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1. INTRODUCTION

This tutorial provides a basic introduction to the usage of the program ATENA and GiD,
and it is specifically targeted for ATENA-GiD beginners. ATENA-GID is a finite element
based software system specifically developed for the nonlinear analysis of reinforced
concrete structures. ATENA is used for the analysis itself and the program GiD is used for
the data preparation and the mesh generation.

This tutorial contains a step by step explanation how to perform a non-linear analysis on an
example problem of a reinforced beam without smeared reinforcement. The geometrical
and material properties correspond to the experimental setup by Leonhard in 1962. More
details about the problem or experiment can be also obtained from the original report [6] or
from the program developer or distributor.

It is possible to create and analyse the example problem described in this tutorial in demo
version of ATENA-GID. Because of that a rather coarse finite element mesh is used. It is
recommended that in the analysis of real engineering problems, users use sufficiently fine
meshes, and if needed a mesh sensitivity study should be performed.

The step by step demonstration is performed on an example of simply supported beam,
which is loaded by two loads as it is shown in Figure 1. The problem is symmetric around
its vertical axis; therefore, only one symmetric half of the beam will be analyzed.

It is recommended to print-out this version, in order to easily follow the instructions. In
case of printing, it is advisable to use both sided and colour printing.
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Figure 1: Geometry of the structure
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The steps necessary for the data preparation, non-linear analysis and post-processing are
depicted on subsequent figures, which show the computer screen for each step and the
corresponding user action. There is always also a short description for each figure.

It should be noted that not all features of ATENA-GiD system are described in this
manual. For more details about the data preparation and post-processing, the user is
encouraged to read the manual of the program GiD and ATENA-GiD manual [2].



2. STARTING PROGRAM

Before using the ATENA-GID system it is necessary to install it on your computer. The
programs GiD and ATENA can be installed using the standard ATENA installation. At
the end of the installation, the user must select the installation of GiD and ATENA-GiD
interface. After that your computer should be ready to run the example problem described
in this document. The installation process is described in detail in ATENA-GiD manual

[2].

In order to start a nonlinear analysis in ATENA-GiD system, first the program GiD is
started. The recommended version is 11.0.1 or newer (the oldest supported version is
7.7.2b). The program GiD can be started from the start menu of your computer using the
following path: Start | All Programs | CervenkaConsulting | ATENA Science | GiD.

This opens the program GiD, which is used for the preparation of the numerical model of
the analyzed structure. This process is described in the subsequent Chapter 3. The
execution of the nonlinear analysis is described in Chapter 4 and the post-processing in
Chapter 5.

ATENA Science - GiD - Tutorial 3






3. PRE-PROCESSING

3.1 Introduction

This chapter explains the basic steps, which are to be performed in order to define a
complete geometrical, and then a finite element model for the non-linear FE analysis by
ATENA.

The purpose of the geometrical model is to describe the geometry of the structure, its
material properties and boundary conditions. The analytical model for the finite element
analysis will be created during the pre-processing with the help of the fully automated
mesh generator.

The definition of the geometry starts with the creation of geometrical points. These points
are later connected into boundary lines. The surfaces are defined by selecting appropriate
bounding lines. Volumes can be formed either by extrusion of surfaces or manually by
selecting all bounding surfaces. Three-dimensional regions are modelled by volumes in
GiD. The reinforcement is modelled as a line. These reinforcement lines are not usually
connected to any surface or volume, but they usually lie inside the volumes entities that
form the concrete structure.

After creation of the geometry, material properties should be defined and assigned to
individual volumes. Boundary conditions are used to define supports and loads. The
boundary conditions and loads are defined in GiD with the help of “Intervals”. Interval
represents a set of boundary conditions and loads that are applied in a specified number of
steps. An appropriate definition of intervals can be used to specify a complete loading
history.

In ATENA analysis it is always useful to define monitoring points. The monitoring points
are used to see the evolution of certain quantities during the analysis. For instance they can
be used to follow the development of deflection or forces at given locations. The
monitoring points are defined as special conditions that should be specified in the first
interval.

3.1.1 Introduction of the Graphical User Interface

Before starting the definition of the geometrical model it is good to introduce the graphical
user interface of ATENA-GiD. The main window is shown in the Figure 2. It shows the
basic layout of GiD program right after its start and it explains the basic functionality of
the various icons and menus.

This window shows the basic layout of the GiD program. At this stage it contains only
commands for the creation of geometric objects. In order to activate ATENA specific
materials and boundary conditions, an appropriate problem type needs to be selected. This
is described in the next section.

ATENA Science - GiD - Tutorial 5
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Figure 2: Graphical user interface of ATENA-GiD.

3.1.1.1 Problem Type

The GiD is a general-purpose pre- and post-processing tool for variety of numerical
problems (and analysis software). The GiD can be customized to create input data for
basically any finite element software. The customization is done through the definition of
various problem types. Each problem type represents certain customization. Therefore it is
important to select an appropriate problem type at the beginning of the work.

In this case, ATENA problem type has to be selected. The problem type definition must be
done before starting input of data. Executing this command later may cause losing of all
material and load definition. The problem type is selected from the Main menu Data |
Problem Type | ATENA | Static. Once this is selected ATENA specific icons will appear
in the main window (see Figure 3).
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Figure 3: Problem type menu and basic ATENA icons.

It is also recommended to explore the help of the program GiD. This can be found in the
Main menu or by pressing F1 on your keyboard.

It is also much recommended to save file and also regularly save created model during the
formation of the geometrical model. Saving is done by selecting File | Save or Save as.
The name of the document can be chosen for example 3DBeam.
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3.1.1.2 Problem Data

Before starting the model definition it is advisable to define some global analysis
parameters. It is done by the command Data | Problem Data | Problem Data in the main
menu (see Figure 4).

r +
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figure 4:The command Problem Data

After selecting this command the Problem Data window will appear (see Figure 5). There
the Title and Task Name should be changed to rename files where the results of the
analysis will be saved.

When the analysis is finished, all results are saved in files. From those files, results can be
executed and processed lately. Therefore it is useful to rename the title of the files where
results should be saved and it is useful to do this saving in the beginning of the any
creation of project. Later it could be forgotten.
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Figure 5: The Problem Data definition

Parameter input:
Title: Shear beam
TaskName: 3DBeam

3.2 Geometrical Model

This chapter describes definition of the geometrical model. Because the beam is
symmetric, only half of the beam will be created in this example.

The geometrical model of this half beam (see Figure 6) is composed of three 3D regions
and two reinforcement bars. In GiD the 3D regions are called “Volumes”. Therefore the
geometrical model contains three volumes — beam, loading and supporting plates. The
reinforcement is modelled by two straight lines. The definition of these geometrical
entities is described in the subsequent chapters.

It is useful to use the layer function for the definition of the geometrical model. It is a
function, where particular parts of the model can be placed on different layers and then
displayed, hidden or locked etc. In this geometrical model, three separate layers will be
created — beam layer, plates layer and reinforcement layer.
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Figure 6: The geometrical model is composed from three volumes — beam and two plates
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3.2.1 Concrete Beam

A concrete beam forms the main part of the example. This section describes the definition
of the three-dimensional beam geometry. The geometry of the beam will be created by an
extrusion of a rectangular surface. That will be defined by four lines.

First step is to create points, which will be later connected into a rectangular surface. A
point is created using the command Geometry | Create | Point in the Main menu. In order
to create a rectangle, four points are needed. Each point is defined by three coordinates
(x,y,z). The coordinates of points should be written in the command line in the bottom part
of the main window.

The coordinates can be written all together separated by comma. A dot represents a
decimal point. The definition of coordinates of each point is completed by ENTER. (In the
command line it is very handy to use the key arrow up and down on your keyboard to view
previously entered coordinates. These previous coordinates can be changed and entered
again.) In this case the following points should be entered:

Parameter input:
Coordinates of points:
1:(0,0,0)

2:(1.275,0,0)
3:(1.275,0.19,0)
4:(0,0.19,0)

NOTE: The table named “Parameter input:” will guide you through the whole tutorial.
This table shows the parameters, which should be entered. There are predefined default

parameters in some dialog windows. The table Parameter input: shows only parameters,
which should be changed.

After entering coordinates the points appear in the graphical area (see Figure 7). It is useful
to enlarge the model such that it fills the whole screen. For that the command View |

Zoom | Frame in the main menu or the Frame icon ¢~ can be used (see Figure 8).

10
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i=igure 8: Using of the Zoom frame icon enables to have a better view of the created geometry.

Next step is to connect these points by lines. Lines are created using the command

Geometry | Create | Straight line in the Main menu or by clicking on the icon\. Then

the message window at the bottom will show the following sentence:

Enter points to define line (ESC to leave).

The lines can be defined by entering exact coordinates into a command line or it is possible
to directly pick the already existing points. In this example the direct picking has been

chosen.

ATENA Science - GiD - Tutorial
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The direct picking can be done by selecting Contextual | Join Ctrl-a in the Mouse menu.
The Mouse menu can be found by clicking on the right button of the mouse in the

graphical area (see Figure 9).

Alternatively this option can be activated directly by pressing the key Ctrl and ‘a’ at the

same time.
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i=igure 9: The Join function in the Mouse menu.

After selecting the join function the mouse cursor will change to this shape El. Then after
clicking into a graphical area the nearest point will be selected. Now all points can be
connected by lines into the rectangle (see Figure 10). The create line function should be

finished by pressing ESC key.
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i=igure 10: The lines connected into a rectangle.

The GiD distinguishes four types of entities — point, lines, surfaces and volumes. In our
case there are already two entities - points and lines. Lines define a rectangular boundary
but it is not a surface until a surface is defined. Therefore, the next step is to create a
surface using the already existing lines.

It is done by selecting Geometry | Create | NURBS surface | By contour in the main
menu and then selecting all lines deﬁnmg the required surface in the graphical area (see

Figure 11). Clicking on the icon ‘.u- can also start the Create surface function. Next, the
lines bounding the surface should be selected, and then it is necessary to press ESC key to
complete the surface definition. The newly created surfaces are denoted by a pink colour as
seen in the Figure 11.
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i=igure 11: The pink rectangle in the middle of blue lines defines the added surface.
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The next step is to extrude the created surface into a volume to obtain the required beam.
The extrusion is done by the command Copy, which appears after selecting the command
Utilities | Copy in the main menu (see Figure 12).

In this example, the surface is extruded in the direction of the Z-axis over the beam
thickness 0.32 m. The thickness will be given by a vector that is defined by coordinates of
two points in the Copy menu. The definition of the extrusion is depicted in the Figure 12.

After the definition of all copy parameters, the Select button should be pressed. Then the
surface for the extrusion can be selected in the graphical area. The command is completed

by pressing Finish button.

Copy

el

Entities type:  Surfaces

Transformation:  Translation

-

-

Selection of entities which should be extruded: in
this case Surfaces should be selected

First point
Mum: w 0.0
y: 0.0

2 |z: 0.0

Second point
Murmn: o 0.0
y: 0.0

2 | = U.32|

Duplicate entities
Do extrude:  Vaolumes
Create contacts

¥ Maintain layers

Multiple copies: 1

-

Selection of copy method: in this case Translation
should be selected

Manual inserting of vector coordinates for a
direction along which the entities should be
extruded: in this case the rectangular surface should
be extruded in Z-axis direction over the beam
thickness 0.32 m.

Selection of entity types which should result from
the extrusion operation. In this case the surface will
be extruded into a volume, so the item Volumes
should be selected.

Definition of a numbers of copied entities: in this
case it is only 1 copy

q
-

Select | | Cancel

By pressing Select button the entities, which
should be extruded can be selected in the graphical
area.

