

2.05
M, [km]

CYCR R SR Rag ]| ||

;IJ
Cloze

Displays the N,-M,, or N,-M, load-moment strength interaction diagram.

Checking Concrete Columns - Eurocode I =]
File Edit Display ‘Window
& Reinforcemert Bars Column Check |
=1
Eh &‘a E= [n-My Disgram | ni= o = H=|El? | v=|1.1 2
x
% i [kNé%a e 1 [kM] | My [kMm] | Mz [kbm] || O
- g minfma
Q : -5963.50 ] =} ;I
2135.30 0 0
a i/
-1900,00 [ -722.07 0
— -1900,00| 722,07 0
minmax
o -1200,00 o[ -40z.87
Lo -1800,00 0| 40387
c25/30

Cross-Section 6005400
Ab [mm?] = 240000,01
BSO0A
Reinforcement 10fi25
Asfab [%] = 2.05
Eurocode

Caze ! 5T1 _I

C25/30
Cross-Section 600x400
Ab [mmZ] = 240000.01
BS00A
Reinforcement 10fi25
Asiab 8] =
Stirrup
=w [mm] = z00
Buckling Coefficients
By =
fz = 1
L[m]= 4,000

Eurocode
of
*
Close

s

(=
I\:‘v

B A >

2.05

@ QB o o _

This display mode can be used with cross-sections that are symmetric. You can display the

design values of the internal forces, by enabling the Write Values to check-box.

The design values of the internal forces are displayed as follows:

&~ Blue rectangle: the design value N,;-M,,-M., is under the interaction surface.
x red cross: the design value N,;-M,-M.; is above the interaction surface.
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N-Mz diagram  Displays the M,-M, interaction diagram at a given N value.

Checking Concrete Columns - Eurocode

Y
i-' hiy-hiz Diagram (N=const ) |—

N = -3600.000 kN M, [khm]
o 400,000

3200000

Load eccentricity Checking Concrete Columns - Eurocode
limit curves

city Curves |— |—/

Mg Mg

N.

1

Displays the load eccentricity limit curves based on the or

i
& Blue rectangle: the design value N,;-M,;-M., is inside the load eccentricity limit curve.
x red cross: the design value N,;-M,;-M., is outside the load eccentricity limit curve.
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Internal forces The Column Internal Force Check table contains the maximum normal forces and moments
at the top and bottom end of the selected columns and different eccentricity values.
Additional columns displaying M, min, Mytimaxy Mztmine Mztmax moment resistance maximums
at the given N, are also available.

2" Column Internal Force Check M [=] B
File Edit Format Help

+ X =8 G B E

Column Internal Force Check [10fi25, Linear, 5T1]

Buckiing I My, hiz,, My, Mz, ey |epky | Epty | oty | ey By Sy &y Szy %22 | passed
parameters [kM] [kfdem] [kMm] [khdm] [kMm] [mm] | [mm] | [mim] [mm] [rmim] [tmim] [rmem] [tmm] [m] [m]
By =1
fipp =1
L =4.000m

-3600.000 0 -T2795 -83549 145600 167400 232 202 464 404 186| -162
-3600.000 54.300 FSE00 121500 495600 210-151| -268| -338| -107| -263
-3600.000 -81.400 16300 167.200 49600 45| 226 138 464 65| -188

10.0 10.0 205 142 yes
10.0 10.0 205 142 yes
10.0 10.0 20.5 142 yes

Edliting Design axial forces

OK |

M= -1500,00 kN

On N-My strength interaction diagrams and on load
eccentricity limit curves points represent these design loads.
Custom force and moment values can also be entered into the
table. These points will be displayed in the N-My strength
interaction diagrams and in the load eccentricity limit curves.

Signs of the foces and moments are determined according to
the picture.

Rebars thinner than 1/12 of the stirrup distance will be ignored
for compression.
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6.5.6.1. Check of reinforced columns based on Eurocode 2

The design moments in bending directions are M; = N4 [,

where N; is the normal force in the column and e; =e, +e; +e, is the standard
eccentricity in the given bending direction.

eo = M)/N, initial eccentricity calculated from the first order force and moment.

If moments at the top and bottom end of the column are different, a substitute initial

eccentricity will be determined:

_ 0.6e, +0.4¢;
e, =max 0.de, and |eu| 2|eb

where ¢, and ¢, are the initial eccentricities at the ends of the column.

7

e; : increment due to inaccuracies (imperfection)

e; = a6, % , where [ is the buckling length.

ay = 2 and 2/3 < a;, <1, where ] is the mesh length.

N

e; : second order increment of the eccentricity.

2
ey :llil where lzKrK¢fy—d
r r E, [0.45 @’
N, -N
K, =min{”—Ed; 1.0},
N{, =Ny
Ky =max{l+ Bf,; 1.0}
fck A . 2
=0.35+== —— (fyin N/mm
A 200 150 e )

d’ =(h/2)+i,, where i is the radius of inertia of the rebars
Increments of eccentricities are determined in both bending planes and checks the

following design situations:
Mdy = Nd *( eezi'(eiz'i'eZz))
Mdz = _Nd *( eeyi (eiy""eZy))
At the bottom and top end of the column:

Mdy = Nd *( eOazieiz)
Mdz = 'Nd *( eOuyieiy)

Mdy =N d >(-(EObzi'eiz)
Mg, = -Na*(egpteiy,)

AxisVM checks whether the calculated design loads (M,, Mg, N, are inside the N-M
strength interaction diagram. If it is not satisfied in any of the design situations, the
column with the given cross-section and reinforcement fails.

€oay » €0z aNd egpy , €y are the initial eccentricities at the bottom and top end of the column.

The calculation takes the following assumptions:
0,6 diagrams:

/l/

€1 €cu

| Olecfea
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6.5.6.2. Check of reinforced columns based on DIN1045-1

Design moments in bending directions are M; = N4 [

where Ny is the normal force in the column and e; =¢( +e, + e, is the critical eccentricity
in the given bending direction.

ep = Mu/Ny initial eccentricity calculated from the first order force and moment.

If moments at the top and bottom end of the column are different, a substitute initial
eccentricity will be determined:

_ 0.6e, +0.4¢, d -
e, =max 0.de, an |ea| _|eb

where ¢, and ¢, are the initial eccentricities at the ends of the column.

7

e, : increment due to inaccuracies (imperfection)

l
e; =a, % , where [ is the buckling length.

ag = 1 < L , where [ is the mesh length.
1001 ~ 200

Amax = max{ZS; L}

VNg/ Acfa

If Amax 2 A second order increment of eccentricity has to be taken into account, where
A is the column slimness calculated from the concrete cross-section.

e, : second order increment of the eccentricity.

2 2
ey =Ky Ell—E{O—, where 1:KZi,
r 10 r E, 090

Nug =Ng_ <1.0
Nyg =Npa
d is the effective height of the cross-section

K, :min{i—z.s; 1.0}, Ky =
10

Increments of eccentricities are determined in both bending planes and checks the
following design situations:

Mdy = Nd *( eOzi'(eaz + eZz))
Mdz = _Nd *( eOyi (euy + eZy))

At the bottom and top end of the column:

Mdy = Nd*( eOazieaz)
Mdz = 'Nd*( eanieuy)

Mdy = Nd*(e()bzieuz)
Mdz = 'Nd*(e()byieay)

AxisVM checks whether the calculated design loads (May, Mg, Ny are inside the N-M
strength interaction diagram. If it is not satisfied in any of the design situations, the
column with the given cross-section and reinforcement fails.

€oay » €oaz AN €ppy , €0y are the initial eccentricities at the bottom and top end of the column.

The calculation takes the following assumptions:
0,e diagrams:

£
/ €s

€l €

€y
€

cu
su

N IN

fya

| oufeq
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6.5.6.3. Check of reinforced columns based on SIA 262

Design moments in bending directions are M, =N, [2,
where N, is the normal force in the column and e; =e¢(, +e1; +e,, is the critical eccentricity
in the given bending direction.

eoq : increment due to inaccuracies (imperfection)

_ ly  d 1 _001_ 1
egq =maxiaq;—; —.,where—20;,=——2——,
27 30 200 VI 300

I+ is the buckling length, [ is the actual length, d is the effective height of the cross-section.
e14 = My/N, initial eccentricity calculated from the first order force and moment.
If moments at the top and bottom end of the column are different, a substitute initial

eccentricity will be determined:
0.6¢, +0.4e,

e, :max{ 0.de, } and |eu| 2|eb

where ¢, and ¢, are the initial eccentricities at the ends of the column.

7

e, : second order increment of the eccentricity.

— ﬁ h _ 2fu
€24 —Xdﬂ_z s Where Xy =— d-d)
S

Increments of eccentricities are determined in both bending planes and checks the
following design situations:

Mdy = Nd *( elzi(e()z +€22))

Mdz = _Nd *( eYyi (eOy+eZy))
At the bottom and top end of the column:

Mdy = Nd *( eazi'e()z)

Mdz =-N, d *( eayiEOy)

Mdy =N, d >(-(ehziEOZ)

Mg, = -Ng*(ey,teg,)

AxisVM checks whether the calculated design loads (Ms, Mg, N, are inside the N-M
strength interaction diagram. If it is not satisfied in any of the design situations, the
column with the given cross-section and reinforcement fails.

ey , € and ey, , €y, are the initial eccentricities at the bottom and top end of the column.

The calculation takes the following assumptions:
0,6 diagrams:

€. €0
|| &i<ta
€1 €.
e <€, c cu
fyq
| Mefe

Longitudinal rebars will not be taken into account for compression if any of the following
criteria is met (s is the stirrup distance):

0<8

s >150

S > a min

s > 300 mm
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6.5.7. Beam reinforcement design

Design Codes

Variable
cross-section

Steps of design

Eurocode 2: EN 1992-1-1:2004
DIN: DIN 1045-1:2001-07
SIA: SIA 262:2003

The beams are structural elements, with one dimension (the length) significantly greater than
the dimensions of the cross section, loaded in bending and shear, and axial force is zero or of a
small, negligible value.

The beam reinforcement design module can be applied to beam structural elements
modeled by beam or rib finite elements, that have the same material and constant or
variable rectangular or T cross sections, assuming that the load is applied in the symmetry
plane of the cross section.

The computed longitudinal top and bottom reinforcement are of the same steel grade, while
the stirrups could have steel grade different from the longitudinal ones.

The change in shear force due to variable cross-
section is taken into account.

Where sign of the moment does not change a simple
rule can be applied: if section height changes the
same way as the moment along the line shear
capacity increases otherwise it decreases.

Shear force is modified by AV =2A;f, sina, where Agis the longitudinal tension

reinforcement area, o is the angle between the extreme fiber and the centerline.
Longitudinal reinforcement is assumed to be parallel with the extreme fiber.

The design is performed in two steps:
1. Design of longitudinal reinforcement for moments about y, or z axis (My, or M,).

2. Determination of spacing of vertical stirrups considering shear forces about y or z axis
(Vy or Vz) and the twisting moment (Tx).

The axial force is not taken into account. If the axial force cannot be neglected, the use of the
Column Design module is recommended.

Bending and shear/twisting is analyzed separately, however the longitudinal tensile
reinforcement is taken into account in the determination of the shear capacity.

The increase in the tension in the longitudinal rebars due to the shear cracks are accounted
by shifting the moment.

AxisVM performs only design procedures listed in this section.

Any other requirement shall be fulfilled by the user, following the requirements of the design
codes, and corresponding other regulations.

The Beam Design module does not check the effect of biaxial bending, lateral torsional
buckling transversal stresses due to direct application of point loads, or any interaction
involving these.

The module cannot be applied to the design of short cantilevers.
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Define of size of
support

Beam Reinforcement - Eurocode _ o] x]
Eile Edit Display ‘Window Tables
SReE=NE
_§‘ B
Q 6.000 m 5.000 m 5.000 m
£ ¢ ¢ ¥
Q Mode 1 . . Made 2
ey =
ét_’ | 188 63
M, kM) i “x
;:; i 1295
75 -132.82
211.44 17734
| 11281 ]
W kN | i %
-148.55 12719 A3 ER
® Qb ] _>|_I

Clicking on the support the following dialog window is displayed:

Support Size
fctual

Lett [mm] = |1SD

Righit [mim] = |150
Theoretical

Left [mm] = |1DD

Right [mm] = |1DD

o8 I Cancel |

299

Lets you specify the segments each side of the support that will

The diagram below shows the moment/shear force reduction above supports:

Beam Reinforcement - Eurocode _ (O] x|
Eile Edt Display Window Tables
S GE"E
4@4 =]
Q 0.150 m 5700 m 0.300 m 5.700 m 0.300 m 6700 m 0.150 m
Q H (e A #
Mode 1 . X Mode 2
FH| : f% : :
- q : i) T
o
17711
“ 135.39 113.55
13.08 /\
M, [kMm] X [
;; ' 1295 N~
18375 -132.52
gL 171.34
108.81
W [kM] | i %
14256 -123.19 7B 66
|Rand oo ] —"_I

be not included in the calculations. The internal forces are
linearly interpolated within the segments.
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Beam parameters

Beam Parameters - Eurocode

Eesigﬂ Internal Selection of the z-x or y-x plane of the internal forces used for design.
orces
b9

X

j

A

A/

i

Stirrup Stirrup legs: lets you set the number of stirrup legs subject to shear.

