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1 INTRODUCTION

This tutorial introduces ATENA-PRE as a preprocessor for ATENA-Studio. ATENA
software is developed for nonlinear finite element analyses of reinforced concrete
structures [1]. The following text is an example of model development in ATENA-PRE
where user can define model geometry, materials, boundary conditions etc. Such an
example is presented in following text to show how to prepare the model for simulation
in step-by-step manner.

An example of modelling in ATENA-PRE is shown on shear wall with opening which
has round corners, loaded by lateral force. The model is based on the blind test calculation
organized by French institute CEBTP [2]. Model itself consists of loaded top beam and
supporting bottom beam. Middle panel and the beams are reinforced with mesh of steel
bars while the edges of panel and opening are reinforced with extra bars. Geometry along
with reinforcement arrangement is shown in Fig. 1-1.
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Discrete reinforcement

Y 26 (100x100)

Fig. 1-1: Geometry and reinforcement of the model.



2 STARTING PROGRAM

At first the program has to be installed. The latest version of ATENA 2024 is available
on the www.cervenka.cz website in section Downloads. When the downloaded archive is
unpacked and installed, ATENA Center 2024 can be found using Windows search bar
for applications (Windows logo key + S) or in default directory:

C:\Program Files\CervenkaConsulting\ATENA 2024\AtenaCente\ATENA Center.exe

ATENA 2024

2> CERVENKA
&

reinforced concrete modeling

ATENA Science 2024 ATENA Engineering 2024 Your Licence {3}

Static analysis in 2D & 3D, Pre-processing. analysis and post-orocessing is combined into a single environment.

ATENA Preprocessor ATENA Studio
Brand new preprocessor - Static analysis in 3D. Analysis and post-processing.

Welcome to ATENA 2024.

We are happy to introduce a brand new preprocessov PreSS ATEV-A Pl eprocessor
1 \l 4 L
to start new model

Support
Tutorials Documentation Examples
Update Check Forums Contact Us

Fig. 2-1: ATENA Center interface.

ATENA Center is user-friendly environment that gives users access to all ATENA
software, documentation, examples etc.

Otherwise ATENA-PRE is located directly in:
C:\Program Files\CervenkaConsulting\ATENA 2024\AtenaStudio.Preprocessor.exe

In order to clarify the terms which are used in following text to describe the parts of
ATENA-PRE environment, see the Fig. 2-2 to identify respective parts such as Main
menu, GUI toolbar, Input data tree, Workspace view, Layers window, Data table (input
review, modelling info), Script history, Log and Coordinates and snapping. General
information about ATENA-PRE can be found in [3].

ATENA 2025 Engineering - Tutorial 3
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Fig. 2-2: ATENA-PRE interface.

New project button D iIs at the beginning of the Main menu or it can be selected in the
File | New project (Ctrl + N). The New project dialogue appears and the name of the
project with its location is adjusted.

Parameters input:

Project name SWO _round

W Project - ATENA Studio Preprocessor (3D - Static) - [m] X W
File Edit View Geometry Data FEmesh Settings Help |

Lk ©C RATAAGCYR [/ A2 ELBENE X|+ BB
k]S QK [/ e I Xlvw:vBE KW
Global parameters ~ | EView1 X = ] ]:‘ "g 4 0o X
e = IV
4 3 " \ | = 2 O C amn
o @loo|@ ] uErdrirz A |QQ|eris. |7 e
Curves Name A C gOanOm
Surfaces Layer 1 « v |
Solids
Interface 2D B | |32 et e T R R D AN T |
Interface 3D @ New project — o %
4 Materials
Concrete Analysis type: E Static
Reinforcement
Spring Space type: 3D v
Interface .
Soil-Rock Units base system: | S| MN m sec ©
Steel -
Elastic Project name: Project
4 Building elements types Project location:  |C\Users\cervenka\AppData\Roaming\CervenkaConsulting\AtenaStudio\Prep
Unspecified
Beam
Plate Export =
Slab S S—
Wall v Coanv ta Flinhnard i
Input data = FE mesh generator Data table FE mesh output FE mesh message FE mesh error | Script history Layers | Command set | FE mesh settir
X -330Y: 05| Z: 0 Snap: Grid [_] Points [_] Curves [ ] Surfaces [_] Solids k@ ~
Command:

Fig. 2-3: New project in ATENA-PRE.



3 PREPROCESSING

3.1 Geometry

The geometry of the model can be prepared in various ways but one of them is going to
be presented below including the information of other possible approach.

3.1.1 Concrete structure

It might be very helpful to prepare the grid line distance in Workspace view related to the
size of structural parts. The first part of the structure that is created is the middle panel
which has sizes with common multiple 50 mm. Therefore the grid size of 50 mm is set to

create the points of the middle panel. In View settings there is Viewport settings |
Viewports | Grid (Fig. 3-1) and then it is set:

Parameter input:
|Uncheck Automatic adjustment to predefined views
Distance between lines: 0.05 m

Major line every: 10 lines

@ Viewport settings — m] X

Apply changes on: @ active viewpart O all viewports

Basic : .
D Automatic adjustment for predifined views X+, X-. Y+, Y-. 2+, Z-
i Grid Grid division
1 Points Distance between lines: |0.05 [m]
[0 Curves Lines count: 200
& Surtaces Major line every: 10 lines
Bl Solids Plane definition

JIL Interfaces 2d
W Interfaces 3d

2% Materials

Plane origin & Select
X:0.00Y:0.007:0.00

Axis X' direction R Select
X:0.00Y:1.007:0.00

Axis Y' direction k Select
X:0.00Y:0.007:1.00

. Building element types Calculate orthonormal basis

f#f Reinforcing types
s Normal direction Select

& Interface types X:1.00Y:0.007:0.00

& Spring types Plane translation

@ FE mesh parameters Origin offset: | 0.1 [m]

Translate along normal | ‘ Translate along reversed normal

| Load from user preferences || Copy to user preferences | | oK || Cancel H Apply

Fig. 3-1: User preferences-Grid settings.

When the new grid is ready clicking on Create points icon in GUI toolbar and
Point create setting tab gets activated in Layers window location, see Fig. 3-2. Then the
points’ coordinates can be input or using mouse cursor the points can be inserted by
clicking mouse. The first point has coordinates 0,0,0 which you can enter in Point create

ATENA 2025 Engineering - Tutorial 5



._.
setting tab or using the View settings button Show grid axes * to see the origin. Other

points can be added just by clicking on grid with corresponding distance. Pressing ESC
the inserting of points is concluded.

Basic settings

Name:

Point coordinates

X |0
Point ID:
Y. |0
"
Z |0
‘ OK H Cancel H Apply

Layers | Point create | FE mesh set

Fig. 3-2: Point create settings.

Parameters input:

Label Coordinates X,Y,Z
[0, 0, 0]

[0,0.1,0]

[0, 0.6, O]

[0, 1.5,0]

[0, 0.6, 0.2]
[0,0.1,0.2]

[0, 0.15, 0.25]

[0, 0.55, 0.25]

0 N oo O A W N P

Then in Points table points® labels might be activated in the Workspace by selecting
checkbox Labels shown in Fig. 3-3, points that have been created and their labels.



file Edit \ew Geometry [Data FE
b = B E) (#)
LB e

|
Global parameters B view 1 X

| 4 Geometry (3) ol e I o L

Curves
Surfaces
Solids
Inferface 20
Interface 30 -

4 Materials .5
Concrete
Remforoament
Spring
Interface
Soil-Rock

| Stesl

Elastic

4 Building elements type
Unspecified

| Beam

Colurmin
Plate
Slab
Wall

Inpust data

Paint
K Delet !
Fi: to geometry
FE mesh ge:

¥ Start creating points... ([ESC] 1o beave)

¥ End creating points. [0 new points)

X

Command:

| I MNama Layer

L4

of Show ) Label: X ¥ I Curve: BES
|Laye.l | J o
1

o ¥ 09 z 0.2

Points table  FE mesh output | FE mesh message | FE mesh emor | Script history

Snap: [ Gid Points

Fig. 3-3: Created points with labels.

Last two points of middle panel are not directly grid points so they can be added just by

Layers

Cuanves

Command s | FE mesh set

Surfaces

Solids

L

their coordinates or by translation of existing points. In this case the points 1 and 4 are
translated as a copy in Z direction by 0.77 m. To translate points the tool Translate

geometry = is used to translate and copy the original points with settings shown in
Fig. 3-4. Copy checkbox must be ticked otherwise the original points would be just

moved.

ATENA 2025 Engineering - Tutorial
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Basic settings

Copies: 118l <
Collapse if close
Respect layers
(] Extrude

| Keep parametric

V| Create surfaces

| Create solids

Select Copies otherwise the object
would be just moved

O 1.Select geometry <
Points (2): 1,4
Curves (0):
Surfaces (0):
Solids (0):
Interfaces 2d (0):

Interfaces 3d (0):

Select points 1 and 4 that are to be
copied

(O 2.Select start point <

X0
Point ID:
Y: [0
Reset
Z |0

@ 3.Select end point €¢——

Select start/end point of translation
with 0.77 m difference in Z direction

X0
Point ID:
Z 077 |
‘ OK H Cancel H Apply |4——

Layers | Translate settings

FE mesh settings

Press Apply to create copies of selected
points

Fig. 3-4: Translate geometry — Copy settings.

When all points of middle panel are created, tool Create line segments / is used for
connecting them with lines, Fig. 3-5.




File Edit View Geometry Data FEmesh Settings Help

HBEEB o RQQAQQQUR |« / NB28FINE X+~ B

Global parameters £ View 1 X

4 Geometry (18) a e " = ) p—
Points (10) G0 ||@ |z A \_&Q L 3 B ~ B
Surfaces I
Solids 9 10 .
Interface 2D X i
Interface 3D Point ID:

4 Materials o
Concrete B
Reinforcement 7 |07
Spring z

—
IsrgﬁffRa‘]ccek I 7 s O 2. End point
Steel Y

12

Elastic Point ID:
| 4 Building elements type
Unspecified

Beam .~ Line " & WArc [JID Name Layer Type [ Show []Labels LCSs  Starl E

Column — .

Plate ~~ NURBS 1 | Laye... | Line | | O | ENE

Slab Edit control points - bl ' ~ T R | 0K ‘ ‘ Cancel ‘ ‘ Apply ‘
Wall

Input data | FE mesh gel Curves table | FE mesh output | FE mesh message | FE mesherror | Script history Layers | Line segmer | FE mesh set

N

[] Enclose a chain

| Create a surface

@ 1. Start point

@

3 4

+ Line segment ID = 7 (StartlD = 2, EndID = 6) wa

X 0| Y: 2.05 Z: 0.7 Snap: Grid [_] Points [] Curves [] Surfaces [_] Solids ko v
+" Line segment ID = 8 (StartlD = 7, EndID = 8) wa

Start point ("x,y,z" or "point ID” or "@length<azimuth"

Fig. 3-5: Points connected with lines.

Last part of middle panel are arcs at the corners of opening. Create circular arcs
button opens Circular arcs setting (Fig. 3-6) where method Start, end, radius is
selected along with start (point 6) and ending point (point 7) of arc directly in Workspace
view or in Circular arc settings and the radius 0.05 m is defined. The mouse cursor is
used to choose orientation of arc or coordinates of point that belongs to same half-plane
as center of arc is directly typed in, see Fig. 3-7. Repeating the procedure for point 5 and
8 the other arc of the opening corner is created.

Basic settings

Name:

Method: | Start, end, radius

[ ] Create Center, start, angle
Start, end, radius
Start, interior, end point

| Cre

(® Start pg Start, end, interior point
Start, end, direction at start

Point ID: | Start, direction at start, end

Y- 1.4
5

Z |08
O End point
X |0
Point ID:
- | 0

Layers | Circular arc FE mesh set

Fig. 3-6: Circular arc settings.

ATENA 2025 Engineering - Tutorial
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File Edit View Geometry Data FEmesh Settings Help

DEBEB 9C|RAEAQ G DR |-+,

Global parameters [ View 1 X
| 4 Geometry (18)

Points (10) @ v & v ﬂblﬂﬂEE)\ @Q L £1 Cu ..D,

Surfaces
Solids
Interface 2D
Interface 3D
| 4 Materials
Concrete
Reinforcement
Spring z

i Interface
Soil-Rack
| Steel ¥

Elastic
4 Building elements type
Unspecified

Beam Line H {WAre
Column
Plate

-~ NURBS 1

[JDb N LTy [] L St Er S Be BE/R Sprin Interfc

TN BeBFT NI X+ v

(O End point

Poin

® Radius and point

tiD: 7

Radius:

Slab B

Edit control points

Wall

8 a0 I

Il = T Tl [ I |

Input data | FE mesh ge Curves table | FE mesh output

7~ Start creating circular arcs... ([ENTER] or [CTRL+2
%~ End creating circular arcs. (0 new arcs, 0 new poi

X

Radius point ("x,y,z" or "point ID" or "@length <azimuti

FE mesh message | FE mesh error | Script history

o Y

02| Z: 0.2 Snap: Grid [_] Points [_] Curves [] Surfaces [_] Solids

| [cancel | [ appiy |

Layers

Circular arc

FE

mesh set

Fig. 3-7: Create circular arc with settings.

Then the surface is created using Create surface from boundary curves
lines in model are selected as surface boundary finishing with ENTER. Once the surface

is created the purple line along the surface boundaries appears, see Fig. 3-8.

File Emit View OGeometry Data FEmesh Settngs  Help
L 2= [E B
OBEER S

|
Global parameters B View 1 %
| 4 Geometry (21)

; B s o I B U
Paints (10) . -

Curves (10)
.
Solids i
Interface 20
Interface 30
4 Materials
Concrete
Reinforcement
Spring z

1 -
Interface 1 4.7
Soil-Rock §
i
Stesl ¥ i

| Elastic —
4 Bulding elements type Pk

Unspecified

| Beam Boundary
Columa
Plate e L
Slab t cont

Wall o)

Input data | FE mesh ge Surfaces table | FE mesh output

% Start creating surfaces from boundary curees.. ([
% Start creating surfaces from boundary curees.. ([

X

Bowndary curves (ID1, ID2,..): |

N2 EINE X

¥

Basic settings

Boundary curves

Sebected curves (0

5
-] 1 =) "~
! i b = Mame:
"
"
A
Ba
5
- -
3 4
JID b L2 Ty Bou W Edges - orient
[L|p o [&]0] \| 0es-1, 8. 100,60, 50, 40
FE mesh| yers

Purple line shows defined
surface

pes. |

Fig. 3-8: Surface with boundary lines.

The surface of the panel is then extruded to create solid using tool Translate geometry

™ with Extrude checkbox ticked (Fig. 3-9), surface number 1 selected (Fig. 3-10),
starting point and end point with difference 0.1 m in X direction defined. Pressing Apply

m

and all

OK || Cancel | | Apply
Surface crea | FE mesh set
Surfaces [ Solids | [ i)

the newly created solid is outlined in turquoise color as shown in Fig. 3-11.

10

k(@) v
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Basic settings

| Copies: 1
Collapse if close
Respect layers

Extrude “ Extrude the surface to create solid
Keep parametric

Create surfaces
Create solids

(O 1. Select geometry
Points (0):

Curves (0):

O 2. Select start point

X0
Point 1D:
Y: | 0
Reset

2|0

® 3. Select end point

X |03
Point ID:
% § |" |
Z |0
| OK || Cancel H Apply |

Layers | Translate settings | FE mesh settings

Fig. 3-9: Translate geometry — Extrude settings.