Figure 12: The description of Copy menu
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Parameter input:
Entities type: Surfaces
Transformation: Translation
First point: x: 0.0
y: 0.0
z: 0.0
Second point:  x:0.0
y: 0.0
z:0.32
Do extrude: Volumes

The selection of the surface can be done by a direct clicking on the pink line, which
defines a surface. Another option is to select the surface by holding the right mouse button
and by moving of the mouse. The box should cross at least one line of the surface to be
selected. After the proper selection the pink selected surface will change to the red colour.
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kigure 13: The selection of the surface for the extrusion
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To see the extruded volume it is possible to use Rotate Trackball icon Q or holding left
mouse button + SHIFT key (see Figure 14).
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Figure 14: The extruded volume - the light blue prism defines a volume

3.2.2 Loading and Supporting Steel Plates

After the creation of the beam geometry loading and supporting plates should be created.
The top plate (loading plate) will be created first. The bottom plate (supporting plate) will
be created by copying of the top plate.

The top plate will be created with using the commands Copy and Create lines. These
commands should be known from the previous chapter. The dimensions and location of the
plates can be seen on Figure 15.
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Figure 15: The dimensions of the half beam and location of steel plates

3.2.2.1 Top Plate

It is useful and easier to use existing elements for the creation of a new object. The top
plate is located on the right corner of the created beam. Therefore the upper-right edge of
the beam can be copied and moved to 0.115 m from the right end. Then this line will be
copied and moved again. The second copy operation should move the line by a distance
identical to the width of the steel plates. These two lines will be then connected into a
rectangle. The surface will be added to this rectangle and then this surface will be extruded
into a volume of the steel plate.

Before starting copying it is better to zoom in the right beam corner (see Figure 16). The

Zoom in is activated by command View | Zoom | In or by clicking on the icone™ . The
command Zoom in and out can be also activated by holding SHIFT key and using mouse
scroll (In that case it is also necessary to move the view of the geometry. It can be done by
holding SHIFT + right mouse button.).
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i=igure 16: The geometry after Zoom in

The Copy menu appears after selecting Utilities | Copy in the Main menu. The new line
should be in the 0.115 m distance from the right edge of the beam. The copied entity is
line, and there is no extrusion necessary. The parameter definition is depicted in the Figure
17. After the definition of all parameters, the Select button should be pressed. Then the
line required for the copying can be selected in the graphical area (see Figure 18). After the
selection of the line, it is necessary to press Finish button to complete the translation (see
Figure 19).
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Figure 17: The definition of translation of the line
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Figure 18: The selection of the line which should be copied
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Figure 19: The new copied line

Now the new line will be copied again to create the second edge of the top plate. The
width of the plate is 0.100 m. Therefore the second line will be translated by 0.100 m. The
parameter definition is depicted in the Figure 20. After the definition of all parameters the
Select button should be pressed. Then the line required for copying can be selected in the
graphical area (see Figure 21). After the selection of the line it is necessary to press Finish
button to complete the translation (see Figure 22).
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Figure 20: The parameter definition of the second line
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Figure 21: The selection of the line which should be copied
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Figure 22: The repeated copy operation to create the second line

The next step is to connect these newly copied lines into a rectangle. This can be done by
creation of new lines using the command Geometry | Create | Straight line from the

main menu or by clicking the icon\. Also the Join function should be used (Ctrl + a; see
chapter 3.2.1). The connection of lines is depicted in the Figure 23 and the Figure 24.
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Figure 24: The creation of the top line to finalize the rectangle for the bottom surface of the top plate.
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After connecting lines into a rectangle, the surface should be created. For that it is useful to
use an automatic surface definition with the command Geometry | Create | NURBS
surface | Automatic. When this automatic method is used, the program asks for the
number of bounding lines (see Figure 25). After definition of this number, the program
automatically creates all possible surfaces with the given number of bounding lines.

Enter value window @

T - Parameter input:
nter Numbper of lines .
Enter Number of lines: 4

Figure 25: The definition of number of bounding lines

After clicking on the OK button, the required surface is created (see Figure 26). Then the
button Cancel should be selected to leave this function.
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The pink rectangle
of the new surface

Created 1 new surfaces * =0.80632
Leaving MurbSurface creation. Ne changes E
- y=0.48144
B =0

Command: |

Figure 26: The surface created by automatic surface creation.
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The geometry definition of the top plate will be finished by extrusion of the surface. The
extrusion is done by the Copy command, which appears after selecting item from the main
menu Utilities | Copy. The height of the steel plate is 0.030 m. The definition of the
extrusion is depicted in the Figure 27. After the definition of all parameters the Select
button should be pressed. Then the surface required for the extrusion can be selected in the
graphical area (see Figure 28). After the selection of surface it is necessary to press Finish
button to complete the extrusion (see Figure 29).
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e Transformation: Translation
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o) = y:0.0
Duplicate entities Z. 0.03
Do extrude:  Volumes = DO eXtrUde: VO|UmeS

Create contacts
| Maintain layers

Multiple copies: 1

Select | | Cancel

Figure 27: The definition of the steel plate extrusion
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Figure 29: The volume of the top steel plate
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3.2.2.2 Bottom Plate
The bottom steel plate will be created by copying of the top plate.

The copy starts by command Utilities | Copy in the Main menu. The definition of the
extrusion is depicted in the Figure 30. After the definition of all parameters the Select
button should be pressed. Then the volume required for the translation can be selected in
the graphical area (see Figure 31). It is important to select the correct volume representing
the top plate. After the selection of volume it is necessary to press Finish button to
complete the translation (see Figure 32).
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Figure 30: The parameter definition
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Figu-re 31: The selection of the volume which should be copied
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Figufe 32: The bottom and top plates
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3.2.3 Reinforcement Bars

The geometry of reinforcement bars will be defined only by two lines. The first bar will be

created and then the second bar will be copied.

The creation of the first bar starts by clicking the icon\ or with the command from the
main menu Geometry | Create | Straight line. The command line in the bottom of the
main window should be used for the coordinates definition. The coordinates of the

reinforcement are (0.05,0.05,0.05) and (1.275,0.05,0.05). See Figure 33.
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Figure 33: The first reinforcement bar

Parameter input:
Coordinates of the line:
1:0.05,0.05,0.05
2:1.275,0.05,0.05

ATENA Science - GiD - Tutorial

oo W

29



Second reinforcement bar will be created by copying of the first bar. The copy starts by the
command Utilities | Copy in the main menu. The definition of the translation is depicted
in the Figure 34. After the definition of all parameters the Select button should be pressed.
Then the line required for the translation can be selected in the graphical area (see Figure
35). After the selection of line it is necessary to press Finish button to complete the
translation (see Figure 36).
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Figure 34: The parameter definition for the copying of the first bar
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Figure 36: The first and second reinforcement bar
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3.2.4 Layers

Layers are useful feature of GiD. The individual components of the created geometry can
be separated into different layers. In each layer and its components can be selectively
displayed, and the user can easily work only with the components of this layer.

In this chapter, three different layers will be created — concrete beam layer, steel plates
layer and reinforcement layer.

3.24.1 Beam Layer

It is good to start with the definition of concrete beam layer. This is done by the command
Layers, which appears after selecting Utilities | Layers in the main menu. The beam layer
will be created by writing beam into a window depicted in Figure 37. The new layer will

be created after the pressing of the icon | a@. Then the beam layer will appear in the list of
the layers.

Layers @

Double click here to integrate the window ||
SR E~L Y

Mame C VO FU Tr B
- Layer0 d o I

o . TR

1. The icon Create a new layer
should be pressed

2. For simplicity the name of
layer can be changed - for
example beam

Close |

Figure 37: The Layers command

The newly created beam layer is immediately activated. The layer activity is indicated by
the sign ¥. The next step is to assign the beam geometry to the beam layer by pressing the
icon ¥ . Then the pull down menu will open (see Figure 38). The beam geometry contains
three types of entities and all of them should be assigned to the beam layer. Therefore the
item Also lower entities has to be activated and the command Volumes should be
chosen. After selecting the Volumes in the pull down menu, the geometry, which should
be send to the beam layer, can be selected (see Figure 39). The pressing of the Finish
button will complete this command.
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The content of the chosen layer can be seen or hidden. The yellow bulb ¥ next to the name
of the beam indicates the display status of the layer. Also direct clicking on the bulb for an
individual layer can switch between the display modes. The LayerO (the layer which was
already there before creating the beam layer) should be selected and then the yellow bulb.
The yellow bulb will change to the grey colour ¥ . It means that all its content should not
be displayed. The LayerO still contains the geometry of steel plates and reinforcement.
Therefore these geometries should disappear in the graphical area after deactivation of the
Layer0 (see Figure 40). It should be possible to see only the beam and it assures that the
beam geometry was successfully sent to the beam layer.
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i=igure 40: The steel plates and reinforcement geometry will disappear after deactivating of the Layer0
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3.2.4.2 Bar Layer

The next step is to create a bars layer. This layer will be created with the same procedure
like for the previous beam layer.

First the beam layer should be hidden and Layer0O should be displayed. It is done by
selecting the beam layer and pressing the yellow bulb.Layer0 is displayed by selecting this
layer and then by pressing the grey bulb. Afterwards the beam geometry will disappear and
the reinforcement and steel plates will appear in the graphical area (see Figure 41).
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The reinforcement layer is created by pressing the icon | &. Then the reinforcement layer
will appear in the list of layers and the name bars can be written. The newly created bars

layer is automatically activated. The activation is indicated by the checkbox symbol ¥.

The reinforcement geometry is assigned into the bars layer by pressing of the icon =3
Then the pull down menu will open (see Figure 42). The reinforcement geometry contains
two types of entities and all of them should be moved into the bars layer. Therefore the
item Also lower entities has to be activated and the command Lines should be chosen.

After selecting the Lines in the pull down menu the geometry, which should be send to the
bars layer, can be selected (see Figure 43). Finish button completes the layer assignment.
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Figure 42: The definition of Send to command for the reinforcement layer
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3.2.4.3 Plate Layer

It is useful to deactivate of the display of the bars layer by click the appropriate yellow
bulb (see Figure 44). The reinforcement lines should disappear.
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Figure 44: The reinforcement disappear after deactivating of the reinforcement layer

The last step is to create a plate layer. Like in previous two layers it is done by pressing the
icon |_o and name the new layer for example plates. Then the plate layer will appear in the
list of layers. The newly created plate layer is automatically activated. The activation is
indicated by the checkbox symbol ¥.

The moving of the steel plate geometry into the plate layer can be started by pressing of
the icon % . Then the pull down menu will open (see Figure 45). The reinforcement
geometry contains two types of entities and all of them should be moved into the bars
layer. Therefore the option Also lower entities has to be activated and the command
Volumes should be chosen.

After selecting the Volumes in the pull down menu, the geometry, which should be
assigned to the bar layer, can be selected (see Figure 46). Finish button will complete this
command.
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Figure 45: The definition of Send to command for the plates layer
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If the display of the plate layer is deactivated, the volumes of the steel plates should
disappear. Deactivation is done by selecting the plate layer in the list of layers and then
pressing the yellow bulb (see Figure 44).

The Layer0, which is now active, is empty. It does not contain any geometry and therefore

this layer can be deleted. It is done by selecting this Layer and by pressing the icon # .
After that the Layer(0 will be deleted (see Figure 47).
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Figure 47: After deactivation of the plates layer the graphical area will stay empty. The Layer0 is active and it

It is recommended to try to display each layer separately to verify that they contain all

required geometry. The correct results are shown in Figure 48, Figure 49 and Figure 50.
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Figure 48: The displayed beam layer - contains beam volume
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Figure 49: The displayed bar layer — contains reinforcement lines
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Figure 50: The displayed plate layer — contains plate volumes

3.3 Material Parameters

This tutorial example contains three entities, which are made from three different
materials. These three entities are concrete beam, steel plates and reinforcement bars. In
this chapter the characteristics of materials will be defined and then the material will be
assigned to an appropriate geometrical entity.

3.3.1 Concrete Beam

Before definition of the concrete beam material it is good to display only the beam layer.