Rebar positions (ub, ut): distance between the centroid of rebar and the corresponding extreme

fiber of the concrete.
uy : the distance of the center of the bottom rebar from
° ° e the edge of the cross section.
u, : the distance of the center of the top rebar from the
edge of the cross section.
XXX p

Display results

Diagrams off/on |

Labeling off/on |

-
|l 0
= I
- 0

As results provided are the longitudinal reinforcement from bending, maximum stirrup
spacing and the longitudinal reinforcement from torsion diagrams.
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Longitudinal rein-
forcement from
bending

&7

Longitudinal rein-
forcement from
torsion

&
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On the longitudinal reinforcement diagram the tension reinforcement is displayed in blue,
the compression reinforcement in red, and the minimal reinforcement according to the

design code in gray.
Beam Reinforcement - Eurocode O] x|
File Edit Display ‘Window Tables
g0 @EBREE
e =
% Cross-Section
C35/45
G'l 0.150 m 5700 m 0.300 m 5.700 m 0.300 m bl ]E‘ . 0.150 m
cml= .
M A A h[em]= 50.0 —
Q Mode 1 Longitudinal rebars Mode 2
I BSS0
¥ o = utfem]= 3.0
El T T b= 20
<_I_> Stirrup
177.11 P
«q /\ 135.39 *legs= 2 113.55
Eurocode
< [kMrm] 13.06 Caze : Co#3 . |
% -12.95
18375 -132.52
8.40 E a2 -
L [cm?] 212 212 212 212
a4 21 212
= - - ¥
L [cm? ] \_/ 218 S—
5.13
8.73
Click to get result walues or drag a frame to select. Use SHIFT to add elements to the selection. ||
R o Ry | ] N

OK | Cancel |

The longitudinal reinforcement diagram is displayed in purple.

The longitudinal reinforcement from torsion should be placed uniformly around the cross-

section contour.

Beam Reinforcement - Furocode =10l =]
File Edit Display Window Tables
b i =
S8 @ ESE
— d
% Cross-Section
3545
@Q H
blem]= 20.0
Q 6.000 m §.000 m B.000 r hlem]= S0.0
£ ¥ e Longitudinal rebars
B220
Node 1 utleml= 30 o
+ [ ub[cm]= 3.0
o 8 7S Zs Stirrup
i : B220
@_[mm]= 2
q Legs= 2
Eurocode
G Case ! Co #4
T, [kMrm] i L
-17.580 -17.50 -17.50 -17.480
6.70 6.70 670 670
A [emE]

@andaaad

OK |
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Stirrup spacing  The allowable maximum stirrup spacing is displayed in black, the calculated spacing in
& blue, and the minimal spacing according to the design code in gray.

. Beam Reinforcement - Eurocode O] x|
File Edit Display Window Tables
S8 ¢FEER
| =
% Cross-Section
@ £.000 m 6.000 m B0 B
N * * fney
Mode 1 ‘Longitudinal rebars [«
= 2 = el 50
+ ub[em]= 2.0
o Stirrup
211231 .44 R [m:]izg
N /“I 11281281 L g
urocode
E5 v, [kN] | B o N
N 4386 -T3FEHEB 35506
3.2 3.2 35.2
s, [cm]
104 5 55 BH—x
_ leaassawil ] Ll_l
Ok | Cancel |
6.5.7.1. Beam Reinforcement Design based on Eurocode2
Symbols, material properties, partial factors
f.a | design value of the compressive strength of the concrete
fq | design value of the yield strength of the concrete
o = 0.85; a coefficient, that takes the sustained load and other unfavorable effects into
account
Ve = 1.5; partial factor of the concrete
f,a | design value of flow limit of rebar steel
€, | limiting strain of rebar steel
E, | (=200 kN/mm?); Young modulus of rebar steel
Vs = 1.15; partial factor of the steel
Shear & torsion reinforcement design of stirrups
The design is based on the following values of design shear resistance:
Vg Design shear resistance of the cross-section without shear reinforcement.
,C

VRdmax ~ Maximum shear force that can be transmitted without the failure of the inclined
compression bars.

VRads Design shear resistance of the cross-section with shear reinforcement.

Trac Design torsional resistance of the cross-section without shear reinforcement.

Tramax  Maximum torsional moment that can be transmitted without the failure of the
inclined compression bars.

AxisVM calculates the shear & torsion reinforcement assuming that shear crack inclination

angle is 45°. The relation between the capacity of inclined compression concrete bars and

the design values is checked.
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Vea . Tra
VRd ,max TRd ,max
qew bw zVq f cd
\% =———and T =2va At ; Sin@cos @
Rd,max cotO +tan © Rd,max cwfcd ktef,i
If the cross-section does not fail it is checked if shear & torsion reinforcement is required

according to the formula
Vv T
—Ed , Ed 1 , where
VRd,c TRd,c

VRa,e = [CRd,ck (1000 fi )%5 +klacp:| byd and Trg e = 2feater i Ak

<1 ,where

If sheari & torsion reinforcement is required,

A T
2 Afyi _ Ty cot@, therefore Ay =
24,

Teatx
2'Ak fyd tan @

Spacing of shear & torsion stirrups is calculated from these formulas:

A
VRd,s = ;w nywd cot@ and VRd,S > VEd +VEd,i'
—_ Asw

§=——"——2zf 4 cotO
Vea +Veai 7

Using the variable angle truss method, significant saving of shear reinforcement can be
achieved if the compressed concrete beams have extra resistance, i.e:
Vea . Tka

VRd,max TRd,max
By changing the shear crack inclination angle the compressed concrete beams gets more
load while shear reinforcement gets less. The actual saving depends on the design rules.
If the user chooses the variable angle truss method, AxisVM determines the direction of the
shear crack between 21,8° (ctgP=2,5) and 45° (ctg®=1) before the calculation of the
reinforcement so that the exploitation of the inclined concrete compression beams reach its
maximum (at most 100%). The shear crack inclination angle is increased in small steps to

meet the requirement
Vea . Tka

VRd ,max TRd ,max

<<1

<1

& The cross-section fails if critical shear force is higher than the shear resistance of the
compressed concrete beams, i.e.:

V T
Ed Ed >1
VRd ,max TRd ,max

Design rules applied in calculation:
On the basis of equation 9.2.2 (9.5N) 0y min = 0.08 y/ fo / fyk and of equation 9.2.2 (9.4)
Py = Agyp /8by, so the ratio of shear reinforcement is s,,,1 = Ay / Py, min Do -

9.2.2 (9.6N) states that: Sya2 =0,75d .

Longitudinal Beam Reinforcement

AxisVM calculates longitudinal
reinforcement according to this

figure:
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Limit stress is assumed in the rebars. The depth of the compressed zone will be less than
P :dﬁcu ~éa )

&1~ €y
If calculation results in a greater depth than x,, a compression reinforcement is applied, but
the sum of the area of reinforcement on the compression and on the tension side cannot
exceed 4% of the concrete cross-section area.

The required top and bottom reinforcement along the beam and the moment diagram shift
is calculated for each load case.

Due to inclined cracks tension reinforcement is designed for a force greater than calculated
from M/z.
This is taken into account by different design codes by shifting the moment diagram.

Minimum (Mpin £ 0) and maximum (Mpax 2 0) values of the moment diagram and the
corresponding reinforcement on tension and compression side is determined. Tension
reinforcement is displayed in blue, compression reinforcement in red, the minimal tension
reinforcement required by the design code appears in grey.

Compression reinforcement has to be considered even if tension reinforcement is the critical
one, as longitudinal rebars thinner than 1/12 of the stirrup distance has to be ignored when
determining the compression rebar diameter or the stirrup spacing.

6.5.7.2.

DIN 1045-1

Beam Reinforcement Design based on DIN 1045-1

Symbols, material properties, partial factors

f.a | design value of the compressive strength of the concrete

fim | mean value of the tensile strength of the concrete

a = 0.85; a coefficient, that takes the sustained load and other unfavorable effects into
account
Ve = 1.5; partial factor of the concrete

f,a | design value of flow limit of rebar steel

€, | limiting strain of rebar steel

E, | (=200 kN/mm?®); Young modulus of rebar steel

1A = 1.15; partial factor of the steel

Shear & torsion reinforcement design of stirrups

The design is based on the following three values of design shear resistance:

Videt Design shear resistance of the cross-section without shear reinforcement.
,c

VRdmax ~ Maximum shear force that can be transmitted without the failure of the inclined
compression bars.
Vrasy Design shear resistance of the cross-section with shear reinforcement.

No shear reinforcement is required if: Vg, < Vg DIN 1045-1 10.3.1 (2)
The cross-section does not fail if: Vea € VRamax -

If Vig > VR4, shear reinforcement should be applied DIN 1045-1 10.3.1 (3)
Stirrup spacing is determined to meet the requirement Vs < Vg,

For cross sections with shear reinforcement we can choose between the regular method
(454 cracking) and Variable Angle Truss (VAT) method.

If the assumed compression trusses have reserve (Vrgm > Vi) according to the regular
method, the VAT method will lead to considerable savings in shear reinforcement.

By changing the shear crack inclination angle the compressed concrete beams gets more
load while shear reinforcement gets less.
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The program is calculating the value of ctgg:

12-140 A,
fcd

cot @ = -~ Vid.c
VEda
In case of regular concrete: 0.58<cot©@<3.0
In case of light concrete: 0.58 < cot ©@<2.0

DIN 1045-1 10.3.4 (3)

The regular method assumes the angle of shear cracks to be 45°, so cot®=1.
A

VRd,sy =5w Efyd (x kot @ DIN 1045-1 10.3.4 (7)
SIU

is the shear resistance due to the shear reinforcement.

If torsion is considerable, AxisVM also checks the following condition:

2 2

T V.

Ed + Ed < 1 DIN 1045-1 10.4.2 (5)
TRd, max VRd, max

No calculated shear & torsion reinforcement has to be applied if

Vg b 45T
Tpy < 4w and Vg, |1+ Slea | o VRd ot
45 Veaby '

DIN 1045-1 10.4.1 (6)
Stirrup reinforcement from twisting moment

Resistant twisting moment on the basis of the failure of the compressed concrete bar:
T = Z—Asw A ]
Rd,sy — Sy fyd k cot

The stirrup distance:

A
Sw = 2=—% f A, cotO
‘ Tgg ™
Longitudinal reinforcement is calculated from twisting moment
A T
Trasy =2l fya Ax tan @, so Ay = Ed%k , which should be placed evenly along
' Uk 2fyq Ay tan©

the cross-section contour.

The actual stirrup distance is taken into account form the summary of the torsion stirrup
distance and the shear stirrup distance:

Sw =T 1

Sw,v Sw,T
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Longitudinal Beam Reinforcement based on DIN1045-1

0, diagrams
€cg €y
€55 €gy

€c1 €lcu

fyd
4 afeq

€s<€qy

fyd

The limit stress is developing in the reinforcement. The depth of the compressive concrete

zone will exceed xg =d GM , wWhere &; = f,4/ E,.

&1~ Ec2u
If from the calculation a greater height than x0 is obtained, compressive steel cross section is
applied, but the sum of the compressive and tensile steel cross section cannot exceed 8%
of the concrete cross section.

The software calculates for each load case and cross section the lower and upper
reinforcement, and the value of the moment shifting.

Due to oblique cracks the tension reinforcement is designed for a tension force greater than
calculated from M/ z.

This is taken into account by design codes by shifting the moment diagram (DIN 1045-1
13.2.2)

Minimum (Mpyin € 0) and maximum (Mpax 2 0) values of the moment diagram, and the
corresponding tension and compression reinforcements are determined. On the
reinforcement diagram the tension reinforcement is displayed in blue, the compressive in
red, and the minimal tension reinforcement according to the design code in grey.

The compression reinforcement is necessary even if the tension reinforcement is the critical,
because at the determination of the compression reinforcement diameters and stirrup
spacing is taken into account that only the 1/12 of the stirrup spacing or longitudinal rebars
with greater diameter are included.

Construction rules considered in the program

. . . A
Ratio of stirrup reinforcement: p,, =—%b,,
s

A

Y where, p,, = O.16fcﬂ

w “w yk
Minimal value of p, is may calculated from Table 29. in DIN 1045-1 13.1.3
The s,y stirrup distance is taking into account Table 31. in DIN 1045-1 13.2.1
The maximum stirrup distance from twisting moments is u;/ 8.

From the above expression: s;,,x1 =

Warnings, error messages

The software sends warning message and does not draw any reinforcement diagram in the
following cases:

The cross section is not acceptable for shear/torsion

Any of the following conditions is not satisfied:

2 2
T V
Vidmax = Veg OF Ed + Ed <1
' Rd, max VRd, max

Increase the cross section of the concrete, or/and the concrete grade.

The cross section is not acceptable for bending (As + As2 > 0.08 * Ac)

The cross sectional area of the longitudinal reinforcement is greater than 8% of the concrete
cross section
Increase the cross section of the concrete, or/and the concrete grade, or/and the steel grade.
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6.5.7.3. Beam Reinforcement Design based on SIA 262:2003

SIA 262:2003

Symbols, material properties, partial factors

f.a | design value of the compressive strength of the concrete

fi | design value of the yield strength of the concrete

Ve = 1.5; partial factor of the concrete

f,a | design value of flow limit of rebar steel

€, | limiting strain of rebar steel

E, | (=200 kN/mm?®); Young modulus of rebar steel

A = 1.15; partial factor of the steel

k. | = 0.6; reduction factor for compressive strength of the concrete in a cracked zone

Shear & torsion reinforcement design of stirrups

The shear reinforcement design is based on three values of the shear resistance:

VRa The shear resistance of the cross section without shear reinforcement.
VRd,c The maximum shear force that can be transmitted without the failure of the

assumed compression bars.

VRas The shear resistance of the cross section with the shear reinforcement.

No shear reinforcement is required if: V,; < Vg4
1
Veg =k, G, Wb, , kj =———
Rd d“ed wr "d 1+ kv ¥

The conrete cross-section does not fail if Vi, 2V,
VRd e =byzk, feq sinacosa

din[m], k, =2,5

If V4 > Vg4, shear reinforcement should be designed.
The stirrup distance is determined from the expression

A
VRd,s = ;w [z Efsd [tota
AS'LU

Stirrup spacing is s= & O, [tota

Longitudinal force from shear: F,; = Vg, [dota
_ VRd [¢ota
ST
fsa

which should be placed ¥z to the tension zone, %2 to the compression
zone.

Additional longitudinal reinforcement: 4A

[%:

T,
Shear force from torsion: Vi d ;

A,
. Lo T,
Shear force in a vertical fiber: Vin=——
20,
. . . T,
Shear force in the horizontal fiber: Vip =——
T2,
Va , Vi

VRie VRdci

<1

The program checks the following expression
where Vg i =t &), k. [f 4 Bina [kosa
(%), [z
Stirrup distance from torsion: s = A, sz;fib f,s Ctota
d

Longitudinal reinforcement from torsion:
T4
_ Zvd,i [¢ota oz &b
Agr = -
f sd f sd
which should be placed evenly along the cross-section contour.