ATENA 2025 Engineering - Tutorial



|-
5 [ - Surface line turns red
I | when selected
>y
Fig. 3-10: Selected surface with red outline.
File Edit \iew Geom ettin elp
i;.-, i ; = |k ’F
v
v

Interface 2D
imerface 3D

4 Materials
Concrete
Resnforcement
Spring
i ce

Soil-R
Steel

Elastic

Ok

4 Building elements type

Unspecified

| 8eam & Boundary ID Name Layer Type Bound \ype V) Show (V] Labels
Column .
7. Rul 1 v Ext Out
| Gl 7. Ruled |taye.. |exng. [ower \ | & | & |
Slab 3 Dedet A\
Wall
Input data |~ FE mesh ge Solids table | FE mesh output FE mesh mess: ommand s | FE mesh set

Turquoise line defines solid

Xx: o v urtaces || Solids | | R (0)

Start translating geometry... (IENTER] or [CTRL+# =

V' Translation was succeeded (0 transiated entities,

Fig. 3-11: Solid made with extrusion of surface.

Next part to create is the bottom beam. First point added to geometry using Create point
is:

Parameters input:
Label Coordinates X,Y,Z
21 [-0.125, -0.35, 0]

This point is extruded to line in X direction with length 0.35 m, Fig. 3-12. Translating the
point with checked Extrusion and start point in origin [0,0,0] and end point in [0.35,0,0],
the line 31 is made. In Surface table the specific curve can be selected so that it is visible
in Workspace view and the label directly for one or more curves can be switched on as

well.

12



Fig. 3-12: Line extruded from point.

Line 31 is then extruded in direction Z with length 0.35 m to create the surface number 13

(Fig. 3-13) and the surface is extruded by 2.2 m in Y direction which produces solid
number 2 (Fig. 3-14).

Fig. 3-13: Surface made from line.

ATENA 2025 Engineering - Tutorial 13



Fig. 3-14: Solid made out of surface extrusion.

The top beam is identical with bottom therefore the bottom one, volume number 3, is

copied, see Fig. 3-15, using Translate geometry in direction Z with start point in origin
[0,0,0] and end point [0,0,1.12].

Basic settings
W1 Copies: 143
V] Collapse if close
[¥] Respect layers
[] Extrude
v Keep parametry
7 Create surfaces
' Create solid

) 1. Select geometry

) 2. Select start point

@ 3. Select end point

x [0
Point I1D:
Y. 0
*a Reset
21,12
[ ok | [ concet | [ Appy |

Layers | Translate set | FE mesh set
Fig. 3-15: Translate geometry — Copy of solid.
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Finally, the concrete structure is moved to new layer which is helpful later on during the

model development especially material assignment. New layer is created via button Add

new root layer with name ‘wall’ and it is activated right away as shown in Fig. 3-16.

& - H‘ A% '_]
= — Ooo —=
Add new root layer ¥
Name A C WY O &[C&
Layer 1 ] ]
wall 4 - [] []

< ),

Layers | Command s | FE mesh set
Fig. 3-16: Create new layer.

In order to move structure in certain layer, the structure must be selected using the tool

| ¥
Select solid and then Add selected geometry to selected layer ~— in Layers
window with selection of all lower entities as a part of the solid geometry, see Fig. 3-17.

1. Select solid

File Eoit \iew Geometry Data EEmesh Settings Help

= ~ N NP "G > e
3 ] (+) (=) &3 ) «h < - (B /4
= 9 Q&R L6 N e P R Mgl |
Global parameters B View 1 X

| 4 Geometry (129) p col|ll@ ] MElrHEEz A HE®) 21
Points (44 i 2z & Lk §

LY

N
=

I

Curves (58)
Surfaces (24)
Sohds (3)
Interface 20

Interface 30D

4 Materials
Cencrete
Reinforcement
Spring
Interface
Soil-Rock

| Steel
Elastic I
4 Buiding elements type b

| Unspecified
Beam
Column

2. Add selected geometry
to selected layer
including lower entities

Plate * Point 8D NL: [ X ¥ Z C BESg GtMS
| Stab

Wall X Delete 1D37 |
Input data =~ FE mesh ge Points table = FE mesh output | FE mesh message | FE mesh error | Script history Layers Commands @ FE mesh set

| %" End transiating geometry (totally O translated en

X oY Points (7] Curves [ Surfaces (] Solids | | R (5) v

| 4" Start creating points... ([ESC] to beave)

Command:

5 - ,
& &~
Name A |[QOa G M &
® Al
R, w
; Add selected + lower dependent geometry to selected layer

Fig. 3-17: Move entities into selected layer.
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3.1.2 Discrete reinforcement

The geometry of concrete volumes is complete. Now the reinforcement needs to be added.
First bars added to structure are the discrete bars on the edge of the middle panel with
diameter 12 mm. Adding points (Fig. 3-18):

Parameters input:

Label Coordinates X,Y,Z
37 [0.05, 0.03, -0.32]
38 [0.05, 0.07, -0.32]
39 [0.05, 1.43, -0.32]
40 [0.05,1.47, -0.32]

Fig. 3-18: Start points of discrete reinforcement.

The points are extruded to four new lines with length 1.41 m, see Fig. 3-19.

eSS =

i e S

Fig. 3-19: New discrete reinforcement.
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Two more vertical bars are added along the opening with starting points:

Parameters input:

Label Coordinates X,Y,Z
45 [0.05, 0.06, -0.32]
46 [0.05, 0.64, -0.32]
And then extruded to lines 1 m long, see Fig. 3-20.

Fig. 3-20: New reinforcement on the side of opening.

Last discrete bar added to model is the one above the opening. Four points that define this
reinforcement are:

Parameters input:

Label Coordinates X,Y,Z
49 [0.05, 0.95, 0.3]
50 [0.05, 0.09, 0.3]
51 [0.05, 0.04, 0.35]
52 [0.05, 0.04, 0.65]
The connection between point 50 and 51 is arc with radius 0.05 m, in Fig. 3-21.

ATENA 2025 Engineering - Tutorial 17



el
1

i

4

Fig. 3-21: Reinforcing bar above opening.

All discrete bars are moved together to layer called ‘bars’, Fig. 3-22.

: Z] 2 I O
0 - 2l ™M 0o — .
Name A C O as
Layer 1 ] ]
wall I O O
bars vy - L] L]

Layers | Command s | FE mesh set
Fig. 3-22: New layer ‘bars’.

Final part of the geometry is the reinforcement mesh. The horizontal mesh bars are created
at first. First point is number 53 and its coordinates are [0.05, 0.03. -0.025], the point is
extruded in Y direction by 1.41 m (Fig. 3-23). Then the bar is copied 3 times bellow
opening in Z direction with distance -0.1 m (Fig. 3-24).

Parameters input:
Label Coordinates X,Y,Z
53 [0.05, 0.03, -0.025]
Extrude Point: 53
Start point: [0, 0, 0]
End point: [0, 1.41, 0]

18



Copy Number of copies: 3
Curve: 64
Start point: [0, 0, 0]
End point: [0, 0, -0.1]

Fig. 3-24: Copies of initial horizontal bar.

ATENA 2025 Engineering - Tutorial

19



One bar is copied above opening with distance 0.325 in Z direction (Fig. 3-25) and then
copied 7 more time in direction Z with distance 0.1 m (Fig. 3-26).

Parameters input:

Copy Number of copies: 1
Curve: 64
Start point: [0, 0, 0]
End point: [0, 0, 0.325]

Copy Number of copies: 7
Curve: 68
Start point: [0, 0, 0]
End point: [0, 0, 0.1]

Fig. 3-25: Reinforcement mesh horizontal bar above opening.
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Fig. 3-26: Copies of horizontal bar above opening.

Point 62 is copied 2 times in direction Z by -0.1 m and then extruded by -0.82 m in

direction Y (Fig. 3-27).

Parameters input:
Label Coordinates X,Y,Z

62 [0.05, 1.44, 0.3]
Copy Number of copies: 2
Point: 64

Start point: [0, 0, 0]

End point: [0, 0, -0.1]
Extrude Point: 77,78

Start point: [0, 0, 0]

End point: [0, -0.82, 0]

ATENA 2025 Engineering - Tutorial
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Fig. 3-27: Horizontal bars on the side of opening.

Same procedure is applied on the vertical bars of reinforcing mesh. Starting with point
number 81 and extruding the point into line 1.4 m long in Z direction which is copied 8
times in direction Y with distance -0.1 m, see Fig. 3-28.

Parameters input:
Label Coordinates X,Y,Z
81 [0.05, 1.42, -0.33]
Extrude Point: 81
Start point: [0, 0, 0]
End point: [0, 0, 1.4]
Copy Number of copies: 8
Curve: 78
Start point: [0, 0, 0]
End point: [0, -0.1, 0]
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Fig. 3-28: Reinforcement mesh vertical bars.

More points are copied in the same direction to make shorter bars below and above
opening. Two points 97 and 98 are copied by -0.1 m in direction Y and extruded by
0.31 min Z direction bellow opening and -0.79 m in Z direction above opening, Fig. 3-29.

Parameters input:
Copy Number of copies: 1
Point: 97, 98
Start point: [0, 0, 0]
End point: [0, -0.1, 0]
Extrude Point: 99
Start point: [0, 0, 0]
End point: [0, 0, 0.31]
Extrude Point: 100
Start point: [0, 0, 0]
End point: [0, 0, -0.79]

ATENA 2025 Engineering - Tutorial
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Fig. 3-29: Vertical bars below and above opening.

By copying the two bars (87 and 88) 4 times in Y direction by -0.1 m the vertical bars of
mesh are nearly finished, Fig. 3-30.

Parameters input:

Copy Number of copies: 4
Curve: 87, 88
Start point: [0, 0, 0]
End point: [0, -0.1, 0]

e S e ——
o ___h_:-_—Tﬁ—_—_—_———_:"_——_—:_T*——T—‘_—‘_
; ——
[l |
i 5 i
et e B o J
—— ; II
e 1
] — e —— —— i —
! 1 1] | | 1 -il-:_ ------ 2
= |
5 |__ I - I\
S S . i e o = e e s e o ST l )
¥
X

Fig. 3-30: Copies of vertical bars below and above opening.
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The last vertical bar is placed in the middle of the narrow part of frame next to opening
(Fig. 3-31) and the point that define this bar have coordinates:

Parameters input:

Label Coordinates X,Y,Z
103 [0.05, 0.05, -0.33]
104  [0.05, 0.05, 1.07]

e ——

Fig. 3-31: Vertical bar in the narrow part of frame around opening.

All the vertical and horizontal bars of the mesh are selected and moved to new layer called
‘mesh’, Fig. 3-32.

o0 | W v |

d -

Name A C O
Layer 1 L] L]
wall - ] L]
bars - ] ]

- mesh

< ),

Layers | Command s | FE mesh set

Fig. 3-32: New layer ‘mesh’.
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3.2 Materials

The wall that consists of middle panel and top and bottom beam is made of concrete
which is reinforced with discrete bars of various diameters. This part covers the material
generation and properties adjustment for concrete wall and reinforcing bars.

3.2.1 Concrete material

For the concrete part the material CC3DNonLinCementitious2 is used. In Input data tree
the Materials | Concrete is selected which activates Concrete materials table, Fig. 3-33.

Pressing button Concrete | 8 Concrete | the Generate material menu appears
or in the Main menu can be selected the path Data | Materials | Concrete, Fig. 3-34.

e Eont Veew Geometry [Data EEmesh Settngs F

felp
1BEBER © RQAQQQAGCNR |+ 4 '. bBENE X +"EWIKE .

Name A C -
yer v
| It |
Interf; ’ z bars =
4 Materials mesh v
Concretd —
Remnforcement X
| % Concrete Nar Show Co Prototy Generatorty Base param BE tyr
X
pors Shod conwte Create new Concrete material
.',\n Show all matenais
Input data =~ FE mesh ge Concrete matenals table = FE mesh output FE mesh message FE mesh error Script history Layers Commands @ FE mesh set
V" Project opening finished successhully (elapeed (X X 0 Y 03 Z 105 = Snap: [V Gnd Points [ Curves [ ] Surfaces [ | Solids | | K@) ~
|
|
Command:
Fig. 3-33: Create new Concrete material.
| & Generate material = O X
Prototype CC3DNonLinCementitious2 [T] Change prototype (for expert)
|
| Generate according | General =
StrengthType Cylinder ¥
StrengthValue 20 MPa *
| OK | | Cancel

Fig. 3-34: Generate material — Concrete default.

Standard used for material parameters generation is ModelCode. Then the Strength type
is Cylinder-Mean with strength 30 MPa is selected along with Safety format — Mean, Fig.
3-35. Ok button generates the material parameters according to selected data.

Parameters input:
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Generate according ModelCode

StrengthType Cylinder-Mean

StrengthValue 30 MPa

Generate for Mean
(@ Generatemateis - @O X
, roetype | Generate acc. to ModelCode 2010 (fib)
IGenerateacmrding ModelCode 2010 (fib) <

StrengthType Cylinder-Mean *————| Change to Cylinder-Mean with strength 30 MPa
StrengthValue 30 MPa *~

Generate for Mean +—

Generate for Mean
Bl |

Fig. 3-35: Generate material — Concrete adjusted.

The generated material parameters are shown in Fig. 3-36. Those are adjusted according
to data about concrete material from experiment which are shown in Tab. 3-1.

E Material Properties - O X

Mame Concrets*

|| Basic | Tensile | Compressive | Miscellaneous | <Generated from>

Material_Prototype CC3DMonLinCementitious2 >
Young's modulus 31.008 GPa ~
Poisson's ratio 0.2

Tension strength Ft 2.3554 MPa ~ E
Compression strength Fc -30 MPa v

| QK | | Cancel
Fig. 3-36: Material properties - generated.
Tab. 3-1: Concrete material properties.

Material parameters for concrete structure
Elastic modulus Ec 31.7 | GPa
Poisson’s ratio v 0.2]-
Compressive strength fe 37| MPa
Tensile strength fi 2.6 | MPa
Fracture energy Gt 130.0 | N/m
Crack model Fixed
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The material parameters specified for the model in table are adjusted in Material — modif.

Properties (Fig. 3-37) and the name of material is changed to Concrete_wall.

