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Introductory Examples

This documentation is intended to help you get started with editing beam and shell structures and to demonstrate the
various options available for displaying the results. You can press the F1 key to access the online help for the function you
are currently using in the program. The help system also contains the complete documentation of the program, including
explanations of theoretical principles, calculation methods and results.

During installation example files will be saved to the user directory under InfoGraph/Samples. They include projects with
beam, cable and shell structures as well as applications relating to structural dynamics and prestressed concrete
construction.

The examples are provided without results. To view the results, you first need to perform the relevant calculation. Product
news, user tips and updated versions of the program are available at www.infograph.eu.

InfoCAD Study Version

The InfoCAD Study Version was created as a way to get acquainted with the program and its features by using the
examples or your own projects.

The study version provides the same user interface, calculation and checking methods and results output as the full version.
The only difference lies in the program capacity, which is limited as follows:

Finite elements: 1000 elements
1 area section
1 beam section

Dynamics: 1 eigenmode
Prestressing: 1 tendon
Frameworks: 10 beams
1 section
Installation

5 Welcome at InfoGraph

I'b ;‘.
InfoGraph ' 2

Software fur die Tragwerksplanung

Install InfoCAD

End Installation

InfoCAD 23

The program is compatible with Windows 8 or higher. Administrator privileges are required to perform the installation. Only
basic user privileges are needed to use the program.

For installation, start the installation file infocad_xxx.exe or infocad_std_xxx.exe for the study version.
In the welcome dialog that appears, select the menu item Install InfoCAD and follow the instructions on the screen. You

have already received the license number to be entered by e-mail and also used it for the download. This is not required for
the study version.
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The following applications will be installed and can be launched from the Start menu

1. InfoCAD or InfoCAD Study Version
(main program system for static calculations and checks)

2. InfoGraph Systemviewer
(for system visualization and deformation animation)

3. InfoGraph Crack Width Limitation
(stand-alone program)

4. InfoGraph Lateral Torsional Buckling Check
(stand-alone program)

To remove the program system, select the Apps menu in the Windows Settings. There, the automatic uninstall program for
InfoCAD can be started. All files created or modified by the user are retained.

General Instructions

Program Start

To start the program, go to the Programs / InfoGraph folder in the Start menu and select InfoCAD or InfoCAD Study
Version. An empty program window will appear.

)

Click the = Open button to access InfoGraph project files with the following extensions (e.g., example files):
File name fem  ->  Finite Element Project
rsw -> 3D Frame
.esw -> 2D Frame
.ros ->  Axisymmetric shell

These file types are registered during installation, which means they can be opened by simply double-clicking the file.
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Operating Concept

The figure below highlights the most important controls of the InfoCAD program interface. For FEM projects, the xy plane
appears in the representation area after you select the structure type. Slab and plain stress structures are generally specified
in this plane.

Functions can be accessed from a tool bar, a menu item, the dialog bar or the workspace. For graphical functions you
normally have to enter additional data, which is then queried in either a separate window or the dialog bar.
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Design Codes

The design codes and associated materials available in the program correspond to the regional settings of your computer. If
necessary, you can change these settings in the Options menu.

Design codes d

According to country setting Cancel

=l [m]Eurocode
|:| Concrete - EN 1992-1-1 Basic document
Concrete bridges - EM 1992-2 Basic document
Steel - EM 1993-1-1 Basic document, MA Germany, Austria, Sweden, Great Britain
[+] Timber - EM 1995-1-1 Basic document, NA Germany, Austria, Sweden, Great Britai
I:‘ Concrete - EMV 1992-1-1: 1991

Ceermany

[ austria

[ switzerland

[sweden

[ [v] Great Britain
Concrete - BS EN 1992-1-1




Introductory Examples

Basic Procedures

Structures are normally specified and calculated using the following work steps:

1. Describe the problem with the model objects

N A WN

Specify supports and cross-sections
Generate an element mesh

Define load cases

Define the actions and design situations
Perform calculations

Display or print out the results

Model objects are critically important for system generation

Model objects describe the geometry and properties of individual structural components. They form the basis for the
program-controlled generation of finite element meshes and are accounted for the automatic mesh generators form-
sensitive and grid-shaped.

The following model objects are used:

Edge

Wall
Hole

Column
Face

Cone

Solid

Edges define the borders and the axes of structural components. Depending on their properties, they can
also define a line support, a beam series or free beams (e.g. columns). Edges are normally used to
describe the whole structure in a wire frame model.

Like edges, walls define the border of a structural component as well as a line support. The geometry of a
component is determined by the wall axes. Walls are specifically suited for creating pure slab systems.
Holes define openings in the element mesh. They can also define line supports and continuous beams
according to their properties.

Columns define a point support or, alternatively, a column head condensation in the element mesh.
Faces describe areas that are automatically meshed by the mesh generator. Edges, walls and holes form
the outer border of these meshes. All model objects inside the face are taken into consideration during
mesh generation. The face can be assigned various properties for the FEM mesh.

The Cone model object describes a truncated cone segment for subsequent meshing. You can use the
shortcut menu to determine the degree of intersection with other selected cones or model faces. A cone
can also be assigned various properties for the FE mesh.

The model object Solid describes a solid body for the subsequent mesh generation with tetrahedron
elements. Properties for the FE mesh can be assigned to the solid.

Model objects have no further significance once the element mesh is generated. However, they should be saved as drawings
for reuse at a later time.

For an area to be meshed, a closed polygon must be defined using edges and/or walls. If you want to mesh multiple areas
in different planes at the same time, then model faces should be defined as well.
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Selecting

If you want to edit or delete an object, you first need to select it. This can be done in a number of different ways:

1. Select individual objects via mouse click. You can expand or reduce the selection by holding down the Shift or Ctrl key
while clicking the objects.

2. Select an area by holding down the mouse button and dragging the cursor. When you let go of the mouse button, all
objects completely inside the drawn rectangle will be selected.

Selecting with the right mouse button, the shortcut menu with the standard commands for the selected objects

will appear.

3. The Select command in the Edit menu allows consecutive additions/deletions of the selection using selection boxes for
example.

4. The Select group... command in the Edit menu allows you to select objects based on shared properties such as color,
layer or section.

Select Group X

Objects | 0K |

Layer
Colors Cancel
Ry |
WE |
Line types
Sections
[]2 - Downstand beam - Palygon - C20/25-EN
Materials

OE®B

AND logic

o ®E

5. The Select All command in the Edit menu.

All of these selection methods can be combined with one another. Selections are removed when you click on an empty
space in the workspace.

You can access the shortcut menu for objects that are already selected by holding down the Shift or Ctrl key
and pressing the right mouse button.

Entering Coordinates

You can enter coordinates with either the keyboard or the crosshair.

If you are using the keyboard, enter the x, y and then z coordinates separated by a space in the dialog bar. The measures are
always meter [m]. The positive direction corresponds to the displayed coordinate system.

Start of edge: Arc Cirde Properties | 1.25 2.5 | | Enter | Esc

|—><
¥

For 2D editing you only need to enter the first two coordinates. The program will automatically set the third coordinate to
zero. The decimal separator (e.g., on the numeric keypad) conforms with the one defined in the regional settings.

Global coordinates These coordinates always refer to the global zero point.

Relative coordinates Die These coordinates refer to the last point that was entered (local zero point). A small
axis system is always visible at this point. To activate relative coordinate input, click the
Relative button.
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Using the crosshair to enter coordinates, it automatically refers to an existing object.
w / 0
\ ) The current snap option will be displayed.

Endpaint

S &

The Node, Midpoint, Intersection, Endpoint, Perpendicular and Object snap functions can be used to define the
snap mode and ignore the automatic snap function. Click the appropriate button to activate them.

The snap window will then appear in the crosshair: _¢|-
' = | The selected snap function will remain active until it is disabled or replaced by another.

Example 1: Slab with Downstand Beam

This example shows you how to specify and calculate a basic floor plate and then process the results.

L 15.40 L
1 1
L 4.90 L 7.00 L 3.50 L
1 1 1 1
NN 5 NN
&
~ X i 3
(42}
4 = 4 3.50
Pz iE *o
N~
Colum Center ~ ~
e =
o K N
ﬂ:
M x
B
=
£ N
o i RN
- Edge
o (Support) . 4.90 N
A N E
Material: Concrete C20/25-EN (Concrete EN 1992-1-1)
Reinforcing steel  BSt 500, axis distance from edge 3.0 cm
Sections: Slab Thickness 20 cm
Downstand beam 124 "
, 50 ,24, 50
0 s
+ o
o ©
g
o o [cm]
Loads: Permanent load Dead load and additional load 1.50 kN/m2
Traffic Area load 3 kN/m2

A new project is started when you launch the program or select New from the File menu.
Choose the Finite Elements structure type from the structure menu.



Example 1: Slab with Downstand Beam

Drawing Ground Plans with Model Objects

Ground plans and in spatial structures wire frame models are initially described using the Edge, Column and Hole model
objects. These objects will later be recognized by the mesh generator and taken into account during mesh generation.

You do not need to make any definitions regarding the area:

Simply draw your static system. The mesh generator will take care of the rest.

[ Click the Edge button and select properties in the dialog bar.

Edge >

Meaning: Support:

Suppart V| | E Jointed e

Beam series Joint

Free beam : LIl

Link element

Pile beam Eccent...

Spring

Standard Show

Support symbol (is ) ) )
vald for al For Meaning set the option Support and leave the dialog

objects) with OK.

Layer of elements: Color of elements:  Partial View el.:

Take awver w Take over

Label: [ 5how label

BIM-ID:

| | Cancel

A crosshair will appear in the representation area and you will be prompted to enter the coordinates of where the
edge starts in the dialog bar. Enter [0 O] to position the start of the edge at the origin. After you press [ ! ] or Enter,
the end of the edge will be queried.

R | To enter additional coordinates, you should activate relative coordinate input by clicking the Relative button. A small
axis system will now always appear at the last point inserted. All successive coordinates you enter always refer to this
point. Enter [0 2.1] to define the end of the edge in the positive y direction. If you enter consecutive coordinates, the
subsequent edge ends will always be queried. The remaining coordinates are therefore:

[-490] [0-6.3] [490] [0-2.8] [70] [03.5] [3.50][04.2][-4.90][0-2.1]

To temporarily enlarge the view, click Zoom - or Zoom all.
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bt

You can begin entering another edge without having to use the command over again by selecting the Start option.
Now enter the missing edges. In the process you can click on the endpoints of existing edges.

[Endpoint]

o " Endpaint

Click the Column button and enter the column midpoint. To move the current reference point for the entry of
coordinates, click the Basepoint button and select the end of the edges to the right of the column as the new
reference point. Confirm the Old or Global setting (the local reference system is not to be rotated) as the New
direction of x axis.

The column should be 3.5m in the negative x direction from the selected edge end point, which means the
coordinates for the column midpoint are: [-3.5 0].
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One way to check your input is to dimension the system. To do so, click the Dimension button and the Objects
option. Now select all of the specified model objects. Dimension points are the end points of all objects. For example,
to position a horizontal dimension chain, select Horizontal and click the drawing area below your system.

Click Save to store all the data you have entered up to this point. The Windows file dialog will appear and prompt
you to enter a file name. The *.fem extension will be assigned automatically. Your drawing will also be given a name
(E.g. Ground_plan) and is saved in this file.

Specifying Supports and Cross-Sections

The properties of the specified Edge and Column model objects are preset as follows:

Edge: Support jointed
Column: Support jointed

The correct support conditions are thus already set for this system.

10



Example 1: Slab with Downstand Beam

BS EN 1992-1-1

Thermal analysis
i Joints

Element Properties - Section - Form
() Section Mumber:  Section Type: Material Type: | ey | |copy
R 1-Siat ~ | Area v CI0f25EN v
Material bel Delete |v
-~ Default values Label
-Creep coeffidents | Slab ‘
Gecdrg Orthotr Slab rigidity
ir Orthotropy Slab rigidi
Fé;lr\lfgogr;erjnt Heightdz [m]  dzy/dz: factor:
o 15522 Dtoson-fee

Gancel Helo

With the selection of the material the possible design
standards are determined.

The corresponding properties are now available.

For example the material C -EN-D is to choose
when the checks per NA Germany are to be performed.

For the other European standards, the material selection
i -EN.

To modify the properties of the area elements, select the Element Properties command. Click New and then change
the section type to Area for Section 1. The thickness is preset correctly with 0.2 m and the material must be selected
to C20/25-EN. For the next input this material is preset.