The material definition of the beam starts by selecting the icon % or with the command
Data | Materials | SOLID Concrete in main menu (see Figure 51).
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Figuré 51: The selection of the command for the definition of the concrete material

After the selection of this command, the window for the definition of the SOLID Concrete

appears (see Figure 52).

=

SOUD Concrete

Concrete EC2 -

EC2 l Basic lTensiIe ] Compressive ] Miscellaneous ] Elernent Geometry ]

[7] Generate Material

Select checkbox and click update
changes button to generate the
raterial.

Strength Class 12/15 -
Safety Format Design -

Last Generation was Strength Class|12/15
Last Generation was Safety Format|Design

Draw Unassign [ Exchange

Close

Figure 52: The window for the definition of the SOLID Concrete

Assign

42



First, it is important to copy material definition of the already existing material and save it
under a new name. In this case, the new name shall be Beam and it should be created
based on the predefined material Concrete EC2. After the selection of the predefined

material (i.e. material Concrete EC2) the icon New SOLID Concrete O should be
selected.

The selection of this material and selection of the New SOLID Concrete icon are depicted
in the Figure 53. After the selection of the New SOLID Concrete icon the new window for
the definition of the new material name will appear (see Figure 54). Here the name Beam
should be written, and OK button is used to complete this command.

SOUD Concrete @

Concrete EC2 ‘ @‘ ‘ﬁ‘ =i

laneous | Element Geometry ]

Cementitious2
Cementitious2 User
Cementitious2 SHCC

1. The pull down menu with
options of predefined materials
will appear after the clicking on -
the arrow. In this case the
Concrete EC2 should be chosen.

Last Leneraiion wias STrenoif LIgssT I TS

2. This icon starts the creation of the
new material. Once this icon is selected
the New SOLID Concrete window

appears, see Figure 54. ﬁ
|
LClose

Figure 53: Description of the new material creation

Mew S0OLID Concrete @

6 Enter new SOLID Concrete name

Bear‘n|

Ok Cancel

Figure 54: The window for the definition of the New SOLID Concrete

Parameter input:
Enter new SOLID Concrete name:;
Beam
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When the new material is created, its name will be offered in the pull down menu (see
Figure 55). This new material should be selected, and then its parameters can be changed.

SOUD Concrete @
FEIR L
Concrete EC2 laneous l Elernent Geometry l

Cementitious2

Cementitious2 User

Cementitious2 SHCC

Cementitious3

Reinforced Concrete

Microplane M4

SBETA Material

Beam -

LastNqeneration was Strength Class|30/37
Last Genzeat]

Newly created material named Beam

Assign Draw Unaszsign Exchange

Figure 55: The selection of the New SOLID Concrete material

The parameters of the new material Beam are predefined according to Eurocode 2. In this
example it is necessary to have parameters of concrete class 20/25 and Safety Format
should be Mean. It can be done by selecting this class parameter and safety format in the
material window. The process of the class and safety format definition is depicted in the
Figure 56. It is very important to select checkbox Generate Material otherwise no
parameters will be updated. All parameters definition is completed by clicking on the

Update Changes icon @

44



SOLID Concrete x|

TR ¢ K- v o

EC2 l Basic ]Tensile l Compressive l Miscellanecus ent Geometry ]

A Generste Material . 4. The Update changes
Select checkbox and click update icon has to be selected
changes button to generate the  !!!!
et to complete parameter

Strength Class E'DIEEV\T definition
Safety F t M
— ately tormat Mean 2. The Strength Class 20/25
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parameter changes

Close

Figure 56: The description of the class definition

After updating of EC 2 parameters, the rest of parameters will change automatically. The
following pictures show the generated material parameters of concrete class 20/25.

See Figure 57, Figure 58, Figure 59, Figure 60, and Figure 61.

If needed it is possible to modify these generated default parameters. However, it should
be understood that the manual definition changes every time the Update changes button is
selected. It is not recommended to modify these default parameters unless the user is an
expert in nonlinear modelling and simulation.

In this tutorial problem, the generated parameters will be modified to get consistent with
the original material properties and with the other versions of this Tutorial. The tensile
strength is reduced to account for Shrinkage.
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SOLD Concrete ﬂ
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EC2 Basic lTensiIe ] Compressive l Miscellanecus ] Element Geometry ]

Material Prototype  CC3DMonLinCementitious2
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Assign Draw Unassign Exchange
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(b)

Figure 57: The default Basic parameters of the concrete dass 20/25 before (a) and after (b) adjustment

Parameter input:
Young's Modulus-E: 31720 MPa

Tension Strength-FT: 1.64 MPa
Compression Strength-FC: -28.48 MPa
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Close

Figure 58: The default Tensile parameters of the concrete class 20/25
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Plastic Strain-EPS CP | -0.0010333
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Assign Draw Unassign Exchange

Close

Figure 59: The default Compressive parameters of the concrete class 20/25
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Figure 60: The default Miscellaneous parameters of the concrete class 20/25
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Close

Figure 61: The default Element Geometry parameters of the concrete dass 20/25

When the Beam material parameters are defined the material can be assigned to the
geometry. It is done by selecting the button Assign in the bottom of the material window.
After this the several options will appear. In this case the Beam material will be assigned
to the beam which is a volume. Therefore the option Volumes should be selected. Then
the volume of the beam geometry can be selected in the graphical area, and the button
Finish has to be pressed to complete the assignment.
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Figure 62: The assigning of the CONCRETE material to the volume

The beam material was created and assigned. Now, in the following section the steel plate

material will be created.
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3.3.2 Loading and Supporting Steel Plates

Before definition of the loading and supporting plate material it is a good idea to display

only the plate layer.

Loading and supporting steel plates are made from steel material. It is assumed that the
load level will not be so high to cause any plastic deformation in the plates. Because of that
an elastic material will be used for the steel plates. The material definition starts with the
command Data | Materials | SOLID Elastic in the main menu (see Figure 63).

] GiD+Atena-Static 2D and 3D Interface Project: UNNAMED (Atena\Static) = | B S
Files View Geometry Utilities Mesh Calculaste ATENA Help
P = @B
INER 3
O Ll | e ________‘0-} Problem type F plates - @| @ ? | ﬂ @ —
. : Conditions Layers @
Materials SOLID Elastic Double click here to integrate the window
Interval Data SOLID Steel R ELBT
[EHProblemData | SOLID Concrete Name v C 1O FU Tr B
Data units SOLID Soil-Rock bars [ B
SHELL Concrete-Steel - beam [ BT o
Interval 4
BEAM Concrete “ plates ¥ v o B
Ieallanes » 1D Reinforcerment
Interface
Spring
=k Close
P

Figure 63: The selection of the command for the definition of the plates material

After the selection of this command the window for the definition of the SOLID Elastic

will appear (see Figure 64).

SOUD Elastic

Elastic 3D

Basic | Miscellaneous

Young s Modulus-E 20E+5
Poizzon = Ratie-MU 0.3

Material Prototype CC3DElastIsotropic

Element Geometry

bFa

Assign Draw

Unassign

Exchange

Close

Figure 64: The window for the definition of the SOLID Elastic

50



The process of the Elastic material creation is very similar to the creation of the Concrete
material. First, it is important to copy the material definition of the already existing
material, and save it under a new name. There is only one elastic material and it will be
chosen to be copied for the material of this example. The Elastic 3D should be selected and

then the icon New SOLID Elastic 6’ should be pressed. The selection of this material and
selection of the New SOLID Elastic icon are depicted in the Figure 65.

SOLD Elastic =

Elastic 3D

1. The pull down menu with
options  of  predefined
materials will appear after
the clicking on the arrow. In
this case the Elastic 3D
should be chosen.

2. This icon starts the creation of the
new material. Once this icon is

selected the New SOLID Elastic
window appears (see Figure 66).

Assign Draw Unassign | Exchange

Close

Figure 65: Description of the new elastic material creation

After the selection of the icon New SOLID Elastic the new window for the definition of
the new material name will appear (see Figure 66). Here the name Plates should be written
and then it is necessary to press OK button to complete this command.

New SOLID Elastic =

e Enter new SOLID Elastic name

Plates

Ok Cancel |

Figure 66: The window for the definition of the New SOLID Elastic material

Parameter input:
Enter new SOLID Elastic name:
Plates
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Then the new material should be selected and then the parameter definition can be changed

by clicking on the icon @ In this case of the elastic material, the default parameters will
be left unchanged.

SOLID Elastic =

Plates M \@ 6

Basic | Miscellaneous | Element Geometry

Material Prototype CC3DElastlsotropic
Young s Modulus-E 2.0E+5 hdFa
Poisson s Ratio-MU 0.3

Assign Draw Unassign | Exchange

Close

Figure 67: The default Basic parameters of the elastic material
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Basic Miscellaneous | Element Geometry
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Thermal Expansion-Alpha 0,000012
Assign Draw Unassign | Exchange
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Figure 68: The default Miscellaneous parameters of the elastic material
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Figure 69: The default Element Geometry parameters of the elastic material
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When the elastic material parameters are defined the material can be assigned to the
geometry. It is done by selecting the button Assign in the bottom of the material window.
After selecting this button the several options will appear. In this case the Plates material
will be assigned to the loading and supporting steel plates, which are represented by
volume entities. Therefore the option Volumes should be selected. Then the volumes of
the plates can be selected in the graphical area and the button Finish has to be pressed to

complete the assignment.
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i=igure 70: The assigning of the Plates material to the volumes

The steel plate material was created and assigned. In the last section, the reinforcement
material will be created.
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3.3.3 Reinforcement Bars

Before definition of the reinforcement material it is good to display only the Bar layer.

The material definition of the reinforcement starts by selecting the icon B or with the
command Data | Materials | 1D Reinforcement (see Figure 71).

-
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kigure 71: The selection of the command for the definition of the reinforcement material

After the selection of this command the window for the definition of the 1D Reinforcement
will appear (see Figure 72).
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EC2 | Basic | Reinf Function | Miscellanecus | Element Geometry
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Young s Modulus E 200 GPa
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Parameter k| 1.08
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Generate Material

Last Generation Type of
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Assign Draw Unassign Exchange |

| Close |

Figure 72: The window for the definition of the 1D Reinforcement

First, it is important to copy material definition of the already existing material and save it
under a new name. In this case, the new name will be Bars. The predefined material
Reinforcement EC2 should be chosen for the copying. After the selection of the predefined

material the icon New 1D Reinforcement should be selected. After the selection of the
New 1D Reinforcement icon, the new window for the definition of the new material name
will appear (see Figure 73). Here the name Bars should be typed, and then it is necessary
to press OK button to complete the command.