[(Zh +Zb)&0ta
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The actual stirrup distance is taken into account form the summary of the torsion stirrup
distance and the shear stirrup distance:

_ 1

Sw = 1 R 1

Sw,V Sw,T

Beam Longitudinal Reinforcement based on SIA 262:2003

0,e diagrams

€cg €y
€s< Eqy
€¢1 €cu

fyd
4 o feq

€55 €gy

fyd

The limit stress is developing in the reinforcement. The depth of the compressive concrete

zone will exceed xg =d GM , wWhere &; = f,4/ E,.

&1~ Ec2u
If from the calculation a greater height than x0 is obtained, compressive steel cross section is
applied, but the sum of the compressive and tensile steel cross section cannot exceed 8% of
the concrete cross section.
The software calculates for each load case and cross section the lower and upper
reinforcement, and the value of the moment shifting.
Due to oblique cracks the tension reinforcement is designed for a tension force greater than
calculated from M/ z.
This is taken into account by shifting the moment diagram.
Minimum (Mpyin € 0) and maximum (Mpax 2 0) values of the moment diagram, and the
corresponding tension and compression reinforcements are determined. On the
reinforcement diagram the tension reinforcement is displayed in blue, the compressive in
red, and the minimal tension reinforcement according to the design code in grey.
The compression reinforcement is necessary even if the tension reinforcement is the critical,
because at the determination of the compression reinforcement diameters and stirrup
spacing is taken into account that only the 1/12 of the stirrup spacing or longitudinal rebars
with greater diameter are included.

Construction rules considered in the program

Maximum of the stirrup distance:

s _ Asw |:fyk
10,2 by, Oy Bina

<400 mm

Warnings, error messages

AxisVM sends a warning message and does not draw any reinforcement diagram in the
following cases:

The cross section is not acceptable for sheat/torsion

If the efficiency of concrete cross-section greater than 1.
Increase the cross section of the concrete, or/and the concrete grade.
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6.5.8. Punching Analysis

Punching shear control perimeters are determined based on the column cross-section and
the effective plate thickness. Plate edges and holes are taken into account if they are closer
to the column than six times the effective plate thickness. If column cross-section is concave
a convex section is used instead.

S

Punching analysis can be performed based on the following design codes:

Eurocode 2: EN 1992-1-1:2004
DIN: DIN 1045-1:2001-07

Design Codes

After clicking the tool button se-
lect a column or a support with [ifateriats rParameters

tff 1 1 t d f 1 Concrete Shear reinforcement angle

surrmesses calculate rom cCol- m = I_QD 3

umn parameters for analysis (if
a rib element is connected to the

Rebar steel

IEISDUA - l

Radial rebar spacing

3, [mm] = |203 < 0.750 = 203

Distance of the first punching rebar circle

i ges-is
ry [mm] = |51
! >03d =81

column within the plane of the

plate, analysis cannot be per- Total ptsthickness

fOrmed) v By reinforcement parameter
The following parameters can hiemi= oo zz00
be set:

[ factar
(" Calculated according to Eurocode 2
By column position

" Internal column

*
o b
..L...° * E ;
- . « Ca
.0..,..0. " Custom
* -
5 ¢ 5 p|1.4

[~ | Take soil reaction inta accaunt

[=- Loading... | Ok I

Cancel |

Materials
Concrete, Concrete and reinforcing steel grade used in calculation. These parameters are taken from
Rebar steel  the actual model by default and can be changed here.
Total plate Plate thickness is taken from the actual model by default and can be changed here, if
thickness (h) By reinforcement parameter is turned off. In the info window the minimum mushroom head

Parameters

Shear reinforce-
ment angle

Radial rebar

thickness is displayed as H1. The minimum mushroom head without punching shear rein-
forcement is displayed as H2.

Angle between the plate and and the punching shear rebars (45°-90°).

Radial rebar spacing is the difference between the radii of two neighbouring rebar circles.

spacing The OK button is not available until basic design criteria are met:
MSZ: t<0.85h(1+ctga); EC2:S, <0.75d; DIN: s,<075d
Distance of the Distance of the first punching rebar circle from the convex edge of the column
first punching

rebar circle
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B factor

(Eurocode2
and DIN)

Take soil reaction
into account

Loading...

2ES 0%

(=2
w

AXISVM ()

Calculated based on Eurocode 1+k E‘w E'u—l
Veg Wi
Eurocode DIN
Approximate value by Internal column 1,15 1,05
column position* Edge column 14
Corner column 1,5
Custom user-specified value

*For structures where the lateral stability does not depend on frame action between the
slabs and the columns, and where the adjacent spans do not differ in length by more than
25%.

If this option is checked soil reaction within the rebar circle is considered when calculating
the punching force. This effect increases with the radius and can reduce the size of the nec-
essary reinforcement area. Its values per rebar circles are listed in the Punching Analysis
Results dialog.

Loads the saved parameters of punching

After entering all parameters control perimeters will appear and the required number of
punching rebars is displayed in the info window.

AxisVM calculates the effective parts of the control perimeter based on plate edges and
holes. Continuous lines show that reinforcement is needed. AxisVM displays the required
amount of reinforcement for each line. The info window shows the amount of critical
punching reinforcement. When calculating the length of the critical perimeter it is assumed
that rebar spacing on the perimeter is not above 24 but the fulfillment of this requirement is
not checked. If this requirement is not met, the user should choose a smaller diameter or
place additional rebars.

Results for the critical perimeter are calculated first (these are displayed in the Punching
analysis results dialog). Then the required amount of reinforcement is determined for rein-
forcement circles defined in the parameters dialog. The critical perimeter is red, reinforce-
ment circles are black. Dashed line shows the perimeter where the distance of points from
the column is six times the effective plate thickness.

A thin blue line shows the perimeter where no punching reinforcement is needed.

This is also the outline of the mushroom head which can be designed with thickness H2
and without punching reinforcement.

A thick blue line shows the perimeter where the critical punching force exceeds the com-
pressing strength of the concrete so the plate with the original thickness cannot be properly
reinforced. This is the outline of the mushroom head which can be designed with thickness
H1 and with punching reinforcement. Punching capacity can be increased by setting the
plate thicker, using a better concrete grade or columns with bigger cross-section area.

Saves the drawing into the Drawing Library.

Loads a saved punching parameter set.

Saves the current punching parameters under a name. You can load back the saved
parameters with the button Loading... on Punching Parameters Dialog.

Punching parameters dialog.
Inflates the plate boundary so that the entire column cross section is within the boundary.

Fits the diagram to the window.

Column local coordinates are used.




User’s Manual

. Plate punching analysis 8 [=]
Ele Display Options  Windaw

L=t BT Y R c— | )

=
Eurocode
7777777777777777 Tl Beam 7 (finite element), Node 9
St A B5004
N hlem] = 20,0
dlem] = 17,0
al*]= o0
s, [mm] = 128
Hi[em] = 20,0
8 H2[em] = 27,0
/ i i Load Case : Co #1
i Y Y Ngg[kN] = -425,08
i i b Mg, [khim] = -108,37
1 ! ! Mgy, [kNm] = 0,51
H i ! Bt = 1,423
i i | ug[m] = 1,606
[ : ' ug[m] = 3,242
! i | vedo[kh/em2] = 0,22
: b 3 vg g [kNAom?] = 011| B
i [
| ;
/
/
S is needed.
ry [mm] = 85
e lkNfem?] = 29,25
Ao, lem2] = 543
N, = 5
Qan+aQqel ] _'l_I
Close. Cancel
Global coordinates are used.
. 'Plate punching analysis o]
Ele Display Options ~indow
A ~ 3 b4
=l S Y c— Y]
=
Eurocode
Beam 7 (finite element), Node 9
R e c25/30
R el BS00A
- s hem] = 20,0
N dlem] = 170
af*] = a0
s,[mm] = 128
Hi[em] = 20,0
. Ha[om] = 27,0
’ Load Case : Co #1
; g [kM] = 425,06
7 3 Mg, [kim] = -108,97
d | Meg, [khim] = 0,51
g 4 B* = 1,423
i v uplm] = 1,606
| H uy [m] = 3,242
i 1 g gg [kN/om2 ] = 0,22
} i veg[kNfem2 ] = o1 |
1 i YR dmax [KN/em? ] = 045
f i Ygge [KM/em2] = 0,07
i I >
"\ ; Ves / Vase = 158> 1
| Punching reinfarcement
\ is needed.
N ry [mm] = 85
Fyudef[kMAom2] = 29,25
g, [om?] = 543
N, = 5
Qastoaed _ _>|J
Close Cancel

Turns on and off the display of rebar circles.
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6.5.8.1.

Punching analysis based on Eurocode2

The required punching reinforcement is calculated based on the following principles:

The column-plate connection does not fail if the shear stress is less than or equal to the de-
sign value of the maximum punching shear resistance along the control section and the de-
sign value of the punching shear resistance of the plate with punching shear reinforcement:

Vg £ URd, max and Vg £ URd,cs
VEd design value of the shear stress
Vrdamax the design value of the maximum punching shear resistance along the control sec-
tion
Vrdces the design value of the punching shear resistance of the plate with punching shear
reinforcement
V
UEd = aEL,
U; d

where u; is the length of the control perimeter, d is the mean effective thickness of the plate.
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VEdo*

VEd-
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VRdc+

VEd/ VRdmax *
VEdO/ VRdmax *
VEd/VRdc :
SN

fywdeff :
Agy:
Ng:

AXISVM ()

B is a factor expressing additional stress due to eccentric forces:
u .
ﬂ - 1 + k d gEd EI ]
Vea Wi

Eurocode assumes that the critical section is at a distance of 2d from the edge of the cross-
section. The length of the critical perimeter and the static moment is calculated considering
plate edges and holes of the actual geometry.

Design value of the punching resistance of the connection without punching shear rein-

forcement is:

- 1/3
URd,c = CRd,ck (100p1fck) / + klacp 2 (Vmin + klacp)
If vg; >vg, ., then the required punching reinforcement is determined along the critical pe-

rimeter

A
URd,CS = 0,75 B)Rd,c +1’5 Gsd_GL}S;d,efﬂlna

r Uy

and vgg < URd,cs

The reinforcemert for each perimeter and the perimeter where no punching reinforcement

is needed is calculated based on the formula:

VEd
Vg = BE==<0py
u: [

1

Under the design code, element identifier and materials the *ﬂ
. . urocode
f0110w1r.1g parameters are displayed. Beam 1 (finite element), Node 8
plate thickness C35/45
effective plate thickness BSODA
angle between the plate and the punching reinforcement g[mm] = =00
distance of reinforcement circles m[[r:]mi - 1;3
minimum plate thickness required with punching reinforce- s, [mm] = 158
ment Hi[mm] = 200
minimum plate thickness required without punching rein- A2l = e
forcement Load Case : Co #3
. . Meg [kM] = 371,12
design value of the punching force Mo, [kNm] = 8,13
design value of the moment Mg g [KMM] = 10,13
calculated excentricity factor pr = 1,053
control perimeter at the column perimeter Ug [rm] = o008
.. . uy [m] = 3,201
critical control perimeter at 2d Vegp [N/mm2] = 1,43
shear stress along the u, perimeter ey [N/mm2] = 0,72
shear stress along the u; perimeter Vidrmax [N/ ":mz] = 8,02
maximum of shear stress Ve [N/mm=] = 0,56

shear stress without reinforcement
efficiency on the critical control perimeter
efficiency on the u, perimeter

efficiency (tension in concrete) I neecad.
distance between the first rebar circle and th I iy o
istance between the first rebar circle and the convex column ¢ty sz = 202,50
edge #,, [mm2] = 208
N, = 13

tension in the punching reinforcement
punching reinforcement area on the critical control perimeter
number of reinforcement circles

VEQ f YRdmax = D12 <=1
VEdn { YRdmax = 24 <=1
Weg / Vpge = 1,09 > 1
Punching reinfarcement

18
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6.5.8.2. Punching analysis based on DIN 1045-1

Info window

sw:
H1:

H2:

NEdI

M Edxs M Edz
B:

Up:

ui:

VEd-

VRdmax-
VRdct:

VEd/ VRdmax *
VEQ/VRdet :
Kappa;

Iy:

The required punching reinforcement is calculated according to the following principles:
The column-plate connection does not fail if the shear stress is less than or equal to the de-
sign value of the maximum punching shear resistance along the control section and the de-
sign value of the punching shear resistance of the plate with punching shear reinforce-
ment: vy < Ugy

V.
The design value of the shear stress is vy; = 8 EIS—&, where [ is a factor expressing addi-
u

tional stress due to eccentric forces.
DIN 1045-1 assumes that the critical section is at a distance of 1,5d from the edge of the
cross-section.

Design value of the punching resistance of the connection without punching shear rein-
forcement is determined using the formula

vRa = fORd,ct URd ctar ORd,max s URAsy ) -

— 1/3
URd,ct = (0/14 iy Ok {100 Ty Ty )3 +0,12 chd)mi,
URd,ct,a = Kq B]Rcl,ct
The design value of the maximum punching shear resistance isvgy max =17 rg ¢
On the first perimeter at a distance of 1 =0,50 from the cross-section edge the required
. _ Ks Asup0 [fyd
amount of punching shear vr; 5,0 = Vg4, + T .