The default settings for the remaining section properties such as bedding, reinforcing steel and EN 1992-1-1 are

correct for this example.

Click New again and generate Section 2. Change the section type to Polygon. The input window for graphically
describing the polygon is displayed:

12 Section polygon 2 [u] X
File Edit View Polygon Snap Options Help
DSR|%EBEREX| 9 A =AM . ok cancel
[ | Command: ‘ | ” Enter | Esc N
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6] |Z . 124 . A Q
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t t
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Iy = £.33350e-83 md  Ii= 3.22379e-321 =4
Il = E.335582-83 ma \223782-82 ma.
Phis 5.8000% Grad A = 0.343803 o7
Section polygon 2 - Downstand beam [em] R
v
< > B
Ready

You can generate and dimension the polygon shown above using the Downstand Beam command. Close the

window by clicking OK.

Activate the Reduce dead load button to decrease the dead load of the T-beam by the portion attributed to the slab.

Edge
Meaning:

Beam series v

Section at the beginning:

Section at the end:

Layer of elements:

2 Polygon Downstand beam | |ee

5 fann

Color of elements:

X

Angle [5]

Joints...

Eccent...
Show
symbol (is
valid for all
objects)

Partial View el.:

Take over ~ Take over
Label: [ show label

—
| | Cancel

Beam series (downstand beams) with the specified section should be
generated at the two last entered edges to replace the supports. Open
the Edge dialog by double-clicking the edge you want to modify. Now
change the Meaning to Beam series and select Section 2. You do not
need to specify the section at the end of the edge.

1M
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Generate the FEM Mesh

The finite element mesh can be generated automatically using the specified model objects. To do so, click the Mesh
Generation button and select the Form-sensitive option. Arrow indicators will now appear marking the outer area
limits recognized by the program. Specify the mesh width (0.45 in this example) to generate the FEM mesh, supports

and beam series.
Gruund_Plan

The drawing is not required anymore. Deactivate the drawing in the database v

Defining Load Cases

;8

Hr.

12

Open the (L1 Load cases folder in the database and double-click . A new load case will be created
automatically and the load input and editing buttons will appear in the dialog bar.

Click the Load creation button to open the New Load dialog:

New Load x

Gereral pointload Lineload Areaload Datsbase

Buckling eigenvalues Influence surface Support displacement
Creep and shrinkage Initial strain area, solids Temperature area, solids

Initial strain beams, cables  Temperature beams, cables
Dynamic element collapse Insert Temperature solid

Dynamic train load Load group Theory

Fire scenario Prestress

Influence line Superposition

Weighting
Xdirection: ¥ direction:  Z direction:
ol J[

[ select elements

Select Dead load with a weighting of 1 in the Z direction and then click Apply. Using this load type, the dead load will
be generated automatically based on the sections and material. This load is indicated by the Dead Load label in the
upper right corner of the image.

Now select Uniform region on the Area load tab and select two points to specify a rectangle that surrounds the entire
slab. The load ordinate g, should correspond to 1.5 kN/m2. This load will be applied to all elements located entirely

within the area.
Click Change Number to modify the load case number or to specify a load case name.

Create the new load case 2 using the function New load case. Select the Uniform rectangle area load under the Load
creation option. The load rectangle is now represented by three coordinates. Click on the three corner points of the
load field. In this case the load ordinate is g, = 3 kN/m2:

. Slab_s.fem - InfoCAD - [m] x
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© [¥] Slab_s.fem —
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Create the next load case and use the Uniform polygon area load for each remaining field.
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Trace the next field and then click Close and enter the load ordinate g, = 3 kN/m2. The program will then apply triangle
areas to the defined load area.

Now enter the depicted load cases in consecutive order, each time selecting New load case:
3 %
[\
o

K
)

I az:3% g I

Load case 3 Load case 4 Load case 5

¥ | Load input is now complete. Exit the load dialog by clicking Close (in the dialog bar e ).

Specifying Actions and Design Situations

When carrying out the design, first the internal forces of the actions are combined. The program uses cyclic permutation to
analyze all variations of the leading and accompanying actions. The safety factors and combination coefficients are
automatically taken into account as specified by EN 1990. The extremal internal forces are then used to determine the
design values.

This is done by simply assigning the existing load cases to the actions:
G Dead load: Load case 1
QN Imposed load, traffic load: Load case 2-5

Open the [ En 71992-1-1 design folder in the database and select the Actions submenu item. A dialog will appear
where you can define actions in accordance with EN 1992-1-1. The program suggests a new G Dead load action. Confirm
by clicking OK.

Now assign the relevant load cases to the action by selecting a load case in the left pane and moving it to the Selected load
cases pane on the right:

G Dead load *
Label: Gamma.sup:  Gamma.inf:

Dead load 135 | |1
Load cases: [ multi-select Selected load cases:

2Area 1 1Dead load

3Area 2

4 Area 3

5 Area 4 = B Cancel

Exit the Dead load dialog and create a new QN Imposed load, traffic load action.

Mew action(s) *

G Dead load -
GE  Earth pressure

GH  Permanent hydrostatic pressure

P Prestressing

Q5  Snow and ice load

QW  Wind load

8] Temnerahire action

13
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Assign the remaining traffic loads by moving them to the Inclusive load cases area.

Label: Gamma.sup:  Gamma.inf

Imposed load, traffic load a

Combination coeffidents psi fo| SUperstructures bt

Working load - category A: Residential buildings e
Load cases: [ | Multi-select Exclusive variants: A

[
x

Indusive load cases:

QM Imposed load, traffic lead d

|
A
%
W

Exdusive load cases:

== |23

| OK | Cancel

QM Imposed load, traffic lead d

Label: Gamma.sup:  Gamma.inf

Imposed load, traffic load a

Combination coeffidents psi fo| SUperstructures bt
Working load - category A: Residential buildings e
Load cases: [ | Multi-select Exclusive variants: A

Indusive load cases:

X

=< 5> | 2Areal
3 Area 2
4 Area 3
5Area 4

Exdusive load cases:

<L |2

| OK | Cancel

Inclusive load cases Selected load cases that can have a simultaneous effect.
Exclusive load cases Selected load cases that are mutually exclusive
(e.g., wind from right / left or individual mobile load positions)

The action QN is now defined and you can exit the dialog.

Next click Situation..., select Permanent and temporary situation and then accept the default settings. The Rare
(characteristic) situation is required to define the robustness reinforcement. Create this as well.

[=- Standard design group | oK |
- Actions

E G Dead load Cancel
i ‘- 1Deadload
- QM Impesed load, traffic load b
= 1, Variant Group...
= Inclusive
: Action...
Situation...
[=J- Design situations Edit
-- 1. Permanent and temporary situation
[#- 1. Rare {tharacteristic) situation Delete
Combina...
[Juse combination rules of EN 1950 {6. 10a/b) Calculate

EM 1992-1-1 actions *

14

The actions and situations are now defined. You can edit an
action or situation by double-clicking it. The user-friendly tree

structure provides an easy way of checking the included load
cases.

Click OK to exit the EN 1992-1-1 actions dialog.
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Performing Calculations

You can now perform the following calculations:
»  Statics analysis (determines deformations, internal forces, support forces, etc., for each load case)
e EN 1992-1-1 design (bending and shear design)

The calculations can be started automatically in consecutive order. To do so, click the Batch... button and select the
relevant check boxes.

Batch *

Statics Analysis | Ok |

] pynamics Analysis

[] Load Case Combination Cancel
EM 1992-1-1 Design

[] EMN 1992-2 Bridge Checks [JRemove al
[] EN 1993-1-1 Steel Checks results

] EN 1995-1-1 Timber Checks
[] Monlinear Analysis

If necessary, you can control the calculation and logging process by clicking the Calculation settings... menu item.

The progress of the calculation and any errors or warnings will be displayed on the output bar.

Processing Results

All of the available results are listed in the L1 Results folder in the database. Double-click a result to open the available or
designated standard view (graphic or table) of that result.

@ For instance, open the Node deformations results folder and then double-click Load case 1. The deformed system will
be displayed. To see the deformation figure, switch to the 3D view.
(*;| To change the viewing angle you can use the Rotate with mouse button.

1. Slab_s.fem - InfoCAD — [m| X
File Edit View Format Draw 5Snap Structure Options  Analysis  Help

DEE &SR0 X0 V2B %. NAONEDHFEOR L D mw
e 4 k| KN -l @ FPO@ENEINL L 0T el B, B E-

Data Base =g Command:| “ Enter I Esc
@ Drawings ~
[ Structure Description
(3 Load cases
[ Predeformation
(L1 Load Case Combination
[Z3 EN 1982-1-1 Design
(] BSEM 1992-1-1 Design
(L3 EN 1993-1-1 Steel Checks
(Z EN 1985-1-1 Timber Chec
(1 Dynamics
[ Prestressed Concrete
[Z EN 1992-2 Bridge Checks
= [ Results
@ Listings
= Mode deformations
All load cases
1. Permanent and
1. Rare (characteri:

1: Dead load
LC 1: Dead load
Areal
rea Deformations u [mm], Factor = 2157.8
3:hreal Value range (overal system, min/max): 0.004/0.83 [mm] ]

4:Area3 < >
5:Aread
Deformaticns in th Sl

Bearn deformations
v

o (B D ivdmrmal farmne .
< > End of program, @ Warning(s), @ Error(s). R

(B pat... | 2g Pri.. |FiPar... =layer v B

Ready 0.0000, 2.1000, 0.0000 CAP NUM

BB eLeO=

’GNENgt

o+,

“l
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LT

Click the Results button in the results bar to open a dialog that lets you select the display option and settings for all
results:

Results *

Category Settings

Representat.: |Deformation figure ~

Colored
Scale Deformation figure

Isolines
Auto Mumeric 1mcorresp.:
smiall Section

Result units
[ pisplay original system in dashed manner
Label
Limit value for

off - labeling: D
Decimal places: Height =: = [mm]:

2 v 2 SR s
Cancel Help

If you select representation Section, you can click the Define section button in the results bar and define the sections
for the results view.

Please note that some view options are not available depending on the category you selected:
+  Adeformation figure can only be displayed for all components simultaneously and not for an individual
displacement component (e.g., uz).

*  The min/max line from an internal forces combination of area elements can only be displayed numerically or in
the section.

EN 1992-1-1 Checks

In addition to the bending and shear design that has already been carried out, you can also perform additional checks in the
ultimate limit state and the serviceability limit state:

Bending with or without normal force or normal force only (EN 1992-1-1, Chapter 6.1).
Minimum reinforcement against failure without warning (Chapter 5.10.1 (5)P and 9.2.1.1).
Lateral force (Kapitel 6.2).

Torsion and combined stressing (Kapitel 6.3).

Punching shear (Kapitel 6.4).

Fatigue of longitudinal reinforcement, shear reinforcement and prestressing steel (Chapter 6.8.5, 6.8.6)
Fatigue of concrete under compressive stress (Chapter 6.8.7)

Fatigue of the concret compressive struts under lateral force and torsion (Chapter 6.8.7 (3))
Limiting the concrete compressive stresses (EN 1992-1-1, Chapter 7.2).

Limiting the reinforcing steel stresses (Chapter 7.2).

Limiting the prestressing steel stresses (Chapter 7.2).

Decompression check (Chapter 7.3.1).

Minimum reinforcement for crack width limitation (Chapter 7.3.2).

Crack with calculation (Chapter 7.3.4).

Limiting deformations (Chapter 7.4).

Additional input is required in the LI EN 71992-1-1 design folder for this purpose:

Act/'ons.' Define the necessary design situation depending on the additional checks and the exposure class.

16



Example 1: Slab with Downstand Beam

To do this, click New: Situation...

in the action dialog and create the required situations.

MNew situation(s) > EM 1992-1-1 actions >
Permanent and temporary situation ~ [=- Standard design group | oK |
Acridental situation (=) Actions
Earthquake situation ! G Dead load Cancel
Rare (characteristic) situation QN Imposed load, traffic load New:

Frequent situation () Design situations '
Quasi-continuous situation o - 1. Permanent and temporary situation Group...
1. Rare (characteristic) situation :
1. Frequent situation Action...
Cancel p————
1. Quasi-continuous situation Situation. ..
Edit
Delete
Combina...
[Tuse combination rules of EN 1930 (6. 10a/b) Calculate

Settings related to the section are made in the Element properties dialog. Click the Element properties button to
open this dialog and then enter the check specifications required for each section under EN 7992-17-1.