Mew 1D Reinforcement @

0 Enter new 1D Reinforcement
name

Bars

| Ok Cancel

Figure 73: The window for the definition of the New 1D Reinforcement
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Parameter input:

Enter new 1D Reinforcement name: Bars

This new material should be selected, and then it is possible to change the parameter
definition. The parameters of the new material Bars are predefined according to Eurocode
2. In this example the Mean Yield Strength should be 560 MPa and Class of
Reinforcement should be A. The parameter definition is depicted in the Figure 74. It is
very important after all changes are updated to select checkbox Generate Material and do
update again. Otherwise no parameters will be updated. All parameters definition is

completed by clicking on the Update Changes icon @

1D Reinforcement

2
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EC2 | Basic | Reinf Function | Miscellaneous | Element Geometry

-

Type of reinforcement Reinforcement

Young s Modulus E 200 GFa

Characteristic Vield Strength f xk 560

Class of Reinforcement A

Safety Format  Mean

First click update changes button

to save material properties Next
select checkbox below and click ||,
update changes button againte

generate the EC2 majerial
properties,
V| Generate Material

Last Generati
reinforcemen

It is important to
read all help notes

odulus E[Z00GPa

List Generation Young s

Last
Stren

1. The Generate Material checkbox

SE

‘gl

5. The Update changes
icon has to be selected
8 to complete parameter
definition

4. The Characteristic Yield
Strength should be changed to
560MPA

2. The Class of Reinforcement
should be changed to class A

3. The Safety Format should be
changed to Mean

has to be selected to generate
properties of parameters

«

Draw Unassign Exchange |

Assign

| Cloze |

Figure 74: The description of the reinforcement definition

In the Basic properties the bar diameter and number of bars can be defined. By checking
the checkbox Calculator, dialogs for the profile definition will appear. In this tutorial
example, the Profile should be 26 mm and number of profiles will stay 1. Then the Update

changes icon @ has to be clicked to recalculate the reinforcement area. Then it is
necessary to click on the Update changes icon again to save all changes into the material
(see Figure 75).
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Figure 75: The default Basic parameters of the reinforcement, the icon Update changes has to be clicked 2x to
change parameters

The rest of the reinforcement parameters will be default. There is no change necessary (see
Figure 76, Figure 77, and Figure 78).
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Figure 76: The default Reinf Function parameters of the reinforcement
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Figure 77: The default Miscellaneous parameters of the reinforcement
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Figure 78: The default Element Geometry parameters of the reinforcement

When the bar material parameters are defined the material can be assigned to the geometry.
It is done by selecting the button Assign in the bottom of the material window. After this
the several options will appear. In this case the Bars material will be assigned to two

straight lines. Therefore the option Lines should be
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reinforcement can be selected in the graphical area and the button Finish has to be pressed
to complete the assignment (see Figure 79).
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Figure 79: The assigning of the Bars material into lines

=T
All materials are created and assigned. The icon Draw all materials (J®8can be used to
check if all materials are correctly assigned. But before that it is important to display all
layers and their content. It is simply done by clicking on the grey bulb which should
o

change to the yellow after the clicking. Then the Draw all materials iconlJ®® can be used.
See Figure 80.
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Figure 80: The drawn assigned materials

3.4 Boundary Conditions

In this chapter the boundary condition are described. The analyzed beam is supported at
the bottom steel plate in the vertical direction. There the support condition will be defined.
Since only a symmetric half of the beam is analyzed, it is necessary to enforce the fixed
condition along the right side of the beam. It means that the horizontal displacements along
x-axis should be equal to zero.

The beam is loaded at the top steel plate. The object of this example is to determine the
maximal load-carrying capacity of the beam. It means that it should be possible to trace the
structural response also in the post-peak regime. The easiest method to accomplish this is
by loading the beam by prescribed displacements condition at the top steel plate.

It is important to monitor forces, displacement or stresses during the non-linear analysis.
The monitor data are important information about the state of the structure. For instant
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from monitoring of applied forces, it is possible to determine if the maximal load was
reached or not.

In summary, there are four types of the boundary conditions in this example — monitors,
support, displacement and symmetry conditions.

3.4.1 Support

The analyzed beam is supported at the bottom steel plate in the vertical direction. The
support condition should be applied to the line. This line has to be added into the bottom
plate geometry. It will be done by dividing the bottom plate surface.

The steel plates are assigned into the plate layer. Therefore the plate layer should be
activated and displayed. The bar layer can be hidden but the beam layer is better to keep
displayed to be able recognize the bottom surface. It is also recommended to zoom at the
bottom plate. Make sure that the zoomed surface is the bottom surface of the bottom plate
(see Figure 81 and Figure 82).
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Figure 81: The bottom surface of the bottom plate

The division of the surface starts with the execution of the command from main menu
Geometry | Edit | Divide| Surfaces | Num Divisions or by selecting of the Divide

surface icon (see Figure 82).
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Figure 82: The executing of the division command

After the execution of the divide command the cursor will change into this shape, and
the surface required for dividing should be selected. Once the surface is selected the dialog
window will appear on the screen (see Figure 83).

This dialog asks for the direction, along which the surface should be divided. There are U
and V direction, and in the graphical area it is possible to see green axis representing U and
V direction. In this case U Sense should be chosen. Once the U Sense button is chosen the
program asks for the number of the divisions. Bottom surface should be divided into two
parts (see Figure 84).
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Figure 84: The enter value window

Parameter input:
Enter number of divisions: 2
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The button OK should be pressed in the above dialog. After that the surfaces is divided into
two parts (see Figure 85).
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Figure 85: The divided top surface

When the geometry for the support is created the support condition can be defined.
Conditions command can be executed by the Data | Conditions in the main menu or by

the icon h The support condition definition is depicted in the Figure 86.
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bt Bl The support condition is to be applied on a

a E] 4::;—/—/ line, therefore this icon should be selected.

Constraint for Line -

By clicking on the arrow, the list of available
line conditions will appear. The option

2 8
o \

| ¥-Constraint N
| Z-Constraint

Basic

By clicking on this button the several options
will appear. The option GLOBAL coordinate
system has to be selected.

The support is in the vertical direction.
Therefore the Z-Constraint has to be

selected.
In order to prevent any rigid displacement
| Assign W Unassign the Y-Constrain should be selected too.

| [T | By this button the monitor can be assigned to

| Close
the geometry (see Figure 87).

Figure 86: The support condition definition

Parameter input:

Constraint for Line
Coordinate System: GLOBAL
Y-Constraint

Z-Constraint

=,
By clicking on the icon ﬁ the created condition can be drawn. After clicking on that
icon the support condition will be displayed on the assigned lines (see Figure 88).
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Figure 87: The selection of the support line
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i=igure 88: The support condition

3.4.2 Displacement

On the top plate a predefined displacement should be specified. This displacement will be
located in the middle of the loading plate (top plate) and the displacement should be
defined -0.0001m in the z direction.

This load should be applied on a point in the middle of the top plate. However, this point
does not exist yet. Therefore, first the geometry of the top plate has to be modified.

The point should lie in the centre of the top surface. This point has to be part of the top
plate geometry. It cannot be simply created on the surface. Therefore, the top surface will
be divided into two surfaces, and then the line which separates these surfaces will be also
divided into two parts. Then the middle point can be used to for the application of the
prescribed displacement.
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The steel plates are assigned into the plate layer. Therefore, the plate layer should be
activated and displayed. The beam and bar layers can be hidden. It is also recommended to
zoom at the top plate (see Figure 89).
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Figure 89: The activated plate layer and zoom view of the top plate

The top surface will be divided using the command from the main menu Geometry | Edit |

Divide| Surfaces | Num Divisions or by selecting Divide surface icon (see Figure
90).
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i=igure 90: The execution of the division command

After the executing the divide command the cursor will change into this = shape, and the
appropriate surface should be selected. Once the surface is selected a dialog window will
appear on the screen (see Figure 91).
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Figure 91: The dividing of the surface

The dialog window asks for a direction, along which the surface should be divided. The
possible directions are denoted as U and V, and they are represented as green axes in the
graphical area. In this case U Sense should be chosen since it is necessary to divide the
surface along the U direction. Once the U Sense button is chosen the program asks for the
number of the divisions. Top surface should be divided into two parts (see Figure 92).
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Enter value window @

9 Enter number of divisions

Figure 92: The enter value window

Parameter input:
Enter number of divisions: 2

The button OK should be pressed in the enter value window. After that the surfaces is
divided (see Figure 93).
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Figure 93: The divided top surface
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Now the middle line can be divided into two parts. It can be done by executing command

Geometry | Edit | Divide| Lines | Num Division or by the iconf Z.. After the execution of
this command the enter value dialog will appear. Here the number of required divisions is
to be written. The line should be divided in two divisions (see Figure 95).
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-Figure 94: The dividing of the line
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Figure 95: The enter value window
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Parameter input:

Enter number of divisions: 2

specification

After the
of the required division the button OK has to be pressed and the appropriate line should be
selected (see Figure 96). The line selection is completed by pressing the ESC key has (see

Figure 97).
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Figure 96: The selection of the line
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Figure 97: The divided line

Now the necessary point for the displacement condition is already created. Boundary
conditions automatically belong to the same layer as the geometry, onto which they are
assigned. Therefore it is not necessary to control which layer is activated.

The condition command can be executed by the icon ﬁ or by Data | Conditions in the
main menu. The displacement condition definition is depicted in the Figure 98.
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Z-Displacement -0.0001| «————|| The displacement is in vertical direction.
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be defined.

By this button the displacement can be
assigned to the geometry (see Figure 99).
Assign Entities Draw  Unassign

| Close |

Figure 98: The displacement condition definition

Parameter input:
Displacement for Point
Z-Displacement: -0.0001 m

=
By clicking on the icon ﬁ the created condition can be displayed and can be used to
verify if it is correctly applied at the right locations. After clicking on that icon the
displacement condition should be displayed at the point in the middle of the top plate (see
Figure 100).
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Figure 99: The selection of the point for the displacement condition
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i=igure 100: The visual display of the displacement condition

3.4.3 Symmetry Condition

The beam of this example is symmetrical. Therefore, only half of the beam is analysed and
it is necessary to enforce the axis of the symmetry along right side of the beam. This means
that the horizontal x-displacements along this side should be equal to zero. It can be done
by definition of the boundary condition on the surface (see Figure 101).

Condition command can be executed by the icon ﬁ or by the Data | Conditions in the
main menu. The symmetry condition definition is depicted in the Figure 102.
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X-Constraint

78




=,
By clicking on the icon ﬁ the created condition can be shown in the graphical area.
After clicking on that icon the symmetry condition will be displayed on the middle surface

of the beam (see Figure 104).
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Figure 103: The selection of the surface for the symmetry condition
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i=igure 104: The visualization of the applied symmetry condition

3.4.4 Monitors

Monitors provide important information about state of the structure. They can be used to
monitor various important quantities during the analysis. For instance it may be interesting
to monitor the development of deflections or strains at certain critical locations during the
nonlinear analysis.

In this example, two monitors will be defined. One monitor will be monitoring loads on the
top plate and second one will monitor deflections in the middle of the beam. The monitors
are represented in GiD as a special condition that needs to be applied in the first interval.
In this example, the monitors will be defined as a point condition at the top plate and in the
middle of the beam.
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3.4.4.1 First Monitor

The first monitor should be located on the top plate and it will be used to monitor the loads
that are applied onto the structure. It will be applied on the point where the displacement
condition is also defined. Since the loading is applied as prescribed displacement, the
applied forces are represented in the finite element analysis as reactions. This means that
the reaction in the z-direction should be evaluated at this monitor.

The definition of the monitor condition starts by the icon ﬁ’ or by executing command
Data | Conditions in the main menu. The monitor condition definition is depicted in the
Figure 105.

The monitor condition is applied on the point
therefore this icon should be selected.

Conditions

< Mo o .
E] ) / By the clicking on the arrow the several options

will appear. The option Monitor for point has
to be selected.

Maonitor for Point

It is also possibile to set the global monitors

Output Data REACTIONS %= | By the clicking on this button the available
Dir-X monitoring quantities will appear. The option
Dir-¥Y REACTIONS has to be selected

7 DrZ¢—— =

Draw Each Iteration

The monitor point will monitor reactions in the
Z direction therefore this checkbox has to be

MnniturNameW\ selected

— ‘\‘Enh{ Draw The name of the top plate monitor will be Load.

| By this button the monitor can be assigned to the

| Close )
geometry (see Figure 106).

Figure 105: The first monitor condition definition

Parameter input:

Monitor for point

Output Data: REACTIONS
Dir-Z

Monitor Name: Load
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Figure 106: The selection of the first monitoring point
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By clicking on the icon h the created condition can be drawn. After clicking on that
icon the monitor condition will be displayed at the point in the top plate (see Figure 107).

82



W GiD+Atena-Static 2D and 3D Interface

Project: UNNAMED (Atena\Static)

=nRc X

Files View Geometry Utilities Data

Mesh  Calculate ATEMA Help

4@

Monitor for Point

A [ Dir-x
— il [ Dir-v
Dir-Z
[ Draw Each Tteration

It is also possibile to set the glebal monitors in Problem data dialog.