Design value of the punching resistance of the connection with punching shear reinforce-
ment is
- . KsAsy Efyd [

Rd,sy Rd,c 0 Bw

If vy >vRy o, the required amount of punching shear reinforcement is calculated along

the critical perimeter using the requirement vgy < vy gy -

Under the design code, element identifier and materials the

following parameters are displayed. oI TS (Bt i)

Beam 1 {finite element), Mode 9

plate thickness C 40,50
effective plate thickness Bst 500 (A)
angle between the plate and the punching reinforcement Emm _ igg
distance of reinforcement circles n[e] = a0
minimum plate thickness required with punching rein- 5, [mm] = 128
forcement il = =00
minimum plate thickness required without punching rein- ] = =10
p q p & Load Case : Co #3
forcement Ney [kN] = -371,16
design value of the punching force Mg, [kMM] = 8,13
design value of the moment Meg, [khm] = 10,13
. = 1,053
excentr1c1t¥ factor . il = 1606
control perimeter at the column perimeter Uy [m] = o 745
critical control perimeter at 24 veq [kN/m] = 142,350
shear stress along the u; perimeter VRdrnax (KN/M] = 203, 0EE
Vg e [KM/mM] = 136,640

maximum of shear stress
VEd / VRdmax = 0,68 <=1

shear stress without reinforcement Vey / Vpge = 1,04 > 1
efficiency on the critical control perimeter Punching reinforcement
efficiency (tension in concrete) is needed.
200 kKappa, = 0,700
correction factor: 1+ [— <2 ry [mm] = 85
d A, [mm2] = 203
distance between the first rebar circle and the convex col- Mey = Z

umn edge
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punching reinforcement area on the critical control perimeter
number of reinforcement circles

Warnings and error messages
Compression force in plate is too high.

The applied force is so high that the concrete plate fails irrespectively of the reinforcement.
The most efficient solution is to increase plate thickness.

The critical punching area can be extended by increasing plate thickness and/or column size
(reducing the design value of the specific shear force this way).

Choose a higher grade concrete.

6.5.9.  Footing design

FS

Footing size

Footing design
parameters

Footing

o

AxisVM can determine the necessary size and reinforcement of rectangular spread founda-
tions (with or without pedestal), and can check the footing against sliding and punching
according to Eurocode?7 and MSz. It determines the settlement of the foundation as well.

The size of the foundation can be entered or let AxisVM calculate it. If AxisVM calculates the
size a maximum value must be specified.

Using the soil profile and the internal forces this module determines the necessary size of
the foundation in an iterative process. Then it calculates the effective area of the foundation
for load cases and combinations, the design forces, moments and resistances, determines the
settlement (for load cases and Service Limit State [SLS] combinations), efficiencies and the
shear reinforcement if necessary. The module also checks the stability of the footing.

Step sides must not be bigger than the respective side of the foundation.

The coordinate system used in footing calculations is the coordinate system of the support.

Click the Footing design icon and select one or more nodal supports with a vertical or slanted
column. (If supports have been already selected, the dialog is displayed at the first click).
Footing desgn parameters have to be specified in a dialog.

At the Footing tab select the footing type (simple plate / stepped / sloped) and set the ge-
ometry parameters and the friction coefficient between the footing and the blind concrete.

x|

Footing | Reinforcemert | Soil |
" Plate footing
+ Stepped plate footing Cenerste |C30/37 ]v
"~ Sloped plate footing

[~ Check 7

t[mm] = [1000
T : s ; 28 1 Lkio
i il B S h2 [mm] = |0
g ] ]
Faa - B ke bl [mm] = [500
-4 LS10
Footing plate by, [mm] = | 100
=1E S 2
x [mmi= 1075 2] @ Yimae lomi=[r50 2] @& E
¥y [mm] = (1075 = =] ¥y [mm] = 1075 -~ @ 3H
Step 3
oy [mm]= 500 & dyy [mm] = [s00 3
44 LP10
ey [mm] = |S00 5 dyy [mm] = (500 -
+t 5
____________________ +++
P = |07

OK Cancel
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Symmetry of footing

.. 4. d2  Square footing
Ll r  bis the side length,
0] : .
R the column is concentric,
~~ b . value or upper limit of b must be entered

i Rectangular footing
by El bx and by are the sides,
i the column is concentric,
b value or upper limit of bx and by must be entered
)

Single eccentric rectangular footing
by E _____ the column is eccentric in x direction, concentric in y direction

x; and x; are the distance of the column axis from the edges of the footing
value or upper limit of x;, x, and by must be entered

Single eccentric rectangular footing
ﬂ-{ " the column is eccentric in y direction, concentric in x direction
b

y; and y, are the distance of the column axis from the edges of the footing
i value or upper limit of y;, ¥, and bx must be entered

i P Double eccentric rectangular footing
|£ vy the column is eccentric in both directions
v x;and x; are the distance of the column axis from the edges of the footing in x
direction
y1 and y, are the distance of the column axis from the edges of the footing in y
direction
value or upper limit of x;, x;, 3, i, must be entered

If the lock button beside the edit field is down (closed), the entered value is given (it a
is checked). If the lock icon is up (open) the entered value is the upper limit (it is
determined by the program). If Check is turned on, all values will be closed and -
cannot be opened until Check is turned off.

For stepped and sloped footings:

dx; and dx;, are the distance of the edges of the step or the upper base of the frustum from
the column axis in x direction. dy; and dy, are the distance of the edges of the step or the
upper base of the frustum from the column axis in y direction. These are always given
values.

Footing parameters:

Concrete  material of the footing

t foundation depth (distance between the bottom of the base plate and the
0 level)

hy step height (height of the step or the frustum)

hy base plate thickness

hy blind concrete thickness

beok friction coefficient between the footing and the blind concrete

Under the edit fields the footing and the column is displayed in top view.
Given sizes are drawn as continuous lines, upper limits as dashed lines. || ,
The forces appear as red crosses placed according to their eccentricities. | LR
This diagram is for orientation purposes only because the actual eccentrici- | '
ties are calculated taking into account the self weight of the footing and the
backfill reducing the eccentricity.

If the button Show all support forces is down, the view is scaled to show all force |«
crosses. If the button is up only crosses within the bounding rectangle of the footing
are displayed.



316 AXIIVM /()
Reinforcement On the Reinforcement tab reinforcement calcu-

lations can be turned on. Rebar steel grade, x Footing  Reinforcoment | soi |
and y top and bottom rebar diameters and 1 Colcutate rolnforcement

concrete covers must be specified. — |

Concrete cover Di

- [mm]=|4u 'I  [mim] = [20 =]
Yiap [mm]:lsu 'I  [mim] = [20 =]

Xpattom [MM] = I"lD 'I i [mim] = IQD 3
¥hottomn [MM] = IBD 'I i [mim] = IQD 3

Soil At the Soil tab you can specify the soil profile and the properties of the backfill. Soil profiles
can be saved under a name and can be reloaded.
Properties of the selected layer is displayed in the Soil group box. Properties of the backfill is
displayed in the Backfill group box.
Soil layer properties can be changed. These changes can be applied to the soil layer clicking
the Modify layer button. Layer name and description can be modified. Layer color can be
changed clicking the small color rectangle beside the name. Soil library icon is placed beside
the color rectangle. Clicking this icon a soil library is displayed with predefined layer

properties.
Footing design parameters x|
Footing |Reinf0rcement Seil |
—Soil profile —Backfill
™ =T
E S X P <

B LKA Salid, dry, sandy gravel

Soil

1 + 0t X X
r.S1U |_| @ Soiltype |Coarse

Sodorhatd, kiveér agyag (e =100

o

}
4

] Sailtype |Fine b

3] + [koim® ] = |1 300 !

H LP10 c ki | = |1 00.00

1

¢ [kim? | = (2100

ckiimd] = |0
@[] = |4.uu
‘ arsfo £t -5

* = [38.00

* = [32.00

= (010

] Ey [MAmm?] = |3
o p= |u.3s

Layer thickn
— h [m] = |1 .0oa

L.J lodify layer

Ok

Cancel

Soil layers have the following properties:

Soil type coarse, coarse underwater or fine
y[kg/m®] mass density
¢ [°] internal angle of friction
¢.[°] Angle of friction between the soil and concrete
Eo [N/mm?] Young modulus of the soil
pm[] Poisson coefficient of the soil
¢ [KN/m*]  cohesion (only for fine soils)
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.. . . =
Clicking the Soil database icon two tables x|
. . . oy ar " " W oic! consistence
are displayed. After selecting a soil and — o | il umerwater [ Fne AN
g . Cobbles, Loose | ASL | ANL Ayl 04 | Ka | 154
clicking the OK button (or double click- o e o S
: " Sit !
: 3 3 : Mized non-sity, |Loose | BSL | BHNL Bl 07 | K7 | 57 | P
ing the soil) properties of the selected soil e on gl o o TALARAL
are copied to the Soil or Backfill group - emagenous, | loose | e CTTRINS 0 K
b o] Soid | CST | ONT | ovT Lean ciay | 05 | U5 [ 4S5
0OX. ooy aana L2952 | DS DAL B 07 | JK7 | JsT | JPT
Soiid DT DNT VT 1,0 | JK10 | Js10 | JPr10
Homogenous fine | Loose | ESL EML EvL 04 | K
ron-sity sand “5oig | EST | ENT EVT Medium clay | 5| KKS | KSS
Vory fing sand_|L09%% | FSL | FRL | FL 07 | KKF | KST | HRY
Solict FST FNT FvT 1.0 |KK10 [KS10 |KP10
Very fine sity sane | L0%5% | G5L | 6N GVl 04 e
Sold | GST | GNT | GWT Fatolay |25 | K5 | LSS
07  LKT | LST | LPT
1,0 | LK1D | LS10 LP1O
gst e 1] @l | @rl1 [ 9z [ [E Mmn®) | pD
| 2100 | 3800 | 3200 | ;o0 | @ | 040
Solic, dry, sandy gravel oK Y

The function available on the Soil toolbox are: Add new soil
layer, Move up, Move down, Delete.

+ L S

Add new soil layer Adds a new soil layer with the properties and layer thick-
ness set in the group box. The new layer always gets to the
bottom of the soil profile.

Move up Moves the selected soil layer up within the soil profile.

Move down Moves the selected soil layer down within the soil profile.

Delete Deletes the selected soil layer from the soil profile.

The size of the footing is increased until the design bearing pressure is smaller than the bear-
ing resistance: qg; < qgrg4-

Warnings and errors:

If the bigger size of the footing exceeds 10 times the thickness a warning appears.

If rebar positions and diameter are specified the module determines the necessary amount
of top and bottom reinforcement in x and y direction according to the following diagram.
The minimum requirement is always taken into account.

g(
o oy -y
Ac X X
B R
AS \ ]
Es
| | >

The necessary rebar spacing is calculated from the rebar diameter.

Warnings and errors:

The program sends a warning if compression reinforcement is required or the calculated
amount is more than the maximum allowed ( A; > 0,04 A, ).

The module determines if the design stress caused by horizontal force is under the sliding
resistance between 1) the soil and the blind concrete, 2) the blind concrete and the founda-
tion calculated from the effective area.

Tpg STRg and Tpgp STrgn
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Eurocode 7
Punching check
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Eurocode 7 allows different design approaches (DA). These are certain combinations of
partial factors for actions, material properties and resistances. Partial factor sets applied to
actions are referred to as Al, A2, sets applied to material properties are M1, M2, sets applied
to resistances are R1, R2, R3. (See EN 1997-1:2004, Annex A) Each design approach combine
these partial factor sets.

Design Approach Combination Actions Material properties Resistances

DA1 Combination1 | ULS Al M1 R1
Combination2 | SLS A2 M2 R1

DA2 ULS Al M1 R2

DA3 SLS A2 M2 R3

The program checks A1+M1+R1 (DA1/1) and Al+M1+R2 (DA 2) for critical ULS combi-
nations, A2+M2+R1 (DA1/2) and A2+M2+R3 (DA3) for critical SLS combinations.

So for each critical combination two results are calculated.

If design was performed for a user-defined load combination set this combination to ULS or
SLS otherwise the footing may be overdesigned.

Bearing resistance is qgrq =sy ¥ [B' [N, [y [by [0,5 +s, [g [N, [, [h, +s. [ [N, [, b,

Sliding check calculates if the footing meets the following criterion between the footing and
the blind concrete and between the blind concrete and the soil:

Hy <R+ Rp;d
where H; is the design value of the horizontal force, R; is the design shear resistance, R, is
the passive soil resistance at the side of the footing.
Design shear resistance is obtained from the formula

Rd = Vd [tan Jd ,
where V; is the design vertical action, J; is the design angle of friction:

J,; =arctan tang .
Ve

where ¢ is the angle of interface friction, y;is the partial factor of shearing resistance,
prescribed by the design approach.

The module checks the shear resistance of the foundation (vgy max ), at the perimeter of

the column and determines the necessary amount of shear reinforcement.

The calculation reduces the punching force by the soil reaction on the effective area
(and within the critical punching line).

The punching check is passed if vg; < vgy

URd,c

URd, max

URd cs

Without shear reinforcement vg; =min
URd, max

, with shear reinf. vg; = min{

Warning and errors:
< . .
If vy < vRy -, nO shear reinforcement is necessary.

If URg max >VEd > VR4, sShear reinforcement is necessary.
If vg; > VR4 max » the base plate fails due to punching. Plate thickness of column cross-

section size should be increased.

If a stepped or sloped footing is designed, the size of the pedestal is determined checking
the punching requirements so efficiency for punching is not calculated.
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AxisVM calculates the elastic settlement caused by additional stress in soil layers.

settlement of Loads cause the following stress at depth of z under the center of the centrally loaded rec-

footing

tangle of the footing (after Boussinesqg-Steinbrenner):

_ 0y b a(az +b2)—2az(R—z) bz (R2 +zz)
0, =4_—qarctan| — ——— E R R AN
2 z la“+b )(R—z)—z(R—z) b +z° la“+z )R
where
a is the bigger side the centrally loaded rectangle of the footing,

b is the smaller side the centrally loaded rectangle of the footing,
0y is the soil stress at the footing base plane caused by loads (including the self-weight of

the footing and the backfill minus the weight of the removed soil above the base plane),

and R:wzz +b% +22 .