Element Properties - EM 1992-1-1 - Checks x
= S_Ed;ﬂ” Mumber:  Section Type: Material Type: New | |Copy
orm . 1-slat ~ | Area hd C20/25EN ~
- Material Delete |v
- Default values ek
i Creep coeffidents Slab |
- Bedding
- Reinforcement Prestress of component: Exposure dass:
E-EN 1952-1-1 Mot prestressed v |XC4 ~
Ult. limit state Eatigue
Bend, long. force [CIReinf., prestr. steel  []Coner. long. stress
] 5 .
rack width Lateral force [Lateral force Coner. comp. strut
atigue Torsion Torsion
ariation coefficients Robustness
H-EN 1992-2 Shear joint
£- 85 EN 1992-1-1 Serviceab. limit state
, --;hermal analysis [emaete campisiess
- Join
Decompression [ reinf. tensile stress
Minimum crack reinf. Crack width
Concel | [ i
Element Properties - EN 1992-1-1 - Crack width x
= S:Ed;ﬂ” Mumber:  Section Type: Material Type: New | |Copy
om 1-Slat v |Area v C20/25€N v
- Material Delete |v
Label: =
i Creep coeffidents ‘ Slab |
- Bedding
. Reinforcement Settings for cross-section edge: | Standard
=-EN 1992-1-1 Calculation of ~ Bar diameter, bar spacing
[ wman: [gr max: coeff, ko max ds [mm]:  max g [mm]:
Minimumn reinforcement Crack width limitation
Determ. of the tensile zone: _— Chedk combination, method:
Ac,e
H-EN 1992-2 Comb acc., to dass ~ fing-shaped | Comb. acc. to dass ~
-85 EN 1992-1-1 : :
- Thermal analysis Prestr. steel, Direct calculation ~
- Joints Factor f. fctm:  Coeff. k: coeff, ¥il: Factor f. fctm: Load dur.; kt:
Concel | [ i

After you are done, start the EN 1992-1-1 design. The program will determine the required reinforcements, perform
the checks and then generate a log.

A detailed description of all the checks is available in the chapter EN 7992-1-1 Design of the InfoCAD help and the

user manual.
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Printing

El You always have the option of printing the current screen view. Click Print Preview to see what the actual printout
will look like. The settings for the page format, printer selection, etc., can be modified using the Page Setup...
command in the File menu.

Tables or logs need to be selected in the database and then printed out from the shortcut menu (right-click). The
Page Preview command is also available in the shortcut menu.

V. Slab_s.fem - InfoCAD — [m| X
File Edit WView Format Draw Snap Structure Options  Analysis  Help
DSHE SR % BE X9 @ Ve g -l %. NAOEXDFEOER DA D
be 6 9 = 9 oA e i BRI ETEAL e g, FRem . 8 &-
Data Base *a Command:‘ || Enter I Esc N
=] Slab_s.fem A | —=
i A
(L1 Display | QL
@ Drawings @l
= [ Structure Description Gl
stem characteri | | @
%] Section properties | |
Material propertj [ l! —= s
edding Show Graphics L1 —
Bedding Strengt Show Table 1 1T ']
Node coordinat: Properties ] :: [ ﬁ]
Beam and cable L1
Area and solid ¢ 62 Print... N L] s
Supports [ Preview | || N, £x
Line supports Add to Printing List - | oy
Memb fli ————1 | | | 1
erf1 ers orling Copy Image Objects 1| T | | o]
[Z] Section polygon +— . | |
Modulus of con Tabular Form + I |- &
Coefficients for Y NN
Link elements Delete
Angle for eleme 5
Angle for result ename w
Angle for reinfor Refresh >
Total weight of comeT
(L1 Instationary load-time S bl < |
[Z Load cases ~
e 7 Plemdefm i tim 4 .
< > End of program, @ Warning(s), @ Error(s). R
[Z pat... | 3gPri.. |FPar.. layer v B
Display full pages 0.0000, 2,1000, 0.0000 CAP NUM
V. Slab_s.fem - InfoCAD [m| X
Print... Mext Page | | Prey Page | Two Page Zoom Out Close | ‘
~
Finite Elements 21_30a %64 @ InfoGraph GmbH Slab_s.fem - 12/21/2022 3:16:08 PM - Page 1
System characteristics
578 MNodes
551 Elements 2Z Beams
108 Supports 528 Slabs
0 Link elements 0 Plains
2 Material properties. 0 Shells
2 Sedion properties 0 Cables
5 Load cases 0 Selids
0 LC Combinafions 0 Spring elements.
0 Tendon groups
Result location in area elements: Node
2 Result locations in beam elements
Rotated element systems.
0 Element systems.
0 Internal force svelems
0 Reinforcement systems.
Section properties
1 |Area Slab
Element thickness [m] dz =0.2000 torsion-proof
Orthetropy dzwidz =1
E-Modulus slab/plain =1
2 |Polygon Downstand beam
Centroid [m] = 0.620 = = 0.184
Area ImA 4400e-01
M oments ofinertia [m4] .0000e05
g .3355e-03 11 =23355e03
2238e02 12 =32238e02
| | Main axiz angle [Grad] 0.000 Iyz = 0.0000e+00
124 Dead load withoutslab part of T-beam.
Lwveraging of the lateral force shear stress over section width
Material properties
No Type E-Modu. [GModu. [ Poiss alphat |gamma
[MNm3 | MN/mT | ratio MK | kNim3
1 | 1 ‘ C20/25-EN ‘ 30000| 125DU| 0.20 ‘ 1.00e-05 ZE-.UUU|
2 2| C2WZ5-EN 3ooool 125000 0.20 1.00e-051 25.000 v
Page 1 MNUM
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Example 1: Slab with Downstand Beam

Printing List

Specified views as well as tables and logs can be added to the printing list for printing at a later time. Only display
parameters are stored, meaning changes made to the system are automatically reflected in the list.

Switch from the database to the printing list. The Print and Page Setup commands can also be accessed in the printing list.

E|

By, Click the Add to printing list button to copy the current system view into the printing list. All active settings will be

saved with the system view.
Use the shortcut menu to add tables or logs selected in the database to the printing list. You can also add separate
text objects, page breaks or a table of contents.

You can sort existing entries in any order you want by simply dragging them with the mouse.

¥ Slab_sfem - InfoCAD - m} *
File Edit View Format Draw Snap Structure Options  Analysis  Help
DEHE &SR 2R X9 @ =24 - k. NAONEOFOE DA D
o IR i A i~ SR o= T . EHS -
- S e B s o v-i @@ FORFTEBMIOM AL e $H=1 M@y wF
Print List o~ P | == N
(== AR W I e = Q
= Standard-print-list ~ s ®
Contents K Q
z T
o
e >
O Seae SS izt
s
Material Properties
[TJLC 1: Load, Dead load s S KA,
g N ; 3 .08e+08 '}
[JLC 2: Load, Area 1 “““:4““&":’ 6.91e-82 ]
[TILC 3: Load, Area 2 RN R T T
s“"",ﬁ‘, Ve 1.38e-81 rx
[LC 4 Load, Area 3 3 < N e ‘3“"”& L 2 o701 ¥
[T]LC 5 Load, Aread 5 o = E‘y - roseal | 2
[ Deformations u: LF 1, Dead load \\" < S 225001 oy
4.14e-81 [
4.842-81 &
: 5.53e-81
£.22e-81
LC 1: Dead load £.91e-81
Deformations u [mm] 7.68e-81
“alue range (overal system, min/max): 0.00/0.83 [mm] 2.29z-c1 0 ¥
< >
Output L - |
~
End of program, @ Warning(s), @ Error(s). R
@Dat... 9§Pri... ﬁPar... Slayer v B
Ready 0.0000, 2.1000, 0.0000 CAP NUM

Double-click entries in the printing list to open the corresponding view in the representation area.
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Example 2: 2D Hall Frame

This example shows you how to specify a 2D hall frame and perform the following calculations:

«  Static calculation
+  EN 1993-1-1 Steel Checks (elastic; plastic at stress exceeding in classes 1 and 2)

Please select in the menu Analysis / Settings ... EN 1993-1-1 the required national annex of the standard. This will be used in
the subsequent inputs and calculations.
Activate the Elastic; plastic at stress exceeding in classes 1 and 2 - button.

Settings *
Statics Load Case Combination EM 1992-1-1 EM 1933-1-1 EN 1995-1-1

National edition of the standard for steel structures:
EM 1993-1-1fAC: 2009 (Basic document) w

Verification of the resistance of cross sections for dasses 1 to 4:

() Elastic
(®Elastic; plastic at stress exceeding in dasses 1and 2 In accordance with Chapter 6.2.1 of the standard,
(0 Elastic; plastic for all cross-sections with dasses 1and 2 the elastic cross-section resistance is verified for
classes 1 to 4.
Determine plastic imit forces for al tios by equilibrium iterat . .
[]Determine piastic imit forces for all cross sectios by equilbrium iteration If the comparison stress in classes 1 and 2 exceeds

the permissible limit, the plastic cross-section
resistance will be verified. For every set of internal
forces the cross-section class is automatically

[Juse option of the chapter 5.5.2(%) for cross sections of dass 4

Determination of chedk internal forces:

() Min/Max combination determined.
{®) Complete combination
Actions... Listing:
Partial safety factors. .. Standard ~
Cancel Help
Task
o
<
™
HEA 550;S235-EN o
<
o ~
<
[eo]
PaN AN T
L 15.00 L 15.00 L
7 1 7
4 30.00 4

A new project will be started when you launch the program or select New from the File menu. Choose the 2D Frame
structure type you want to use from the structure menu.
The representation area will switch to the x-z view and you can now start specifying the system.
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Example 2: 2D Hall Frame

Specifying the Framework

20

Click the Element creation button and a crosshair will appear in the representation area. You will then be prompted
to enter the coordinates of the beam starting point in the dialog bar. Enter [0 0] to position the first beam node at

the global origin. Press [J] or Enter. Next, the beam end point will be queried.

To enter additional coordinates, you should activate relative coordinate input by clicking the Relative button. A small
axis system will now always appear at the last point inserted. All successive coordinates you enter always refer to this
point. Enter [0 -8] to define the beam end in the negative z direction. You have now specified the first beam.

To temporarily enlarge the view, click Zoom - or Zoom all.

Enter the remaining beam ends in consecutive order and adjust the view where necessary:
[15-3][15 3] [0 8]

P2 Untitled.esw - InfoCAD - m]
Eile Edit View Format Draw Snap Structure Options Analysis Help
DEWH SRl *BEX| 9 @ “z2a-W%. NAO0N
be B 4 F o o+ R i | @RI ERBIN s oG P Ee WRE
Data Base LA x | Enter ” . |

Beam end point: Start Properties | ”

D EFEO® O S E
FIEEE

= ] Untitled.esw = —

(2 Structure Description i
(2 Load cases

[L1 Predeformation

[Z1 Load Case Combination
(21 EN 1982-1-1 Design

[Z1 BSEN 1992-1-1 Design

(2] EN 1993-1-1 Steel Checks
(23 EN 1995-1-1 Timber Checks

/\

< >

Qutput

(A Dat... |gPrin...| 7 Parti..| i Layer

Ready

30.0000, 0.0000, 0.0000

CAP NUM

YOO BePRO =

Lo

Exit beam input by pressing [] or Enter.

Now click the Supports button and choose the Create option. You will be prompted to select the beam nodes in the
dialog bar. You can click the nodes directly with the crosshair or select them using the Window option (to specify a
rectangular snap window). Press Enter after you have selected the nodes. Specify Yes when the program asks you for

the global alignment.

In the Support dialog you can individually adjust each degree of freedom if necessary.

Support X 12 Untitled esw - InfoCAD - o X
Flle Edit View Format Draw Snap Structure Options Analysis  Help
Support: =
et DEEISR| 4 ER® X 9| Jd vaa-B%. NAONE>AFOR A D mE
oir ~ T o -
be e r o e sl | @R RTEET Al oG el W E @ -
Displacements: Twists: Lot i P H spports: [ Create || mfo | e ]| e N
+ | Fix ~ = 6] Untitled.esw —
L= @ [ Structure Description I A Q
[0 Load cases &
Load Case Combination a
I S 1001
z BS EN 1992-1-1 Design @
(3 EN 1993-1-1 Steel Checks
Nodes: X ¥ z @ (2 EN 1995-1-1 Timber Checks
] @
ox
Angle x direction: Angle z direction: .
H
E 1§ [0 |17 &
ik
Cancel (3] Data...| Dg Print... (7 Parti.. Rlayer | | < PR ]
Ready 30.0000, 0.0000, 0.0000 CAP NUM

Confirm that the support is set to jointed and exit the Support dialog by pressing OK. The supports are indicated by

their corresponding icons.

you to enter a file name. The *.esw file extension will be added automatically.