Output Data  REACTIONS A

MonitorMame Load

- e

‘ Assign Entities Draw

Unassign

Close

G

CoolRREP BRI PDD e -8l #2 ¥
— Layers @
fondition @ Double click here to integrate the window

ERKEasBT

Mame

- bars ¢ o
> beam Y o
v o

o plates W

C Vo FU Tr B

Close

|
u
u

Displacement condition

Display of the monitor condition

[

Assigned 1 new Points to condition: Moniter_for_Point
press 'escape’ to leave

Command:

i=igure 107: The first monitor condition

3.4.4.2 Second Monitor

The second monitor point should be located at the middle of the beam near its bottom
surface, where the largest vertical displacement can be expected. The displacement in the
z-direction should be evaluated at this location.

The conditions command can be executed by the Data | Conditions in the main menu or

by the icon ﬁ The second monitor condition definition is depicted in the Figure 108.
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Assign «l% Diraw Deflection.

| Close | By this button the monitor can be assigned to
— the geometry (see Figure 109).

Figure 108: The second monitor condition definition

Parameter input:

Monitor for point

Output Data: DISPLACEMENT
Dir-Z

Monitor Name: Deflection

I
By clicking on the icon ﬁ the created condition can be drawn. After clicking on that
icon the monitor condition will be displayed in the middle of the beam (see Figure 110).
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Maonitor for Point

It is also possibile to set the glebal monitors in Problem data dialog.

Dir-X
Dir-¥
Dir-Z

Draw Each Iteration

Output Data DISPLACEMENTS hd

MaonitorMName| Monitor

Double click here to integrate the window

ERKEasBT

Name C VO FU Tr B

o bars v o |
> beam v ¢ o B
' P

|" Finish ]Pre:: 'Finish' to end :electicn| Draw Unassign

"

1. The selection of the point

\

for the monitor condition

Enter Points with new values
Added 1 new points to the selection. Enter more points, (ESC to leave)

2. The button Finish has to be selected
to complete monitor condition

Command:

‘H""-\-\.
£ x=14813
~ y=-017533
ﬁ --i-- z=0

Figure 109: The selection of the second monitoring point
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Monitor for Point hd @
It is also possibile to set the glebal monitors in Problem data dialog.
Output Data DISPLACEMENTS -
[ Dir-X
[ pir-y

Dir-Z
[ Draw Each Tteration
MonitorMame Monitor

Unassign

‘ Assign Entities Draw

Monitor condition

Assigned 1 new Points to condition: Moniter_for_Point * x=1.0739
press 'escape’ to leave El
- y=-0.49646
| B =0

Command:

Figure 110: The second monitor condition

Now, all boundary condition should be defined. For control it is recommended to display

>,
boundary condition. It can be done by clicking on the icon h (see Figure 148).
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Command: | &+ =0

i=igure 111: All boundary conditions

3.5 Intervals - Loading History

This section describes the definition of the loading history for the analysis of Leonhardt's
shear beam. The loading history in GiD consists of intervals. Each interval is divided into
load steps. Because in this case the structure is loaded by only one type of force (defined
displacement), only one interval will be used. Then this interval will be subdivided in
several steps.

The objective is to gradually increase the load up to failure. Very often before an analysis
is started it is difficult to estimate the required loading level that would lead to failure. The
maximal load level however, can be often estimated either by simple hand calculation or
by performing an initial analysis with a very small load level. Then from the resulting
stresses it is possible to estimate how much the load must be increased to fail the structure.
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In this example, it is known from the experimental results that the beam should fail at the
deflection of about 0.003 m. In previous section the prescribed displacement of 0.0001 m
was applied at the top plate. This means that the predefined displacement should be
multiplied approximately 30 times to reach the failure. Base on this assumption, the Load
interval will be multiplied by 40. Naturally, such a load should not be applied to the
structure in one moment. Therefore it is necessary to subdivide the interval in several load
steps. In this case the interval will be divided in 50 load steps.

The loading history can be prescribed by selecting item Data | Interval Data in
the main menu (see Figure 112). After selection of this command the Interval data window
will appear and the data which should be defined are depicted in the Figure 113.

Detailed information about Loading history you can find in (ATENA GiD User's Manual -
Interval data - Loading history). Some examples are in (Example Manual ATENA Science
- Tutorial for Construction Process)

0] GiD+Atena-Static 2D and 3D Interface Project: UNNAMED (Atena\Static) = | B

Files View Geometry Utilities | Data | Mesh Calculate ATENA Help

OO0 BREd oo+ ) pune .sie24 o

Conditions
Materials 4
Interval Data

EE Problem Data L4

Data units

Interval 4

Local axes L4

press 'escape’ to leave * %=-0.09701
Leaving drawing conditions function El

- y=1.6067
Command: | #w| 4 =0

i=igure 112: The Interval data command
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Interval Data

1

Basic Parameters | Eigenvalue Analysis

Use decimal point (do not use comma).

| Interval Is Active There is a predefined displacement
Load Mame Load . 0.0001 m on the structure in this interval.

Interval Multiplier 40
Define Loading History

Type of Definition Manual

| Generate Multiple Steps

Number of Load Steps 50| ¥—___| setto 40 in this case.
Store Data for this Interval Steps  SAVE ALL = L1

Fatigue Interval MO -

Read Transport Data apply the load gradually.
Transport Import  EACH STEP -
Interval Starting Time|0.0 SEeC T'hejrefor.e, the interval Will. be
divided into 50 load steps in
Interval End Tirme|0.04 sec this case.

[elK 2

This means that it is necessary to increase
the prescribed displacement approximately
40 times to reach the failure of the
structure.

Therefore, the Interval Multiplier will be

It is a good practice in the
nonlinear analysis to always

Mumber of Transport Load Steps

Apply temperstare to reinforcems

This button should be selected to complete interval
data definition. Then this window can be closed.

Delete BC Data After Calculation
User Solution Parameters

Activate Interface Openning

Accept |

| Cloze

Figure 113: The contact conditions

Parameterin

Number of Lo

Interval Multiplier: 40

put:

ad Steps: 50
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3.6 Mesh Generation

The generation of a finite element mesh is the last step in pre-processing. Because it should
be possible to create this tutorial example in demo version of ATENA and GiD it is
necessary to use a rather coarse mesh. The demo version of ATENA is limited to 300
elements so the generated model should satisfy this limit.

The easiest way of the mesh definition is to use automatic generation. Program will
automatically define the smallest suitable mesh. This command can be executed by
selecting Mesh | Generate mesh (see Figure 114) or this option can be activated
directly by pressing the key Ctrl and ‘g’ at the same time. Then the program asks for the
definition of the size of the generated mesh (see Figure 115). The default size of the mesh
can be used. By the selecting Ok button the mesh will be generated and the list of elements
and nodes of the mesh will appear (see Figure 116).

G| GiD+Atena-Static 2D and 2D Interface Project: UNNAMED (Atena\Static) =SEE X

Files View Geometry Utilities Data | Mesh | Calculate ATENA Help

@@Q|g\b€b§%°{"’|i Unstructured » L @|@?|ﬂ @
é@ ......... Structured [3

* SemiStructured »
il b

Cartesian

Boundary layer 4

Quadratic type 4
Element type 4
Mesh criteria 4
Reset mesh data

Draw 4

& Generate mesh... Ctrl-g

Edit mesh 4

Entered new Interval data. Leaving * x=-09297
Using interval 1 El

~ y=16506
Command: | ® =0

i=igure 114: The Generate mesh command
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Mesh generation @

Enter size of elements to be generated

0,065 .

Get meshing parameters from model

| OK || Cancel |

Figure 115: The program offer the size of mesh

Dialog window @

W Mesh generated.

Mum. of linear elements=38 *
Mum, of Tetrahedra elements=2914
Mum. of nodes=7T89

Close

Figure 116: The numbers of elements and node of this geometrical model

The demo version of the GiD is limited to 1000 nodes. The example of this tutorial
contains 789 nodes. Therefore the automatic sized mesh could be generated (see Figure
117).

But the demo version of ATENA is limited to 300 elements (see Figure 118). And this
mesh contains almost 3000 elements; therefore this mesh will not be functional in ATENA
and the number of element should be decreased.

It can be done by using the structured mesh option, which allows better control about the
number of generated elements. Also in structural analysis it is usually preferred to use
brick elements. Therefore, in the next steps of the mesh generation the option to create six
side brick element will be described.

In this case the structured mesh will be specified only for the beam volume because it is an
important part of the structure for the structural analysis.
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Files View Geometry Utilities Data Mesh Calculate ATEMA Help
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- 3
Size changed automatically to seme entities
Mesh generated. To see it use command "meshview’

s

x=0.53535

_ y=-0.56866

Command: | &+ =0

Figure 117: The generated mesh

Emror 3|

Job: ATEMNA, Log start

CCException: HASP - reqguired key not found
Continuing in DEMO mode
ATENA Version 5.08.8 () Cervenka Consulting 1999-2812

CCFEModelExc: Mumber of elements in DEMO version is limited to 3088,

| 'Dutput| Message | Error | Monitoring pofnts|

Figure 118: The limitation of demo version of ATENA

In this example the beam will have structured brick mesh, and steel plates will be meshed
with tetrahedral elements.

3.6.1 Notes on Meshing

The finite element mesh quality has a very important influence on the quality of the
analysis results, the speed, and memory requirements. Refining only the important parts
can save a lot of processor time and disk space.
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A bad mesh, like a single layer of volume elements in a region where bending plays a
significant role, can produce very wrong results — see the "Mesh Study" example in the
ATENA Engineering Example Manual. A minimum of 4-6 elements per thickness is
recommended for at least qualitative results in bending. Alternatively, shell elements may
be used (see section Shell Material in the User’s Manual for ATENA-GID).

3.6.2 Structured Mesh

Because this example should be possible to create in demo version, the mesh of the beam
volume will be structured and limited to 300 elements. The finite element size should be 5
elements over the beam height, 2 elements over the beam width and 16 elements over the
beam length. It should be noted that such a mesh is not an optimal one for this problem
type, but our mesh size is limited by the capacity of the demo version of the program. In
real structural problems finer meshes should be used.

The structured mesh is done by command Mesh | Structured | Volumes | Assign
number of cells in the main menu.

G| GiD+Atena-Static 2D and 3D Interface Praject: 3D Beam (Atena\Static) | (S e
Files View Geometry Utilities Data | Mesh | Calculate ATEMA Help

OB DR [ toamcn LSl 7 |4 kg
C;Q --------- Structured , Lines 4

* SemiStructured ¥ =0 Surfaces  *
= i Cartesian L4 .'::_' Volumes Assign number of cells ‘
= Assign si
H E Boundary layer 4 e

o
&’ Quadratic type 4
@ \ g Element type 4

X =F Mesh criteria 4
W Reset mesh data
\ Draw L4
'_\1 B [ <% Generate mesh... Ctrl-g

— < Erase mesh
Odi L :

Sk 3 ™=  Edit mesh 4

Y k=3 [f==l
o/ smIi

—
< View mesh boundary
| \'_'" Create boundary mesh

Mesh quality...
Mesh options from model

Figure 119: The Structured mesh command

Once this command is executed the volume, which should be structured has to be selected
(see Figure 120). After the selection the program asks for the number of cells which should
be assigned to the lines (see Figure 121).
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D] GiD+Atena-Static 2D and 3D Interface Project: 30 Beam (Atena\Static) = | B e

Files View Geometry Utilities Data Mesh Calculate ATENA Help

OO BRRP DS DD vem -8l 22?2 |9 G|

Select volurmes to define structured mesh * x=0.84422
eded 1 new velumes to the selection. Enter more volumes. (ESC to leave) E

- y=-0.72979
Command: B+ =0

i=igure 120: The selection of the beam volume which should be structured

Enter value window @

Enter number of cells to assign to
lines

16|

Figure 121: The number of cells for length of the beam

Parameter input:
Enter number of cells to assignto lines: 16

When the number of cells is defined, the button Assign has to be pressed to select lines
which should be structured. The 16 cells will be assigned to the beam length. When one of
the longitudinal edges of the beam volume is selected, the program automatically detects
which lines should have the same number of cells to guarantee the generation of a
structured mesh. (see Figure 122).
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D] GiD+Atena-Static 2D and 3D Interface Project: 30 Beam (Atena\Static) = | B S

Files View Geometry Utilities Data Mesh Calculate ATEMNA Help

PR DRRP | BE| P vem -S| %224 G
R

Select lines to define structured mesh

“ x=033901
Added 1 new lines to the selection. Enter more lines. (ESC to leave) £

-~ y=-0.27607
Command: | | -+ =0

Figure 122: The selection of the length lines

After the selection the ESC key should be pressed to return to the definition of number of
cells. Then the 5 cells should be defined and assigned to the height of the beam (see Figure
123). Then the selection can be done by selecting the button Assign, and one of the
vertical beam edges shall be selected. (see Figure 124).