This stress calculation is valid for a homogeneous half space. In case of soil layers effective
layer thicknesses must be calculated:

- 2/5
hpi = h; Eﬁﬁ ETZ—O) )
S 1

where
hy,; is the effective thickness of the soil layer i

h; is the thickness of the soil layer i

Eyj is the Young modulus of the the base layer
E,; is the Young modulus of the soil layer i

0o is the density of the base soil layer

p; is the density of the soil layer

AxisVM breaks up the user defined soil layers into 10 cm sublayers and calculates the stress
due to soil weight and the stress caused by loading at the bottom of the sublayer. The
change in sublayer thickness is calculated according to the following formulas:

. O:+1+0:
Ah; = h; Boi,where o, =L ZE
E 2

Tai i the average stress caused by loading in sublayer i
Zi-1 is the average stress caused by loading at the top of sublayer i
i is the average stress caused by loading at the bottom of sublayer i

Esi . the Young modulus of the sublayer i
The predicted settlement at a given depth is calculated as the sum of the changes in
sublayer thicknesses for the sublayers above the level.:

m
Sm = ZAhl
i=0

AxisVM calculates the limit depth, where 0 =0.1[&;, (i.e. the extra stress caused by load-

ing falls under the 10% of the stress due to soil self weight.

If this condition is not met at the bottom of the layer structure a settlement estimation is
made based on the settlement at this point and the stress ratio (> 0.1) is calculated.

If the stress caused by loading at the footing base plane is smaller than the stress due to the
original soil layers settlement is not calculated.

AxisVM calculates the settlement for all load cases and SLS combinations. Stress and settle-
ment functions are displayed for the selected load case. Settlement function s(z) is the total
settlement of layers above z.
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Results The designed foundation will be displayed in top view with soil layers, punching circles
and places dimension lines automatically. The 3D model can be zoomed in and out, shifted
and rotated just like the main model.

i Footing design _ O] x|
File Display Window
% E i & &y | et wieight - ok Cancel
=
Euracode
Plate footing
C30/37
Modal Supp. 6
Load Case : Linear, Self Weight
bx[mm] = 2150.0
by[rmm] = 2150.0
tlmm] = 1000.0
by [ramn] = 500.0 -
hy, [rorn] = 100.0
Bzz0
axb[mm2/m] = 1577
ayblmm2/m] = 1509 o
axt[rmZ /] = 0
ayt[mm2 /m] = [1}
g4 dRd = 0.015
Ted Ty = 0.216
TEd2/TRdz = 0112
VEd/VRd = 0.091
A, [mm2] = 1]
Settlement[rmm] = 11.586
Limit depth[m] = -3.970
Z
K
X -
aaH+easd »

If the display of settlement is activated (see Display parame-
ters) a thick blue diagram plots the total soil stress against
depth. Thin diagrams show the stress due to loading and
the self-weight of the soil. The first one is decreasing, the
second one is increasing with depth. Horizontal lines i
show the sublayers. The gray diagram on the other side of Hn
the axis is the settlement function. 85 kv
The settlement displayed in the info window is the value T b
of the settlement function at the limit depth (where the ———— | e
stress caused by loading is 10% of the stress due to self
weight fo the soil). o [°
If this condition is not met at the bottom of the layer struc- — |
ture a settlement estimation is made based on the settle-
ment at this point and the stress ratio (> 0.1) is calculated.
If stress caused by loading at the bottom of the layer struc-
ture is still more than 10% of the stress due to soil self
weight the limit depth cannot be determined as the fur- =
ther structure of the soil is unknown. =
In this case the info window displays the value of the set-
tlement function at the bottom of the layer structure as
>value.

To improve the estimation further soil layer information
must be added.

.63 m

T IR N ARRRANIE

4597 mm T

132.299 kN/m?
800 m

Footing This table displays the forces of the selected supports and the most important results in-
internal forces  cluding calculated geometry.
B Assupport forces are calculated in the local system of the support the x and y directions are
= the local x and y directions of the support. If the supports are global these are the global
Xand Y directions. Symbols:
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Rx, Ry, Rz, support forces

Rxx, Ryy,

Rzz

GEd design bearing pressure

Rrd design bearing resistance

Gea/qra soil utilization factor

axb local x direction bottom reinforcement (if calculated)

ayb local y direction bottom reinforcement (if calculated)

axt local x direction top reinforcement (if calculated)

ayt local y direction top reinforcement (if calculated)

Tra/Tra efficiency based on footing displacement relative to the blind concrete
Tea2/Tra2 efficiency based on blind concrete displacement relative to the soil
Vpa/URa efficiency based on punching (for simple plate footings)

Settlement  predicted settlement of the footing

bx, by footing base plate size in x and y direction

dx*, dy* pedestal (step or frustum) size in x and y direction

ex*, ey* eccentricity of the pedestal's center of gravity in x and y direction

Detailed Displays the data in the table of Footing internal forces and the following results:
internal forces

giif

Design approach ~ design approach used to calculate the results of the line

Cy Cy x and y size of the effective rectangle

€y €y eccentricity of action in x and y direction

Rebars xb rebar scheme in bottom x direction (if calculated)

Rebars yb rebar scheme in bottom y direction (if calculated)

Rebars xt rebar scheme in top x direction (if calculated)

Rebars yt rebar scheme in top y direction (if calculated)

Tea design shear stress between the footing and the blind concrete

Tra design shear resistance between the footing and the blind concrete
Tem design shear stress between the soil and the blind concrete

TRa2 design shear resistance between the soil and the blind concrete

VRac minimum shear design resistance without punching reinforcement
VRdmax maximum shear design resistance without punching reinforcement
ViRdes shear design resistance with punching reinforcement

Uy length of the critical line

Asw shear reinforcement along the punching line

Stress ratio ratio of stress caused by loading and the stress due to self weight of the

soil (if limit depth is below the bottom of the layer structure its value is
determinded at that point and is greater than 0.1, otherwise it is 0.1)

Limit depth the depth where stress ratio is 0.1 (if limit depth is greater than the bot-
tom of the layer structure a ? is displayed)

Copies image to the Clipboard

Prints image to the Clipboard

0 #

= Saves the drawing into the Drawing Library
6‘_‘“& Display parameters x|

Turns on and off symbols of the drawing,.

[ E-:crtlng dln"uension lines

[V Sgil layer posttion symbolz

[V Eeinforcement circles

[ Force rectangles for individual forces
WV Unitz

WV Settlement of footing

O | Cancel
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6.5.10. Design of COBIAX slabs

cobiax’

Design codes

Defining solid areas

If the AxisVM configuration includes the COBIAX (CBX) module, it is possible to place void
formers into slabs achieving weight reduction (and concrete reduction) and making larger
spans available. For definition of COBIAX slabs see 4.9.4.1. COBIAX-domain.

This design is available according to Eurocode, DIN 1045-1 and SIA (Swiss) design code.

COBIAX design must take into account that void formers reduce the stiffness and shear re-
sistance of the slab. The effect of smaller bending stiffness can be seen in the results. Where
shear forces would exceed the reduced shear resistance, placing of void formers must be
avoided.

If the user defined the surface reinforcement parameters AxisVM calculates the design re-
sults used in reinforcement design. One of these design components is the difference be-
tween the actual shear force and the shear resistance. If actual reinforcement is also defined
AxisVM calculates with the actual reinforcement.

Clicking on the Cobiax icon vSz—vRd,c will be displayed setting the color legend to show
positive values (where shear force exceeds the resistance) in red and negative values in blue.
No void formers should be placed into the red zones. In other words, these must be con-
verted to solid areas.

A toolbar appears to help solid area definition.

Existing solid areas and their polygon vertices can be moved.

Clicking on the Update model button converts solid areas into new domains without void
formers. Due to changes in the model all resuls will be cleared.

A2y i N el o W S o S e Update madel

% Based on shear force isolines
AxisVM determines where to form solid areas based on the isolines of

vSz—vRd,c.
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The easiest way to create solid areas by hand is to draw rectangles, slanted
rectangles or polygons.

The next three buttons are tools converting the bounding rectangle of an
isoline into a solid area. The first one creates a rectangle parallel to global
directions. The second one creates an optimized (smallest) rectangle. The
third one creates a rectangle with two edges parallel to a given line.

These three buttons works like the previous group but it is the area of the
rectangle that will match the area within the isoline.

Clicking into the interior of domains converts them to solid areas.
This tool is useful to convert domains created from solid areas back to
solid areas and modify them. After clicking Update model the original do-
main will be updated processing changes in the outline of the solid area.

Deletes solid areas. Click the outline of the solid area to select it.

Deletes domains created from solid areas. Click the domain outline to se-
lect it. Deleting domains changes the model so existing results will be lost.

Update model replaces solid areas with domains without void formers. Running the analysis
again it can be checked whether any void former falls into a red zone. If so, new solid areas
must be added or existing areas (domains) must be converted to solid areas and extended to
remove void formers from red zones. The cycle of running the analysis and checking the dis-
tribution must be repeated until all void formers are removed from red zones.
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6.6. Steel Design

Steel Design |

@ %EZH IEnveIope Min,MaleN-M-LTEluckl (Cu:unjl Diagram jl1 — ;:::

6.6.1. Steel beam design based on Eurocode 3

EUROCODE 3

&

The steel beam design module can be applied to the following shapes:

Rolled I shapes

Welded I shapes

Box shapes

Pipe shapes

Single-symmetric I shapes

Tee shapes

Rectangular (solid) shapes

Round (solid) shapes

Arbitrary shapes, some checks are not performed

Among elements with cross-section class 4, single- and double-symmetric I shaped,
rectangular and box shaped cross-sections can be designed with this module. Effective
section properties are calculated in the cases of uniform compression and uniform bending.
These properties can be found in the Table Browser under Steel design, in the table Design
Resistances, or in the pop-up window after clicking on the element:

Ae  area of the effective cross section when subjected to uniform compression

eny the shift of the y neutral axis when the cross-section is subjected to uniform
compression (will be zero if the section is symmetric to axis y). Negative shift
will cause a negative AMy = N N moment in the actual cross-section.

Westmin ~ €lastic section mudulus (corresponding to the fibre with the maximum elastic
stress) of the effective cross section when subjected only to moment about the
relevant axis.

Weft,min  refers to sections where the moment is positive
Wett,(+)min  refers to those where the moment is negative

It is important to know, that these section properties are calculated when the section is in
class 4. I might happen that there is no stress causing buckling, but the properties will still
be available in the TableBrowser.

It is assumed that the cross-sections do not have holes in them and are made of plates with
a thickness less than or equal to 40 mm.

The cross section should be constant or tapered. It is also assumed that the loads on single-
symmetric cross-sections act in the plane of symmetry, that is the plane of bending. For
general shapes with no plane of symmetry only Axial Force-Bending-Shear (N-M-V) and
Compression-Bending-Buckling (N-M-Buckling) is checked.

AxisVM performs the undermentioned checks only. All the other checks specified in the design
code like constrained torsion, strutting forces, joints, etc. has to be completed by the user.

The principal axes of an arbitrary cross section have to be coincident with the local y and z
axes.
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The program is identifying the class of the cross-section based on EN 1993-1-1, Table 5.2,
considering coexisting compression and bending.

Axial Force-Bending-Shear [N-M-V] (EN 1993-1-1, 6.2.1, 6.2.8)
Compression-Bending-Buckling (flexural in plane or torsional) [N-M-Buckl.]

(EN 1993-1-1, 6.3.3)
Axial force-Bending-Lateral Tors. Buckling [N-M-LTBuckl.] (EN 1993-1-1, 6.3.3)

Shear /y [Vy] (EN 1993-1-1, 6.2.6)
Shear /z [V,] (EN 1993-1-1, 6.2.6)
Web Shear-Bending-Axial Force [V,-M-N] (EN 1993-1-1, 6.2.1, 6.2.8)
Plastic resistance (axial) [Npjra] (EN 1993-1-1, 6.2.4)

Effective resistance (when subjected to uniform compression) [N g4l
(EN 1993-1-1, 6.2.4)

Plastic Shear Resistance /y axis [Vpiy,rdl (EN 1993-1-1, 6.2.6)
Plastic Shear Resistance /z axis [V ,,rd] (EN 1993-1-1, 6.2.6)
Shear Web Buckling [V, rd] (EN 1993-1-5, 5.2-3)
Elastic Moment Resistance /yy [Meiyrdl (EN 1993-1-1, 6.2.5)
Elastic Moment Resistance /zz [Mej , ral (EN 1993-1-1, 6.2.5)
Plastic Moment Resistance /yy [Mpjy, ral (EN 1993-1-1, 6.2.5)
Plastic Moment Resistance /zz [Mp ,,rdl (EN 1993-1-1, 6.2.5)

Moment Resistance for effective cross-section subjected to bending around axis y [My, ral
(EN 1993-1-1, 6.2.5)
Moment Resistance for effective cross-section subjected to bending around axis z [My),,rd]
(EN 1993-1-1, 6.2.5)
Minimal Buckling (flexural in plane or torsional) Resistance [Np 4]
(EN 1993-1-1, 6.3.1)
Lateral Torsional Buckling Resistance [My grd]
(EN 1993-1-1, 6.3.2, ENV 1993-1-1, Appendix F1.2)
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Bending-Shear
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These informations are given by the program as auxiliary results. The checks are mostly
defined by interaction formulae. The definition and the detailed conditions of the applica-
tion of the variables contained by the equations can be found in the design code.

In the following,
Ng = f,A, M o = W, and M, g = f W,

yVz s
where W, =W, , and W, =W,

.2 for class 1 or 2 cross sections,

W, =W, , and W, =W, , for class 3 cross sections and

W, =Wy , and W, =W, , for class 4 cross sections.

The member can be in tension or in compression. The check is performed on the basis of
EN 1993-1-1, 6.2.1 (7).
Ngg + M y,Ed +AM y,Ed + Mz Ed
h M y,Rk M z,Rk
Mo M, My
AMy g = Ngg [y y: it differs from zero only when the cross section is in class 4 and the

<1

original cross section is assymetric to axis y.

High shear
If the shear force is greater than 50% of the shear resistance, the effect of shear force is

considered as detailed below.

For section class 1. and 2. allowance is made on the resistance moment accoding to EN 1993-
1-1,6.2.8.

For section class 3. and 4. stresses are calculated and the general and conservative formula
in EN 1993-1-1, 6.2.1 (5) is applied. This is done for section types: I, T, C, box and pipe. For
other section types (L shape, rectangular and round sold shapes, and user defined shapes)
the effect of hight shear has to be calculated by the user.