Click Save to store all the data you have entered up to this point. The Windows file dialog will appear and prompt
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Defining the Section
Click the Element properties button and set the section type to HEA 550 and the material type to S235-EN for

section 1.
Beam Properties - Section - Form X Section Library X
(=) Section Number:  Section Type: Material Type: New | [Copy @~ I Marrow I-sections ~
~Form 1 « |HEA «|[ss0 o|[s235EN  ~ — = - T Average broad I-sections -
- Shear stresses = Delete |v - Broad I-sections =]
- Material — [#- T Halved I- and HE-sections °
- Bedding | [T T-section
- Thermal analysis L U-section —
Joints A:| 0.0212 m? Edit... (- {¥ Tube sections 0.03
1| 3.52e-08 4 T -0 Square hollow sections )
z =0 Rectangular hollow sections A =4.21cm?
=
=-0 EN 10210-2
=-0 EN 10218-2 Lx = 13.2cmd
1 =-0 MsH Iy = 13.2am4
= o
0 50x30x32 1z = 5.8 an4
O sox30x36 e
O s0x30x4
ER m B W TN
[RRO 50 30 % 2,3 (M3H) | =
Cancel Hep You also have access to a detailed section library

with international steel profiles.
The complete framework is now defined and the corresponding parts list is available in the workspace in the
(3 structure description folder.

List of steel profiles

Section Length | Quanti Total Weight Weight Total
[m] ty [m] [kg/m] [ka] [t
1]1 HEA 550 - S235-EN 8.000 2 16.000 166.420 1331.36 2.66
2|1 HEA 550 - S235-EN 15.297 2 30.594 166.420 2545.74 5.09
3|Sum 4 46.594 7.75
Checking the Structure Properties
[@C| You can activate a number of different view options to check the data you have entered.
- . ) .
To do so, click the View options button:
. . ': 2D Hall Frame EN 1993.esw - InfoCAD — [m) X
View Options x File Edit View Format Draw Snap Stucture Options Analysis Help
Mumbering Text height [mm] DEHESGR| Y BB X 9o E JE2a B %h. NAONED>EOFOROADmE
[ aeams [ supports  min: max; = I be 9 b U RS - L ERPURIELBATNLEL 7S F T sl T Er. B E-
Cance ata Base
[ Mode Springs EI DBt e quns.e;wn a Cimxmarvd [ et | & N
Ml «| [Jvector font Al off 23 Structure Description L A Q
Load cases &
[ ]Beam sections Coordinate system: 0 f'eﬁn"‘"i““”b . w0 , Q
oad Case Combination -
Beam nodes Beams s CAEN19%2-1-1 Design /1%.%(/ NA\&&O\ g
(L BSEN 1992-1-1 Design 2 4
Shrink mode, factor: Coloring: Legend g EN'1993-1-1 Steel Checks “ “
EN 1995-1-1 Timber Checks
[ 2oint infa in shrink mode Tl A “ 3 2 g
[[]Beam bedding - Scale % z z ;.J "z
. ] Element mesh invisible ZC‘:
Full symbals for supports Area fill of the elements &
' Node and Section names; Shrink mode; Local beam systems ~
small great smal Transparency great [H) pata...| 3G Print... (7 Parti...| R Layer | | < >
Ready 30.0000, 0.0000, 0.0000 CAP NUM
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2D Hall Frame

Defining Load Cases

Open the [ Load cases folder in the database and double-click s, A new load case will be created

automatically and the load input and editing buttons will appear in the dialog bar.

i

Hr.

Click the Load creation button to open the New Load dialog:

Mew Load x
General  Beam loads
Dead load Support displacement
Fire scenario Temperature
Influence line Temperature (initial strain)
Insert Theory
Load group
Predeformation
Superposition
Concel | [ oy

Activate the Dead load and click Apply. Using this load type, the dead load
will be generated automatically based on the sections and material. This load
is indicated by the Dead Load label in the upper right corner of the image.

Now choose Line load from the Beam loads tab, check the Global orientation option, select both beams of the
horizontal frame member and enter a load ordinate of g, = 3.9 kN/m:

Mew Load

General Beam loads

*

Fixed-end reactions
Nodal load

Point load
Trapezoidal load

(®) Global orientation
(O Local orientation
O Projection orientation

Cancel Apply

2 2D Hall Frame EN 1993.esw - InfoCAD

Data Base

= ] 2D Hall Frame EN 1993.esw
[(3 Structure Description
& (21 Load cases
Load case labels
Load Groups
New load case
1
(23 Predeformation
[ Load Case Combination
(23 EN 1992-1-1 Design
[ BS EN 1992-1-1 Design
(23 EN 1993-1-1 Steel Checks
[0 EN 1995-1-1 Timber Checks

Eile Edit View Forma Draw Snap Structure Options Analysis Help
DERI ISR Y28 X| oo @
b 6 4 B D b A e i

() Data...| 3 Print... F’ Parti... = Layer

Ready

- [m] X

vaa-B%h. NAOED>OFOR A O mE

A TQ@UEBMUGAlaeg,/ el mbEsr., B @A

PEH pw@ x| O] o e @ e L Loa e ] e N

s DEAD LOAD ~ Q

®

aQ

@

@

a

@

o=

o

v

@

o

LC 1: Load v
< >
30,0000, 0.0000, 0.0000 CAP NUM

You can adjust the load diagrams in any manner you want using the Load representation button.

Click Change Number to modify the load case number or to specify a load case name.

Create the new load case 2 by pressing = i, Choose Line load from the Load creation tab, check the
Projection orientation option and enter a snow load of g, =5 kN/m.

Vl7m

-.o‘bm

¥

Starting with New load case, enter the following load cases:

4.5

4.5

Load case 3: Wind from the left

Load case 4. Wind from the right

4.5

4.5
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The 'Load case 5: Crane load left' requires a single load to be positioned inside the frame column. This load should
be applied 2 meters below the frame corner. After selecting the Point load load type, simply click the corresponding
frame column and enter the ordinates as shown below:

Load Data X

Point load global (EGZ)
From beam: To beam:

1 1

Distance from start (z): Px:

[6m | [ow I
Pz: My: ‘9
‘ 100 kN | | 40 kNm |
4
Load-time function:
~ Cancel

For precise positioning, define a load location with a distance of 6 meters to the beam start.

Now enter ‘Load case 6. Crane load right' (distance of 2 meters to beam start)
and 'Load case 7: crane load middle' accordingly, with half the load on each frame column.

EN 1993-1-1 Steel Checks

You first need to describe the actions according to EN 1993-1-1.
To do so, assign different actions to the existing load cases:

G Dead load: Load case 1
Qs Snow and ice load: Load case 2
QW  Wind load: Load case 3 and 4

QN Imposed load, traffic load:  Load case 5, 6 and 7
G Dead load *
L Open the L] EN 71993-1-1 Steel Checks folder in the database and select
T - e Selected load cases: the. _Act/'ons submeng item. A dialog will appear where you can define
2 Snow load 1Dead load actions in accordance with EN 1993-1-1. The program suggests a new G
j:::‘“::m‘:e '?f;t Dead load action. Confirm by clicking OK.
S Crane b << 2> Now assign the relevant load cases to the action by selecting a load case
67 Efane :033 ”9:;' in the left pane and moving it to the Selected load cases pane on the
rane load mi e r|ght'
Cancel

Exit the Dead load dialog and create a new QN Imposed load, traffic load action.
Assign the remaining traffic loads by moving them to the Exclusive load cases area.

4 Wind from the right
5 Crane load left

6 Crane load right

7 Crane load middle

1A
e
I
v

Indusive load cases:

Exdusive load cases:

Cancel

4Wind from the right

1
N
I
W

<<| B3

ON Imposed load, traffic load *x QM Imposed load, traffic load x
Label: Gamma.sup:  Gamma.inf: Label: Gamma.sup:  Gamma.inf:
[mposed load, traffic load a Imposed load, traffic load 1}
Combination coeffidents psi for: | Superstructures i Combination coefficients psi for: | Superstructures 27
Working load - category A: Residential buildings ~ Working load - category A: Residential buildings ~
Load cases: [ |Multi-select Exclusive variants: A Load cases: [ Multi-select Exdlusive variants: a
3 Wind from the left * 3 Wind from the left X

Indusive load cases:

Exclusive load cases:

5 Crane load left

Cancel

Inclusive load cases

Exclusive load cases

Selected load cases that can have a simultaneous effect.

Selected load cases that are mutually exclusive
(e.g., wind from right / left or individual mobile load positions)

Do the same with the QS Snow and ice load and the QW Wind load action.
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Example 2: 2D Hall Frame

Next click Situation..., select Permanent and temporary situation and then accept the default settings.

EN 1993-1-1 actions *
[=)- Standard design group oK |
EJ- Actions
| [-G Dead load Cancel
N Imposed load, traffic load
i [ 1 Variant o
[ Exdusive Group...
5 Crane load left
- Crane load right SR
-7 Crane load middle Gitnabion...
QS Snow and ice load
H QW Wind load
=8 Design situations Edit
S8 | Permanert and temporary situation]
G Dead load Iazi
-QN Imposed load, traffic load
+- Q5 Snow and ice load
- QW Wind load Combina...
Calculate

[use combination rules of EN 1930 (5., 10a/b)

Performing Calculations

You can now start the following calculations:
»  Static analysis (determines deformations, internal forces, support forces, etc., for each load case)

e EN 1993-1-1 Steel Checks

The actions and situations are now defined. You can edit an action or
situation by double-clicking it. The user-friendly tree structure provides an
easy way of checking the included load cases.

Click OK to exit the EN 7993-1-1 actions dialog.

(superposition of actions with calculation of determinant design values, check for elastic or plastic utilizations)

In the standard case, the checks are performed at 5 calculation points per beam. Due to the overlarge element division, it is
recommended to select 11 calculation points for beams in the analysis settings for static analysis in this example.

The calculations can be started automatically in consecutive order. To do so, click the Batch... command in the calculation
menu and activate the relevant check boxes.

The progress of the calculation and program messages, such as errors or warnings, will be displayed in the output bar.

Processing Results

12 2D Hall Frame EN 1993.e5w - InfoCAD - o X
File Edit View Formst Draw Snap Structure Options Analysis Help
DEHE &SR =@ x| 9 B VE A B %R, NAOC~NEDOFOE ] ADME
bt 4 » 2 S+ N -l B FREGEREGL s L o9 P el TEs. BSE-
Losli: Ll [, [ [[Eter ]| e N
= [ EN 1993-1-1 Steel Checks ~] == =
Settings i Q
Actions ®
(£ EN'1995-1-1 Timber Checks =Y
= [ Results @
) Listings
= (@] Node deformations 15
Allload cases
Permanent and tempc. a
Dead load =
Snow load
3: Wind from the left ¥
Wind from the right ox
Crane load left v
z
: Crane load right LC 3: Wind fromthe left e
Crane load middle Deformations u [mm], Factor = 143.6
am deformations Value range (overall system, mivimax): 0.00/22.25 mm] v
ttemal forces < >
Stresses Qutput Ll
Support reactions
~
Load sum | |printing cross-section utilization
< >
- |End of program, @ warning(s), @ Error(s).
[H) pata...| 3G Print... (7 Parti... Layer preg g(s) = v
Ready 0.0000, 2.1000, 0.0000 CAP NUM

b

Click the Results button to access various display settings.

All of the available results are listed in the

(1 Results folder in the database. Double-click
a result to open the available or designated
standard view (graphic or (=l table) of that
result.

For instance, open the (1 Node deformations
folder and then double-click Load case 3. The
deformed system will be displayed.