Enter value window @

Enter another number of cells to
assign to lines

5|

Figure 123: The number of cells for height of the beam

Parameter input:
Enter number of cells to assign to lines: 5
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Files View Geometry Utilities Data Mesh Calculate ATEMA Help

OO RRRP I DS DD v -8l %22 |9 G|

Saved * x=0034065
Added 1 new lines to the selection. Enter more lines. (ESC to leave) £

- y=-013573
Command: | ﬁ -+ z=0

i=igure 124: The selection of the height lines

Next step is to assign the number of element along the width of the beam. The 2 cells
should be defined to these lines. Procedure is same like in previous two examples.

Enter value window @

Enter another number of cells to
assign to lines

2

Figure 125: The number of cells for width of the beam

Parameter input:
Enter number of cells to assign to lines: 2
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Select lines to define structured mesh * x=0.81095
eded 1 new lines to the selection. Enter more lines. (ESC to leave) El
- y=-0.23297
| R

Command:

Figure 126: The selection of the width lines

Now all necessary divisions are defined and the command is completed by selecting the
Close button in the Enter value window above.

After the structured mesh definition the element type have to be changed. Predefined
element type is tetrahedra. It is better to use hexahedra mesh. It is done by command Mesh
| Element type | Hexahedra (sce Figure 127). Then the volume of beam has to be select
as on the Figure 128. Use Escape button to finish.
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Structured 4
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Cartesian 4

Boundary layer 4

Quadratic type 4

Element type
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Reset mesh data

Draw 4
< Generate mesh... Ctrl-g

Erase mesh

Edit mesh L4
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View mesh boundary

Create boundary mesh

Default 4
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Circle
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Prism
Sphere
Only points

i

=

Mesh quality...

Figure 127: The selection of the hexahedra type

Mesh options from model

w GiD+Atena-5Static 2D and 3D Interface

Project: 3D Beam (Atena\Static)

Files View Geometry Utilities Data

Mesh  Calculate ATEMA  Help

eS| RRLEP B IJD bem
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Command: |
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y=-0.55728
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4 |m| »

i:igure 128: The selection of the beam volume
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Now the mesh can be generated. It is done by command Mesh | Generate mesh or it can
be activated directly by pressing the key Ctrl and ‘g’ at the same time. After that the enter
value window will appear (see Figure 129). Here it is necessary to define the default
element size for the volumes that are not mesh using the structured option. There the value
0.065 can be left and the button Ok can be pressed. The generation of the mesh will start
and then the list of elements will appear. The number of elements can be checked in that
list (see Figure 130). It is necessary that the total number of elements is below 300. This
limit is necessary only for the demo version of ATENA. If a full version of ATENA is
available it is recommended to use more elements. The generation of the mesh is finished
by selecting button Ok (see Figure 131).

Mesh generation @

Enter size of elements to be generated

0,065 -

Get meshing parameters from model

| Ok || Cancel |

Figure 129: The enter value window

Dialog window @

W Mesh generated.

Mum. of linear elements=38 *
Murm. of Tetrahedra elements=121

Mum. of Hexahedra elements=160

Mum., of nodes=408

Close

Figure 130: The list of the elements of the mesh
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Command: | B+ =0

Figure 131: The generated structured mesh

Number of linear elements is 38. It means that the reinforcement bars were also divided.
This is not necessary and it is better to reduce number of elements. The procedure is same
as for dividing the beam. Use the command Mesh | Structured | Lines | Assign number
of cells in the main menu.

. \
| GiD+Atena-Static 2D and 3D Interface Project: 3D Beam (Atena\Static) bl =
Files View Geometry Utilities Data | Mesh | Calculate ATENA Help
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Boundary layer L4
Quadratic type L4
Element type L4
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Reset mesh data

Draw L4
‘ < Generate mesh... Ctrl-g
=177 Erase mesh
! Edit mesh L4

Show errors...

View mesh boundary

Create boundary mesh

Mesh quality...
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[ 1]
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Mesh options from model

Figure 132: The structured mesh command
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Once this command is executed the program asks for the number of cells which should be
assigned to the lines. Write number one. The reinforcement bars have to be selected (see
Figure 133Figure 120).

Parameter input:
Enter number of cells to assign to lines: 1

G| GiD+Atena-Static 2D and 3D Interface Project: 3D Beam (Atena\Static) = | B |

Files View Geometry Utilities Data Mesh Calculate ATEMNA  Help

O RRRP BE|PD bem -1 AL G W

After that a new mesh can be generated. It is done by command Mesh | Generate mesh
or it can be activated directly by pressing the key Ctrl and ‘g’ at the same time. Number of
elements is default. As can be seen on Figure 134 the number of linear elements is only 2.

Dialog window @

) Mesh generated.

Mum. of linear elements=2 -
Mum, of Tetrahedra elements=121

Mum. of Hexahedra elements=160

Murm. of nodes=372

Figure 134: The dialog window
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Figure 135: The new mesh

For better view of the structured mesh the created model can be rendered. It is done by
selecting Render in the Mouse menu which appears after clicking on the right-mouse
button (see Figure 136).

. \
| GiD+Atena-Static 2D and 3D Interface Project: 3D Beam (Atena\Static) o] (B

Files View Geometry Utilities Data Mesh Calculate ATENA Help

9% =K+ YEAEWY -

" |

$ | BE| P B oom - 224 GD “®

Contextual
Zoom 4
Rotate L4
Pan 4
3133 Redraw
Render Marmal
Label 4 Flat
Layer 3 Smooth

i-I-' Switch full screen Change light dir

Customize...

: : Image to clipboard
5 . ﬂ Quit Reflection

Define reflection...
Figure 136: The flat rendered geometrical model

When the mesh is correctly generated the geometrical model definition is finished and
calculation can be started. See following chapter 4.
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4. FE NON-LINEAR ANALYSIS

This chapter describes the process of running a non-linear analysis of the Leonhardt beam
using the data that have been prepared in the previous sections of the tutorial.

The finite element analysis is started by the clicking on the icon or by the using of
command Calculate | Calculate. After selecting this command, the program will start to
generate the input files for each step of the non-linear analysis. This process is indicated by
the dialog box (see Figure 137). And then the ATENA Studio window will appear and
analysis will be in progress (see Figure 138).

Dialog box @

Initializing process.
Wait, please...

Stop

Figure 137: The initializing of the analysis

If the creation of the geometrical model and definition of the boundary conditions were
done right, the static analysis should be finished in one minute. Then in the Geometry
window it is possible to see that the loading steel plate strangely distorted and shifted (see
Figure 139) by the applied loads. Due to that the structure could not be calculated
correctly. It is because there is no connection defined between the concrete beam and the
steel plates. Program does not automatically detect possible contact between volumes.
Contacts have to be added manually by boundary special conditions.

Therefore, it is necessary to return back to GiD graphical interface and defined fixed
contacts. ATENA Studio can be simply closed without any savings of data and then it is
necessary to return back to the GiD graphical interface and define the missing contacts.

It should be noted that this problem is a direct consequence of the modelling approach that
was chosen in the previous section.

In this tutorial, the geometry is created by three individual and separated volumes. In such
a case contacts have to be added manually. If the corresponding surfaces of the steel plates
would be also parts of the geometry of the beam, all parts of the structure would be
connected and no special condition would have to be defined.
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Figure 138: The ATENA Studio interface window
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Figure 139: The moved loading steel plate.
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There should be Info window in the GiD (see Figure 140). This informative window can
be closed and the definition of the missing contacts can be started (see 4.1).
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Figure 140: The GiD interface after analysis

4.1 Missing Contacts

The geometry is composed from three 3D regions — concrete beam and two steel plates.
These regions should be connected together. However in this example there is no
connection yet. Therefore, suitable contact conditions have to be added. In ATENA a
suitable condition for connecting independent surface together is called Fixed Contact.

Fixed contact condition distinguishes Master and Slave conditions. In this case, the beam
surfaces will be masters and plates will be slaves. Therefore, four contact conditions have
to be added — two master conditions on beam (top and bottom) and two slave conditions on
plates (top and bottom).
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The conditions should be applied on the geometrical model and not on the mesh itself,
otherwise it would be lost during next mesh generation. Therefore, if the mesh is displayed

in the graphical area of the program the icon & should be selected to switch between the
mesh view and geometry view. This can be alternatively also accomplished by selecting
the command Geometry | View geometry in the main menu.

4.1.1 Master Top Beam Condition

Conditions command can be executed by the selection of the icon ﬁ’ or by the selecting
the command Data | Conditions in the main menu. The contact condition definition for
master top beam is depicted in the Figure 141.

Eonditions The contact condition is applied on the
a surface therefore this icon should be selected.
Fixed Contact for Surface < By the clicking on the arrow the available

Type of Cond Master 4 conditions will appear. The option Fixed

Contact for Surface has to be selected.
ContactMame T-:up|

You can have multiple

Master-5lave connections,
identified by different names. Only| For the beam the Master should be selected.
Master and Slave conditions of the
same name are connected I

together. The Contact Name can be Top.
Do not connect selected DoFs -
Use current coordinates By this button this condition can be assigned
to the geometry (see Figure 142).
Assign 7 | Entities Draw Unassign

| Cloze

Figure 141: The master top beam contact condition

Parameter input:

Fixed Contact for Surface
Type of Cond:  MASTER
Contact Name: Top
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| GiD+Atena-Static 2D and 3D Interface Project: 3D Beam (Atena\Static) [ESREER )

Files View Geometry Utilities Data Mesh Calculate ATEMA Help

e Ty — 1
OO LERP I BE| DD eem -S| 2 G ®
> * Conditions
0: . l::.
?ﬁ% Fixed Contact for Surface g a?{
g 5 Type of Cond Master ~
./QE ContactMame | Top
= Fl You can have multiple
\ IMaster-5lave connections,
B Q identified by different names. Only[,,
._\5 EH IMaster and Slave o=t e —
¢ I teoeher /" 2. The button Finish has to be
~
ponotcoect selected to  complete contact
Jsecunfiteenl condition definition
” Finish Press 'Finish' to end 5&Iecticn| Draw Unassign
Close

1. The selection of the surface

=
\x .o, .
% for the contact condition

)
Z‘a
s
l'E W
Pick LEFTMOUSE to rotate (ESC to quit) ( if present, mouse wheel zooms) * x=0.81152
Pick LEFTMOUSE to rotate (ESC to quit) ( if present, mouse wheel zooms) B
- y=0.21303
Command: &+ =0

Figure 142: The selection of the surface for the master top beam contact condition

Next the command draw condition can to be selected to display and verify condition
definition. The button Draw should be selected in the bottom of the Conditions window.
After clicking on that button several options will appear (see Figure 143). For example the
Colors can be selected and the master contact condition will be drawn (see Figure 144).