Parameters input:

Name Concrete_wall

Basic Young’s modulus: 31.7 GPa
Tension strength Ft: 2.6 MPa
Compression strength Fc: -37 MPa

Tensile Fracture energy Gf: 130 N/m
Shear factor: 400

Compressive Plastic strain EPS CP: -0.0017
Onset of crushing Fc0: -20 MPa
Critical comp disp Wd: -0.0005 m
Activate crush band min.: 0.1 m

E Material 1 - modif. Properties -

Name |Concrete_wall

Basic | Tensile | Compressive | Miscellaneous | <Generated from>

Material_Prototype CC3DMonLinCementitious2 >

Young's modulus 31.7 GPa ~

Poisson’s ratio 0.2

Tension strength Ft 2.6 MPa v~ E

Compression strength Fc -37 MPa v

: | QK | | Cancel

E Material 1 - modif. Properties — O X
Name Concrete_wall

Basic | Tensile | Compressive | Miscellaneous | <Generated from:

EFracture energy Gf 130 N/m “~ @ - :

Fixed crack 1 E
|:| Activate crack spacing

I:l Activate crack spacing min

[ ] Activate tension stiffening

Activate aggregate interlock

EAgg size 0.02 m ¥
|| i[] Activate shear factor
[ EShearfactor 400

] Activate unloading factor e

Cancel

ok ||
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E Material 1 - medif. Properties

Name Concrete_wall

Basic | Tensile | Compressive | Miscellaneous | <Generated from>

PIaschtramEPSCP e
EOnseI of crushing Fc0 -20

;Clitical comp disp Wd -0.0005

EFC reduction 1

i[¥] Activate crush band min

ECrush band min 0.1

| | oK | | Cancel

Fig. 3-37: Material properties adjusted.

When the name and properties are change by pressing Ok the new material appears in
Concrete material table, see Fig. 3-38.

2% Concrete D Name Show Color Prototype

Generator type Base parameters BE types
£ EditiD=1 1 Concrete wall J J-E“ CC3DNonLinCementitiou... | EuroCode2 - modif, | E=31.7 GPa, u=0.2, p=0.0023 kton/m’,a:i.zz-osr..‘ J I
e Copy ID=1
X Delete ID=1

Show all materials

Concrete materials table | FE mesh output | FE mesh message | FE mesherror | Script history

Fig. 3-38: Concrete material table with material Concrete_wall.

3.2.2 Reinforcement material

Then materials for reinforcement are created. There are 4 different types of bars regarding
its diameter and material properties therefore 4 different material models for
reinforcement are made. To create new reinforcement, Materials | Reinforcement in
Input tree is selected and Reinforcement material table appears, Fig. 3-39, or it can be
open via Data | Materials | Reinforcement in Main menu.

. . L] i .
Then pressing button Reinforcement | #8Reinforcement | opens dialog Generate
material for reinforcement.
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RGN Op e NG SucA iy (Rpesd.C X: o Y 48 z 08 | Snap: [ Grig [ | Points [ ] Curves [ | Surfaces | | Solids | | R(1) +

Command:

Fig. 3-39: Create new Reinforcement material.

In the Generate material dialog (Fig. 3-40) the Characteristic yield strength is changed to
570 MPa and Characteristic Safety format is selected (Fig. 3-41). The material parameter
are taken from Tab. 3-2.

@ Generate material

Prototype
Generate according i:(_i_en_g_[é[_____ V
Type of reinforcement Bar v
Young's modulus Eg 200 GPa ¥

Characteristic yield strength fyi 500 MPa v

Fig. 3-40: Generate material — Reinforcement default.
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(& Generate material

Prototype

Generate according EurcCode 2 —

Change generate acc. to EuroCode 2

Type of reinforcement
Young's modulus Eg

Characteristic yield strength £ 570 MPa = . Change Characteﬁcﬁc yield Str'ED.gth
Class of reinforcement o f_yk tﬂ 570 MPR

GenerateFor

0K | Cancel
Fig. 3-41: Generate material — Reinforcement adjusted.
Tab. 3-2: Reinforcement material D_6.
Material parameters of reinforcement D 6
Elastic modulus E 200 | GPa
Yield strength Gy 570 | MPa
Hardening linear

Parameters input:
Name D 6
Basic  Young’s modulus: 200 GPa
Characteristic yield strength f yk: 570 MPa

When the material is generated, in Fig. 3-42, by clicking on Edit of Reinf_function the
stress-strain diagram of reinforcement is shown in Edit function dialogue, in Fig. 3-43.
The material is created when you close Edit dialogue and press Ok. Then the material is
listed in Reinforcement materials table, Fig. 3-44.
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@ Material 2 - modif. Properties - O X

|

| Mame |D_6

Basic | Miscellaneous | <Generated from>

Type_of_reinfarcement

Material_Prototype

Bar ~

CCReinforcement

Young's modulus 200 GPa ~
Reinf function 2_Reinf function +
‘ QK H Cancel |

Fig. 3-42: Modification of Reinforcement material properties.

| [@ Edit function - [m] x

@ Information

Function type: Total 2_Reinf_function

Function definition: [ ] Sigma Used in material id(s):
@ List of coords O Equation o0 .‘@ Used in (task id, interval id(s))):
7 o
Eps Sigma MPa ~ Row: 2 - [0.00285; 570]
@ Settings
1 0 0 500
2 0.00285 570 Name | 2_Reinf_function
3 0025 5985 Horizontal axis Vertical axis
2 002525 5985 400 Label Eps Sigma
Quantity [No Quantity] Stress
. Unit MPa *
& 300
= Monotone v [
E Standard ranges ' [-5;0) | (0; 5] [-10;-3.2] | [0; 10)
E Limit ranges [20;0) | (0; 20] [-100; 100]
| 200
|
| @ Import function
100 Function
Apply
0
0 0.01 0.02
Eps

AJ[v] [pda | inert [ emore |

[ o [ e |,

Fig. 3-43: Reinforcement function edit dialogue.

# Reinforcement

[JID Name [¥]Show Color

Prototype Generator type Base parameters RE types
7 tdi 3 D6 | ‘ EH CCReinforcement | EC2 ‘ E=200 GPa, p=7850 kg/m?, 0:=1.26-05 °C”" ‘
& Copy
X Delete

Reinforcement materials table | FE mesh output FE mesh message FE mesh error | Script history

Fig. 3-44: Reinforcement materials table with new material D_6.

The procedure of creating new reinforcement is repeated 3 more times with respective
properties specified in following tables, Tab. 3-3 - Tab. 3-5.
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Tab. 3-3: Reinforcement material D12.

Material parameters of reinforcement D12

Elastic modulus E 200 | GPa
Yield strength Gy 480 | MPa
Hardening linear

Tab. 3-4: Reinforcement material D10.

Material parameters of reinforcement D10

Elastic modulus E 200 | GPa
Yield strength oy 470 | MPa
Hardening linear

Tab. 3-5: Reinforcement material D_8.

Material parameters of reinforcement D_8

Elastic modulus E 200 | GPa
Yield strength oy 620 | MPa
Hardening linear

Question about non-standard value of Characteristic yield strength pops up when material
D_8 is generated which is shown in Fig. 3-45. By pressing OK it is possible to finish
material definition.

Prototype CCReinforcement
Generate according
Type_of_reinforcement Bar v
Young's modulus 200 GPa ~
Characteristic_Yield_Strength_f_xk 620 rans P
| Non-standard values ""
Class_of_Reinforcement A
Epsilon_u_k 0 These parameters have non-standard values:
Parameter_k 1.4 1 "Characteristic_Yield_Strength_f_xk": 620 is not in range (400 ; 600)
SafetyFormat Ck

Are you sure that they are correct?

Fig. 3-45: Non-standard value check.

All reinforcement materials which are created are listed in Reinforcement materials table,
Fig. 3-46.
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4 Reinforcement [J1D Name [¥]Show Color Prototype Ger Base parameters RE types

=‘ Edit 2 D6 E CCReinforcement | E... | E=200 GPa, p=7850 kg/m’ o=1.2E-05 °C""

Copy 3 D12 - ~ || CCReinforcement | E... | E=200 GPa, p=7850 kg/m’, a=1.2E-05 °C”"

 Delete 4 D10 - w || CCReinforcement | E... | E=200 GPa, p=7850 kg/m®, a=1.2E-05 °C”"
IW 5 D8 + || CCReinforcement | E... | E=200 GPa, p=7850 kg/m?®, ct=1.2€-05 °C”"

Show all materials

Reinforcement materials table | FE mesh output FE mesh message | FE mesh error | Script history

Fig. 3-46: Reinforcement materials table with list of defined materials.

3.2.3 Beams’ material

Since the beams are part that is going to be loaded and supported, the material assigned
to these solids is going to be improved. Otherwise the local damage due to the load type
would occur in numerical simulation.

Concrete base material for beams is based on Model code model for concrete with
compressive strength on cylinder 80 MPa, Fig. 3-47.

Parameters input:

Generate acc. ModelCode
StrengthType  Cylinder-Mean
StrengthValue 80 MPa
Generate for  Mean

@ Generate material - O X
Prototype CC3DNonLinCementitious2 [ ] Change prototype (for expert)
Generate according | ModelCode 2010 (fib) “

StrengthType | Cylinder-Mean "

StrengthValue 80 MPa *~
Generate for Mean
oK | | Cancel |
# Material Properties - O X

Mame |Concrete_beam_base

Basic | Tensile | Compressive | Miscellaneous | <Generated from>

Material prototype .CC3DNonLinCementitious2
Young's modulus E¢ 43 GPa ¥
Poisson's ratio p 0.2

Tension strength f; 46581 MPa + E
Compression strength f¢ -80 MPa ~

| QK | | Cancel

Fig. 3-47: Concrete beam base material generated from ModelCode.
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Concrete_beam_base material has been generated and is used in Combined material
which is concrete with smeared reinforcement.

In Concrete generate material the check of Change prototype is checked so the Prototype
can be changed, Fig. 3-48. The material CCCombinedMaterial is chosen and the Ok is
pressed.

' @ Generate material = O X

Prototype CC3DNonLinCementitious2 “ [¥] Change prototype (for expert)
' CC3DNonLinCementitious2
Cementitious2_Variable

| Generate according

Cementitious2_RadWaste
Cementitious2_SHCC
SafetyFormat [ Cementitious2_User

CC3DNonLinCementitious3
....................................................... 5 ok ||

StrengthClass 1

Cancel

Fig. 3-48: Concrete beam material with smeared reinforcement.

Then the dialogue for modification of material properties is opened. Solid material is
added — Concrete_beam_base with ratio 1 and has to be activated via checkbox. Then the
Reinforcement is added in two perpendicular direction which are specified by direction
vector. Ratio of reinforcement is changed and the reinforcements are activated, see Fig.
3-49.

— — - S - —

@& Material 7 - modif. Properties = (] x|

Name Concrete_beam G

_______________________________________________________________________________________________________________________

_ ;Material_Prototype CCCombinedMaterial ~

Active Ratio Use_Material

Solids
\ 1 ‘ Concrete_beam_base ~

Add Remove

Active Ratio Direction Use_Material
Reinforcement 0.0028(0,1,0 D& v
[ |00028(0,0,1 |DS6 v

Add || Remove |

I oK | | Cancel

Fig. 3-49: Properties of CCCombinedMaterial.

List of all Concrete materials is visible in the table, Fig. 3-50.
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=& Concrete [JID Name [+/] Shor  Color Prototype Generator typ Base parameters I

; Edit 1 Concrete_wall E CC3DNonLinCementitiou... | ModelCode E=31.0083657616093 GPa, p=0.2, p=0.0023 kton/m?, o=1.2E-05 *C"'
Copy 2 Concrete_beam b... -E CC3DNonLinCementitiou... | ModelCode | E=44.3880449646238 GPa, u=0.2, p=0.0023 kton/m* a=1.2E-05 °C”"
X Delete 7 Concrete_beam ‘v CCCombinedMaterial EuroCode?...

Show all materials

Concrete materials table | FE mesh output | FE mesh message | FE mesherror | Script history

Fig. 3-50: List of concrete materials.

3.3 Material assignment to geometry

Materials that have been created in previous chapter are not assigned to any geometry. At
this point the materials are assigned to geometrical entities.

3.3.1 Building element types

Two Building element types are made for two types of geometry: beams and wall. The
view in Workspace is adjusted so that selecting of geometrical entities is easier. Therefore
all the layers except the ‘wall’ layer are switched off in Layers window.

First the new building element type is created by selecting Building element type | Beam
(Fig. 3-51) with double click in Input tree which opens the dialogue for building element
type specification, or with just one click the BE beam table is activated and the button

Beam types | [Seeam types | is pressed, Fig. 3-52. In the dialogue are chosen the
properties of the geometric entity, mesh parameters and material:

Parameters input:

Geometric entity ~ solid

Static model 3D (solid)
Mesh type linear
Assigned material Concrete_beam

BE type Beam types
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file Eadit View Geometry

e LL
DB O

4

4

“

Buikiing elements types

Bar
Tendon
Speing types
Intertace types

FE mesh extrusion

Data

EEmesh Settings Help

@ QO Q) «h g
A «'\(~'\Q LW

B3 View 1 X

| L@BIE X +"BROEE,
I RB A

Name A cC =
Layer 1

vt v IR v

bars

1. Switch off all the

4 Analysis (9) ~
Load cases ) (5 6eom types NoSCT M osaic Me s Geomet Assond Jayers except the layer
Selections £ Edn < ¢
wall
. o
| 2' Double Cth  types table ~ FE mesh output | FE mesh message | FEmesherror | Script history Layers Commands | FE mesh set
|1 on Beam i X [ 5 24 Z 135 Snap: [v] Grd Points Curves | | Surfaces || Solids A,k".‘),

| Command:

Fig. 3-51: New BE types - Beam.

f G Create new building ele... — O >

Name Beam types
Basic | FE Model | IFC

Geaometric entity

[+ Automatic name

1dBl

Static model 3D (solid) -

Mesh type ® Linear (O Quadratic

Assigned material  |:Concretebeam  “:

BE type Beam types v
Ok & Assign geometry | | Cancel

Fig. 3-52: BE types properties.

When the parameters are selected the Ok button should be pressed which triggers the
selection mode to choose the geometry. Both beam solids are selected with mouse cursor
changing the beam color into red, seeFig. 3-53. Then the Enter button completes the

selection process and materials and mesh properties are assigned to geometrical entities.
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Eile Edit View Geometry Data FEmesh Settings Help

DEdd 90 RQAQAAGCYR |+ /" NeRLEFITE X

4 Building elements types (1) [ View 1 X

hd 4 g Qg
| Unspecified % |« Wl [ e vl 7 12 A - . = % £ Y d 1 | _
& o @ HErdEE N QQ L Fsv|s . :
Column RO Name A c m@O&df
Plate = Layer 1 O O
\St\‘,’:i wall v H v O
4 Reinforcing types bars - O O |
Bar mesh ] ]
Tendon
| 4 Spring types
4 |nterface types 2
| 4 FE mesh parameters
| FE mesh size Y i ;J'
| FE mesh type X
FE mesh advanced
| FE mesh extrusion
“ Analysis (9) EBeam types ID N [w CTy M Stat M St Geom: Assigned g
Load cases (3) - -
i T U 2 8 (S R
Boundary conditions ;'_
Monitors - —opy
Calitinm marammataee (01 A A
Input data | FE mesh generator Be beam types table | FE mesh output | FE mesh message | FE mesh error | Script history Layers | Command s | FE mesh set
Vv Be type 1 was added. 0 Y: 305 Z: -0.15 Snap: Grid [_] Points [_] Curves [] Surfaces [_] Solids k) v 1

5~ Start assigning solids to a BE type... ((ENTER] or |

Solids (ID1, ID2,...):

Fig. 3-53: Assignment of BE type to geometry.

When the color of the building element type is similar to colors which are already used
in the Workspace view, it is helpful to change the color of BE types in BE beam types
table so that the new color is clearly visible in the model, in Fig. 3-54.