Internal forces and comparison stresses from the 7. permanent and temporary situation:

LCC EN1993.SV.1: 1. Permanent and temporary situation, EN 1993-1-1

Internal forces min,max My. 1043.77 [kNm] = ———

Value range (overall system, min/max): -952.91/513.35 [kNm]

LCC EN1993.SV.1: 1. Permanent and temporary situation, EN 1993-1-1
Stresses (steel checks) max Sigma.v. 263.95 [MN/m?] =——
Value range (overall system, min/max): 37.91/240.98 [MN/m?]
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26

You can activate the calculated utilizations in the [&] Stresses / Steel Checks folder. Note that the depicted frame can
only be checked if the plastic internal force limits are taken into account.

LCC EN1993.SV.1: 1. Permanent and temporary situation, EN 1993-1-1

Utilization. 1.02 [-] =+——

Value range (overall system, min/max): 0.16/0.93 [-]

Section Stress

>
Load case: Beam: Location: Section: Representat.:
1. Perman ~ 1 +|  [1-HEasso-s2asen Edge
Set: Nx:| -233.13  [Qy:| 0 Qz:| 119.11 Stress:
My min ) Mx:| 0 My:| 952,91 |Mz:|0 Sigma.v v

24

0,987

///

=

alue range from 34,8586 to 240,976 MM/m?2 (Elastic)

Label Text height:

Print  |w | -:Printlist

In the stress view right-click any beam and select
Section Stress from the shortcut menu.

The stresses at the section will now be applied for the
selected location.

In the depicted window you can select the results for all
load cases and combinations as well as for

Oy Oy Ty Tyy and T,, Stresses.

The checking program records the calculation process in a concise log. You can view the log in the B Listings folder.

Combination information

w The combination information shows you the individual factors

EM1953.5V.1: 1. Permanent and temparary situation, EN 1933
Internal forces Beam 4 - Loc. 1, Mode 4 - My min

Load case

1: Dead load

2 : Snow load

3 : Wind from the left
5 : Crane load left
My rnin

Factor

135
1.50
0.90
105

Mx My Qz
-114.91 -444.03  55.50
-112,50 -434.73 54.34

-4,32 -57.03 7.13
-1.40 -17.12 2.14
-233.13 -852.91 119,11

Print...

-=Print list

contributing to an internal force result.

In the results view right-click the desired results location in the

beam and select Combination information from the shortcut
menu.
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Printing

El You always have the option of printing the current screen view. Click Print Preview to see what the actual printout
will look like. The settings for the page format, printer selection, etc., can be modified using the Page Setup...
command in the File menu.

Tables or logs need to be selected in the workspace and then printed out from the shortcut menu (right-click). The
Page Preview command is also available in the shortcut menu.

¥ 2D Hall Frame EN 1993.esw - InfoCAD — [m| X
File Edit View Format Draw Snap Structure Options  Analysis  Help
DSH S| b E | = | En V2B %. NAO N E>IFEOR O G
e B8 a4 b S RS L @R GEEMISAL o el TE.ES, BO @E-
Data Base ' Cnmmand:| “ Enter I Esc N
= [&] 2D Hall Frame EN 1993.esw e
~
= [ Structure Description |z Q
' G
Material and section properties Q
Bedding Show Graphics @
Bedding < Show Table &
Mode coa 5 T
Bearns TOperties
Supports| &% Print.. =
@ S.ection p & Preview @
Link elem Add to Printing List -
List of ste S S ¥
Total wei opy Image Objects x
B Total weie Tabular F | lds 018 z
(2] Instationa AL TN Py =iy v
z
(0 Load cases | Mew 993.5V.1: 1. Permanent and temporary situation, EN 1993-1-1 e
(3 Predeformati o n. 061 =
(07 Load Case Cc Elete ange (overall system, min/max): 0.16/0.93 [ ™ ":"
[T EN 1992-1-1 1 Rename >
[ BSEN 19921 Refresh @
& (20 EN 1992-1-1 Srcerermeens
~
(3 EN 1295-1-1 Timber Checks Printing cross-section utilization
(3 Results
End of program, @ Warning(s), @ Error{s).
|3 Data B..| g Print L. /7 Partial...| 5= Layer pregram, Bls) = v
Display full pages 0.0000, 2.1000, 0.0000 CAP NUM
¥ 2D Hall Frame EN 1993.esw - InfoCAD [m| X
Prirt... Mext Page | Prev Page | Two Page Zoom Out Close ‘ |
Ll
2D Frame 21.30a x64 @ InfoGraph GmbH 2D Hall Frame EN 1993.esw - 12/21/2022 4:19:18 PM - Page 1
System characteristics
5 Modes
4 Beams
2 Supports
0 Link elements
1 Material and section properties
7 Load cases
0 Load case combinations
11 Result locations in beam elements
Section properties
1 |HEA 550 Centroid [m] ys = 0.000 zs = 0000
Area [ A =21200e02
-4 Moments of inertia [md] Iy =1.1190e03 1 =1.1190e-03
= Iz =1.0820e-04 12 =1.0820e-04
= Main axis anale [Gradl Phi = 0.000 vz =0.0000e+00
0.3 Averaging of the lateral force shear stress over section width
Material
Mo. Type E-Modul alphat gamma
MM/ [1VK] [kN/PT]
1 1 |8235—EN | 210000 | 1 29—05' 78.500 |
W
Page 1 NUM

27



Introductory Examples

Printing List

Specified views as well as tables and logs can be added to the printing list for printing at a later time. Only references to the
specified display parameters are stored, meaning changes made to the system are automatically reflected in the list.

Switch from the database to the printing list. The printing list has its own Print and Page preview commands.

B

Cly, Click the Add to printing list button to copy the current system view into the printing list. All active settings will be

saved with the system view.
Use the shortcut menu to add tables or logs selected in the database to the printing list. You can also add separate
text objects, page breaks or a table of contents.

You can sort existing entries in any order you want by simply dragging them with the mouse.

P2 2D Hall Frame EM 1993.esw - InfoCAD - m} X
File Edit WView Format Draw Snap Structure Options  Analysis  Help
DM &k L BB X 5o B J=2A -0 . NAO~ED>IOFOR DA DI
b 5 4 > 9 K N - | @FPOGETEEHINE AL 24, F el B HE.
I =8 Command:| “ Enter II Esc I
4 Standard-print-list ~ | [F 2038
=] Contents [ P
(S form feed--------
System Characteristics
Section properties
List of steel profiles
[T IMode numbers; Shrink mode; Local beam systen
[JlLoad lases
formations u; LF 3, Wind from the left

Internal forces My min, max; 1. Permanent and t

@Sigma.v mazx; 1. Permanent and temporary situa

@Utlhzatmn; 1. Permanent and temporary situatio! v || | L€ 2: Wind from the ket
e - - i EEE Deformations u [mm], Factor = 1436
Value range (overall system, min/max): 0.00/22.25 [mm] v

< ’ >
[Z) Data Base 3@ Print List | £ Partial Vi...| B Layer < >

Ready 0.0000, 2.1000, 0.0000 CAF| NUM

Double-click an entry in the printing list to open the corresponding view in the representation area.

G LHRDE B2 ® 0 =2

o

.

‘0

InfoGraph Systemviewer

The InfoGraph Systemviewer allows you to visualize FEM and framework projects as well as to animate deformations from
static or dynamic calculations.

Launch the Systemviewer from the Programs / InfoGraph folder in the Start menu and open the file you want to view. A
variety of settings options are available to help you optimize the graphical output.

P g) 2D Hall Frame EN 1993.esw - InfoGraph Systemviewer - [m] x

File View Results Options Help

DEEk Dek e s, =gF§c=E(ca s aaq| [#>|E @& s s i
x|
@
G
& & |o
Light seurce in the front ~
Light £3Bulb
Light intensity —
Light coler ]

Light distribution |Linear

Surfaces:

Colors Material colors

Concrete [ ——
Steel ]
Wood . ]
Free material | I
Supports . ]
Link elements | I
Background | I
Reflection —————

Standard

[2) Views [ Representstion 9 Lighting

Ready
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Example 3: 3D Building

This example shows you how to specify a 3D building and perform the following calculations:
+  Static calculation
+  Design according to EN 1992-1-1

It is assumed that you have already gone through the previous examples. Hence, some of the processing steps will not be
detailed in this example.

Task

.00

<

/
T
§ —]
=], =

¥ T %

System axes with dimensions [m]

Material: C20/25-EN (Concrete EN 1991-1-1)
Reinforcing steel BSt 500, axis distance of 3.0 cm from edge

3.00

—
¥

Load: Dead weight, area load, horizontal load

Procedure to enter 3D structures:

1. Describe a wire frame model using edges

2. Assign the wanted properties to the edges (support, beam series, free beam)
3. Enter model faces

4. Mesh generation

Drawing the wire frame model
Launch the program or start a new project by clicking New and then selecting Finite Elements under the Structure menu.

[ Click the Edge button and begin by entering:
[00]

R | Activate relative coordinate input and complete the outer edge of the 15t level:
[8 0], [0 8.5], [-8 0]

Point to the start of the 1st edge to connect the lines. End the edge input with Enter or ESC.

29



Introductory Examples

Select the upper edge with the right mouse button and choose Copy directly from the shortcut menu.

L
& cut
Copy
LE“ Paste
P

. Delete

Select Modes
Move

Copy Directly
Maodify Length
Modify Endpoint
Divide

Intersect
Reverse Direction

Properties Copy

Model Face Qutline
Convert

List

Overlapping Test

The program asks for the displacement vector. Select e.g. the upper left end of the edge to define the start point.
Now activate the option Multiple. For the second point of the displacement vector enter the coordinates [0 2] and
[0 4]. The edge will be copied 2 and 4 meters in y direction. Finish the copy process with Enter or ESC.

Now switch to the 3D view and create the other levels using the copy function.

To do so, select the edges by dragging a box over all the objects. The selected objects will now be displayed with
dotted lines.
Select Copy directly in the Edit menu and specify the displacement vectors:

1. Point of displacement vector: [0 O 0]
2. Point of displacement vector: [0 0 3]
2.Point of displacement vector: [0 0 -3]

For 3D editing, always enter 3 coordinates in the order x, y and z. Based on the above coordinates, the displacement
vectors point +/- 3 meters in z direction.

If you want to temporarily change the angle of view, click Rotate with mouse and move the cursor while holding
down the left mouse button. Click the button again to stop the rotation.

@L You can adjust the view to fit the new object dimensions using the Zoom all button.
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[

Enter the missing edges between the levels. It can be referred to the existing points with the snap modes mid-point,
endpoint or intersection. In this way, further manual coordinate input can be avoided.

®
~
Zz

— |

/ y

L]

Select the unnecessary edges and delete them.

_.-==="" |[Endpaint

To shorten the lower edges select these edges with the right mouse button and choose the option Intersect. For
border object select the relevant edge.

X3 Undo

d
X

AW
AOVAVA

Cut
Copy
Paste
Delete

Select Modes
Move

Copy Directly
Modify Length
Modify Endpoint
Divide

Intersect

Reverse Direction

Properties Copy

Model Face Qutline
Canvert

List

Overlapping Test

=

\

VA
AN

=]

In order to create supports at the columns later we use the model object Column with the option Point at the foot

points of the columns.

The wire frame model is completed.
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Assigning Properties

Additional properties can be assigned to the edges to be taken into account while generating the mesh. Double-click one or
more edges to define the properties and set the wanted meaning:

Edge >
Meaning: Support:

Suppart V| | E Jointed V|

Beam series e

Free beam . QInis. ..
Link element

Pile beam Eccent...
Spring

Standard Show
Support synjbol (is
vl or o
Layer of elements: Color of elements:  Partial View el.:

Meaning
Standard
Support

Beam series

Free beam

Support +Beam series

Result from the mesh generator
Area limitation or fixed line inside
Line support on the edge

Beam elements connected to the FE
mesh, e.g. downstand beams

Beam elements with independent
intersection, e.g. columns or parts of
frames

Line support and beam series

Take owver ~ Take over ~
Label: [ 5how label
——
| | Cancel
* Edge X *
< <
Meaning: Pitch: Angle [7]
z z
<] e |
Free beam : onts. .. :
~ Eccent... :
Show 1 <=
bol (is :
M :
< Support-+Beam series ;E;'Edcf;; al >:/
Layer of elements: Color of elements:  Partial View el.: :
| =T
Take over ~ Take over 1
' =
Label: [ show label E
< e ¢
BIM-ID: 3
| | Cancel ==
4

For the columns set Free beam with pitch = 2. Start the
section dialog and define the polygon section with the

function (e.g.: Rectangle 30x60).

Assign the property Support to the supported edges and
Beam series with the polygon section to the outer
downstand beams.