108



5| GiD+Atena-Static 2D and 3D Interface

Project: 3D Beam (Atena\Static)

= | =] = |

O RREP | DS DD bem

Files View Geometry Utilities Data Mesh Calculate ATENA Help

-S|l %29 Gp

Conditions

=

Fixed Contact for Surface

Type of Cond Master ~

ContactMame Top

You can have multiple

Master-Slave connections,

identified by different names. Only|, |
Master and Slave conditions of the
same name are connected

together.

[7] De not connect selected DoFs

7] Use current coordinates

e

This button should be selected to draw
contact condition (see Figure 144)

Ij—jj\_ h&: ‘ Assign Entities Draw

Unassign ‘

Fixed Contact for Surface
Close
Colars
All conditions
Field's value

Field's color

NS

™~ Colours can be selected

Pick LEFTMOQUSE to rotate (ESC to quit) ( if present, mouse wheel zooms) * x=034036
ssigned 1 new Surfaces to condition: Fixed_Contact_for_Surface E
- y=042613
Command: & -+ =0
Figure 143: The draw coloured contact condition command
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Files View Geometry Utilities Data Mesh Calculate ATEMA Help

COR| LR RP | BE| PP bem

wll

-8l #2 |4 (c)

Conditions

s N\

Fixed Contact for Surface

Type of Cond Master

ContactName

You can have multiple
IMaster-5lave connections,
identified by different names. Only
Master and 5lave conditions of the
same name are connected
together.

-

Do not connect selected DoFs

Use current coordinates

X2

" Finish Press 'Finish' to end selection| Draw Unassig

n

Close

Master Top 1 d mooooo ‘

MNow on, conditions will be drawn by color

Fs

x=0.66592

press 'escape’ to leave VT,
= y: .
Command: B+ =0

Figure 144: The Master Top beam condition

4.1.2 Slave Top Plate Condition

Conditions command can be executed by the selection of the icon h or by the selecting

the command Data | Conditions in the main menu.
master top beam is depicted in the Figure 145.
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Conditions

NeEa

X

The contact condition is applied on the
surface therefore this icon should be
selected.

b d TEEF T T 11

Freed Contact for Surface \

Type of Cond  Slave

-

ContactMame Top

You can have multiple
Master-5lave connections,

By the clicking on the arrow the several
options of conditions will offer. The option
Fixed Contact for Surface has to be
selected.

identified by different names. Only| |
Master and Slave conditions of the -

For the plate the Slave should be selected.

sarme name are connected

together,
Do not connect selected DoFs

Use current coordinates

The Contact Name has to be same like the
name of the master condition of the beam.
Otherwise, the beam and plate would not be
connected. The Top contact name should
be written.

Assign  <— ! Entities

| Close

By this button this condition can be
assigned to the geometry (see Figure 146).

Figure 145: The slave top plate contact condition

Parameter input:
Fixed Contact for Surface

Type of Cond:  SLAVE
Contact Name: Top
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Files View Geometry Utilities Data Mesh Calculate ATEMA  Help

e RERD BRI PP ban IR G @

Canditions

e :
Fixed Contact for Surface §‘§ ‘“M/,
Type of Cond Slave -

ContactMame|Top

You can have multiple
IMaster-5lave connections,
identified by different names. Only[;;

Master and Slave ¢

teoeher /7| 2. The button Finish has to be
enctefinect selected to complete contact

Jsecyfenteed condition definition

”’ Finizh Prezs ‘Finish’ to end selecticn| Draw Unassign

Close

1. The selection of the surface
for the contact condition

Pick LEFTMOUSE to rotate (ESC to quit) ( if present, mouse wheel zooms) * x=0.74256
eded 1 new surfaces to the selection. Enter more surfaces. (ESC to leave) E

Command: | &+ =0

Figure 146: The selection of the surface for the slave top plate contact condition

4.1.3 Master Bottom Beam and Slave Bottom Plate Conditions

The bottom conditions will be done by the same procedure like in the case of top contact
conditions. Only the name has to be different. It is recommended to use contact name
Bottom. The Figure 147 shows the right definition of bottom contact conditions.
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Project: 3D Beam (Atena\Static)

Files View Geometry Utilities Data Mesh Calculate

ATENA Help

O RERP | B IPD eem

-8 %29

Conditions

e N\ %

Fixed Contact for Surface

Type of Cond Slave -

ContactMame |Bottom
You can have multiple
IMaster-5lave connections,
identified by different names. Only ||
Master and Slave conditions of the ™
same name are connected
together.

Do not connect selected DoFs

Use current coordinates

" Finish Press 'Finish' to end selection| Draw

Unassign

Close

Master Bottom 1 0 1!

io0moo

Pick LEFTMOUSE to desplace view (ESC to quit).

Fs

0000
00

x=0.46439
Pick LEFTMOUSE to rotate (ESC to quit) ( if present, mouse wheel zooms)
- y=-0.19017
Command: ﬁ 4 z=0
Figure 147: The contact conditions

Fo)
B the clicking in the icon h all boundary condition can be displayed. It is a good method
for checking if all conditions were properly defined (see Figure 148).
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Files View Geometry Utilities Data Mesh Calculate ATEMA Help

OCPBDRRD | B PDE bem -S| %24 G W

First monitor and
displacement

\ Top -
P— \ °op

master .
contact slave
contact

ar Surface

Bottom
slave
contact

Bottom Symmetr ‘N-..‘

master
contact y

Support
condition

Second
z monitor

58

Pick LEFTMOUSE to desplace view (ESC to quit). -
Pick LEFTMOUSE to rotate (ESC to quit) ( if present, mouse wheel zooms) B

y=-0.22891

Command: &+ =0

i=igure 148: All boundary conditions

When the contact conditions are finished it is important to generate mesh again. After any
change of boundary condition and geometry the mesh has to be generated again. It is done
by the command Mesh | Generate mesh in the main menu or by pressing the key Ctrl and
‘g’ at the same time.

If the new mesh is generated, the analysis can be started again. It is done by using the
command Calculate | Calculate or by the clicking on the icon . After selecting this
command, the program will first generate ATENA input file for the non-linear analysis

and then the ATENA Studio window will appear and analysis will be in progress (see
Figure 149).

114



4.2 ATENA Studio Interface Description

[ @ ShearBeam3D* - Atena Studio E‘E‘ﬂ
File Edit View Project Output Window Help Postprocessor [
O®ezPF X SO L@ JdEMIREL
Pause analysis Interrupt analysis Step: 4 h}teraﬁ&:m'. 5 = Assembling: Stiffness Internal Forces | Group:105 Elem.: 97
Convergence diagram - X Xlew = X View settings toolbox X
Convergence diagram . E = ‘3 E
-Cnter.l-Critegr.B i WlndOW D .
I Criter. 2 [ Criter. 4 2 View style:
— e
z
Time: 400000
a Light '/ on
ATENA
K V4307516 5
[ WlndOW F Licerse 4001 “v Deformations
.4% = [v Cracks \‘
5 -+ [V Results \‘
S )\ Window E Window C
C’U 2 4
Step / Iteration
Analysis steps > B X Monitoring points M
Number State Iterations Name Value Units
1 Analysed 2 ConvergenceMonitor: Criter, 1 |0.00144803605019486 [-]
2 Analysed 2 ConvergenceMonitor: Criter. 2 |0.U34??44389?05694 [-]
3 Analysed 2 ConvergenceMonitor: Cri d - 2 -1 =
. ConvergenceMoenitor: Cri W]n oW B E-05 |[-]
! Window A Load1142_REACTIONS #0kwermrmerorrr 34 |[MN]|
Deflection1392_DISPLACEMENTS #000010: X(3) | -0.000244283360795544 | [m]
% of load in interval: LC coeffs 24 [-] -
Output | Message | Error | Monitoring puints|
Figure 149: The analysis in progress
Basic description of the ATENA Studio interface:
Window A: contains analysed steps and iterations
Window B: contains important messages from ATENA kernel sent during analysis
Window C: contains settings for displayed results
Window D: contains progress of analysis, number of steps and iterations
Window E: contains graphical representation of the analysed structure
Window F: contains default convergence diagram or other user-defined diagram
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When the analysis is running it is possible to stop or suspend the calculation. However, it
is not recommended to do it in this first tutorial example.

For that it is possible to use Project | Pause analysis/Interrupt analysis | After
step/After iteration/As soon as possible command in the main menu or buttons of the
Analysis control toolbar:

Pause analysis |l Interrupt analysis |

i N
4 Interrupt analysis &J

Interrupt

After step
After iteration

@ As soon as possible

OK H Cancel

For detailed description of the ATENA user interface it is recommended to read ATENA
Manual [7].

4.3 Load-Displacement Diagram

During the running analysis it is very useful to see the evolution of the applied load and
beam deflections. The progress of the load and deflection is available in the monitors that
were defined in the previous Section 3.4.4. Now, it will be described how to visualize
these monitors during the nonlinear analysis.

The first step in the visualization of monitors is to open a new diagram window by the

clicking on the icon ' £ . The empty window for the diagram and the diagram settings will
appear (see Figure 150). The new diagram is defined by diagram settings dialog (see
Figure 151).
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le Edit View Project Output Window Help Postprocessor [

OkL® el X O L,EY dEBIREL

Pause aq}rsis Interrupt analysis Step: 4 Iteration: 5 ! Assembling: Stiffness Internal Forces | Group: 105 Elem.: 97

Convergen\e diagram - X View 5 X View settings toolbox X
Convergence diagram =@ E
I Criter. Criter. 3
3 X
- I Criter. 2 IN@ Criter. 4 5 View style:

2 Solid with surface mesh +

Add new diagram . —
Light /' on
ATEHA
& Define new diagram EE

08

5. L \ ~  Deformations ‘
=1 p
‘é Diagram title  Diagram |(») Cracks
u D . d : ’ = <
. lagram window Monitor type filter | Each step = (G2 Resutts ‘
oS | J
g Horizontal axis |Vert\ca\ axis I Appearance ‘
o
Yoy Auis value \
=
I N|
. \ . .
- Moiplier |1 Diagram settings
0 2 4 i
is label
Step / Iteration
[ Switch axis orientation
Analysis steps QX O X
Number State Iterations l 0K I Cancel ] pits
1 Analysed 2 =
2 Analysed 2 ConvergenceMoniter: Criter, 2 0.0347744389705694 [-]
3 Analysed 2 ConvergenceMonitor: Criter, 3 0.0305117015417942 [-] =
4 .. Bnalysing .. 5 ConvergenceMonitor: Criter. 4 5.03546412546857E-05 |[-]
Load1142_REACTIONS #000010: DOF(3) -0.0143610170009434  |[MMN] |
Deflection1392_DISPLACEMENTS #000010: X{3) | -0.000244283360795544 | [m]
% of load in interval: LC coeffs 24 [-] -
Output | Message | Error | Monitoring points

i=igure 150: The execution of the graph

The diagram title can be L-D and the monitor type filter should be Each step. For the
horizontal value the name Deflection_DISPLACEMENT should be selected. The name of
axis should be Displacement [m] and orientation should be switched. The vertical axis can
display more series. Add new series, the name for the vertical value should be
Load_REACTIONS and axis label can be Load [MN]. The series definition must be
applied by the OK button above Axis label. The definition of the diagram parameters is
finished by clicking on the OK button. After this, the L-D diagram is shown on the left side
of the ATENA Studio interface. This diagram is showing actual stage of the running
analysis and it changes as the analysis progresses based on the current loads and
deflections.
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E Define new diagram

Diagrarm title  L-D

Meonitor type filter [ Each step = ]

Horizontal axis | Yertical axis | Appearance |

Azxis value

| Deflection1392_DISPLACEMENTS ~ |
[x6) )
Multiplier -1

Axis label | Displacement [m)]

[] Switch axis orientation

OK || Cancel |
- B
E Define new diagram E@g

Diagram title  L-D
Manitor type filter [ Each step > ]
Horizontal axis | Vertical axis | Appearance