Eile Edit View Geometry Data FEEmesh Settings Help
DELL SC|RAMAACHBR |+ / NERLEBIIE X+~

4 Bu”a‘;f elementstypes (1 EH View 1 X - % ,\J£ B ="sw
| pecified . - o] [ oo ve] T |- o) s ~ n oo 2 O _
@ © @l E N QQ L ELv 7. -
Column z Name A C
Plate
Slab
Wall
4 Reinforcing types
Bar
Tendon
| 4 Spring types
4 |nterface types
| 4 FE mesh parameters
FE mesh size
FE mesh type
FE mesh advanced

Building element types:
Beam types Layer 1

wall v

bars

mesh

00 O m

| FE mesh extrusion
4 Analysis (9]
"'HL’;:Z(C;SES & [E 8eam types [JD NN CTy M Stat M St Geom: Assigned g
Selections ® Edit 1 B||z‘ ‘B.‘? ‘3 ‘L..‘N ‘Solid |2‘3 ‘ ‘
Boundary conditions =

Monitors
Calitinm marammataee (91 L A

Input data | FE mesh generator Be beam types table | FE mesh output FE mesh message FE mesh error | Script history Layers | Command s | FE mesh set

| 7~ Start assigning solids to a BE type... ((ENTER] or |

X 0 Y: 285 Ik -0.35 Snap: Grid [_] Points [_] Curves [] Surfaces [_] Solids ko) v
%~ End assigning solids to a BE type (2 newly assig

Command:

Fig. 3-54: BE type assigned to geometry.

Second element type is made for the wall part of the structure. Another BE type is created
via BE type dialogue which pops up after double click on Building element types | Wall
in Input tree, Fig. 3-55. The parameters of the Wall are adjusted as in previous case for
solid entity with linear mesh. Then the solid (wall part of the structure) is selected and
with Enter the assigning of properties for chosen entity is finished, Fig. 3-56.

Parameters input:
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Geometric entity
Static model
Mesh type
Assigned material
BE type

solid
3D (solid)
linear

Concrete_wall

Wall types

[ @ Create new building ele...

Name |Wall types
Basic | FE Model | IFC

| | Geometric entity

Static model 3D (solid) e
Mesh type ® Linear O Quadratic
Assigned material Concrete_wall ¥
. BE type Wall types ~

- O X

Automatic name

1aa

Ok & Assign geometry

‘ ‘ Cancel

Fig. 3-55: BE type properties.

File Edit View Geometry Data FEmesh Settings Help

DBkt 90 QQQAQ VR |-+

4 Building elements types (2)  ~ | E View 1 X
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& H© o

B EeE A QQLergl-

ERCBFUIE X+ BN

nl
0

BB EEE

Name A C

Plate
Slab

Building element types:
Beam types
Wall types

Layer 1

ood

4 Reinforcing types
Bar
Tendon
| 4 Spring types
4 |nterface types
| 4 FE mesh parameters
FE mesh size

bars -

mesh

]
O
wall v H ¥
O
O

ooogo

FE mesh type
FE mesh advanced
FE mesh extrusion

4 Analysis (9)
Load cases (3)
Selections

EWaII types -

; Edit 2

I:‘ ID  Name

[+] Shov  Color
Wal\tym| |

Type Materiz

E‘Wal\ ty... | 1 |

Boundary conditions

B cony
Monitors - opy

~
Calitinm marnmntare (91 o

Input data | FE mesh generator Be wall types table | FE mesh output

| <~ Start assigning solids to a BE type... ((ENTER] or [ ~

X o Y 345 Z:

FE mesh message

FE mesh error | Script history Layers | Command s | FE mesh set

03 Snap: Grid [ ] Points [ ] Curves [ ] Surfaces [_| Solids ko v

%~ End assigning solids to a BE type (1 newly assigi ,
¢ »

Command:

Fig. 3-56: BE types assigned to solids.
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3.3.2 Reinforcing types

There are 4 different materials for discrete reinforcement and for each of them
Reinforcing types are going to be created. At first the layer with mesh geometry which
are bars with diameter 6 mm and material D_6 is only one activated, see Fig. 3-57.

O o e 2 ¥ X =
S LR EORS QS G v e viv B ® k18
B3 View1 X s = &8 ~4
= . o T & -
g Gy | /) A L
Name A C [m
Jesrsvsevewe v Buildng slement types :
b Beam types Ly
| b Wall types | .
- "
b bars m
- mesh v v
-

filf Bar Name Shaw Color Type Matenal Basep S“’itCh Off all the layers
: except the layer ‘mesh*®

2. Double click | ~

v
on Bar rcing bars table | FE mesh output | FE mesh message | FE mesh error | Script history Layers Commands | FEmesh set
TTT TP T TRR] OF ~T = z - o - p=
- X o0 Y 315 2 05  Snap: [V] Grig Points Curves Surfaces Solids R i0)

End assigning solids to a BE type (1 newly assigi

Command:

Fig. 3-57: Preparing to create Reinforcing types.

Then, reinforcing element type dialogue opens double click on Bar in Input tree
Reinforcing types | Bar, or the simple click on Bar that activates Reinforcing bars table

where is button Bar | B gar .

Parameters input:

Name Bar_D6
RE type Bar
Bond type Perfect bond

Assigned material D_6

Bar diameter 6 mm

The input parameters specified above are entered into Create reinforcing element type
dialogue (Fig. 3-58 and Fig. 3-59). To activate the change of the name the checkbox
Automatic name has to be unchecked. Also when the bar diameter is changed with mouse
click outside of the Bar diameter box the profile area and perimeter are updated.
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@ Create reinforcing element type — a X

Name Bar Automatic name

Basic | Bond | FE Model | IFC

RE type Bar =
Bond type Bond -
Assigned material D6 hd
Calculator

Bar diameter 12 mm *

Mumber of profiles |1

Cross section area 113.1 mm* ¥
Profile perimeter 37.699 mm ¥
‘ Ok & Assign geometry ‘ | Cancel ‘

Fig. 3-58: Reinforcing type properties - default.

[ @ Edit reinforcing element type = O X

MName |Bar D6 [] Automatic name

Basic | FE Model | IFC

RE type Bar v
Assigned material D_6 v
Calculator

Bar diameter 6 mm ~

Number of profiles 1

Cross section area 28.274 mm? ¥

! | OK H Cancel ‘
[

Fig. 3-59: Reinforcing type properties — adjusted for material D_6.

Once the parameters are set, the button Ok should be pressed which turns program in
selection mode and the lines with described parameters are chosen, Fig. 3-60. Selection
of all lines in layer ‘mesh’ changes their color into red and is visible in Workspace view.
Then Enter button completes the selection and assignment of reinforcing types.
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Eile Edit View Geometry Data FEEmesh Settings Help
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plate B e Layer

]
O
Wall
Wall (1) ahrpes wall W O
|
|

4 Reinforcing types (1) bars
mesh v
Tendon

| 4 Spring types

4 |nterface types
4 FE mesh parameters I
| FE mesh size Y
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| FE mesh extrusion
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Load cases (3) x Delete
Selections = 3 Bar... ‘ | | ‘ Bar ‘ D& ‘ @=6 mm, n
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|
Monitors o @ Cancel . < s
|
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Input data | FE mesh generator Reinforcing bars table | FE mesh output | FE mesh message | FE mesh error | Script history Layers | Command s | FE mesh set
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0 v 22 Z: 025  Snap: Grid [_] Points [_] Curves [] Surfaces [_] Solids k(34) v

B

Curves (ID1, ID2,...):

Fig. 3-60: Selected geometry of Reinforcement type.

Reinforcing type which has just been made appears in the Reinforcing bars table and lines
in Workspace view change into corresponding color, Fig. 3-61.

File Edit View Geometry Data FEmesh Settings Help

DL 50 RAGARAGCDE |+ / NEZRLBBIE X+ BEKE

4 Building elements types (2)  ~ | E View 1 X A = Y o4 OO0

| Unspecified . ol 1 Tve v . o B , £ v \oB & |
Beam (1) @ o ||@ |z 2 A \QQ iy el o 5 = =
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Plat: Building element types:
S\:be Beam types Layer 1

Wall types wall -
Weall (1)
4 Reinforcing types (1) Re'”g’a'rc‘"!! types: bars -

mesh

Tendon
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4 |nterface types
4 FE mesh parameters I : ki
| FE mesh size Y c

FE mesh type e ey |

FE mesh advanced |

| FE mesh extrusion
‘ Anal;;s;;(!:ies 6] % : []ID Nam Sho  Color Typ Materic Base param
Selections _' Edit 3 Bar ‘ | E‘ Bar ‘ D6 ‘ @=6 mm, n
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Monitors = topy . ¢ > ) |

v v <
Cnlurbinm marnmanbnon (N W Nalata

Vv

JO000m
oood

Input data | FE mesh generator Reinforcing bars table | FE mesh output FE mesh message FE mesh error | Script history Layers | Command s | FE mesh set

- Start assigning curves to a RE type... (ENTER] or - X: 0 28 Z: -025|  Snap: Grid [] Points [_] Curves [ ] Surfaces [] Solids | | & (0)

»~ End assigning curves to a RE type (34 newly assi

B

Command: |

Fig. 3-61: Geometry with assigned Reinforcing type.

When mesh reinforcement is finished, the layer ‘mesh’ is deactivated and layer ‘bar’ is
activated, Fig. 3-62.
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Eile Eoit \iew Geometry [ata EEmesh Settngs Help

N b @) C ) Q) Q g i 5, 8 2 0 T - B B
B O RQAQACQCNR SR 2B NE X »+EBWKE
4 Buidding elements types (2) B View 1 X v .
| Unspecified : o= i> e Bl 3 c% wd
Beam (1) 8 c||@ v MikrHEE A L ki v\ = .
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| mesh
Tendon
4 Spring types z —
4 Interface types
| 4 FEmesh parameters I
[ FE mesh size Y
FE mesh type . -
FE mesh advanced
FE mesh extrusion
4 Analysis (10) Bar .
I ” 0
Load cases (3) ﬁﬁ D Nom ¥ ShO[ Color Typ M“'l‘"'lF S“’ltch Off all the layel‘s
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3 .
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[ St ittio t voe. (IENTER] |
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» End assigning curves to 3 RE type (34 newdy ass E

\

Command: |_
Fig. 3-62: Preparation for new Reinforcing types assignment.

Horizontal bar above opening that is bent into vertical direction and has diameter 8 mm.
Reinforcing type named Bar_D8 with material D_8 and respective diameter is assigned
to the geometry, see Fig. 3-63.

Parameters input:

Name Bar_D8

RE type Bar

Bond type Perfect bond
Assigned material D_8

Bar diameter 8 mm
@ Edit reinforcing element type = a x|
Name |Bar_D8 [] Automatic name

Basic | FE Model | IFC

RE type Bar v
Bond type Perfect bond ~
Assigned material D8 v
Calculator i~

Bar diameter 8 mm ¥
E Number of profile} |1

E Cross section area 50.265 mm? ¥

[ []'4 H Cancel l

Fig. 3-63: Reinforcing type for material D_8.

ATENA 2025 Engineering - Tutorial 43



The procedure is same as in previous case, the Reinforcing type is created then the
corresponding lines are selected and assigned to Bar D8. The lines with assigned
Reinforcing type are visible in Workspace view and new Reinforcing type is listed in
table below, Fig. 3-64.

File Edit View Geometry Data FEmesh Settings Help

DBk 90 RQAQAAQAGCHR |+ NI BRLEFINIE X| v+

4 Building elements types (2) [ view 1 X v . — O 0
Unspecified e ' 2 [
| 2 wol - Ive w-] 7= |2- = ~ , =l 2 & [ _
Beam (1) G oe|@ | HxltiElz A (Y @ L #ESN = =
Column Name A ¢ WY&
Building element types:
Z‘I:ée i Beam types Layer 1 0 0
Wall types
Wall (1) wall |_np| |
4 Reinforcing types (2) RemioaerMQ types bars v - V| 1
B Bar_D8 mesh o O
Tendon
| 4 Spring types =
4 |nterface types
| 4 FE mesh parameters I
| FE mesh size L4
| FE mesh type
FE mesh advanced -
FE mesh extrusion
4 Analysis (11) ﬁBar N
ID 7
Load cases (3) = (] Nam Shor  Color Typ Materic Base param
Selections £ Edit 3 Bar... ‘ | E‘ Bar‘ D6 ‘ @=6 mm, n
Boundary conditions 5 Copy B Rar. | 71 |mwwwlllRarlng [o=2mmn
Manitors — =
CAlitinm marnmstare (N W Nolota
Input data | FE mesh generator Reinforcing bars table | FE mesh output | FE mesh message | FE mesh error | Script history Layers | Command s | FE mesh set
| &~ Start assigning curves to a RE type... ([ENTER] or

X 0 Y 105 Z: 035 | Snap: Grid [] Points [_] Curves [] Surfaces [_] Solids k@ - |
% End assigning curves to a RE type (3 newly assic |

Command:

Fig. 3-64: Reinforcing type with material D_8 assigned to geometry.

Two shorter vertical bars along the opening have diameter 10 mm and therefore material
D10 should be assigned to them, Fig. 3-65.

Parameters input:

Name Bar_D10
RE type Bar

Bond type Perfect bond
Assigned material D10

Bar diameter 10 mm
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@j Edit reinforcing element type = O x|

Name |Bar D10 [] Automatic name
Basic | FE Model | IFC
RE type Bar d
Bond type Perfect bond =
Assigned material D10 -
Calculator [+]
Bar diameter 10 mm *
E Number of profile: |1
Cross section area 78.54 mm? ~
;
: | ok | Cancel

Fig. 3-65: Reinforcing type for material D10.

Reinforcing type Bar_D10 is made with parameters above and assigned to short vertical
lines. The lines change color accordingly and Reinforcing type appears in table of
Reinforcing bars, Fig. 3-66.

Eile Edit View Geometry Data FEmesh Settings Help

DEdd o0 RQAQAAGCVR |+ /" NERLEBFINE X +wRE

4 Building elements types (2) FH View 1 X = N

= & 1 u]
Unspecified - oo - i -
| ‘. [VR [T _ I + ~ ) (o) - -
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Building element types:
;Ia;e Be%m types i Layer 1 D D
E -
wall (1) Wall types wall - D D
4 Reinforcing types (3) Rej”g“;:i“gawpe’;: bars v Il v O
Bar (3 Bar_D8 mesh O O
Tendon Bar_D10
| 4 Spring types 2
4 |nterface types
| 4 FE mesh parameters |
| FE mesh size Y
| FE mesh type
FE mesh advanced
| FE mesh extrusion
4 Analysis (11
naLS;:Z(casJes @) KBET [JID Nam [V Show Color Typ Materic Base param
Selections ; Edit 3 Bar... ‘ | E‘ Bar‘ D6 ‘ @=6 mm, n
Boundary conditions % Copy + Aar. | 2 |meeemlRarlne [B-ammon
Monitors =
Colirtinm marnmmataee (1 M Nalats
Input data | FE mesh generator Reinforcing bars table | FE mesh output | FE mesh message | FE mesh error | Script history Layers | Command s | FE mesh set
7 Start assigning curves to a RE type... (ENTER] or X 0 Y: 055 Z: -0.45 Snap: Grid [_] Points [_] Curves [] Surfaces [_] Solids ko) v

%~ End assigning curves to a RE type (2 newly assig

Command:

Fig. 3-66: Reinforcing type with material D10 assigned to geometry.