E7] | Click the Face button and select the Layer and Color you want to use for the element mesh before defining the area (
Properties option). Double-click inside the section window to open the section dialog. Set the properties for the area

section and leave the dialog.

Model face

Sections of elements:
2 -FL d=0.2 - Walls and slabs

Rotation of the element
coordinate systems [7]

L.

Layer of elements:

Factor for mesh width:

N

Partial View of elements:

Int. forces:
| 0

Reinforcem.

| [0

Caolor of elements:

Element Properties - Section - Form X
- Secti . ! . ) .
=] EC Foonrm Mumber:  Section Type: Material Type: New | | Copy
2-Wa ~ | Area L C20/25EN ~
1 Label: Delete |v
-Default values Aben
-Creep coeffidents | walls and slabs |
Beddng Orthotr Slab rigicity
. Orthotropy Slab rigidi
Reinforcement Heightdz [m]  dzy/dz: factor:

B5 EN 1992-1-1
“Thermal analysis
- Joints

3 ~| [z ~ | | Take over ~
Label: Eccentricity [m]
| [0
Active Inactive Active Inactive
BIM-ID: -
‘ Cancel

[ Torsion-free

Cancel Help
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Now select the limiting objects for the first area. An area will be created as soon as it is fully defined by the selection.

Change the color now and again if necessary.

[ %/

e

i
4

<=
a

/

[ | The geometric description of the system is now complete. Save the file and enter a name for the drawing.

Generating an Element Mesh

The model structure that is created serves as the basis for FEM mesh generation.

o Click the Mesh generation button, select the Form-sensitive option and accept the suggested mesh width to 0.5 [m].

1 30 Building fem - IfoCAD - o

V2 30 Building.fem - InfoCAD

Ready 86762 81107, 00000 AP NUM

Ready

- o x
Ele Edt Vew Fomat Dw Swp Stucure Options Anasis Hep Bl Edt Vew Fomat Dmw Swp Stucure Options nasis Help
& x| 0| E VoA -M%. NAO~mD>HNFOROBI™E DESW &R ¢&E8 X o @ vaAaA-MB%. \NAO N >IFOROBImE
ol e r e H -l @RURUEHIAAL 29GP Ber R . B @ Wi s el BROGUEBIfAL g P BemAl . B @
LI [p— m | | [ LI [P = = I«
~Q ~Q
‘<v>< @ Y
Y Y
B Y @
[ [
=)
[ [/
£x £x
¢ ¢

86762, 81107, 00000

AP NUM

activate the Area fill of the elements option to improve the 3D quality of the structure.

| Check the structure using the section representation.

OC| Click the View options button to access various settings for how the system is displayed. In the resulting dialog,
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Defining Load Cases

4 | Open the L1 Load cases folder in the database and double-click =) Dsibsmsisias. A new load case will be created
automatically and the load input and editing buttons will appear in the dialog bar.

Hr.| For load case 1, select dead load with weighting 1 in the z direction, confirm your selection and then enter a load
case label using the Change Number button.

Click 12! P riamss in the database again to create the new load case 2. Select the area load Uniform rectangle
and define two rectangle area loads on the floors. When entering coordinates refer to existing nodes and use the
functions Zoom and Rotate with mouse.

New Load x
Load Data X
General Pointload Lineload Areaload Datzbase
Global rectangular uniformly distributed load

Area element load Variable polygon
Area load onto beams Variable rectangle
Liquid pressure

Uniform load on model faces

1, corner pt., yL zls
E [0 [ |

2, t. ’m 2
Unirm polygon == 2 L
E |[o | [ |
Uniform region 3. point, x3: 3 23
] .y %3 : :
E | [ |E |
gx:
ay: az:

ET— - E—

Load-time function:

Cancel Apely < Cancel

2 3D Building.fem - InfoCAD - m} *
File Edit WView Format Draw Snap  Structure Options  Analysis  Help

DEESR| B X 0| H: JaaA-B[fh. NAONED>OFOROAL T mE
betd 4 b 2 p R i AR USRTERMOIN 2L oSG I EermL S, BOE-

Data Base [ = %@|§| x|_"1| 4 = [T H .1,|Lcad:| || Enter | Esc
= [#] 3D Building.fem
@ Display
65 Drawings
(23 Structure Description F;/
= [ Load cases z
Load case labels
Load Groups
MNew load case
1: Dead load
2: Area load
D Predeformation
(L1 Load Case Combination
(C3 EN1992-1-1 Design
(23 EN 1993-1-1 Steel Checks
[Z3 EN 1995-1-1 Timber Checks
(21 Dynamics LC 2 Load, Arsa load
(23 Prestressed Concrete < =
(Z0 EN 1992-2 Bridge Checks

Ao BELLO®LO =

7 N
»

<

@

P

“0

Output i |

[E pat... |3gprin...| F7 Parti... 2 Layer

Ready 8,0000, 4.0000, -3.0000 CAP NUM

For load case 3, select Line load for area elements with global orientation.

New Load X Load Data X
General Pointload Lineload  Areaload Datsbase Line load, global (LKO+LG)
Beam line load .
Starti t, : :
Beam moment Ao L2 =
Beam trapezoidal load ‘ 8 ‘ | 8.3 | | -3 |
Free line load
Free line moment ‘End ITGIE ‘ re' | |ZE |
1] 8.5 -3
qxa: qxe:
‘ 0 kMjm | | 0 kMjm |
(®) Global orientation qya: gye:
(O Local orientation ‘ 0 kNjm | | 0 kNJm |
qza: gze:
[ selection of lines, arcs ‘
10 kMjm | 10 kI |
Load-time function:
Cancel Apply h Cancel
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P2 3D Building.fem - InfoCAD — O k4
File Edit View Format Draw 5nap Structure Options  Analysis  Help

DEH &SR B8 X9 Vag -l %. NAO R >HNFEOROSL G mw
% 4 b bRl BERCETTEBMOG AL o, i BerELEs, B E-

Data Base | By By {” <Y | 13| 4 Hr. | End point of line load: Start l:l Enter Esc
= [#] 3D Building.fem
(1 Display
[0 Drawings F—;X ‘_‘

(23 Structure Description T

= (3 Load cases z =
Load case labels = D/ _’_,—‘:-|
Load Groups >T
Mew load case

: Dead load

Area load

3: Line load

D Predeformation

([ Load Case Combination

(3 EN 1992-1-1 Design

[C3 EN 1993-1-1 Steel Checks

[C3 EN 1995-1-1 Timber Checks

&3 Dynamics

(23 Prestressed Concrete

[C1 EN 1992-2 Bridge Checks

N RBUDB RO R D=

o+
»

LC 3: Load, Line load
[
£ >

Output LN |

@Dat... ?ﬁprin... ﬁPar‘ti...%Layer
Ready 8.0000, 4.0000, -3.0000 CAP NUM

With the Load representation option you can scale the load ordinates.

For the fourth load case create two Line loads with 2.4 kN/m and one area load with 0.8 kN/m2 in global x direction.

2 3D Building.fem - InfoCAD — [m| X
File Edit View Format Draw 3nap Structure Options  Analysis  Help
DEH &R 2| x| o 3 Vvaa B %. NAONYE>NFOR DA D
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Data Base L = | BBy {” o x | Ij| ‘= we L | Lnad:| “ e [ e ] w
= [#] 3D Building.fem — —
D Display dd_{__.;f“' Q
[0 Drawings H — @
(23 Structure Description F_; g e - Q
= (1 Load cases z
Load case labels 7 \ @
Load Groups \ i s
Mew load case B ==
: Dead load . =
2: Area load i’ 7_______,-—-""7 ﬁ]
3: Line load P ,___——-'355*{ o
4 : Honzontal laod N v
[ Predeformation & \ gx
(1 Load Case Combination - EV
(Z3 EN 1992-1-1 Design e - .
[C3 EN 1993-1-1 Steel Checks &
(C3 EN 1985-1-1 Timber Checks 0.8 4.:¢
(1 Dynamics L
(27 Prestressed Concrete 08 -
D EM 1092-2 Br\dge Checks LC 4: Load, Horizontal lacd v
< >
Output LN |
@Dat... ?ﬁprin... ﬁPar‘ti...%Layer
Ready _8.6762, 8.1107, 0.0000 CAP NUM

Load input is now complete and you can exit the Load dialog.
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Describing Actions

EM 1992-1-1 actions

[=)- Standard design group

E\ Actions
EI G Dead load
: 1Dead load
EI QN Imposed load, traffic load
: B 1. Variant

B Indusive

.2 Area load
3 Line load
£+ QW Wind load
B 1. Variant

[E1- Exdusive
4 Horizontal lacd
(=) Design situations

2R 1. Permanent and temporary situation

d
| oK |
Cancel
Open Actions in the L1 EN 71992-1-1 Design folder of the
Mew: database, assign the following actions to the load cases and
Group... create a Permanent and temporary situation.
Action...
situation... G Dead load: Load case 1 (dead
QN QN Imposed load, traffic load: load)
Edit QW Wind load: Load case 2 and 3
Delete (area load, line load)
Load case 4
(horizontal load)
Combina...
Calculate

[Juse combination rules of EN 1330 (6. 10a/b)

Calculation and Results
@ Begin the batch calculation

with the options selected as shown below.

Batch *
Statics Analysis | oK. |
[] pynamics Analysis
[ Load Case Combination Cancel The selected calculations are performed automatically in
EN 1992-1-1 Design consecutive order. You can follow the progress of the
[ EN 1992-2 Bridge Checks [JRemove al calculations in the output bar.
[] EM 1993-1-1 Steel Checks results
[] EN 1995-1-1 Timber Checks
[] Monlinear Analysis

Once the calculation is finished, all the results are available in the database. Open the results category you need and

select the appropriate view.

F: 3D Building.fem - InfoCAD

File Edit View Format Draw

Snap

el &SR ¢+ a2B X oo B
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i i AT G S R A R

NAO~NWMO>OFORO8FmE
= CIEL

i R o T
Esc

Enter

Command: |
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(2 Results ~
@ Listings

[=] MNede deformations

All load cases

1. Permanent and tempora
1:Dead load

2 Area load

3: Line load

E’ 4: Horizontal lacd

(6] Deformations in the suppo
Beamn deformations

[c]

(%] Beam internal forces

Area element internal forces
(] Beam stresses

(@] Area element stresses

[&] Support reactions

Load sum

Location of lead resultant

=

EHBEHBEE

<

Zz

LC 1: Dead load
Deformations u [mm], Factor = 378.8
Value range (overall system, min/max): 0.00/3.47 [mm]

<

eUMREARg IR e Lo e Lo =2

)

“‘v

Output

W
>

€

@Dat.. ?ﬁPrin‘.. flﬁjparti... Silayer
Ready

End of program, @ Warning(s), @ Error(s).

8,0000, 4.0000, -3.0000 CAF| NUM

Deformations load case 1
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End of program, @ Warning(s), @ Error(s).

InfoGraph Systemviewer

The InfoGraph Systemviewer allows you to visualize FEM and framework projects as well as to animate deformations from

static or dynamic calculations.
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Launch the Systemviewer from the Programs / InfoGraph folder in the Start menu and open the file you want to view. A
variety of settings options are available to help you optimize the graphical output.
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Example 4: Prestressed Roof Girder

This example involves a wide-spanned roof construction that is represented as a continuous girder over two spans with a
double-sided cantilever. To edit this system, perform the following work steps:

*  Enter a static system
*  Enter a tendon group
*  Enter the loads

*  EN 1992-1-1 Design
« Display the results

The structure is constructed for exposition class XC1. In accordance with EN 1992-1-1, Table 7.1N no check of
decompression is necessary for this exposition class.

It is assumed that you have already gone through the previous examples. Hence, some of the processing steps will not be
detailed in this example.

Task
| | |
T T T
I I I
i Nl i
1 ‘ 1 ‘ 32
N N N
.16 48 ] 48 — 16
) 128

Static system and dimensions [m]

Material
Concrete C45/55-EN
Reinforcing steel BSt 500, axis distance from edge 5 cm
Section
. 790 5
i 370 50, 370 B
E 9 §
o
S|

[em]

Tendon groups

Four bundled tendons are arranged in this example. The tendon group guide is shown in the next figure. The depicted
tendon group ordinates z, of the spline points refer to the upper edge of the section.