Plastic resistance check

For I, pipe and box shaped secions in section class 1. and 2., the resistance check is per-
formed according to EN 1993-1-1 6.2.10. Allowance is made for the effect of both shear force
and axial force on the resistance moment. Besides resistance check of pure axial force and
pure shear force, the following criterion should be satisfied:

M
ﬂsl

MN,y,Rd
M
z,Ed <1
MN,zRd

where My ra, Mnzrd : Teduced moment resistances based on the effect of shear force and
axial force (EN 1993-1-1 6.2.8. and 6.2.9.1). For pipe sections, the reduced moment is calcu-
lated as follows:

2
17 N v
MN,y.Rd = 104[(1—/0—n—07) where n=—2F9 _and p=|2—F _
a-p~ N ol Rd pl,z,Rd

pl,Rd pl,y,Rd
For bi-axial bending the criterion in EN 1993-1-1 6.2.9.1. (6) should be satisfied:

a B
M M
y,Ed + z,Ed <1
MN,y,Rd M\, zRd

2
17 N v
MN,zRd = 104[(1—/0—n—07) where n=—89_and p:[zi—lj
a-p" \
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The check is based on EN 1993-1-1, 6.3.3 (6.61) and (6.62):

M +AM M
NEgg ” y,Ed y,Ed +kyy 2Ed _,
X Nrx My R M Rk
y Rk
yMl yMl yMl
(xLr =10)
N gq K My Ed TAMy gq ZZMzEd <1
X NiRk My!Rk MZRk
5 YR
Ymy Ym, M,

AMy gq = Ngg [y, y: it differs from zero only when the cross section is in class 4 and the

original cross section is assymetric to axis y.

When determining the lateral-torsional buckling resistance it is assumed that the cross
section is constant and symmetric for the local z axis. It is also assumed the the loads act in
the plane of symmetry, that is the plane of bending. The value of k (ENV 1993-1-1, F1.2)
is taken equal with K, (buckling length factor). The weak axis should be the local z axis.

The check is based on the form of equations (6.61) and (6.62) of EN 1993-1-1, 6.3.3 :
Nea My ed +AMy gq K M Ed

<1
Nee 7 My Rk Y2 M 4 re
Xy Xt =,
yMl yMl yMl
NEg Myed *AMyed \ Mzed _,
Nee 7 My re Z M, re
Xz Xt —
My M, M,

AMy gg = Ngg [y, y: it differs from zero only when the cross section is in class 4 and the
original cross section is assymetric to axis y.

Xvr is calcualted according to EN 1993-1-1 6.3.2.2 or 6.3.2.3.

The determination of the interaction factors of kyy , kyz , kZy and k,, is based on EN 1993-1-1,

Appendix B Method 2 (Tables B.1 and B.2).
The equivalent uniform moment factors C,, , C,,, C,, are listed in Table B.3.

For tensile axial force, the check is performed using the effective moments based on ENV
1993-1-1, 5.5.3.
The check is performed on the basis of EN 1993-1-1, 6.2.6.

Yyt <1

Vey,Rd
The check is performed on the basis of EN 1993-1-1, 6.2.6.

Vz,Ed

min (Ve,z,rd »Vo,Rd )
Vbrda=Vbwrd : The resistance is calculated with the contribution of the web but not the
flanges.

The check is performed for cross-sections with web (I and box sections) based on EN 1993-1-
57.1,6.2.8,6.2.9 assuming that the web is parallel with the local z axis.

M M v ?
Ed 4|q-_f.Rd o VEd 4| <1
M b Rd M bl Rd Vow,Rd

In case of high shear force or high axial force formulas in EN 1993-1-1 6.2.8, 6.2.9 are applied.

<1
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Basic section types

Section type N-M-V | N-M- N-M- Shear | Shear | Shear | Liec
Stress Buckling | LT buckling Vy Vz buckling settl::ifm
I I] v v v v | v v v
Single
symmetric I 4 v v v v v v
T T] v v v v | v - -
Box [u] % v v v | v v v
Welded box @ v v v v v v v
Pipe [:] v % % % %
L L] v v v | v - -
L equal in case of
1f v v - .
oL e
U if bending acts
in the plane of - -
v | v et v |
C if bending acts
in the plane of - -
Cl | v | v |nhepei] v | v
Round @ v v v v v
Rectangular @ v v - -
Double-sections
Section type N-M-V N-M- N-M- Shear | Shear Shear Etfifec-
Stress Stability LT buckling Vy Vz buckling secZifm
21 II] v v v | v
2 o
ifa=0 (*) v v v v v v v
2L i v v v | v
2L T
V - -
ifa=0 (*) v v v v
2U opened ][ @ v v v v - -
2U opened ][ E
v v v
ifa=0(*) v v v v
2U close [] D 4 (4 v v
2U close |
! @ v v v v v v v

if a=0 (*)
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Other section types

Section type N-MV [ N-M- N-M- Shear | Shear ihe;r Effective
Stress Stability LT buckling Vy Vz llillig- section

z 1 v v - v v - -

J 1L -

AsymmetricC | [ -

AsymmetricZ | |[] -

S "L -

Arc e v v - v v - B}

Half circle Py v v _ v v _

Reg. polygon | [T}

shape T v v ] v v ) ]

Wedged I i v v v v | v |v v

Complex/ @

Other (* x-) — B (4 v - v v - -

Design Parameters

@

Stability Parameters

Buckling
(flexural)

For double-section types if the distance between the two sections is zero, the program will
assume that the connection between the elements is continuous and will replace the two
with one section (I, T or box). The connection needs to be calculated by the user.

These sections are designed only if local coordinates are the same as principal directions.

If the manufacturing process of the section is cold-formed or other, the member is not de-
signed.

For the design based on Eurocode 3, the following
design parameters should be defined and assigned to
the structural members:

Material Steel :
Cross-Section  |PE 240, HE 200 B, IPE 360, O 40, IPE ¢ eesd

{* Automstic classification
1 C2 s (4

Classification can be automatic or defined explicitly. T —
lexural Buckling

YT a3
K, K;: buckling length factors corresponding to the y | taterattorsional Buckiing
and z axis, respectively. | s
If a support is continuous along the member, con- Frees
straining the buckling about an axis, the corresponding & C
buckling length factor could be taken as nearly zero. In a  custom oo
similar case, when there are intermediate supports, con- - =
straining the buckling about an axis, the buckling length ~Web Shear Buckiing
factor could be taken as the ratio of the corresponding ¢ tosweners a[m?"fl‘%
buckling length (between the intermediate supports) ) '
and the length of the structural member. T

Cancel

Pick Up »>
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Lateral Torsional
Buckling

Web Shear
Buckling

Steel structural
elements

AXISVM ()

K is a factor related to the constrain against warping. Its value must be between 0.5 and 1.
- if warping is not constrained it is 1.0.

- if warping is constrained at both ends of the beam, it is 0.5.
- if warping is constrained at one of the ends of the beam, it is 0.7.
See in detail: Appendix F1 of ENV 1993-1-1.

Cy, C,, Cs: are factors depending on the ratio of the end moments of the structural element,
on K, factor, and on the type of loading. C; is calculated automaticaly. When external loads
are applied to the structural member and the point of application of them is not coincident
with the shear center of the cross section, a value for C, shall be entered, based on ENV
1993-1-1, Table F1.2. In case of single-symmetric cross section C; shall also be entered, based
on ENV 1993-1-1, Table F1.2..

Z,: is the z coordinate of the point of application of the transversal load (relative to the
center of gravity of the cross-section), based on ENV 1993-1-1, Figure F1.1. The positions of
the center of gravity and the top or bottom of the cross section can also be chosen by radio-
buttons.

For shapes with webs, the web can be supported or not with stiffeners:

No Stiffeners: assumes no transversal stiffeners along the structural member.

Transversal Stiffeners: there are transversal stiffeners at distance a each from the other
along the structural member.

In any cases the program assumes that there are transversal stiffeners (non-rigid end post) at

the ends of the structural members (e.g. at the supports).

The design is performed on structural elements that can consist of one or more finite
elements (beams and/or ribs). A group of finite elements can become a structural element
only if the finite elements in the group satisfy some requirements checked by the program:
to be located on the same straight line, to have the same material, cross-section, and to have
parallel local coordinate systems.

The program allows two methods to define structural members as follows:

Structural elements for steel design are not the same as the structural members (See... 3.2.12
Assemble structural members)

Any node of a selection set of finite elements
where another finite element is connected will be-
come an end-point of a structural element within
the selection set of finite elements.

The finite elements in the selection set become
only one structural element irrespective of other
finite elements connecting to its nodes.
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Diagrams

You can display the diagrams corresponding to all the checks by clicking on the structural

member.

"_Anstvsis of Member 2 (EC)

SBEER v

M-V N-M-Buckl N-M-LTBuckl
(EN6.2.1,6.2.8) {EN6.3.3) {EN6.3.3)
0.854
0,708 0,707
0,354 0,354 0.427
. . 0.18 .
0.156 0.156
Vy Vz Viw-M-N
(EN 6.2.6) (ENB.2.6, ENV 56.3) (EN6.21,6.28)
0,870
0,589
0.393 0.435
" 0,196 " 0.191
0.020
Maximum Efficiency Linear - ST1
x[m] = 2,000 |
NV = 0177 Material 5275
N-M-Buckl = 0177 Cross-section IPE 300
N-M-LTBuckl = 0.214
Vy = 0 Buckling Coefficients
Led = 00, 10,000
Var-M-N = 0.218 1.000
1.000
Maximum Efficiency K 1.000
Z 0.444
0.218 :
12 c, 1.000
3 C, 1.000
Total length: 4,000 m
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6.6.2. Bolted Joint Design of Steel Beams

AxisVM calculates the moment-curvature diagram, the resistance moment and initial
strength of steel column-beam bolted joints based on Eurocode3 (Part 1.8 Design of Joints).

Type of joints The above type of joints can be calculated:

1. beam to column joint
2. beam to beam joint

By R

Assumptions:

- The beam and column cross-sections are rolled or welded I shapes.
- The beam end plate connect to the flange of the column.

- The pitch range of the beam is beetwen * 30°.

- The cross-section class should be 1, 2 or 3.

- The normal force in the beam should be less than 0.05* Nz,

The program checks if these requirements are met.

The steps of the Select the beam and one of its end nodes.

design (We can select several beams in one process if the selected beams have the same material
and cross-section properties and connected columns also have the same material and cross-
section properties.)

- Click on the Joint Design icon.
The Bolted Joint Designer will appear:

Bolted Joint Designer - New joint =] 3

FHS2E N

Braces |End pite | Bots | Resuts |

....... —Horizontal

T

e
e =
=

I=
=

T

W

)
)
E
-
E:

T

by [cm]=|09 ta [cm]=|09
i 2 _I
@ a5 o Q’LI _I _’I_I wWeb shear area [om*] = [29.33

OK | Cancel |
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Lets you assign the parameters of the joint in three steps.

Bracings We can assign horizontal, diagonal bracing plates and web thickening plates to increase the
strength of the connection.

Horizontal bracings

Web thickening plate

—

P

=l

t1: thickening plate thickness on the column web
t2: thickening plate thickness on the beam web

Web shear area  The program calculate the web shear area including the thickening plate area. If there is a
hole in the web near to the connection you can decrease this value in the data field
depending on the hole size.

End pl{,lte Bolted Joint Designer - New joint Ol x]

W& =P N

Braces End plate |Elorts IResuns I

= E—
Thickness [cm] = |21
Msterial IFE 430 vl ]

weld a [cm] = ID.?
1
=] aom] = I18.D
B3 _| b [om] = |1 20
A i [cm] = ISS
—End plate
¥ Bolt row
[V Braced

RAHEGam _ 3|

OK Cancel
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Parameters of the end plate:

- thickness

- material

- welding thickness

- width of the end plate (a)

- height of the end plate (c)

- distance between top flange of the beam and top of the
end plate (b)

- bolts in the extension of the end plate

Bolt rows can be assigned to the tensile part of the end plate.

Bolts Bolted Joint Designer - New joinkt M =]k

CAC =R

Braces IEnd plate  Bolts |Resuns I

;I Size Im

Guality Iﬂ
Mat. safety factor w4 = IT
By Bolt roves W
g2 d [om] = |9.4—

c [ _I [ Use defautt positions
el [cm] -
Ba 2 [cm] 1141
e3fem]  |1541 x|

Braced

After Bolt Row 2

aan+eaod ] _>|_I

OK | Cancel |

The program places bolts in two columns symmetrical to the beam web. The same type of
bolts is used in the connection.

Bolt parameters: - size

- material
- number of rows
- distance of bolt columns (d)

In case of automatic positioning of bolts the program places bolt rows in equal distances.
The program checks the required minimal distances between bolts and from the edge of
plates.

Turn off the option Use default positions to place the bolt rows individually.

An error message will appear if the distances does not meet the requirements.
Minimal bolt distances are checked based on EC2:

1. Between bolts: 2,2d

2. From edge of plate 1,2d

3. In a direction perpendicular to the force 1,2d

Results When we click on the Result tab AxisVM calculates the Moment-curvature diagram,
the design resistant moment (M;p) and the initial strength of the connection (Sj;ni).
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. Bolted Joint Designer - New joinkt =]

2 W& ®{E
Braces I End plate I Bolts  Results |
—Maodel

M [kMm]

50,008 86.40 (Node 5, ST1_1)
8100+
7200+
B3.00+
54001
4500+
3B00+
2700t
18.00+
5,004,

(Node 5, ST1_1)

Jr é QI . + + + + + + + + + Lt q;[°]

1 = — o lgp ~|
@laxﬁ*ca«::@j | »

A warning message will appear if the resistant moment is less than the design moment.
The calculation method considers shear forces and normal forces together with the moments.
As a consequence we can get different resistant moments (Mp) for the same connection
depending on the load cases (or combinations). Therefore AxisVM checks the M,p = M;p
condition in all load cases.

IconBar [ﬁ"u% @|E

Load the connection parameters.

Save the connection parameters. Saved parameters can be loaded and assigned to other
beam-end joints later.