Remaining discrete vertical bars have diameter 12 mm and their material is D12.
Corresponding Reinforcing type is created with parameters below and assigned to
remaining geometry, see Fig. 3-67.
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Parameters input:
Name Bar_D12
RE type Bar
Bond type Perfect bond
Assigned material D12
Bar diameter 12 mm
[(_Lj Create reinforcing element type = O x|
...................................................................................................................... |
Mame |Bar D12 [ ] Automatic name
Basic | FE Model | IFC
RE type Bar -
Bond type Perfect bond ¥
Assigned material D12 v
Calculator ]
Bar diameter 12 mm *
Mumber of profiles |1
Cross section area mm?*
| Ok & Assign geometry | | Cancel

Fig. 3-67: Reinforcing type for material D12.

Fourth Reinforcing type named Bar_D12 is made and the last four vertical lines are
selected to complete assignment of corresponding material, bond or diameter.

All Reinforcing types are listed in table and the corresponding geometry is visible in
Workspace view with descriptive legend as shown in Fig. 3-68.
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file Edit \sew Geometry Data EEmesh Settings Help
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Command:

Fig. 3-68: Reinforcing types for all reinforcement material assigned and listed in table
below.

3.4 Finite Element Mesh
By now the geometry of the model has been built up, material models have been set up
and assigned to geometry. Therefore at this point the FEM mesh can be prepared.

Default FEM mesh is generated in FE mesh generator tab within Input tree section, see
Fig. 3-69. Then when the user scrolls down in the generator the button Preview FE mesh

| Preview FE mesh

‘ generates and shows mesh in the Workspace view.

@ SWO_round - ATENA Studio Preprocessor (3D - Static) —= =] X

Eile Eoit View Geometry [Data EEmesh Settings Help

DY 90 RAQAQQAGCVR |+ /NI BL.B8FNE X v+ EO KK

05 | Uniform mesh size {m) B8 View1 X Y| ¥ 9 Show FE and T3D model
) Dutack curve dersity 8§ |6~ dlc =z A AQ ke 2By = Draw FE mesh

User defined epséon [m]

Mesh size mult. factor Vi style:

Default curvature rate -

Curvature rate mult. factor

Element degree

On/Off mesh preview

Mid nodes conflict

Noge 105
@ Mesh quality repornt = 3
z Show all None |
@ Weighting for smocthing e I |
J\‘ R Sefect to show
|
Geometry filter:  All except frozer ¥
% s o X > Clear all None |
Show T3D geometry INP ["Clear o |
Show FE mesh INP
e e—— e, Draw T3D geometry

~ | Open FE mesh generator,
il o

Inputda’a | FE mesh generator FE mesh paramy scroll down and press Layers | Commands | FE mesh set
« | Preview FE mesh button

&’ Start creating INP file..

"] Curves [ ] Surfaces [ | Solids | | R () ~
v INP file creation finished successfully - =

Command:

Fig. 3-69: Preview default FE mesh.
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Quiality of the mesh is crucial for FE analysis and its results therefore the mesh needs to
be improved. Before the mesh parameters are changed, the FE mesh preview is switched
off (in FE mesh settings) and the ‘wall’ layer is activated and the BE types with
Reinforcing types are deactivated in the Workspace view via checkbox Show in the
respective tables.

The size of the mesh is adjustable in Input tree FE mesh parameters | FE mesh size.
Then in FE mesh parameters table the solids are chosen which pops up a window

with Size definition, Fig. 3-70. The User defined size definition is selected and size is set
to 0.1 m, Fig. 3-71.

Parameters input:
Size definition User defined
Mesh size 0.1m

Equidistant check

Eite t Ve Geom Da EE mes Jettings  H
A e B ) ~ N A O o G 1 . — = 3 ’ %
l"-.‘z»b REQRER G 3 o o Y el . &N fx % ;v (@ @ ’i‘t,
4 F‘.mn:(:'(‘?g types (4) EView1 X hd Show FE and T30 model
) ”~
I* 1 L v .

4 Spring types

4 Interface types

4 FE mesh parametérs e e "

‘ Uncheck to switch off
Py mesh preview

{54 ...| Choose FE mesh size for solids

Input data = FE mesh generator FE mesh size par  FE mesh output FE mesh messag | FE mesh error Script history Layers | Command FE mesh set

X 0 Y 245 Z 105 Snap: V] G Points || Curves Surfaces [ | Solids | | R(0) ~
Command:

Fig. 3-70: Change FE mesh size for solid (beams).
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- —

@ FE mesh parameters - O X @ FE mesh parameters - O X
Name | FEMeshSizeSolid Automatic name Name  FEMeshSizeSolid Automatic name
Basic Basic
Size definition Default {global) ~ | | Size definition User defined hd
Mesh size 0.2 m ~ Mesh size 0.1 m ¥
Equidistant ] Equidistant
[] Factor [ ] Factar

f ‘ Ok & Assign geometry ‘ ‘ Cancel ‘ | | oK | ‘ Cancel
| L

Fig. 3-71: FE mesh size parameters — default and then adjusted.

After pressing button Ok & Assign geometry, the selection mode is directly activated

and the beams (top and bottom) are marked (Fig. 3-72), the selection process is concluded
with Enter.

Eile Edit View Geometry Data FEEmesh Settings Help
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Mesh View style:
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4 Interface types ‘ | | ‘ Solid with surface mesh
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FE mesh type Entity to show:
FE mesh advanced Node IDs
FE mesh extrusion z Y
4 Analysis (10) Show all None
Load cases (3) I > .
| Selections ¥

Select to show
Boundary conditions

Monitors
Solution parameters (2)

Clear all None

Clear all
| Tasks E‘ @ ID Name Show Color Mesh size -
Functions (3) F er FEMeshSizeS. 01
| £ Edit esn3izes... | LA | - | : Draw T3D geometry
o
I & Copy View style: | Solid and wired
X Delete
Input data | FE mesh generator FE mesh size par | FE mesh output FE mesh messac | FE mesh error | Script history Layers Command ¢ | FE mesh set
| +' FE mesh size parameters 1 was added. X ol v 5 z: 035 Snap: Grid [ ] Points [ | Curves [ | Surfaces [ | Solids k2 ~

| command:

Fig. 3-72: Selected solids with modified mesh size.

In the FE mesh size parameters table can be checked the correct assignment to
geometry, Fig. 3-73.

L | I_—I@ o 10 Name Shaw Color Mesh size Density Count Equidistant Geometry typ 2 Assigned geometry

1 FEMeshSizeSalid | m J- - IC—.' | | Il'alse IScIld 2.1

x

FE mesh size parsmeters table | FE mesh cutput | FE mesh message | FE mesh ermor | Seript history

Fig. 3-73: Assigned geometry to new FE mesh size.
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Other mesh size is prescribed for the middle panel. Again, Create new FE mesh for

solid Is chosen and the mesh size for middle panel is set to 0.05 m, Fig. 3-74.

Parameters input:
Size definition User defined
Mesh size 0.03m

{ & FE mesh parameters = O X

...................................................................................................

Name |FEMeshSizeSolid (2)  [+] Automatic name

Basic

Size definition User defined v

Mesh size 0.03 m ¥
: Equidistant []

|| Factor

[ DK | [ Cancel

Fig. 3-74: FE mesh size for middle panel.

After pressing Ok & Assign geometry middle panel solid is selected and the Enter
finishes the task, Fig. 3-75.

File Edit View Geometry Data FEmesh Settings Help
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+' FE mesh size parameters 2 was added.

Command:

Fig. 3-75: Selected geometry for FE mesh size modification.
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The assigned geometry of respective FE mesh size is displayed in FE mesh size
parameters table, see Fig. 3-76.

File Eot \eew Geometry Data FEmesh Settings Help
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Command:

Fig. 3-76: FE mesh sizes assigned to different solids.

The adjusted size of mesh can be checked in FE mesh generator when Preview FE mesh
is applied, Fig. 3-77.
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Command:

Fig. 3-77: FE mesh preview with adjusted mesh size.

The size of the mesh is set nevertheless the unstructured FE type — tetrahedra is going to
be modified. Before the FE mesh type is created, the FE mesh preview needs to be
switched off in FE mesh settings, otherwise the selection of geometry is not visible in
Workspace view.
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The beams are solids with 6 surfaces that are prism-shaped therefore the structured mesh
using hexahedrons can be easily applied. In FE mesh parameters | FE mesh types the

Create new FE mesh for solid (Fig. 3-78) is selected in FE mesh type parameters
table. The dialogue of FE mesh type appears, Fig. 3-79. The FE mesh structured is
selected (Fig. 3-80) then the Ok & Assign geometry button is pressed, and beams
geometry is selected (selected geometry turns red as in previous cases). The process is

confirmed and executed by pressing Enter. Assigned geometry can be checked in table
below, see Fig. 3-81.

Parameters input:
FE mesh structured Yes

Geometry [ata EEmesh Settings Help
OB o @C aQaeMg | e = N R
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% . r mesh preview
I > . .o . .
SR
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X

Input data FE mesh type p: | FEmesh output | FE mesh messag | FE mesh error | Script history

FE mesh generator

Layers | Command s | FE mesh set
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Command: [

Fig. 3-78: Create new FE mesh type for solid.

[ FE mesh parameters - 0 X | [© FE mesh parameters = O X
Mame FEMeshTypeSalid Automatic name Mame FEMeshTypeS [+/] Automatic name
Basic Basic
Static model 3D (solid) R Static model 3D (solid) ¥
Hexa-dominant mesh Hexa-dominant mesh E|
FEmeshstructured  Notused . . v ‘ FEmeshstructured | [Yes Y] ‘
[Jiso

| Ok&Assigngeometry | | Cancel | | Ok&Assigngeometry || Cancel |

Fig. 3-79: FE mesh type parameters — default and then adjusted to structured.
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File Edit View Geometry Data FEmesh Settings Help
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Draw T3D geometry
& Copy
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Input data | FE mesh generator FE mesh type pa | FE mesh output | FE mesh messac | FE mesh error | Script history Layers | Command ¢ | FE mesh set

View style: | Solid and wired
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Command:

Fig. 3-80: Selection of geometry for new FE mesh type.

Ele Eoit View Geometry [Data FEmesh Settings Help
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FE mesh size (2)
FE mesh advanced
FE mesh extrusion F4

4 Analysis (10) L | SESSeeeS B
Load cases (3) Vv . .o . . .
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| A A S

& Show FE and T3D model

Input data | FE mesh generator FE mesh type p: | FEmesh output | FE mesh messa¢ | FE mesh error | Script history Layers | Command s | FE mesh set

v FE mesh params type 2 wi t % . .
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‘

‘

Command: }

Fig. 3-81: New FE mesh type listed in table with assigned geometry.

Geometry which is assigned to newly created FE mesh type is displayed in FE mesh type
parameters table.

Preview of the changes in mesh are visible in FE mesh generator after clicking on
Preview FE mesh button, Fig. 3-82.
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File Edit View Geometry Data FEmesh Settings Help
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User defined epsilon [m] i

Mesh size mut, factor View style:

Defaun curvature rate Solid with surface mesh ¥

Curvature rate me, factor @ Labéis

Bement degree
Mid nodes conflict Entity to show.
Node IDs
@ Mesh quality report
z | Show all None
@ Weighting for smoothing I ~ - ,,,l
I Sedect to show
Geometry fiter:  All @xcapt frozer v [ —— \
Show T30 geometry INP | [Gesraa |
Show FE mesh INP | :
Drasie Tan ooy ] ae L110 Name ¥/ Shov  Color = Qua ) Draw T3D geometry
‘ Preview FE mesh i A 1 |FeMenpesal @) | - Solid and wired
- 2 L v |

Input data | FE mesh generator FEmesh type pv = FEmesh output |  FE mesh messat | FE mesh error | Script history Layers Command s | FE mesh set

v INP file creation finsshed successtully
¥ Start creating INP file.
v INP file creation finished successfully

07 Z 1 Snap: V] Grid [ Points [ ] Curves [] Surfaces || Solids [7\ (1) "}

Command

Fig. 3-82: Preview of FE mesh with structured elements within beams.

Finally the shape of elements in middle panel are edited. Adding the new FE mesh type
for surface changes triangular mesh into quadrilateral. As in previous cases, the
Workspace view is set to geometry instead of FE mesh, Fig. 3-83.

File Eait \iew Geometry [Data FEmesh Settings Help
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FE mesh size (2)
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FE mesh extrusion z .
4 Analysis (10) mesh preview
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Monitors Clear all None
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T 3 N =

s |94———"" Choose FE mesh type for surf

,\I‘\_le&‘.e new FE mesh for surface| 00se mes type or su ace
= Copy i and wired
3 Delste L L |

Input data =~ FE mesh generator FE mesh type p: | FE mesh output \ FE mesh messag | FE mesh error |  Script history Layers | Commands | FE mesh set

. Project opening finished with 1 waming(s) (elapt Xx: 0 v 215 z 03] | Snap: (W] Goa (] Points (] Curves (] Surtaces (] Soids | [K @ ~]

| Command:

Fig. 3-83: New FE mesh type for surface.

In dialogue of FE mesh type for surface the structured mesh is chosen and by clicking on
the Ok & Assign geometry button the surface can be selected. The main surface of middle

panel (number 1 or 2) is selected in order to assign quad-dominant mesh, Fig. 3-84 and
Fig. 3-85.
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Parameters input:

FE mesh structured Yes

FE mesh parameters = O X

Mame FEMeshTypeSurface (2) [+] Automatic name |

| (™ FE mesh parameters - ] X
Basic |
Quad-dominant mesh [7] | Name FEMeshTypeSurface Automatic name
FE mesh structured Mot used v | | || Basic
[] Diagonal Quad-dominant mesh -/
Only for polygonal or planar surfaces || FEmeshstructured | [Fes T vi

[11so | | [] Diagonal

| Ok & Assign geometry | | Cancel J

| Ok&Assigngeometry | | Cancel |

Fig. 3-84: FE mesh type parameters — default and adjusted with surface structured
mesh.

File Edit View Geometry Data FEmesh Settings Help
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FE mesh size (2) )

FE mesh advanced

| FE mesh extrusion 7 ( '] Node IDs
: # Analysis (10 I Show all None
| Load cases (3) v

View style:

Solid with surface mesh

Entity to show:

Selections ‘ ‘ ‘ ‘ Select to show
Boundary conditions
Manitors Clear all None
Solution parameters (2) a I
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Tasks @ ID  Name ] Shov  Color Quac
Functions (5) = FEMeshTymeS .
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Command:

Fig. 3-85: Assigning of FE mesh type to selected geometry.

Quadrilateral mesh is assigned to surface number 2 which translates to parallel surface
number 1 as well, Fig. 3-86.

llf= )} (1D Mame [+] Shew  Cola Qusd Hexa FEmeshstuctured Disgonal lso  Geometryly| e Assigned geometry
" Edit 1 FEMeshTypeSalid I =l | w | | True |\\es | | Falsel Salid | 23 | |
L — y 2 "E“Ethj'pEEulrthI ] | I - |True | |\‘es. | False | I'ah.el Surface | 2z | |

FE mesh type parameters table | FE mesh output | FE mesh message | FE mesh error | Seript history

Fig. 3-86: List of FE mesh types and its assigned geometry.
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The changes in mesh are previewed in mesh generator by clicking on Preview FE mesh,
Fig. 3-87.