Tendon groups in beam series Tendon view 1, [-16.00/0.00/0.00] - [112.00/0.00/0.00] / [-16.00/0.00/1.00]
Superelevation = 10
0

Pyzs\___.______._gx___ I SN

\\_/ \,/

Tendon group ordinates zv [cm] at the base points

xv| 0.00| 6.40(12.80|19.20(25.60 | 32.00 | 38.40 |44.80 | 51.20| 57.60 | 64.00 | 70.40 | 76.80 | 83.20 | 89.60 | 96.00 | 102.40 | 108.80 | 115.20 | 121.60 | 128.00

1]/ 70.0|52.0| 19.2| 42.0(120.2|180.1|208.8(201.5|157.4| 78.3| 18.5| 78.3|157.4|201.5|208.8 [ 180.1|120.2| 42.0| 19.2| 52.0| 70.0

38



Example 4: Prestressed Roof Girder

Prestressing steel and prestressing system
Prestressing steel quality

Certification of the prestressing system
Number of tendons in the bundle

Section surface area A,

E-modulus of the prestressing steel

0.1% strain limit (yield strength) of the prestressing steelfpo Ik

Tensile strength of the prestressing steelfpk

Permitted prestressing force of the tendon P,
Prestressing loss from relaxation of prestressing steel
Friction coefficients when increasing or releasing strain
Unintentional angle displacement of a tendon /3’

Slippage at prestressed tie bolt
Duct diameter

Scattering coefficients of the internal prestressing
Construction stage (r, _/ r.nf)

sup’ i
Final state (rsup / rinf)

Loads

Load case 1 Dead load (G1)

Load case 2 Additional loads 11.06 kN/m (G2)
Load case 3 Snow load 7.90 kN/m (Q)

Load case 10
Load case 15
Load case 20

Prestressing (P)

Creep and shrinkage (CSR)
Coefficients: Py = 255, p=038;¢

Creep-generating continuous load: G1+P+G2

CS.too
Creep-generating continuous load case: 15

St 1500/1770
EC2

4

1800 mm?2

195000 MN/m?2
1500 MN/m?2

1770 MN/m?2
2295 kN

45 %
0,2

0.3 °/m
6 mm
82 mm

1.1/0,9
1.1/0,9

=-24.8-10°

The redistribution of internal forces between concrete and prestressing steel are taken into account.

Static System

Launch the program or start a new project by clicking New and then selecting Finite Elements from the Structure menu.

To accurately measure the prestressing and the creep and shrinkage behavior, first divide the structure into beams with a
length of 4 meters. Specify the supports based on a fork support of the system.

gx First switch to the xz view.

o Click the button Element creation and select the element type RS Beam. For automatic division activate the option
Generate. A crosshair will appear in the representation area and you will be prompted to enter the coordinates of the

starting point in the dialog bar. Enter [0 O] to position the starting point at the origin. After you press [ ] or Enter,

the end of generation line will be queried.

R | To enter additional coordinates, you should activate relative coordinate input by clicking the Relative button. A small

axis system will now always appear at the last point inserted.

All successive coordinates you enter always refer to this point. Enter [16 O] to define the end of the generation line in

x direction.
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Generate beams *
Section at the beginning:

Section at the end: .
Enter 4 for the number of beams which shall be generated.

Mumber: Qwerall len.
|8 | [15.00m | [ ok ]

Cancel

EL To temporarily enlarge the view, click Zoom - or Zoom all.

@L Now enter continuously the remaining section coordinates and choose the number of beams to be generated:

[48 0] - 12 Beams; [48 0] - 12 Beams; [16 0] - 4 Beams

Finish the beam input with [ . ] or Enter.

A | Now click the Supports button and choose the Point support option. You will be prompted to select the support
nodes in the dialog bar. You can click the nodes directly with the crosshair.

During the support input take care to support the system free of restraint in the longitudinal direction and to define a
fork support.

— X

z

D
D
D

Entering a Tendon Group

The definition of the tendon groups does not depend on the elements. The assignment and force introduction onto the
structure occur while the Prestressing load case is being calculated. To avoid any conflicts, a distinction is made between
beam and area/solid prestressing.

The tendon curve on which the calculation approach is based is represented by a 3D cubical spline function. The spline
function is the curve that runs through all specified spline points with the least amount of curvature. The basis for the
prestressing analysis is provided by a tendon group force curve that allows for strain increase, release and slippage. To
include prestressing in the FEM analysis, you need to define a load case with the Prestress load type.

s=x  Die Use the Prestressing function to enter and edit tendon groups.

Tendon group properties >

General Prestressing System  Prestressing Procedure

Mumber: Label: Prestressing system:
1 v | Unnamed | | 1 - Unnamed v|
Mumber of

tendans: Type: | v Prestressing procedure:

[ ] Fermnoemis

Spiine points: (Also graphic input possible) Click Define and then select Beam for the tendon group type
O in the resulting dialog.
xml oy zm] LJ*gnore
in presiress
= load

Normally, the spline points are defined graphically.

Cancel
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Example 4: Prestressed Roof Girder

Tendon group properties d

General Prestressing System  Prestressing Procedure

Mumber, Label: Certification:
| v| [Ec2 v
Area Ap : fpi, 1k: E-Modulus:

Com Jne (150 Jwmi {15500 e

The Prestressing System tab contains all the properties that are

Duct . . Lo
fok: ] pmo: Sameter: ?ssgned ]’E(?[r;[he tendon groups. They apply to each individual
enaon o e group.
MNjm: 2295 kN mm group
Friction coeffidents p Unintentional
Tension: Release: Slippage: angular disp. &'
[o2 | oz | [6 Jwm [03 |em
Cancel
Tendon group properties X

General Prestressing System  Prestressing Procedure

If the allowance value K is used, then the factor for over-

Mumber, Label: [ Iensioning with Pman . . .
stressing refers to the maximum permitted force P, ..

Mormalized 1. Ten- 1. Re- 2. Ten- 2. Re- . v .
Force sioning lease soning  lease Using the factor specified for the release, the maximum
Start: | 1 | [o | [o | [o | prestressing force remaining in the tendon group is
defined with respect to P . A factor of '0' means no
End:f1 [ o | o | [o |

release.

Cancel

Exit the dialog with OK and enter the spline points of the tendon group (start, supports, midspans) at the nodes of
the beam array.

Tendaon group 1. point: Back “ Enter I Esc
[ [} ”

z

When you are done, click Enter. The tendon group no. 1 is now positioned along the centroidal axis of the beam
array.

Additional editing should take place in a section view. To access a section view, select the entire beam series with the
View... / Beam option and define the view plane from the first node to the last node in the global z direction.

Tendon Group View >

Views: Representat.:
[ Standard view ] Height zv  ~
Tendon view 1 Beam

Superelevation:

Text height:

v Add tendon group 1 to the Visible tendon groups list.

Visible tendon groups: Remaining tendon groups:

L
s

==

Cancel
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42

1 Prestressed Roof Girder.fem - InfoCAD — a x

File Edit View Format Draw Snap Structure  Options  Analysis  Help x
DEE SR & BB X9 o Byt EAd-B%h. NAONEDFEOBE DA DR R B
el a r o K-l | PG BOTAAL 29, F RS TLES. B @

Data Base r B

=] Prestressed Roof Girder.fem —
(3 Drawings lzv Tendon groups in beam series Tendon view 1, [-16.00/0.00/0.00] - [112.00/0.00/0.00] / [-16.00/0.00/1.00]
(2 Structure Description Superelevation = 10
(21 Load cases 0
(0 Predeformation 0
(21 Load Case Combination 1 1
(23 EN 1992-1-1 Design
(23 EN 1993-1-1 Steel Checks
(2 EN 1885-1-1 Timber Checks
(21 Dynamics
(2] Prestressed Concrete
(21 EN 1992-2 Bridge Checks

YPGB L2O RO =

Tendon group ordinates zv [cm] at the base points

7 Ny
»

<

xv| 0.00| 6.40(12.80 | 19.20(25.60 | 32.00 | 38.40( 44.80 | 51.20 57 60 | 64.00 | 70.40 | 76.80 | 83.20 | 83.60 | 96.00 | 102.40 | 108.80 | 115.20 [121.60 | 128.00

IS

11625|5256|5256|6246(625|5256|6256(625(625(625|526\525(625(625|526|625625]|5256|525|626(625

3

+
*

(3] pata..|3g Print... (' Parti..| S Layer | |« >

Ready -16.0000, 0.0000, 0.0000 UF NUM

The tendon group is now displayed in the selected section. Next, use the Zero point option to move the position of
the reference system from the centroid to the upper edge of the section and then in the Base points option select
Spline points.

If the tendon group is selected, you can reposition it by first clicking the existing spline point and then the Spline
points option. Only change the respective Zv position. The Insert option allows you to add additional spline points
before the active spline point.

New position: | Xv=64.000 || Yv=0.000 Insert Deete || et || e

— HW
| Tendon groups in beam series Tendon view 1, [-16.00/0.00/0.00] - [112.00/0.00/0.00] / [-16.00/0.00/1.00]
Superelevation = 10

0

z

T R N — == =7 R i R e I SEE SRR

Tendon group ordinates zv [cm)] at the base points
x| 0.00( 8.00(16.00 24.00 40.00 56.00 | 64.00 72.00 88.00 104.00 | 112.00 | 120.00 | 128.00
1| 70,0 44.0| 185 101.0 2105 101.0| 525 525 525 525 | 525| 525| 525

Use this method to assign the desired geometry to the tendon group.

Tendon groups in beam series Tendon view 1, [-16.00/0.00/0.00] - [112.00/0.00/0.00] / [-16.00/0.00/1.00]
Superelevation = 10
0

0
1>743\—-—~-—-—-~—~-/\—-—-~—~ ]

\_/ \__/

Tendon group ordinates zv [cm] at the base points

xv|0.00| 6.40|12.80|19.20|25.60 | 32.00 | 38.40 |44.80|51.20 | 57.60| 64.00 | 70.40 | 76.80 | 83.20 | 89.60 | 96.00 | 102.40 | 108.80 | 115.20 | 121.60 | 128.00

70.0(52.0(19.2| 42.0(120.2|180.1|208.8|201.5|157.4| 78.3| 18.5| 78.3|157.4{201.5(208.8(180.1(120.2 42.0| 19.2| 52.0| 70.0

-

In the tendon group view, the coordinates always refer to the reference system.




Example 4: Prestressed Roof Girder

Click the Representation option to activate the resulting prestressing force curve in the tendon group view:

Force function of tendon group 1 (4 tendon(s), | = 128.41 m)

Prestressing system 1 - EC2. Certification according to EC2.

PmO = 2295.0 kN, Ap =1800.0 mm?, pa = 0.20, Angle R' = 0.30 °/m
E-Modulus= 195000 MN/m?, Ah = 5281.0 mm?, un = 0.20, Slippage = 6.00 mm
Prestressing procedure 1 - Example
Pre. anchor Start End
Normal. force : 1.000 1.000
Pre. force [kN]: 2295.0 2295.0
Extension [mm]: 694.5 72.8
8717.5 _ o -
S— —r——
Z]
=/
®f © W N v N~ o Y| N o o © N % o N W N W ©  ©
N~ N < [2¢] [(e} (2l (2] (2] © < © < © (2] [o2] (2l [(e} [2¢] < N N~
(2] Yo} [oe] oN o N~ N ~ ™ ~ [Te) ~— ™ ~ N N~ o oN [oe] Yo} (2]
(92 < Yol © Yol (2] N o (2] [ee] wn [ee] (2] o N (2] Yol © Yol < (423
- © ] © ] - © =) ~ ~ N ~ ~ =) © - ] © ] © 0 XV
0.00 6.40 12.80 19.20 25.60 32.00 38.40 44.80 51.20 57.60 64.00 70.40 76.80 83.20 89.60 96.00 10240 108.80 11520 121.60 12800  [m)]

Loads and actions according to EN 1992-1-1

Enter the following loads:

Load case 1 Dead load (G1)
Load case 2 Additional loads11.06 kN/m (G2)
Load case 3 Snow load 7.90 kN/m (Q)

Prestressing (P)
Creep-generating continuous load: G1+P+G2

Load case 10
Load case 15

Load cases 1, 2 and 10 are grouped into this load case with the Insert load type.

Lastfall 20 Creep and shrinkage (CSR)

Coefficients: ¢, =2.55; p=0.8; ¢ =-248-107

cs.too

The Creep and Shrinkage load type lets you calculate the redistribution of internal forces between the
concrete and prestressed steel. Specify load case 15 as a creep-generating continuous load case.