Prints the displayed diagram. See... 3.1.10 Print
Copies the diagram to the Clipboard

Saves the diagram to the Gallery

Mg ® I O W

The result table contains the followings:
- node number
- beam number
- name of the load case or combination
- design moment (M;p)
- design resistant moment (M,p)
- a summary of the calculation results and intermediate results
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6.7. Timber Beam Design

EUROCODE 5
(EN 1995-1-1:2004)

Material
properties

The timber beam design module can be applied to the following cross-sections and timber

materials:

a) Rectangle for solid timber, Glued laminated timber (Glulam) and for Laminated veneer

lumber (LVL)
b) Round for solid timber

ZA

=
Q
<

—b

ZA ZA
ry 'y
h G ;y h 7 :y
y Y
K—bﬂ k—bﬂ
Glulam LVL

The material database contains the solid, Glulam and LVL timber material properties ac-
cording to the related EN standard. (Solid timber: EN338, Glulam: EN 1194)

Characteristic strength

Notation

Bending strength

fm,k

Tensile strength parallel to grain

frok

Tensile strength perpendicular to grain

fro0k

Compression strength parallel to grain

f ¢,0,k

. . *
z direction

Compression strength perependicular to grain in fea0ky
y direction”
Compression strength perependicular to grain in fe90kz

Shear strength perpendicular to the grain in y
direction”

f oky

Shear strength perpendicular to the grain in z
direction’

f v,kz

In case of solid and Glulam timber fv,k,z= fv,k/yZ fv,k undfcgo,k,ZZ

f c90,k,y = fc90,

Modulus of elasticity Notation
Mean value parallel to grain Eomean
Mean value perpendicular to grain E 90, mean
5% value of modulus parallel to grain Eo05

Mean value of shear modulus

Gmean

-
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Timber classes

Load-duration
classes

Design strength

components

ky, factor

337

Density Notation
Characteristic value of density o3
Mean value of density Phean
Partial factor Notation
Partial factor for material Vin
Size effect factor Notation
for LVL timber S

Timber elements must have a service class. Service class can be set in the line elements
definition dialog, at Service Class field. See... 4.9.7 Line Elements

Service classes (EN 1995-1-1, 2.3.1.3):

Service class 1 — where the average moisture content in most softwoods will not exceed
12%. This corresponds to a temperature of 20°C and a relative humidity of the surrounding
air only exceeding 65% for a few weeks per year.

Service class 2 — where the average moisture content in most softwoods will not exceed
20%. This corresponds to a temperature of 20°C and a relative humidity of the surrounding
air only exceeding 85% for a few weeks per year.

Service class 3 — where the average moisture content in most softwoods exceeds 20%.
Design strength and other design properties of the timber materials depend on the service
class.

Timber design module requires information on the load duration. So if a timber material has
been defined in the model load case duration class can be entered.
See... 4.10.1 Load Cases, Load Groups

The design values of strength is calculated from the characteristic values of strength accord-
ing to the following formulas:
In case of fiena, fo0d, foo0d s foa (Solid, Glulam, LVL timbers):

fd — kmod [fk
Ym
In case of f, 4 (Solid, Glulam, LVL timbers):
f = kmod tkp Ly
Ym

In case of fi4 (Solid and Glulam timbers):
f = kmod LKp Ly

Ym
In case of fip4 (LVL timber):
f = Fmod Kt Uie  (pore
Ym

kueq modification factor (EN 1995-1-1, 3.1.3)

k, depth factor (EN 1995-1-1,3.2,3.3, 3.4)

k; length factor for LVL timber (EN 1995-1-1, 3.4)

fi characteristic strength

W1 partial factor of material (EN 1995-1-1, Table 2.3)

The f,,r and f; o, characteristic strength values are determined for a reference depth of beam.

In case of solid and Glulam timber if the depth (&) of the cross-section less than the refe-
rence value, the design strength is multiplied with the following factor.

150\%2
Solid timber: kj; =min (Tj ;1,38 (if pe <700 kg/m3)

0,1
Glulam: ky, :min{(%) ,‘1,1}
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k; factor
Moduluses
for analysis
Design assump-

tions
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In case of LVL timber if the depth (h) of the cross-section not equal to the reference value,
the design strength is multiplied with the following factor.

S
LVL: ky, = min{(%) ;1,2} (where s is the size effect exponent)
h is the cross-section depth in mm.
Reference depths are the following,
- solid timber: 150 mm
- Glulam: 600 mm
- LVL: 300 mm

The f; o characteristic strength value of LVL timber is determined for a reference length of
beam. If the length () of the beam not equal to the reference length, the design strength is
multiplied with the following factor.

S
k; =min (@jz ;1,1 (where s is the size effect exponent)

lis the beam length in mm. Reference length: 3000 mm.

Analysis type Modulus (SLS) Modulus (ULS)

. E —— Emean E — Emeun
Elrst order,' mean. fin 1+ kdef) mean. fin a +w2kdef)
linear elastic

G = Cmean 5 = Gmean
- mean. fin
mean.ﬁn (1 + kdgf) (1 +(//2kd€f)
Ed - Emean Ed - Emean
Second order, Ym VM
linear elastic
G —_ Gmean G - Gmeun
d~ d—
Ym Ym
Frequency Emean/ Gmean Emeun/ Gmeun

Conservative way ¢, = 1,0 is used.

* There is no hole or other weaking in the beams.

* The cross-section constant (rectangle, round) or linear changing depth along the beam
(tapered beam).

* The grain parallel with the beam x axis.

* In case of tapered beam the grain paralel one of the longitudinal edge.

* The dominant bending plane is the x-z plane of the beam (moment about y axis).
. I,=L

* In case of Glulam the laminates are parallel with the y axis of the cross-section.

* in case of LVL the laminates are parallel with the z axis of the cross-section.

‘/ﬁ
r_/___&;?———’ X
Z RS
D — ; .,/‘
, ;
r__/___&;7‘_’ |
= . 5
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Checks

Calculated
parameters

Normal force-
Bending

Compression-
Moment-Buckling
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Normal force-Bending [N-M] (EN 1995-1-1, 6.2.3, 6.2.4)
Compression-Bending-Buckling (in plane) [N-M-Buckling] (EN 1995-1-1, 6.3.2)
Normal force-Bending-Lateral tors. buckling [N-M-LT buckling] (EN 1995-1-1, 6.3.3)
Shear /y -Torsion /x [Vy-T,] (EN 1995-1-1, 6.1.7, 6.1.8)
Shear /z -Torsion /x [V,-T,] (EN 1995-1-1, 6.1.7, 6.1.8)

Moment /y - Shear /z (tensile stress perpendicular to the grain) [M,-V,] (EN 1995-1-1, 6.4.3)

Arely Relative slenderness ratio (y) /in z-x plane of the beam/ []
Arel- Relative slenderness ratio (z) /in y-x plane of the beam/ []
k., Buckling (instability) factor (y) /in z-x plane of the beam/[]  (EN 1995-1-1, 6.3.2)
k., Buckling (instability) factor (z) /in x-y plane of the beam/[] (EN 1995-1-1, 6.3.2)

kit Lateral torsional buckling factor [] (EN 1995-1-1, 6.3.3)
ki, Depth factor [] (EN 1995-1-1, 3.2,3.3,3.4)
kmoq modification factor [] (EN 1995-1-1, 3.1.3)
Oio0q (tensile stress perpendicular to the grain) [N/mm?] (EN 1995-1-1, 6.4.3)

AxisVM performs the following checks only. All the other checks specified in the design code
like supports, joints, etc. has to be completed by the user.

The design value of normal force can be tension or compression.
Tension and moment (EN 1995-1-1, 6.2.3)

TH0,d Tm,y,d

g
+k,, mz,d < q

ft,(),d fm,y,d fm,z,d

Jt,O,d +k Um,y,d Jm,z,d <1

+
m
ft,(),d fm,y,d fm,z,d

Compression and moment (EN 1995-1-1, 6.2.4)

2
g g, a.
c,0,d " m,y,d +km m,z,d <1
fc,O,d fm,y,d fm,z,d
2
g, Onyd O,
c,0,d +km my, + m,z,d <1
fc,O,d fm,y,d fm,z,d

where,
k,, = 0,7 in case of rectangle cross-section
k,, = 1,0 in all other cases

(EN 1995-1-1, 6.3.2)
Jc,O,d " .
kc,y EfC,O,d fm,y,d fm,z,d

am,y,d +k Om,z,d

IN
—_

0:,0,d + am,y,d + Om,z,d
m
kc,z |:.fc,O,d fm,y,d fm,z,d
where,
k.y Buckling (instability) factor (y) /in z-x plane of the beam/ (EN 1995-1-1, 6.3.2)
k., Buckling (instability) factor (z) /in x-y plane of the beam/ (EN 1995-1-1, 6.3.2)
In case of tension force the f.¢q is replaced with f,p4, and k., = k.. = 1,0

IN
—_
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Normal force-
Bending-

LT buckling

Shear-Torsion
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For lateral torsional buckling check the program assumtions that the beam is bending in z-x
plane (about y axis). If there is simultaneous M, moment on the beam and the compression
stress from M, reach the 3% of the f.(; a warning message appears.

Bending only (EN 1995-1-1, 6.3.3)

Um,d <1
kcrit |:.fm,d

Compression and moment (EN 1995-1-1, 6.3.3)

2
Jm,d + Jc,d <1
kcrit |:fm,d kc,z gc,O,d

Tension and bending
In case of small tension and bending that lateral torsional buckling could be occur, however
there is no rule in EC5 for this case.

The following conservative check is used.
|Umt,d| Md Nd

<1 where 0,,; ; =—%+—*<0 where,
kcrit Efm,d ' Wy
kit is the lateral buckling factor according to the following table:
Aot <0,75 kg = 1,0
0,75 < MNam < | Kerit = 1,56-
Aretn < 0,75 Ky =1/ /fe!,m

There is no rule in EC5 for case of simultaneous shear force and torsional moment.

In this case the program uses the interaction formula according to SIA 265:2003 (Swiss stan-
dard).

Shear(y) and torsion

2
MAX Toyd Tior,d + Toy,d
7
fv,d kshupe Efv,d fv,d

IN
—_

Shear(z) and torsion

2
MAx]| fozd Tior,d Ty,2,d
x| Zv.z ; or I
fv,d kshape [fv,d fv,d

IN
—_

where,
Kpape is a factor for the shape of cross-section,
- round cross-section: Kgpe = 1,2
- rectangular cross-section: kg,,,, = min{1+0,15k/b;2,0}
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Design Parameters

@

Layer thickness

Grain direction

Stability Parameters

Buckling

Lateral torsional
buckling
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In case of curved beams the program checks the tensile stress perpendicular to the grain
from M, and V, forces. (EN 1995-1-1, 6.4.3.)
Moment(y)-Shear(z)

fv,d kdis Ek D] t,90,d

vol

T (0)
d + 1904 <1 where,

kg is a factor which takes into account the effect of the stress distribution in the apex zone
(k4is = 1,4 for curved beams)
ko is a volume factor (k,,; = [Vo/V ]0’2)

For the design based on Eurocode 5, the following design parameters should be defined
and assigned to the design members:

Design Parameters - Eurocode

Material GL 24c (GLULAM)
Cross-Section  WKT 25, 40x40

Layer thi

l[Cm]=| vl

—Grain
™ Top edoe is parallel to the grain

<

L‘?
{+ Bottom edge is parallel to the grain

ing Coefficients

K, = |1 00 v[
Lateral-Torsional i
Load position
@& Top
= Certer of gravity
i~ Battom

—Flexural
K=o~

K=o+

Pick Up »» |

In case of Glued laminated timber (Glulam) arcs thickness of one layer has to be defined.

Set of grain direction in case of tapered beam. The grain direction can be paralel with the
top edge or with the bottom edge. The top edge lays in the +z direction of the cross-section.

K, K;: buckling length factors corresponding to the y and z axis, respectively.
lef Y lef ,Z
fy=m &
lis the member length
Lty and I, are the buckling length of the member corresponding to the y and z axis.
(Lgy is the buckling length in x-z plane of the member)
(Lgs- is the buckling length in x-y plane of the member)

where,

Kyt lateral buckling length factors corresponding to the z axis.
l
Kpr = eTf

where,
lis the member length
L is the lateral buckling length of the member corresponding to the z axis.

When the load not applied to the center of gravity, the program modify the lateral buckling
length according to the following:

- if the load is applied to the compression edge of the member the I is incrased by 2h

- if the load is applied to the tension edge of the member the [, is decreased by 0,51
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Informing values of K factor.
(Some of these values can be found in EN 1995-1-1, Table 6.1)

M, moment distribution

Lateral support condition

Loading type between the lateral (in x-y plane)
(direct load) supports o o
Pz
09
F
1 0,8
F, F
¢ k 0,96
S e e
P-
D A 042
F
! ~— 064

M, moment distribution

Lateral support condition

IS~

Loading type between the lateral (in x-y plane)
(no direct load) supports
Oo—o0
¢ D | | .
1
% /72 — 0,76
% a 0,53
1
% /)2 — 0,37
] 0,36

Lateral support condition

Loading type M, moment distribution (in x-y plane)
(cantilever) "
: 0,5

AXISVM /()
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Design members

Result diagrams

Report editor
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The design is performed on design members that can consist of one or more finite elements
(beams and/or ribs). A group of finite elements can become a design member only if the
finite elements in the group satisfy some requirements checked by the program:
to be located on the same straight line or arc, to have the same material, cross-section and
to have joining local coordinate systems.

The program allows two methods to define design members as follows:

Any node of a selection set of finite elements
where another finite element is connected will
become an end-point of a design member

within the selection set of finite elements.

The finite elements in the selection set become
only one design member irrespective of other

finite elements connecting to its nodes.

By clicking on a design member the program displays the diagrams corresponding to all

the checks.