File Edit View Geometry [Data FEmesh Settings Help
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| & XK Delet
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\ Command:

Fig. 3-87: Preview of structured mesh on the surface.

As it is visible on figure above, the quadrilateral mesh on the main surface of middle
panel changed the type of elements into wedges. In the final step of mesh modification,
the wedge elements turn into hexahedra elements.

The view in Workspace is set to geometry by unchecking the Show FE and T3D model
within the FE mesh settings. Then in FE mesh parameters | FE mesh extrusion the new
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FE mesh extrusion for solid is made, see Fig. 3-88. The dialog which appears does
not require adjustment so the default settings is assigned to middle panel geometry solid,
Fig. 3-89. Just by clicking on Ok & Assign geometry the selection of solid is activated
and the middle panel is chosen, Fig. 3-90. Pressing Enter completes the assignment.

Ele Edit View Geometry [Data FEmesh Settings Help

PER ©C/QQAAQAAGCHR |+ / NEBLBSI K X|+ " ESUX

" tvoes { H View 1 X v -
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.
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z o mesh preview
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L_c-w. cases (3) 1.,, . —— —— S S - ~ —— .
Selections |
y CONGHTIO
V
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K Delet
Input data = FE mesh generator FE mesh extrusk | FE mesh output | FE mesh messac | FE mesh error | Script history Layers | Commands | FEmesh set
X o Y 01z 04  Snap: [V| Gna Points Curves Surfaces Solids Ri) ~

Command:

Fig. 3-88: New FE mesh extrusion.

[ FE mesh parameters — a X

Name FEMeshExtrusionSolid Automatic name
Basic
Static model 3D (solid)
Extrusion definition | Automatic b
Extrude weak simple | Not used b
Extrude octree Mot used -
| Ok & Assign geometry ‘ ‘ Cancel

Fig. 3-89: FE mesh extrusion parameters.

ATENA 2025 Engineering - Tutorial 57



Eile Edit View Geometry Data FEmesh Settings Help
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Fig. 3-90: Assignment of FE mesh extrusion.

Extrusion of mesh is assigned to geometry according to the selection and can be reviewed
in table of FE mesh extrusion parameters table, Fig. 3-91.

The completed FE mesh is previewed in FE mesh generator when Preview FE mesh
button is used. The hexahedra elements are now within the whole geometry of the model,
Fig. 3-92.

) 10 Mame Shw Cailor Sunace ld Extrude wesk simple  Extrude oclieg  GeOometry tyf:  Assigned geomelry
FEN’{‘S?!Exrmscn‘Snllu| el I [+ |{I | Notlsed NaotUsed Solid 1 | |
W Malat
FE mesh extrusion parameters table | FE mesh output | FE mesh message | FE mesh error | Seript history

Fig. 3-91: FE mesh extrusion listed in table with assigned geometry.
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Show all None
k Select to show

Show T3D geometry INP Clear all None |

Geometry filter: | All except frozer ¥
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Fig. 3-92: Structured mesh in the whole model.
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3.5 Supports

In this chapter the Support is assigned and the model parts with incompatible mesh are
connected with Fixed contact.

3.5.1 Support

At the bottom part of Input tree is last category item Analysis. Clicking on Analysis |
Boundary conditions (BC) the Boundary conditions table appears. The model is going
to be supported at the bottom surface of the bottom beam therefore the new Surface
boundary condition is selected, see Fig. 3-93.

'_' r >< % ,v'. ¥ s "'

New BC for surface

Input data = FE mesh generator Boundary cone . FE mesh outpt | FE mesh mess: FE mesh error Script history Layers = Command set | FE mesh settir

X 0 Y 26 Z 005 = Snap: [V Gna Points Curves Surfaces Solids RiO) ~

Command: |

Fig. 3-93: New Boundary condition.

The default dialog of boundary condition offers first load case which is Body force by
default, Fig. 3-94. Switching the load case to Supports the condition type Support is
selected, Fig. 3-95. Then the support I defined in all directions of coordinate system X, Y
and Z and the button Save & Assign to geometry switches the program to selection mode
and the surface to be supported is selected, Fig. 3-96. By pressing Enter the command is
concluded.

Parameters input:

Load case 2 Supports

Condition type Support

Coordinate system Support in X
Supportin'Y

Supportin Z
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New Surface Boundary Conditions n

Name: |Weight Automatic name

Description (optional):

Load case: : 1 Body force

Condition type: Weight
[ ] Assign only to geometry with selection

O] weight in X:
[C] weightin V:
O] weight in Z:

‘ Save & Assign to geometry | | Cancel ‘

Fig. 3-94: Boundary condition - default.

New Surface Boundary Conditions n:

Name: Support [+/] Automatic name

Description (optional):

Load case: 2 Supports v

Condition type: Support e

[_] Assign only to geometry with selection

Coordinate system: Global s
Support in X:
[v] Support in 'Y:
Y Supportin Z:
‘ Save & Assign to geometry ‘ ‘ Cancel

Fig. 3-95: Boundary condition - Support.



Fig. 3-96: Selected surface for assigning support.

The surface with support is displayed in Workspace view, Fig. 3-97.

Fig. 3-97: Surface with support.

3.5.2 Fixed contact

Two different types of mesh are assigned to beams and wall respectively which results in
two incompatible meshes that are not connected. Hence the beams and wall need to be
connected. For this purpose the fixed contact is assigned.

New Surface boundary condition is created with Load case Supports as in previous case
but this time the condition type is switched to Fixed contact, Fig. 3-98. The Slave
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condition type is assigned as first, clicking on Save & Assign to geometry the selection
mode is triggered. The three surfaces at the top and bottom of middle layer are selected,
Fig. 3-99. Then pressing Enter pops up the dialogue window for Fixed contact with the
Master type, Fig. 3-100, so the Save & Assign to geometry is pressed once more and the
bottom surface of top beam with top surface of bottom beam are selected, see Fig. 3-101,
and with Enter the whole process of assigning the Fixed contact is concluded, Fig. 3-102.
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Parameters input:
Load case 2 Supports

Condition type Fixed contact

Mew Surface Boundary Conditions n:

MName: Contact® /S [+ Automatic name

Description (optional):

Load case: 2 Supports v

....................................................

Condition type: i Fixed contact ™

[ ] Assign only to geometry with selection

Condition type: Slave
Contact name: Contact# v
Contact distance: 0.01 n
Connect displacement X [+]

Connect displacement Y: [v]

Connect displacement Z:  []

Use deformed coordinates: [_|

Save & Assign to geometry | | Cancel

Fig. 3-98: Create new fixed contact - Slave.



Fig. 3-99: Surfaces selected to assign fixed contact - Slave.

| New Surface Boundary Conditions n
Name: Contact# M Automatic name

Description {optional):

Load case: 2 Supports

Condition type: Fixed contact v

[ ] Assign only to geometry with selection

| Condition type: Master e

. Contact name: Contact# v

| Contact distance: 0.01 m ‘Q\;‘ -
| Save & Assign to geometry ‘ ‘ Cancel

Fig. 3-100: Create new fixed contact - Master.
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Fig. 3-102: Surfaces with fixed contact.

All the boundary conditions created in this section are listed in table, Fig. 3-103.
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E‘E‘ [JID Nan Show Labels Condition type Load case Subject type Base parameters Assigned geometry

£ Edit 1 Su... Support 2 - Supports | Surface Global: X, Y, Z 17
- Copy 2 Co... Fixed contact |2 - Supports | Surface Contact# (Slave) X, ¥, Z[ 7,9, 11
3 Delete 3 Co... Fixed contact |2 - Supports | Surface Contact# (Master) 15,23

& Un/assign to geometry

Boundary conditions table | FE mesh output | FE mesh message | FE mesherror | Script history

Fig. 3-103: List of boundary conditions in table.

3.6 Load and Monitors

The previous part covered the supporting of the model so the structure can be loaded. In
this section the load is prescribed along with monitors in order to survey the behavior of

the structure as whole.

3.6.1 Load

The shear wall has bottom beam supported and the top beam is loaded. The beam is loaded

by prescribed deformation.

At first the Load case for the prescribed deformation needs to be created since the default
load cases cover Body forces, Supports and Forces, not deformation. In Analysis | Load

cases new load case is created by clicking on Load case button | il

as shown in Fig. 3-104.

Eile Eont View Geometry Data EEmesh Settings Help

N o ¢ « Wal’ ¥ . - o == " 7 i . -
By O RRLQQAG DR W @8 i >< v W e A

4 Reinforcing types (4) B View 1 X B
Bar (4) = » T ” P =
Yessdon . v o 2 § SR G G vV = .
4 Spring types
4 nterface types
4 FE mesh parameters (5)

FE mesh size (2)

FE mesh type

FE mesh advanced 7
FE mesh extrusion (1)

4 Analysis (14) J -
TR

Selections X

Load case Load type Load ca
-,I Body fo... | Dead Ic
.
- 2
X 3 2
Create new Load case
Input data = FE mesh generator Load cases table = FEmesh output | FE mesh message | FEmesherror | Script history Layers | Commanc | FE mesh st
Start creating INP fil
ool AN B X: 0o ¥ 075 Z: 03] | Snap: [ Grig [ Points [] Curves [] Surtaces [ ] Sotids | [ R )

v INP file creation finished successfully

Command:
.

Fig. 3-104: Create new Load case.

New load case dialogue offers various load types, Load category and multiplier, Fig.
3-105. In this case the Load type is changed to Prescribed deformation and saved with

button Save.
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Parameters input:

Load type Prescribed deformation

& New Load Case O x & New Load Case O

X

Name: Body force (2] [¥] Automatic name

Description (optional):

Load type: Forces -

Load category: Live load g

Load case multiplier: |1

l Save ‘ | Cancel

Name: Prescribed deformation [v] Automatic name

Description (optional):

Load type:

Load category: Undefined e

Load case multiplier: |1

‘ Save ‘ ‘ Cancel

Fig. 3-105: New Load case — Prescribed deformation.

New Load case is listed in the table, Fig. 3-106.

Load case [JID Name Show Color Load type Load category Load case multiplier Boundary conditions
£ Edit 1 Body force ~ || Body force Dead load 1
& Copy 2 Supports I~ || supports Undefined 1 1,23
X Delete 3 Forces + || Farces Live load 1
Boundary conditions: 4 Prescribed deformation [+ || Prescribed deformation | Undefined 1
= |l71ldE@|[C

Load cases table | FE mesh output FE mesh message FE mesh error

Script history

Fig. 3-106: List of Load cases in table.

When the Load case is created the actual load is made in Analysis | Boundary conditions

as a new BC for curve, see Fig. 3-107.
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Eile B3 Geometry Data mesh Set Help
s I e il 0 L
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wit v IR v
ars =
esh
Z
|
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x
-
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Z 1 Suppont v|lv]5.]12.15]6G6]1
\ 2 Contacte_ |[Z|[V|F.|2|S.|C|7
X
oy .
Input data | FE mesh genecator sncsy o | Create new Boundary condition for line |wes ene
| Project Nng finds! yarmk ) (elape
i, Project opening finistied with 2 warning () (slag X 0 Y 13 Z 15 Snap: V] Gna Points Curves Surfaces Sobds &

Command:

Fig. 3-107: New Boundary condition — Prescribed deformation.

)

In New boundary condition dialogue select load case Prescribed deformation and set the
displacement in Y direction with magnitude -0.1 mm, Fig. 3-108. Button Save & Assign
to geometry starts selection mode where the line to be loaded is chosen, see Fig. 3-109.

Parameters input:
Load case

Prescribed deformation

Coordinate system Displacement in Y: -0.0001 m (-0.1 mm)

New Curve Boundary Conditions

| Mame: Displacement V| Automatic name
Description (optional):
|
| Load case: 4 Prescribed deformation v
Condition type: Displacement
' [_ Assign only to geometry with selection
Coordinate system: Global
{[] Displacement in X:
Ii Displacement in Y -0.0001 m ~
[ ] DisplacementinZ:
[l Function for displ. in ¥: | 4_Function_for_Displacement_¥ Edit
| Save & Assign to geometry | I Cancel

Fig. 3-108: Prescribed deformation properties.
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Fig. 3-109: Selected line to be loaded.

The loaded line is displayed in Workspace view with arrows, Fig. 3-110.

Fig. 3-110: Line loaded by Prescribed deformation.

68



3.6.2 Monitors

The first monitor assigned to the model is reaction monitor that gathers vertical reaction
of the load in support zone. New monitor for Surface is selected in Analysis | Monitors,
Fig. 3-111.

Eil t Geometry [Dat mesh ttings Ip
= o ] e y T T
f X © * N X »:vES K
4 Reinforcing types (4) S m
Bar (4) -~ oen B o =] |
Tendon A v -
4 Spring types Name A L] a
4 Intertace types ayer 1
| 4 FE mesh parameters (5) wall viR v
FE mesh size (2)
FE mesh type (2} >~ pord 1
FE mesh advanced mest
£ mesh extrusion (1)
“
: | ‘&) Name Show  Labels  Datatype Matho
Functions (6)
X : »
1 Create new Monitor for surface
Input data = FE mesh generator Monitors table  FE medroompr—ro s TSRO STpTTRSTOTY. oy ormmand set | FE mesh settir
§. Project g finished with 2 warning(s) (elaps :
YOCTOpENInG KN W 2 Wiriighs) (el X: 0 ¥ 255 Z: 155 Snape V| Gria [7] Points [7) Curves [ Surfaces [ Solids | [ R (@) +

Start assignang curves to 3 boundary condition.

Command:

Fig. 3-111: Create new monitor.

New surface monitor parameters are changed to Reactions data type in direction Y and
the math operation of this monitor is Summation of node values on the surface, see Fig.
3-112.

Parameters input:

Name Reaction_Y _sum

Output data type Reactions
Direction Y

Math operation ~ Summation
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New Surface Monitor

Name: |Monitor

Description (optional):

["] Assign only to geometry with selection

Qutput data type: Displacements )
[] Direction X
[] Direction ¥
[] Direction Z
| [[] Compaonent 4
i [] Component 5
[] Component 6
| [ Draw each iteration

| Math operation: No »

| Save & Assign to geometry | Cancel

n New Surface Monitor

W] Automatic name | Mame: Reaction_Y_sum

f Qutput data type:

| Math operation:

] Automatic name

Description (optional):

[] Assign only to geometry with selection

Reactions ~
[] Direction X

[ ] DirectionZ

| [] Component 4
! [] Component 5

[] Component &

[] Draw each iteration

Summation N

Cancel

| Save & Assign to geometry |

Fig. 3-112: Surface monitor — default and edited.

When the monitor is edited the Save & Assign to geometry is pressed and the geometry
of the support surface is selected. Fig. 3-113, Enter concludes the assignment. And the
monitor appears in the table below., Fig. 3-114.

Fig. 3-113: Reaction monitor surface during selection.

lz‘ @ 2 []ID Name Show Labels Datatype Mathoperation C1 C2 C3 C4 C5 C6 Geometrytype Assigned geometry
£ Edit 1 Reaction_Y_sum | ‘ ‘ Reactions ‘ Summation | O | | O | O | O | D‘ Surface 17 | ‘
G Copy
X Delete

Monitors table | FE mesh output | FE mesh message FE mesh error | Script history

Fig. 3-114: Surface monitor - reaction.
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Second monitor is assigned to the line with prescribed displacement loading.
Displacement of the line is monitored in direction Y and the value is average of node
values on the selected line, Fig. 3-115 and Fig. 3-116.