The following checks are carried out as a part of this example:

Checks in the Ultimate Limit Element Properties - EN 1992-1-1 - Checks 3
States
. Bending with or without [=- Section Mumber:  Section Type: Material Type: Mew | Copy
normal force or normal force ~Form 1-Roc v |Polygon  ~
- Shear stresses Delete |v
only - Material Label:
+ Lateral force - Bedding Roof girder |
1992-11

. . J-EN
e Minimum reinforcement oE

against failure without
warning

Prestress of component:

Checks

Base values
Shear section
Shear joint
Stresses
Crack width

S

Subsequent bond

Ult. limit state
Bend, long. force

Checks in the Serviceability [ILateral force

Limit States Fatigue [JTorsion
«  Limiting the concrete - Variation coeffidents R;’b““_"'?“
compressive stresses EREN 19322 SEShee
L. . . - Thermal analysis Serviceab. limit state
+  Limiting the reinforcing and . Jaints

Concrete comp. siress
Decompression
Minimum crack reinf.,

prestressing steel stresses
*  Minimum reinforcement for
crack width limitation with

fctm= 1.k=1; &,1: 0.27

Exposure class:
XC1

L

Fatigue

[JReinf., prestr. steel
[ Lateral force

[ rorsion

[Jconer. long. stress
[Jconer. comp. strut

Reinf. tensile stress
Crack width

Cancel Help

¢ Crack with calculation
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The following input is required for these checks:

«  Select and adjust the settings for the checks in the element properties
«  Define the actions

EM 1982-1-1 actions *
=- S?andard design group | oK |

=) Actions
| [#)-GDead load Cancel
G Additional dead load

Prestressing bz
+- CSR1 Creep, shrinkage, relaxation Group...
. [#-0Q5 Snow and ice load -
EI Design situations FETTL-
1. Permanent and temporary situation - Structural cond. Situation...
- 2, Permanent and temporary situation - t0
. Permanent and temporary situation - tos
. Rare {characteristic) situation - Structural cond. Edit
. Rare {characteristic) situation - t0
. Rare {characteristic) situation - tez Delete
. Frequent situation - Structural cond.
. Freguent situation - t0
[#- 3. Frequent situation - te Combina. ..
[Juse combination rules of EN 1330 (8. 10a/b) Caloulate

To carry out the desired checks the following situations are necessary:
e Permanent and temporary

*  Rare (characteristic)

*  frequent

To take different (construction) stages into account, three situations are defined:
Construction stage:  Dead load G and prestressing P (tendon not grouted)

ty: Dead load G, P, additional load and snow load (tendon grouted)
t, Dead load G, P, additional load, snow load and CSR (tendon grouted)
1. Permanent and temporary situation - Structural cond. * 2. Permanent and temporary situation - t0 X 3. Permanent and temporary situation - teo X
Label: (O Einal state Label: (®) Final state Label: (®) Final state
(®) Construction stage |E ‘ () Construction stage ’E | () Construction stage
Actions: Ungrouted Actions: [Jungrouted Actions: [Jungrouted
G Dead load G Dead load G Dead load
[ & Additional dead load G Additional dead load G Additional dead load
P Prestressing P Prestressing P Prestressing
[ csR1 Creep, shrinkage, relaxation [1 csr1 Creep, shrinkage, relaxation CSR.1 Creep, shrinkage, relaxation
[ ©s snow and ice load Q5 Snow and ice load Q5 Snow and ice load
e Corce Corce

Calculation and results

Perform the following calculations after all system specifications have been made:
+  Statics

»  DINEN 1992-1-1 Design

The necessary design situations are used for all checks depending on the requirement class. Each situation is checked
independently and the maximum reinforcement for each steel layer is stored.
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A number of different calculation results are shown below:

Internal forces

LCC EN1992.8V.3: 3. Permanent and temporary situation, EN 1992-1-1, t8
Internal forces min,max My. 9885.63 [kNm] = +——
Value range (overall system, min/max): -16871.48/6771.54 [KNm]

7444
6714
7426

|[> -7846
VEZD

LCC EN1992.8V.3: 3. Permanent and temporary situation, EN 1992-1-1, t8
Internal forces min,max Nx. 4597.29 [kN] = ———
Value range (overall system, min/max): -7846.04/-6714.14 [kN]

Longitudinal Reinforcement

1

o b 4 o \ / o
> \ ’ o ! I o
AN AN
=TI RII1) = I IIR[I1}
LCC EN1992.MIN: Robustness EN 1992-1-1
Bending reinforcement, steel layer z >= zs; z < zs (dashed). 52.63 [cm?] = —
Value range (overall system, min/max): 0.00/89.82 [cm?], total weight from design: 5.5 t
N ," ™\ s
Z> — Z~ — Z>
LCC EN1992.RISS: Crack width limitation EN 1992-1-1
Bending reinforcement, steel layer z >= zs; z < zs (dashed). 18.02 [cm?] = ——
Value range (overall system, min/max): 0.00/30.75 [cm?], total weight from design: 0.2 t
r’ (Q“
:’ e
PN N PaN
LCC EN1992.BRUCH: Ultimate limit state EN 1992-1-1
Bending reinforcement, steel layer z >= zs; z < zs (dashed). 21.22 [cm?] = +—
Value range (overall system, min/max): 0.00/36.22 [cm?], total weight from design: 0.1 t

0
90
Dreo

£ N 1 N B I I S

LCC EN1992.MAX: Maximum EN 1992-1-1
Bending reinforcement, steel layer z >= zs; z < zs (dashed). 52.63 [cm?] = —
Value range (overall system, min/max): 0.00/89.82 [cm?], total weight from design: 5.5 t
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Shear reinforcement

o T} < T} o
LCC EN1992.BRUCH: Ultimate limit state EN 1992-1-1
Stirrup reinforcement from lateral force Qz. 8.18 [cm*m] =+——
Value range (overall system, min/max): 5.37/13.96 [cm?/m]
Concrete compressive stresses
it I/J\T J/L[ 2] H\I :
- To) © | . APIRISEES S T}
0 N1 - e <
- L1 B L - ] -
ey 1 T 5
N N ~

LCC EN1992.C: MaX|mum, Rare (charactenstlc) situation, EN 1992-1-1
Concrete compressive stresses min,max Sigma.x. 9.89 [MN/m?] =+———
Value range (overall system, min/max): -16.88/2.69 [MN/m?]

Reinforcing steel stresses

LCC EN1992.C: Maximum, Rare (characteristic) situation, EN 1992-1-1
Reinforcing steel stresses min,max Sigma.s. 58.30 [MN/m?] = ——
Value range (overall system, min/max): -99.50/43.29 [MN/m?]

Prestressing steel stresses

SRELPES S TNr o] ‘9- ol 0 L s
‘\¢\\\L__101’L//)'

—

LCC EN1992.C: Maximum, Rare (characteristic) situation, EN 1992-1-1
Prestressing steel stresses min,max Sigma.p. 709.29 [MN/m?] = ——
Value range (overall system, min/max): 936.03/1210.52 [MN/m?]

0.95

o}
%
o

0.82

LCC EN1992.C: Maximum, Rare (characteristic) situation, EN 1992-1-1
Prestressing steel stresses Sigma.p/Sigma.p,perm. 0.56 [-] =+—
Value range (overall system, min/max): 0.82/0.95 [-]

Excerpt from the 'EN 1992-1-1 Design' log (short version)

Beam 17, Location 1

0.89

0.95

> PN

Design of longitudinal reinforcement

The calculated requ. reinforcement includes the specified basic reinforcement.

(M) Nominal reinf. for robustness as per EN 1992-2, 6.1 (109) (Charact. C.)
(R) Nominal/requ. reinforcement as per 7.3.2/4 for crack width limitation
Increase of reinforcement due to crack width check is marked by "!".
Ap' Part of prestr. steel area Xil*Ap which was used to reduce req.As
Xil Bond coefficient for prestressing steel as per Eg. (7.5)
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Example 4: Prestressed Roof Girder

(B) Design of reinforement at ultimate limit state
Results from a column design using the method with nominal curvatures
according to 5.8.8 are marked with "+".
In case of dominant bending, compression reinforcement is marked with "*".
For section areas acc. to 6.1 (5) the conrecte strain is not limited.
The minimum reinforcement acc. to 9.2.1.1 and 9.3.1.1 is not determined.
For compressive members the minimum reinf. acc. to 9.5.2 is considered.
whereby the prestressing steel area of bonded tendons is taken into account.

Beam Reinforcement Nx My Mz Ap' req.As
No. Se. Lo. Lay. Type [kN] [kNm] [kNm] [cm?] [cm?]
17 1 1 1 M 109,56 -11704,67 0,00 . 44,91
R -6042,73 -9624,61 0,00 . 15,38!
B -6714,14 -16871,48 0,00 . 18,11
2 M 109,56 -11704,67 0,00 . 44,91
R -6042,73 -9624,61 0,00 . 15,38!
B -6714,14 -16871,48 0,00 . 18,11
3 M 0,06 -6609,23 0,00 . 0,00
R 0,00 0,00 0,00 . 0,00
B -7555,93 -4040,19 0,00 . 0,00
4 M 0,06 -6609,23 0,00 . 0,00
R 0,00 0,00 0,00 . 0,00
B -7555,93 -4040,19 0,00 . 0,00

Design of shear reinforcement

The percentage of nominal reinforcement acc. to Eg. (9.5N) is considered.

VRd, TRd Design value of maximum absorbable lateral force, torsional moment

Angle Angle cot Theta between the compressive strut and the beam axis

Asb,Asl.T Req. stirrup reinf. from lateral force and torsion, torsional reinf.
Exceddings as per Eq. (6.12) are marked by "!"

Asl Req. longitudinal reinf. acc. to Fig. 6.3 for req. Asb.

Beam Qy/ Asb.y Qz/ Asb.z Asl Q/VRd+ Asb.T Asl.T
No. Loc. VRd Angle[cm?/m] VRd Angle[cm?/m] [cm?] Mx/TRd [cm?/m] [cm?]
17 1 0,00 2,50 0,00 0,55 2,50 13,96 . . .

Check of crack widths

The check is led by direct calculation of the crack width.
The final long. reinforcement as the maximum from robustness, crack and bending
reinf. incl. a possible increase resulting from the fatigue check is decisive.

wk Calculated value of crack width as per 7.3.4 [mm]
wmax Permissible crack width as per specification [mm]
Sigma.c Maximal concrete edge stress in state I [MN/m?]
(CC) Charact. (rare), (TC) Frequent, (QC) Quasi-continuous combination
Beam Reinf. Nx My Mz Sigma.x wk wmax
No. Se. C. Lo. Layer [kN] [kNm] [kNm] [MN/m? ] [mm] [mm]
17 1 17C 1 1 -6042,73 -9624,61 0,00 1,96 0,07 0,20

Check of concrete compressive stress

For the check, a cracked concrete section (II) is assumed if the tensile stress
from the decisive c. exceeds the value of fctm. Otherwise, a non-cracked section
(I) is used. If the strain is not absorbable on cracked section, (I*) is marked.

Sigma.x,min Total maximal longitudinal compressive stress [MN/m?]

Sigma.x,per = 0.60*fck for Charact. C. (CC) as per 7.2 (2)
(t,b) Position of the edge point: above, below of centre
Beam Sigma.x,min Sigma.x,per Se.- Side Period Situation
No. Se. Loc. [MN/m? ] [MN/m?] Pnt. t b
17 1 1 (I) -16,88 -27,00 9 . x Final CC.3

Check of steel stress

For the check, a cracked concrete section is assumed.
For tendon groups without bond and/or for situations before grouting,
the prestressing steel stress is checked acc. to Eg. (5.43).

Type S Long. reinf. from N and M, layer number, Charact. C. (CC)
Type P Prestressing steel, Tendon number, Charact. C. (CC)
Sigma.s,per = 0.80 * fyk resp. 1.0 * fyk (CK) as per 7.2 (5
Sigma.p,per = 0.75 * fpk as per 7.2 (5)

Beam Steel As Sigma.s per. Situation
No. Se. Lo. Type No. [cm?] [MN/m?] [MN/m?]
17 1 1 S 1 44,91 43,29 400,00 cc.3
S 2 44,91 43,28 400,00 cc.3
S 3 0,00 . 400,00 cc.1
S 4 0,00 . 400,00 cc.1
P 1 72,00 1049,44 1275,00 cc.1
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