Add to Report

Loadcase / Combination |

Member number |

n-nu’ -i
M N-M-Buck H--LTBuck
[ENE23 624 [ENB3Z) ENER]T)
| [o.8TY BEN DEM | BPEN DET GBI | oA DEN nan
Wy T Vi-Tx Wy
-y - s L £ g Matenal Gl Jac
ENMB1T.E1H ENE1 T R1B) (EMNE4T |
ris J = Townt | Timier pe LLILAM
Class 2
nJu
Meariim EFceEncy Lireaf- ST1
Qe nEN Oatt i B 4150 Buckdeg Coefhcisits
: - 3 el
Ky 1,000
444 Od4ad Hm - B Kz 1000
MW Bk = OBl K | 000
MMLTECH = B11 il 0200
Idember 1 vyl - -
Ve-Tw s D444
r|ru'|'__A-'|.'EU - ey = ]

t
|

Tiotal length 0300 m

Mzarmurn Efficiency
aaMn
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7. AxisVM Viewer and Viewer Expert

AxisVM Viewer AxisVM Viewer is a freely downloadable
version of the program for viewing models
without the possibility of making changes.
Printing of drawings, tables or reports is not
available. m
This programs allows a detailed presentation '
of a model in an environment where {

AxisVM has not been installed. |

@ Infer-CAD Kft., 1981-2010 Release 2

If you do not want others to use your work as a basis for their models but you would like to let them
see it save the model in an AxisVM Viewer (*.AXV) file format (see File/Export). The market version
cannot read AXV files but the Viewer can. This format guarantees that your work will be protected.

AxisVM Viewer Expert  Owners of the AxisVM market version can buy the Viewer Expert version which lets the user print
diagrams, tables and reports or place temporary dimension lines and text boxes. No changes can be
saved.
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8. Programming AxisVM

AxisVM
COM server

AxisVM like many other Windows application supports Microsoft COM technology making
its operations available for external programs. Programs implementing a COM server regis-
ter their COM classes in the Windows Registry providing interface information.

Any external program can get these descriptions, read object properties or call the functions
provided through the interface. A program can launch AxisVM, build models, run calcula-
tions and get the results through the AxisVM COM server. This is the best way to

*  build and analyse parametric models,
* finding solutions with iterative methods or
*  Dbuild specific design extension modules.

DLL modules placed in the Plugins folder of AxisVM are automatically included in the
Plugins menu imitating the subfolder structure of the Plugins folder. The AxisVM COM
server specification and programming examples are downloadable from the AxisVM web-
site, www.axisvim.com.
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9. Step by Step Input Schemes

9.1. Plane Truss Model

Geometry

Elements

1)

1)

2.)

3)

4)

5.)

Create the geometry (for example: in X-Z plane).

Set the X-Z view.
[
]

Draw the geometry.

2
/_I = Polyline -

1 3
I—)Y X
Define truss elements.

Z = Truss

Select the lines, which have the same cross-section and material, to define truss elements

Loading material features from the material library

= Database (Steel FE 430)

Selecting cross-section from the database

=k

byl = Database (O76x7.0)
Define support elements.
N Nodal
= support
= Global

= Reference

Tamasz [kN/ml, [kNm/rad]

Kx=1E+10) {Kx=0.0)
{Ky=0.0) {Ky=0.0)
{Kz=1E+10) Kz=1E+10)
{Kxx=0.0) {Kxx=0.0)
» » » » Kyy=0.0) m » » a (Kyv=0.0)
{Kzz=0.0) Kzz=0.0)
Zz

M,

Select the nodes, which have the same properties, to define support elements.

Define the nodal degrees of freedom.
o= Nodal DOF

:

Select all nodes to define nodal degrees of freedom. Choose theTruss girder in X-Z plane

from the list.
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Loads
1.) Define load cases and combinations.
S Load case
= and
load group
Hi# N
N Combination
2.) Apply loads (nodal, thermal, fault in length, dead load).
4 = Nodal
G -  Truss
Eﬂ-_T =  Truss
&ls o, Truss
ol = Truss
3.) Select the truss elements, which have the same load.
S
AV
]Y—> X
Static Start a linear static analysis.
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9.2. Plane Frame Model

Geometry

Elements

Loads

1)

1)

2.)

3)

4)

D)

Create the geometry (for example: in X-Z).
Set the X-Z view.

Iy
Draw the geometry.

3 6
/_I = Polyline

1 4
IY—> X
Define beam elements.

Z‘ = Beam

Select the lines, which have the same cross-section and material, to define beam elements.

Loading material features from the material library

= Database (Steel FE 430)

Selecting cross-section from the database

= Database (076x7.0)

Define support elements.

N Nodal
= support

= Global

= Beam relative
= Local

Support[kN/m],[kNm/rad]
(Kx=TE+10)

{Kv=0.0)
(Kz=1E+10)
(Kxx=0.0)
(Kvy=0.0)

{Kzz=0.0)
Z
A A g

Define the nodal degrees of freedom.
& =  Nodal DOF

Select all nodes to define degrees of freedom. Choose the Frame in X-Z plane from the list.

Define load cases and combinations.

L = Lo::dcase
load group

I—)Yx

Select the nodes, which have the same properties, to define nodal support elements.

;
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._
=
=

+

= Combination

il

2.) Apply loads (nodal, distributed, temperature, fault in length, dead load).

4 - Nodal
4 = Beam
aml = Beam
G - Beam
N o Beam
ks o, Beam
—+ Beam

3.) Select the beam elements, which have the same load.
JUTITTIIUT, P50k

4
IY—> X
Static Start a linear static analysis.
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9.3. Plate Model

1.) Create the geometry (for example: in X-Y plane).

Geometry
Elements
1)
2)
3)
Loads

1)

Set the X-Y view.
I
Draw the element mesh.

@ = Quadrilateral 10 R IO I B ,2

ni = 7
Ny 3= 5

4 3
7
l—) X
Define domain.

= Plate D>  Material = Thickness

Define support elements.

N Nodal
= support

e Line
=
support
= Edgerelative

= Global

First, select the surface elements, and then select the supported edges, to define line support
elements.

If you choose relative to edge support conditions, then the edge will represent the x
direction, and the y direction will be perpendicular to the edge in the surface plane
(according to the right-hand rule), and the z direction will be perpendicular to the surface
plane.

Define the nodal degrees of freedom.
49 =  Nodal DOF

Select all nodes to define degrees of freedom. Choose the Plate in X-Y plane from the list.

Define load cases and combinations.
M Load case
= and
load group

—
=
=

L

it

= Combination



2.) Apply loads (nodal, line, surface, dead load).

354
3)
Elements
1)
2)
Static

& . Nodal

@ = Plate

@ =  Plate
G = Plate
CIZEEN Plate

Select domain, which have the same load.
The direction of distributed load is perpendicular to the plane of the surface, and the sign of
the load is the same as of the local z axis of the plate (for example: p.=-10.00 kN/m?).

Mesh generation

el

-select the domain
-set the avarage size of finite elements (for example.:0,5 m)

T
/// B
. . e
T . I
U : - S -\\t\\’
T S
S~ S
S -
\//

Define the nodal degrees of freedom.
&Y =  Nodal DOF

Select all nodes to define degrees of freedom. Choose the Plate in X-Y plane from the list.

Start a linear static analysis.
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9.4. Membrane Model

Geometry

Elements

1)

1)

2.)

3)

4)

5)

Create the geometry (for example: in X-Z plane).

Set the X-Z view.

I

Draw the element mesh.

E N

Quads

Define membrane elements.

=

Surface

Elements

= Membrane

Select the quad/triangle surfaces, which have the same material, local directions and
thickness, to define the membrane elements.

Define material features (for example: selecting from the material library)

2l =

Loading

(Concrete C20/25)

Define the thickness ( for example: 200 mm)

The program automatically generates the local coordinate-system of finite elements

+zZ

Define support elements.

& o

Nodal
support
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Loads

Static

6.

1)

2.)

AXISVM ()

e Line
=
support
» Edgerelative

= Global
You can also define surface supports (Winkler type elastic foundation).

First, select the surface elements, and then select the supported edges, to define line support
elements.

If you choose relative to edge support conditions, then the edge will represent the x
direction, and the y direction will be perpendicular to the edge in the surface plane
(according to the right-hand rule), and the z direction will be perpendicular to the surface
plane.

Define the nodal degrees of freedom.
% =  Nodal DOF
Select all nodes to define degrees of freedom. Choose the Membrane in X-Z plane from the

list.

Define load cases and combinations.

I Load case
= and
load group

"o
=
=

&

il

= Combination

Apply loads (nodal, line, surface, dead load).

% - Nodal
@ = Membrane

@ = Membrane
G = Membrane

CIVSEN Membrane

Select the elements, which have the same load.
The direction of distributed load is determined in the local x-y direction of the membrane
(for example: p, = -10.00 kN/m?).
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9.5. Response Spectrum Analysis

Geometry

Elements

Loads/1

Analysis/1

Loads/2

See...9.1.- 7.4. Input Schemes.
See... 9.1 - 7.4. Input Schemes..

1.) Apply loads.

A, => Load

2.) Apply all the gravitational loads that you want to account as masses in the vibration
analysis that precedes the static analysis.

1.) Perform a vibration analysis. Vibration mode shapes for earthquake analysis are usually
requested as 3 for in-plane structures and 9 for spatial structures are requested.

Include the gravitational load case described at Loads/1 point in the vibration analysis, and
set the Convert loads to mass check-box enabled.

— -~

1.) Set a seismic load case.
4, = Load

2.) Specify the parameters of the seismic loads.

M = Seismic



358

Analysis/2

1)
2.)

AXISVM /()

Start a linear static analysis.

When generating the seismic type load cases, two are included. One + with values included
as positives, and one - with values included as negatives. In addition the results
corresponding to each vibration mode shape are provided (corresponding to load cases
with 01, 02, ....n suffixes), that can be used in the generation of further combinations or of
critical combinations.

See... 4.10.20 Seismic Loads

g g

e Tl
SJEERE=Samntsuny

envelope
M y
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10. Examples

10.1. Linear Static Analysis of a Steel Plane Frame

Input data AK- ST- 1. axs
Geometry:
¢ D Material: Steel
Cross-section: 1240
£
z
T—VX A teaaa
A B
6m
Loads:
isoo kN 240 kNi 60 kN | 80 kN/m
12 kN vl ) 1 ] 1]
—
—
N
Z
=
—
—
777 1.Load case ~ 777 2.Load case T
Results AK- ST- | . axe
Component Analytic AxisVM
1Lec. e [mm] 17.51 17.51
M 5’” [KNm] -20.52 -20.52
2Lc. e [mm] 7.91 7.91
M 5’” [KNm] 63.09 63.09
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10.2. Geometric Nonlinear Static Analysis of a Steel Plane Frame

Input data

Results

Verify

AK-ST-11. axs

Geometry:

¢ 2 Material: Steel
Cross-section: 1240

£
z
T’>X A et
A B
6m
Loads:
isoo kN 240 kNi 60 kN| 80 kN/m
A AP PR PR
12 kN - |
N
Bl
Z,
=
—
—
NP Il s 777 2.Load case T
AK-ST-11. axe
Component With Stability AxisVM
Functions
1Lec. € [mm] 20.72 20.58
M §A) [KNm] -23.47 -23.41
2Lc € [mm] 9.26 9.22
M * [KNm] 66.13 66.25

The equilibrium must be verified taking into account the deflections.
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10.3. Buckling Analysis of a Steel Plane Frame

Input data AK- Kl . axs

Geometry and loads:

isoo kN 240 kNi Material: Steel
2kN Cross-section: 1 240

LVX beaed ——

—
Results AK- Kl . axe
Buckling mode:
isoo kN 240 kNi
12 kN
Critical load Cosmos/M" AxisVM
parameter
Ner 6.632 6.633
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10.4. Vibration Analysis (I-Order) of a Steel Plane Frame

Input data

Results

AK- RZ-| . axs

Geometry:

Material: Steel
Cross-section: 1240

waw —

6m
—¥
AK-RZ- | . axe
Frequency [Hz]
Mode Cosmos/M"™" AxisVM
1 6.957 6.957
2 27.353 27.353
3 44.692 44.692
4 48.094 48.094
5 95.714 95.714
6 118.544 118.544




User’s Manual 363

10.5. Vibration Analysis (II-Order) of a Steel Plane Frame

Input data AK-RZ-11. axs

Geometry and loads:

isoo kN 240 kNi Material: Steel
12kN Cross-section: I 240

6m

z

Lxﬂw —

L —
Results AK-RZ-11. axe
Frequency [Hz]
Mode Cosmos/M " AxisVM
1 0.514 0.514
2 11.427 11.426
3 12.768 12.766
4 17.146 17.145
5 27.112 27.109
6 39.461 39.456
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10.6. Linear Static Analysis of a Reinforced Concrete Cantilever

Input data

Results

VT1-ST-1. axs

0.50 m

— 2
p=100 kN/m E=880 kN/cm
A N v=0
oy £ t=010m
2 $ °| p=100 kN/m
. © Mesh: 4x16
e 2.0m ~
VT1-ST-1. axe
Component Beam theory AxisVM
(shear deformations
included)
eiB) [mm] 15.09 15.09
N [kN/m] 1800.00 1799.86
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10.7. Linear Static Analysis of a Simply Supported Reinforced Concrete Plate

Input data

Results

Convergence
analysis

VL1-ST-1. axs

E=880 kN/cm®
v=0
t=0.15m
p=50 kN/m?

A . Mesh: 8x8

Y
» X 5m
Component Analytic AxisVM
(shear deformations (shear deformations
not included) included)
& [mm] 51.46 51.46
m® [kKNm/m] 46.11 4631
mx (moment at the point A)
20
15
%10 X
5
0 \\\0
0 2 4 6 8
n (mesh nxn)
Meshes:
n=2 n=4 n=8
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10.8. Linear Static Analysis of a Clamped Reinforced Concrete Plate

Input data

Results

Convergence
analysis

VL2- ST-1. axs
y

3 \ E=880 kN/cm2
g N v=0
t=0.15m
p=50 kN/m2
n 5 Mesh: 16x16
g
Y
» X 5m
VL2-ST-1. axe
Component Analytic AxisVM
(shear deformations (shear deformations
not included) included)
m [kKNm/m] 22.01 2215
m® [KNm/m] 64.43 63.25
0P [KN/m] 111.61 109.35
mx (moment at the point B)
20 J\
15

I

0 4 8 12 16
n (mesh nxn)
Meshes:
n=4 n=8 n=16

AXISVM /()
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11.

AL

N

10.
11.

12.
13.
14.
15.

16.
17.
18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.
30.
31.
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