Parameters input:

Name Displacement

Output data type Displacement
Direction Y

Math operation ~ Average

| New Curve Monitor n

Name: Displacement [] Automatic name

| Description (optional):

[] Assign only to geometry with selection

Qutput data type: Displacements ~/
[ | Direction X

| Direction ¥

| [] Direction Z

E [ ] Component 4
[] Component 5

| [] Component &

' [] Draw each iteration

Math operation: | Average i

; | Save & Assign to geometry | Cancel

Fig. 3-115: Displacement monitor on line.
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Fig. 3-116: Line selected to assign displacement monitor.

\

The monitors are listed in table, Fig. 3-117.

[ View 1 X |

@ oc|@ JuprdEEA|QQ Ll P /0B EeEe #8800 A san o

z
X. Y
E@ z 11D Name [/] Show [«/] Labels Data type Math operation C1 C2 C3 C4 C5 C6 Geometry type Assigned geometr
£ Edit 1 Reaction_Y_sum Reactions Summation ] [} ] ) ] surface 17
'—"_|Copy 2 Displacement Displacements | Average (] L L Curve 43
XDE\ete

o,

Monitors table | FE mesh output | FE mesh message | FE mesh error | Script history |

Fig. 3-117: List of monitors in the table.
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3.7 Task- Analysis Settings

The nonlinear analysis in ATENA modelled incrementally therefore the history of
loading is of essence. The goal of most of analyses is to gradually reach the load level
when failure of the structure occurs.

There are two parameters of the gradual loading that are crucial for appropriate analyses
results. The first one is final load level that is reached at the end of interval which is
comparable to the failure load and is defined by Final load multiplier given from Load
case multiplier and Interval multiplier. This final load can be estimated from hand
calculation or from the test analysis with few steps and load level to see the development
of stresses within the structure. The second parameter is increment of load which is given
by final load level and the number of steps (load is divided into number of steps).

In this section the loading history of the Shear wall is described. The loading history is
defined in Analysis | Tasks (Fig. 3-118). Generally, the different types of load can be
divided into different Intervals however the one Interval for different loads can be used
too, it all depends on the desired effect of load or combination of loads acting on the
structure.

D C N ¢ Qo bz - < >< . e ¥
R S v ¥ TGS ) i@ e E

K3
o,

N
7
’

L9

Neme A C (@Y " A

wall v v

Task

Input data = FE mesh generator Tasks tabde | FE mesh outpe Layers = Command set | FE mesh settir

Create new Task
[ X 0 Y Points Curves Surfaces Sclids Riop ~

|

kComrv\and.

Fig. 3-118: Create new Task with Interval parameters and loading history.

In case of Shear wall only one Interval is used since only one load is applied, see Interval
dialogue in Fig. 3-119. Within the interval the load defined in BC section (Prescribed
deformation) is multiplied by Interval multiplier and then it is divided into specified
number of interval steps. The experimental data show the peak of the load when the
displacement of the top reaches about 3 mm. Therefore the Interval multiplier is set to 30.
Then the number of steps is set to 200 and only every 10" step is saved in order to save
memory, in Fig. 3-120.

Parameters input:
Number of steps 200
Interval multiplier 30

Saving mode Every 10" step
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e Load cases acting in Interval

Task Intervals
| o] oo Interval settings

E| g

Diagram of Interval load cases

s ivtavul masir A 51 T 2 ScTve ik Chn esigred [

Fig. 3-119: Task dialogue interface.

Interval parameters

Name: Interval 0
[+] Is active
Solution parameters: 1 Newton-Rhapson d
Steps: 1 - 200 (200 steps)
[] Time definition:
Multiplier definition: ®) Linear (O By function
o Change number of steps to 200
Number of steps 200 il

) Step multiplier 0.15

@ Interval multiplier 30 “ Interval multiplier is set to 30
Saving mode: Save each n-th plus last one ¥ | |10

Fatigue interval: No v

Eigenvalue []

Construction process ] Save every 10% step

Fig. 3-120: Interval settings.

Also, the Load cases acting during the Interval need to be added into Input parameters. In
the Interval load cases window, the Load cases are selected one at a time (Supports and
Prescribed deformation) and clicking on Add button the load cases is activated in Interval,
Fig. 3-121.

Parameters input:
Load cases Supports

Prescribed deformation
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Interval load cases

A D MName Load type Interval steps  LC function Multiplier LCase M Interval M Final
¥l|2 |Supports Supports Al Empty] ~ & 1 1 30 30
W|4 |Prescribed deformation | PrescribedDefarmation | [All] Empty] ¥ & |1 1 30 30

Select the Load case and press Add
to make it active in the Interval

Y

Load cases: 1 Body force ¥ Add

Fig. 3-121: Activation of load cases in Interval.

When the Input parameters are prepared (Fig. 3-122) and the Task is saved then the
analysis can be executed by pressing Run while the Task is selected. The Atena Studio
appears and analysis starts to run, see Fig. 3-123.

[ew sk
Name: Task Automatic name  Interval parameters 1
Description (aptional) Name: Interval 0 Interval load cases

[+ 1s active A D Name Loadtype  Interva LC function Multip  LCar Interval  Fin
Solution parameters 1 Newton-Rhapson i|2 ‘Sunnnns |;uppm5 J“' |[Emply] mr) ‘1 ‘\ |3n |3G
| Steps 1-200 (200 steps) _-/_|4 ‘Pnesmbenﬁefnrmamn|Pre5{rintc|DeJ Al | [Empry] ¥ 4 {1 J‘ |30 |3U

| Loading istory | Calculation settings | Transport | Restartanalysis | | (10 ctriion:

Task intervals: Mutiplier definition: ® Linear By function

A D Name Steps Number of steps 200

]1 [interval 0]200 Step mutiplier
® Interval multiplier 30
Saving mode: Save each n-th plus last one * |10
Fatique interval No

Construction pracess

Eigenvalue [ Load cases: 3 Forces - Add E

77 /—Nm . ,_‘Capy Delete selected

Ml supports [l Prescribed deformation
. 20
s
3
H
2
o0
0 20 40 60 20 100 120 140 160 180 200
Step
vizontal axis unit # Step | [ Show points
l; [ s Cancel

Fig. 3-122: Ready Task to run analysis.
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file Eot \iew Geometry Data EFEmesh Settings Help
Y ]
DB ©Cc @QQ@@.Q‘@% -‘-'E@DEJIEQX i LAY &
4 Building elements types (2) B View 1 X
Unspexified e
Beam (1) @l oo|@ ] uErariE A QQ L:’F"=
Column .
Plate L
Slab
Wall (1)
4 Reinforcing types (4)
Bar (4) z
Tendon
4 Spring types l‘
4 Interface types X Y
4 FE mesh parameters (5)
FE mesh size (2)
FE mesh type (2)
FE mesh advanced [ Tk ][ Nem Descript. inter. St. Startti.
FE mesh extrusion (1) * edi 1 Task 1 200 ©
4 Analysis (19) £ Eo -1
Load cases (4) S Copy ID=1
Selections
Boundary conditions (4) —~xm~'-o"
Monitors (2) INP preview
Solution parameters (2) { Save INP. o8 .
r———— S Press Run to execute analysis in Atena Studio
Functions (6) Qﬂﬁ-“
Input data | FE mesh generator Tasks table FEmeshomml FEmeshmessal FEmeshemxl Saipthﬁsuxy . Layers | Commmdsetl FE mesh settir
X: o ¥ 065 Z 06| | Snap: [¥| God [] Points (] ] Curves L,Sunams [7] solids | | ltm -
Command:
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4 FE ANALYSIS

When the analysis is executed in ATENA-PRE by pressing Run, the ATENA Studio
appears and runs the simulation, as in Fig. 4-1.

O os@Eax COL 80 HEEEELL © e = e Y
e e P . .—"Simulation progress
e B B s
. X Structure window
Diagram window -
: | —
% ll Tereaes Evoagtn 10
*/ P
By theen T 0N Meviereng sty - W
- -“:;" — Result
3 : - Qutput and Message view
T settings

Step and iteration count |
Fig. 4-1: Launching analysis in ATENA Studio.

4.1 L-Ddiagram

While the simulation is running, user can display L-D diagram to assess the progress of

the calculation. There is a New diagram button within toolbar menu 2 that open
dialogue for setting the monitors to axes on diagram, Fig. 4-2. Then user chooses
displacement monitor to label horizontal axis and reaction in case of vertical axis, Fig.
4-3 and Fig. 4-4. When user presses OK the new diagram is shown in diagram window.

View Moyt Wiawt Window belp Pavtipr s one (<}
DcetrosPreax
—r
MK_WW e I Seton W Anerzing G Wmral foxes
Oagram I’ A - i ¥ View gt tociox i x
\ — . |@sORa
! ATENA L Vewye
By oetre ey - {»} x . s S T Sae me T
- A3 ‘ L
New diagram
Owtormumons
=
Lol
Torenrs Dvonton 10
—

ain Lot ) Aesmarsc it Fow walet resetn

X

Fig. 4-2: Creating new diagram.
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Define new diagram = =] X

Diagram title |L-D |

Monitor type filter l Each step ¥
| Horizontal axis {Ved'ical axisl Appearancel

I Displacement - DISPLACEMENTS v

XQ v

Multiplier E

Axis label |Displacement - DISPLACEMENTS - curveld49: X(2) Automatic label
[] Switch axis orientation

Minvalue @® Auto (O Manual -0.005025

Maxvalue ® Auto O Manual 1.005

Majorunit @ Auto (O Manual 0.2

| ok | [ Cancel |

Fig. 4-3: Horizontal axis properties.

Define new diagram = a X

Diagram title L-D ]

Monitor type filter = Each step =
Horizontal axis | Vertical axis | Appearance }

Diagram series

Value Title Multiplier Color Show
Add series [ Remove series I

Add new series

| Reaction Y_sum - REACTIONS ~ | DOF@) .

[ ok || cancel |

Axis label Automatic label

[] Switch axis orientation

Minvalue ® Auto O Manual -0.005025

Maxvalue ® Auto O Manual 1.005

Major unit @ Auto O Manual 0.2

ok | Cancel

Fig. 4-4: Vertical axis properties.



Since the displacement is negative which absolute value is growing, the diagram is plotted
leftwards, Fig. 4-5. Therefore the it is handy to switch the horizontal axis orientation to
have the rightwards orientation of the L-D diagram plot.

The settings of the diagram is open by using button Properties of active document X
(Fig. 4-6) and in the tab Horizontal axis the Switch axis orientation checkbox is ticked,
Fig. 4-7. Then the L-D diagram gets proper orientation, Fig. 4-8.

L-D Iteration convergence K Step convergence K Convergence summary ] -

L-D

0.14

0.12

2

0.08

0.06

0.04

Reaction_Y_sum - REACTIONS: DOF

0.02

-0.0003 -0.0002 -0.0001 0
Displacement - DISPLACEMENTS - curveld49: X(2)

Fig. 4-5: Leftwards oriented diagram.

O o @Faqx

— —
gt sasiren | et Gooep 200 Flaww 787
2 Vi g e LR
P —— ek a
ATEN Niew sy

Propertles of active document

TE LT T e

LR

[T

OWE

o

Fig. 4-6: Opening properties of diagram.
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@ Diagram properties - () X

Diagram title L-D
Monitor type filter Each step ¥
Horizontal axis  Vertical axis | Appearance

Axis value
Displacement - DISPLACEMENTS ~
X(2) X

Multiplier 1
Axis label [ cement - DISPLACEMENTS - curveld49: X V] Automatic label

[v! Switch axis orientation

Minvalue (@ Auto Manual

Max value (@ Auto Manual 2.02

Major unit (@ Auto Manual
[ox ][ Concel | [ Aepy ||

Fig. 4-7: Switching axis orientation.

L-D Iteration convergence ]/ Step convergence ]/ Convergence summary ] -

L-D
0.14

0.12

@)

0.1

0.08

0.06

0.04

Reaction_Y_sum - REACTIONS: DOF

0.02

0 -0.0001 -0.0002 -0.0003 -0.0004
Displacement - DISPLACEMENTS - curveld49: X(2)

Fig. 4-8: Rightwards oriented diagram.

4.2 Visible cracks

Another handy feature to see the progress of the damage in the structure is crack view
which can be showed using Crack settings for visible cracks:

Parameters input:

View style Solid with outline
Show cracks Yes

Max crack level 1

Max crack width  0.0001
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The structure view may be adjusted using Shift+Left mouse button, see Fig. 4-9.

Structure G
Tme 20000 RS ORA

ATENA View style:
V.591221 Q .

ense 4001 SONd i ausine_<

rvenka Cong | Outline tolerance angle

Value 15 V)

Light 'J on

{"v Deformations.

((a) Crocks
(V] Show cracks
Cracks in elements ~
Max cracks level 1~
R O Wil BT
Width muttiplier
® Auto ) Manual
Value 7619

[ Resuhts
&

Fig. 4-9: Visible cracks properties.

Below Crack settings is Result setting where scalar results might be displayed while the
simulation is running, Fig. 4-10.

Parameters input:
Show scalar results  Yes

Value Crack width
Item Cod1l
Draw iso areas Yes
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=K e
View style:
Solid with outline ~

Outfine tolerance angle
Value 15 v}

Lght , on

0.000028

¥ Deformations
v Cracks
| Results
Tensors Evolution 1D
Scalars Vectors
o Show scalar results
Location:
Nodes
Value:
Crack Width  ~
Irem:
Cod?
Color scale type:

Standard (linear) ~ .l

V' Draw 50 areas

_ Apoly

Fig. 4-10: Scalar results settings.

Since the solid elements are non-transparent, the cracks are visible only on the surface

and also the reinforcement is hidden. That might be remedied by switching on

transparency in Properties of active document X as shown in Fig. 4-11 resulting in
transparent structure in Fig. 4-12.
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.
[ structure properties

Basic

Title | Structure

Light On
[ | Invert background color

Show legend
® Vertical () Horizontal
[ ] Show axes

Show axis cross
® Onleft O On right

[ ] Show internal faces

[ ] Show inactive elements

[ ] Show background texture

Keep aspect ratio

Background transparency:

Font size 16 ¥
Line width 1~
1D elements width . 3 v

Quadratics size 12 +

- O X |

. General | Cuts & Clipping l Vectors ] Tensors [ Evolution 1D | Color Scales ‘

Transparency

Element transparency

Transparency level

[ ] Show hidden symbals

Optimization
Cache output data
Max number of cached items: |5 ¥

Optimize drawing speed (use VBO)

Structure redraw

Enable force to redraw

Frequency :After Iteration ‘-':

Colors

Legend background

Cracks in elements - outline -

Cracks in elements - surface -

e fe] ]

Cracks in IPs

| (0] 4 H Cancel | | Apply

Fig. 4-11: Transparency settings.
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Structure

Crack Width

0.000023
0.000000

Time: 90.0000

ATENA

%64 V. 5.9.1.22172
License 4001
Cervenka Consulting

< View settings toolbox X

ocsPE R

View style:

Solid with outline ¥

Qutline tolerance angle

Value 1

Light '/ on

" 5
Evj Deformations

E’\CJ*: Cracks

(A Results
'S

Tensors Evolution 1D

Show scalar results

=
Ig
=
s}
o
3

Nodes
Value:
Item:

Cod1

I

Color scale type:

Standard (linear) + m

Draw iso areas

Scalars Vectors.