Diagram series

Value Title Multiplier Coler Show

Add new series

|Load]142 REACTIONS #000010 ~||DOF)

[ ok || Cancel

Auis label

[] Switch axis orientation




"4 Define new diagram E@ﬂ

Diagram title  L-D

Monitor type filter [Each step v]

Horizontal axis | Vertical axis | Appearance

Diagram series

Yalue Title Multiplier Color  Show
Load1142_REACTIONS #0000] Load1142_REACT] -1 I -~
[ Add series H Remowve series ]
Axis label
Load [MM]]

[] Switch axis orientation

QK | [ Cancel

Figure 151: The diagram definition

Parameter input:

Diagram title: L-D

Horizontal axis

Axis value: Deflection DISPLACEMENT
Multiplier: -1

Axis label:  Displacement [m]

Vertical axis

Add new series: Load_REACTIONS
Multiplier: -1

Axis label: Load [MN]
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L-D Colwel ence diagram - X View ¥ X View settings toolbox 01X
EER=1
b4
v View style:
fal Z Solid with surface mesh +
g Time: 7.00000
Light '/ on
ATEHA
VAZ0T5I6 - o
Lirense 4001 | v Deformations I
= s J
= p -
= = ‘ w | Cracks I
o p Y
E ‘ w | Results I
)
2
=
0.0002 0.0004
Displacement [mn]
Analysis steps w* 0 X Monitoring points * o X
MNumber State Iterations Mame Value Units
1 Analysed 2 ConvergenceMonitor: Criter. 1 0.000714458079293182 |[-]
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4 Analysed 2% ConvergenceMonitor: Criter. 4 2.03231861140709E-05 |[-]
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7 . Analysing ... 7
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Figure 152: The L-D diagram showing stage of the running analysis

The diagram parameters were defined. Now, the diagram properties should be set. It is

done by the selecting of the Properties icon X . After that the graph property window will
appear and properties can be described. The window is the same as for adding new
diagram. There can be changed names of both axes and can be added new series. It can be
useful to show a legend for series. This option is can be found in Appearance tab. The
diagram properties dialog is depicted in the Figure 153 and the definition of new diagram

is finished by pressing the OK button (see Figure 154).
SEI™"

-
E Diagram properties

Diagrarn title  L-D

-]
| Horizontal axis I Wertical axis | Appearance |

L it

[¥]: Show legend for series
Add zero point

Menitor type filter [ Each step

Font size

I OF I[ Cancel ] [ Apply

Figure 153: The diagram properties definition
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Parameter input:
Tick: Show legend for series

L-D /" Convergence diagram ]

L-D
Bl Load1142_REACTIONS #000010: DOF(3)

Load [MM]
0.01 0.015

0.005

]

] 0.0001 0.0002 0.0003

Displacement [m]

Figure 154: The defined L-D diagram

0.0004

Detailed description of the L-D diagram creation can be found in the ATENA Studio

Manual [7] chapter 3.5.

When the new diagram is created the tab-window is added to ATENA Studio layout.
Default layout command in the main menu can be used to organize all windows and restore
original window appearance. After selecting the option Default layout (Window | Default
layout in the main menu), all user defined widows will be closes. Only one window with
structure and convergence criteria diagram stay open (see Figure 155). But user-defined
diagrams are not lost. It is possible to open previously defined L-D diagram using

command View | All diagrams | L-D.
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Figure 155: The Default layout

4.4 Crack Width Display

During the running analysis it can be also useful to display crack width in the Structure
window. When this window is active, all icons of the Graphics Toolbar are active too.
There is Structure settings toolbox on the right side of ATENA Studio window. This
toolbox can be used to activate the display of various result quantities. Before selecting

result data the displayed activity should be selected. Use the icon = (Visible domain
toolbox) and select 3D activity (seeFigure 156). After that the result data can be set in

settings toolbox. Click on the icon i and choose crack width from the list (see Figure
157).
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Figure 156: Visible domain toolbox with activity settings.
Viewsettingstoolbox v @ X
=R

View style:
|Solid with surface mesh ~ |

Light '/ on
|' w | Deformations |
v ) Cracks

# | Results

¥] Show scalar results / List of available quantities at global

Location: nodes; in this case the CRACK WIDTH
| Nodes M should be chosen.

Value:
| Crack Width - |

Ttem | _——| CODI1 should be selected to display first

|Co-d:1. - / crack width at each node.
There are at most three cracks at each
| Draw iso areas

node.
[_2pply |

Fi.gure 157: View settins toolbox with results panel.

To update structure according to selected result press the button Apply (see Figure 158).
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Figure 158: The crack width shown in the geometry window

For better view, the model can be rotated. To activate rotation click on icon |§| or press
and hold the Shift key and move the mouse with left button pressed (see Figure 159).
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Figure 159: The crack width display and the rotation of the model
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Also for better view the model can be displayed deformed. It is done by the clicking on the
Deformations in setting toolbox on the right side of the window and then by the checking
the option Draw deformed model (see Figure 160). There can also be set scale of
deformations (relative or absolute) but it isn’t necessary (see Figure 161 and Figure 162).
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Figure 160: View settings toolbox with Deformations settings panel
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Figure 161: Deformed model settings
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Figure 162: Deformed structure

Besides colour scale indicating distribution of crack width on the structure the actual
cracks can also be displayed directly on the surface. It is done by opening Cracks box in
View settings toolbox (see Figure 163) and then by the setting the minimal crack width to
show and multiplier of crack width (see Figure 164).
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Figure 163: View settings toolbox with Cracks panel
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Figure 164: Cracks panel options
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Figure 165: The crack width value on structure surface with cracks drawn as lines

All of these options of drawing cracks and results on the structure are in fact post
processing features of ATENA Studio. But they can also be used during the execution of
the nonlinear analysis. This is one of the unique features of ATENA software. During
analysis execution all ATENA post-processing capabilities are available. For more
information it is recommended to study ATENA Studio Manual [7].

ATENA Science - GiD - Tutorial 127



5. POST-PROCESSING

The created model can be post-processed in the ATENA Studio or in the GiD. ATENA
post-processing was already briefly described in the previous Section 4.4.

5.1 GiD Post-processing

After finishing the nonlinear analysis, ATENA Studio window can be closed. The
program asks if all changes should be saved. Then button Yes should be selected in all

cases.

Then back in the GiD interface the process info will appear. Through this dialog the
program asks if the process of the analysed problem is finished or if the post-processing
should be started. The button Postprocess should be selected (see Figure 166).

Process info

=

A

r AN

Process '3D Beam' started at Tue
Oct 16 13:34:52 has finished.

0K Postprocess
| | |

Figure 166: The button Postprocess should be pressed

But before any post-processing features can be used the results from the ATENA have to

be imported into GiD.

£

It is done by the clicking on the Import results from ATENA icon % . Then the process
of importing will start (see Figure 168) and when it is finished the model changes its

colours (see Figure 169).
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Figure 167: The GiD postprocessor interface
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Figure 168: The importing of the results from ATENA into GiD
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Figure 169: The importing of the results from ATENA were finished

After importing data from ATENA, the post-processing can be started. Let’s display
cracks like in previous chapter 4.4 of FE non-linear analysis in ATENA Studio.

First of all it should be checked which step will be post-processed. It is done by selecting
View Results | Default Analysis/Step | ATENAResults2GiD in the main menu or by the

Default Analysis/Step icon EE . From the L-D graph (Figure 154) it is possible to see that
structure failed after 50™ step, therefore it is good to post-process for example step 35 (see

Figure 170).
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Figuré 170: The selection of the step which should be post-processed
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By the clicking on the Contour fill icon ‘.‘\\ or by the selecting the command from main

menu View results | Contour Fill | CRACK WIDTH | COD1 crack width can be displayed
like in previous chapter (see Figure 171).
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i=igure 171: The display of the crack width

In the command Contour Fill, the pull down menu offers options which can be displayed.
Currently rather limited set of quantities is available, however, much more result types are
available in ATENA Studio. To be able to visualize these additional quantities, the
program has to be switched to pre-processing.

It is done by selecting icon Q Toggle between pre and postprocess (see Figure 172).
After that a dialog window appears and the button OK should be pressed. The program
switches into pre-processing. Then the command Data | Problem Data | Post Data can be
selected in the main menu and a window for the definition of the post data will appear (see

Figure 173). This dialog you can run directly by clicking to icon J‘ in postprocessor.
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Figure 172: Switch between pre and postprocessing
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Figure 173: The selection of the data which should be available for the post-processing

For example the FRACTURE STRAIN can be chosen. The definition of post data is
completed by selecting Accept button (see Figure 174). Then the button Close can be
pressed and the GiD will switch to post-process automatically. But there in the post-
process the data from ATENA has to be imported again.
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£8
It is done by the clicking on the ATENA icon ¥

. Then the FRACTURE STRAIN can

be found in the options for the post processing (see Figure 175, to obtain this figure the

35" step has to be selected again).
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Figure 174: The selection of the FRACTURE STRAIN
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Figure 175: The displayed FRACTURE STRAIN

More post-processing capabilities can be found in the Help of the GiD or in the GiD
manual [5].
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5.2 ATENA Studio Post-processing

Results can be post-processed also in ATENA Studio. The L-D diagram and Crack width,
which have been explained in the chapter 4 (section 4.3 and 4.4) are the few of the many
possibilities of post-processing in ATENA.

For post-processing in ATENA Studio it is important to know how to open results. First of
all ATENA Studio should be started from the Start menu on your computer. Then create
new project from result files (see Figure 176).

T Atena Studio = | E et
File Edit View Project Output Window Help
LD osPE

Start

B Create new project from input file

#) Create new project from resut files

B Open existing project

~  Recent projects

B Create new project from input file

%) Create new project from result files <« fm——

‘S Open existing project

+  Recent projects

i=igure 176: Starting of the ATENA Studio project

The step data file name should be “3DBeam.0xx”, where 3DBeam is the task name as it
was defined in GiD in Section 3.1.1.2. The suffix 0xx represents the load step number,
which should be post-processed. In this case for example the 25t step can be chosen (see
Figure 177). Then the project properties are displayed (see Figure 178). Click OK button
and then the display crack width can be defined (see Figure 179). The process of
displaying of the crack width is described in the chapter 4.4.

More information about post-processing can be found in ATENA Studio Manual [7].
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Figure 177: The result file opening
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Figure 178: The project properties
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Figure 179: The crack width display of the 25 step
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6. CONCLUSION

This tutorial provides a step by step introduction to the usage of ATENA-GiID on an
example of a reinforced concrete beam without shear reinforcement. Although this
example is relatively simple from geometrical and topological point of view, it is not a
simple problem from the numerical point of view. Due to the missing shear reinforcement
the beam fails by a diagonal shear crack, which is very difficult to capture using smeared
crack approach.

This example demonstrates the powerful simulation capabilities of ATENA-GiD for
modelling the brittle failure of concrete structures. Even with a coarse mesh, which was
used in this demonstration example, the diagonal shear crack was successfully captured.
Further improvement of the results can be achieved by decreasing the finite element size to
for instance 8 elements over the beam height, 4 elements over the beam width and 25
elements over the beam length.

The objective of this tutorial is to provide the user with basic understanding of the program
behaviour and usage. For more information the user should consult the user’s manual [2]
or contact the program distributor or developer. Our team is ready to answer your
questions and help you to resolve your problems.

The theoretical derivations and formulations that are used in the program are described in
the theory manual [1].

The experienced users can also find useful information in the manual for the analysis
module only [4].
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7. PROGRAM DISTRIBUTORS AND DEVELOPERS

Program developer: Cervenka Consulting s.r.o.
Na Hrebenkach 55, 150 00 Prague 5, Czech Republic
phone: +420 220 610 018
fax: +420 220 612 227
www.cervenka.cz
email: cervenka@cervenka.cz

The current list of our distributors can be found on our websites:
http://www.cervenka.cz/company/distributors/
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