Apply

Fig. 4-12: Launching analysis in ATENA Studio.
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5 POSTPROCESSING

Once analysis is completed, the user switches from Runtime to Postprocessing when

clicking on button & Postprocessor o 1o Progress bar disappears and it is possible

to switch to results in any of the saved steps, see Fig. 5-1.

fidle Edit View Project Qutput Window Help & Postprocessor | (5
a0 " osDFEe X COPLPBO KRR L Solid with surface mesh ~ AN
| Restartanalysis | Interrupt analysis Step: 300 Iteration: 24 Analysis completed N
Iteration convergence ( Step convergence| ~ Structure T View sef toolbox X
Heration convergence Time- 300 00c) <2 PEe
B Criter. VI Criter. 3
W Criter, 2 @ Criter. 4 .
‘ Switch to Postprocessor
Light 'y on
= v Deformations
g
E 05 v Cracks
8
€ A Results
5
&
2 Tensors Evolution 1D
S Scalars Vectors
0 Show scalar results
0 200
Step / ltecation
Analysis steps ¥ @ X Monitoring points o x
| Number State lterations Name Valupe Units
1 Analysed 2 Time 300 {[-}}
2 Analysed - LConvergenceMonitor: DispErr | 4.163E-05 15 .
3 Analys 2 Convernencelonitor Recd Frr () ORS00 [
4 :.m,i:\?\
5 Anaysed 4 Choose step to see results
6 Analysed 6 .
7 Analysed g m POStprocessor

Fig. 5-1: Switching Runtime to Postprocessor in ATENA Studio.

5.1 Activities

Useful tool to display only part of the structure to show behavior in somehwere particular
is Activity in Visible domain. Default Activities available to choose from are 1D and 3D.
Otherwise it is possible to make another Activity in Edit Activities to create desired
combination of structure parts. Just to show the advantage of Activities, Current Activity
is switched to 1D and then the stresses can be viewed on the reinforcement directly, Fig.
5-2.

ATENA 2025 Engineering - Tutorial 85



Structure 5 Visible domain toolbox vy Xx

Crack Width Rl CR
Co

Current Activity:
[ Lﬂ Time a0 oong | | (101
e “\ Edit Activities
H Switch to Visible domain ' oo i mode outine

Lelvelikg LonsL

v ! Cuts
1 v | Value limit

v | Clipping

Fig. 5-2: Activities settings.

Back in the View settings, the Scalar results are shown when values are selected. It the
example the Stress values in X direction which is direction of bars’ longitudinal axis, see
Fig. 5-3.

Structure = View settings toclbox QX
-
Stress ePE R
Sigma XX
[MPa] View style:
357.9 I r——
3039 Solid with outline
2498 Outline tolerance angle
165.8 Value |15 rl
1417
2;; Light 'y on
-204
744 {v Deformations J
I Time: s00000 || o0 )
I I ATENA, ) Results.
T B4 Y. 5.8.1.221 Tensors Evolution 1D
| License 4001 Scalars Vectors
| Cervenka ConsL

| i Show scalar results

Location:
Nodes &
Value:
Stress -
Item:
z Sigma XX ©

Color scale type:
¥ Standard (linear) ~ m
Draw iso areas

Fig. 5-3: Axial stresses in reinforcement.

5.2 Copydiagram to clipboard

L-D diagram shown in the diagram window can be easily transformed into .csv or .txt
file. The mouse cursor has to be located within the diagram window then by left button
click the window is activated and simple clipboard shortcut Ctrl + C is used to store the
diagram data, Copy to clipboard dialogue appears aby pressing Ok the data are stored,
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see Fig. 5-4. Then the software such as simple Notepad or Excel can be opened and the
data inserted by using shortcut Ctrl + V.

| Eile Edit View Project Output Window Help

EOE cSPR e X

Di 7 Iteration convergence
Diagram
0.3
g
& 02
[s]
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z
(=]
=
~
<L
uj
&
o0
)
2
c
o
p=3
0
0 -0.002 -0.004

Monitor - DISPLACEMENTS - curveld49: X(2)

Analysis steps (Step 300)

Activate step 300 || Steps manager

Number
240
250
260
270
280

ann

State
Analysed & Saved
Analysed & Saved
Analysed & Saved
Analysed & Saved
Analysed & Saved

Annbinad 9 Cavnd

Iterations Keep in
?

?
?
?
?

Structure

.

@ Copy to clipboard
Image dimensions
(®) Size of window
() User defined

284

N

376

X

~ Visible domain toolbox
-
Time: s0000¢, © = P & ®&

ATENA Current Activity:
B4 V. 5.9.1.20

License 4001 B :
Cervenka Cont | A Edit Activities

D Draw full model outline

(v Cuts
L

(b Runtime

|( v Value limit
L

\\v Clipping

¥ I X' Monitoring points yirx

Name Value Units

Time 300 (-1
ConvergenceMonitor: Disp.Err 4.163E-05 [-]
ConvergenceMonitor: Resid.Err | 0.008402 [-]
ConvergenceMonitor: Res.Abs.E | 0.009902 [-1
ConvergenceMonitor: Energy E. | 3.498E-07 [-]
ConvergenceMonitor: RDisp.Err | 0.004163 [-]
ConveraenceMonitor: RResid Frr | 0.8402 I-1

Output | Message | Error Munituriﬂgpuints|

Fig. 5-4: Copy data to clipboard.

The results of the simulation are then compared to experimental data as shown in Fig. 5-5
where the results of analysis correlate with experiment very well.

0.35

0.3

0.25

0.2

0.15

Load [MN]

0.1

0.05

3

Analysis

Experiment

Displacement [mm]

Fig. 5-5: Analysis results compared to experiment.
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5.3 Selection and Output data request

In this section is shown how to use combination of two very helpful features such as
Selection and Output data request.

The Selection in post-processing is used to separate part or parts of the model from the
rest of it. Then the Selection has various ways of utilization e.g., visualization of the
Selection through activities which have been introduced above, data or monitor request

of the structure part included in Selection. Output data request is shown later in the text
once the Selection is prepared.

The process how to create Selection is shown on the part of the structure that is severely
crushed during the loading of the model. Specifically, the bottom part of the column
which makes frame of the wall opening is the pressed most intensely as shown in Fig. 5-6
with visible scalar results of minimal principal stresses.

Structure s Viewsettingstoolbox v B X
Principal Stress ®sP 4 ‘

View style:
Solid with surface mesh ¥

Light ', on
v ' Deformations

v Cracks

699 A Results

Time: 900000 Tensors Evolution 1D

Scalars Vectors
ATENA

54 3l V| Show scalar results
Locationc

Nodes
Value:

Principal Stress ¥
Item:

Min,
Color scale type:

Standard (linear) ~ -I

V| Draw iso areas

Apply

Fig. 5-6: Minimal principal stresses within the structure.

The principal stresses in the crushing zone are relevant only for 3D concrete material
therefore the 1D reinforcement is switched off in current activity by using button Edit
activities (Fig. 5-7) which opens the dialogue where user creates new activity when
pressing Add new activity. Within new Activity 1 only parts made of material
Concrete_wall are selected to be visible, see Fig. 5-8, by clicking button Ok the new
activity is activated right away. Then the new Selection is created in Selection manager
by clicking on button Create new selection, see Fig. 5-9.
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Structure s Vlbledomaintoolbox v @ X

Pnncipal Stress ®=s? " ‘
Current Activity:

130] nd

A\ Edit Activities

| cuts
Create new activity so that S e
only wall part is visible v Clipping
xf»tn'»./.ﬂss 1221
License 4001
Cervenka Consw
Fig. 5-7: Current activity — Edit activities.
@ Activity Manager - O X
Selected activity
| Activity 1 i
| © Add new activity | | b Copy ||Q Remove ‘
Activity name
Activity 1
Groups in activity | Selections in activity | Layers in activity
Show Only lines 1D Material Dimension Type Clas ~
[l 20001 M #1 Concrete_wall 3D TETRA - Wall types CClsoTe
] 20002 M #1 Concrete_wall 3D BRICK - Wall types CClsoBi
] 20003 M #1 Concrete_wall 3D WEDGE - Wall types  CClsoW\
Ol 20004 M #1 Concrete_wall 3D BRICK - Wall types  CClsoBi
] 30001 M#2D6 10 BAR CClsoTr
] 30002 M#2D._6 1D BAR CClsoTr v
4 >
Filter column: | Material ~ | by:
Select groups: ‘ All H MNone H Invert‘ ‘+1DH+2D‘ ‘—1DH—2D‘
‘ | OK | | Cancel | | Apply | ‘

Fig. 5-8: Activity manager — Create new activity.
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Ime 900000
ATENA

B4V 5912

Fig. 5-9: Selection tab — Create new selection.

Current selection:

{Nothing selected]

Create new selection

Current selection settings of new selection are shown in Fig. 5-10. The new name of
selection is entered as Frame_corner, then in selection options the Nodes are chosen to be
selected (otherwise user can select Elements or Element Ips, however they do not offer

same possibilities of Output data request as in case of Nodes), Add t

o selection and Select

internal entities checkboxes are checked. Then the mouse selection on the structure part
is done in Structure view. The selected nodes are marked with red balls, shown in Fig.

5-11. In case of selection some extra nodes, it is possible to remove
Remove from selection.

Parameters input:
Selection name Frame_corner
Nodes

Yes

Yes

Entities to select
Add to selection

Select internal entities

Structure

Pmo\pal Stress

Min
[MPa]

-£9.9

Time: 90.0000

ATENA

64 Y. 5.9.1.221
License 4001
Cervenka ConsL

Fig. 5-10: Current selection settings.
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Selection manager v @ X
>cTRPE R

Current selection:

Frame_corner

Edit Remove

Create new selection

Selection definition
Selection name

Frame_corner

Add existing selection

Slave Contact# &
Add existing layer

~ || OK

JJ Use mouse for selection

Selection options
Entities to select
Nodes e

Add to selection

[] Remove from selection

Select internal entities
Show/Edit selected entities
v Save selection



Principal Stress

hlin

[MPa]
0.6
-5.2
-17.0
=259
-34.7
-43.5
-52.3
-51.1
-69.9

Time: 90.0000

ATEMNA

B4 W 591,221
License 4001
Cervenka ConsL

L

Fig. 5-11: Marked nodes to be added to selection.

Once the selection of Frame_corner is created the data request can be applied on the piece
of the structure. Since the Frame_corner is highly compressed part of the structure the
Minimal principal stresses are of interest in this region. In order to find out what are the
values of Principal stress exactly the user can go to Output | Data request ... or just press
F8 (Fig. 5-12) and the dialogue of Output data request appears, Fig. 5-13.

File Edit View Project | Qutput | Window Help

Data request ... F8
| |

"0 =0 o2

Monitor request ...
Diagram ¢ Iteration co

Update monitor history
Execute custom command

General output options

0.2 Animation or Report

Fig. 5-12: Opening - Output | Data request ...
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In the Output data request dialogue are set the specifics of results the user is interested
in. This example shows how to obtain average Minimal principal stress in the selection
that includes bottom part of compressed column. Location of the requested data are in
Nodes just like selection which is created from nodes, using Filter the user can easily find
Principal Stresses. Then the domain of requested data is the selection created earlier —
Frame_corner. Finally, out of all types of principal stresses the Item range is set to Min
which gives the minimal stresses representing the maximal compressive stresses and the
Processing option is set to Find average that returns the mean values of compressive
principal stress within the region of selection, see Fig. 5-14. The result of the data request

@ Output data request

Requested output data

Location: | Nodes

Filter:

All
Crack Width

Current Modal Coordinates

Displacements

Elem Total Humidity

Elem Total Temperature

EQ Plastic Strain
External Forces
FC Reduction
Fracture Strain

Data request definition | Output command

]

2]

N
[37)
1]
=]
[=]

1]
[a]
—
[=]

m
3
A

]

| Apply

Close

Fig. 5-13: Output data request dialogue.

appears in Output console once the user presses Apply.
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Parameters input:
Location

Results

Output domain
Items

Processing options

Nodes
Principal Stress

Named selection | Frame_corner

Item range | Min to Min
Find average




Fig. 5-14: Output data settings with result in Output console — Average compressive
stress within selection.

Another example shows the output of minimum of Min. Principal Stresses which is
actually the maximal compressive stress located in the region of specified selection, see
Fig. 5-15.
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Structure . [ output data request

Data request definition ' Output command

Requested output data items

Location: | Nodes v ) All items

®) Item range

Filter: From:
Principal Plastic Strain (250001) Mio. =
Principal Plastic Strain (250002) To:
Principal Strain Min. v
Principal Strain (250001)
Princinal Strain (250002) Processing options
Principal Stress [ Find minimum
PHINCIPal STress (Z500U1) [] Find maximum
Principal Stress (250002) [1 Find sum
Principal Total Strain [¥] Find average
Principal Total Stress X [] €SV format

Output domain

_) Whole structure
® Named selection

Selection: Frame_corner v

() Preprocessor layer

3

[ Apply 1| Close

Output data for request: PRINCIPAL_STRESS - AVERAGE
Description: Principal Stress
Step: 90 Iteration: 13 at Time: 90

Node Min
Units MPa
. -15.537242

I Output { Message[ Error! Monitoring points]
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Structure | [g Output data request

Data request definition | Qutput command
Requested output data

Location: | Nodes s

Filter:

Principal Plastic Straim (250001)
Principal Plastic Strain (250002)
Principal Strain

Principal Strain {250001)
Principal Strain (250002)
Principal Stress

Principal Stress {(250001)
Principal Stress (250002)
Principal Total Strain

Principal Total Stress

Output domain
) Whale structure
® Named selection

Selection: | Frame_comer
(O Preprocessor layer

Layer

-]

Dutput data for request: PRINCIPAL_STRESS - MINIMUM
Description: Principal Stress
Step: 98 Iteration: 13 at Time: 9@

Units MPa
. -69.936854 at ([location]-item): ([1]-3)

ltems
O All items

®) [tem range

Fram:

Min. b
To:

Min. v

Processing options
[+] Find minimum
[ Find maximum
[] Find sum

[] Find average

[] €SV format

Apply Close

I Cutput | Message| Errcr[ Monitoring points|

Fig. 5-15: Output data settings with result in Output console — Maximal compressive

stress within selection.
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6 CONCLUSION

This tutorial documents the way to develop model of structure in ATENA-PRE and then
execute FE nonlinear analysis in ATENA Studio.

The topology of the problem is defined in the ATENA-PRE step-by-step so the user can
follow the procedure and grasp understanding of the flow of work in preprocessor. Once
the problem is developed in preprocessor, the analysis is shown in Atena Studio including
the postprocessing part showing some of the useful features.

For more information about ATENA, please refer to ATENA Theory manual [1]. More
information about the meshing method used in ATENA software is in detail described in
T3D manual [5].

Our team is ready to help you should you have any questions. Also some troubles might
be resolved with Troubleshooting manual [6].
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7 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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