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Executive summary:

This project documentis developed during the project FibreLab to describe the prototyping and
modelling software developed during th@ird year of the projectThis documents extends the
document developed in the second project year deliverable D2.1. This document has been
extended byhew featuresleveloped during the third project year. The new features and development
are mainly summarized in Sectign2.5, 2.6, 2.7and2.8.

The project develapa software tool to support the design of advanced structures orcfgddam

fiber reinforced concrete (FRC) using simulation prototyping. The software ssippgitheers during

the design process, whichbased on the simulation of the structural performance during the foreseen
design scenarios for the individual deslignit states: serviceability and ultimate limit states as well as
the new design states such as: robustness, durability and service life verification.

The softwards developed based on the existing product ATENA developedvdinde distributed by
CER. The project develgm new module of this system specifically targeted for fibre reinforced
concrete industry.

The product suppastparametric modelling and embeddedigtiing language to enable the fast
development of even more specialized design tools for the development and design of specific
construction products for pieast industry or other mass production.

© FibreLAB Consortium 2016,2017,2018,2019 www.fibrelab.eu
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1. General

The project develapa software tool to support the design of advanced structures or products from
fiber reinforced concrete (FRC) using simulation prototyping. The software sagpgiheers during

the designprocess, which will be based on the simulation of the strucpendbrmance during the
foreseen design scenarifas the individual design limit states: serviceability and ultimate limit states
as well as the new design states saghrobustness, durability and service life verification.

The softwards developed based on the existing product ATENA developed and distributed by CER.
The project develop a new versionof this system specifically targeted for fibre reinforced concrete
industry.

The product suppastparametric modeling and embedded scriptiagguage to enable the fast
development of even more specializddsign tools for the development and design of specific
construction products for pieast industry or other mapsoduction.

The software prototype was developed as pawak packagéN2, which develog a tool for rapid
prototyping ofparametric modelling of fiber reinforced concrete structuregpamdiicts. The tool will
be based on the current input capabilitiegshef simulation system ATENA, which contains several
methods fothe probém definition:

€)) GIiD solid modeller (www.gidhome.com) with embedded fully automated mesh
generator and scripting language based on TCL, GiD modeller is a thiydppaduct and
CER is the membeof its partner network and an official re seller.

(b)  ATENA sysem includes its own definition language for geometric modelling and
Python scripting language enabling the parametric definition of the geometric model. It also
includes a powerful fully automated 2D/3D mesh generator for both simplicial ard non
simplicial meshes.

(c) ATENA Engineering version contains its own qm@cessinginteractive module, which is
however technologically obsolete naand will not be used in this project for further development.

The development will build on the current scriptinga&ailities usingeither Python or TCL to develop
a tool, which will allow rapidievelopment of specialized ppeocessing and data preparationls for
specific structures and/or products. This tool willeéremely useful to increase the attractiveraesb
applicability ofthe proposed project to the precast industry or for the massifactures of products
for building and construction industry.

Typical examples are producers of precast elements, butattractive also for manufactures of
various anhoring or connectingystems.
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2. Software Overview

2.1 ATENA Studio PREA Overview

ATENA Studio PRE user interface consists of three main windows, through which a user can kontrol
three phases of execution: Bn@cessing, Run (calculation) and Ppsicessing. ATENA has a
modular structure. Calculation phases are processed by thesanprogduleseparately by opening

a corresponding window. This can be done by run the analysis in Tasks option in the tree. Main
window of ATENA Studio PRE you can si&ethe subsequent figure

@ MoProject - [ Static Analysis | - ATENA Studio Preprocessor

Flle Edit View Viewports Geometry Profiles T30 Settings TestPP TestTA TestZ) Help
= =] g &= | @& Bl @ @& | ar © o @ T
EHR €4|= - /NEH QAQGEAKRCd T oun oar

Elements -3 x [ View 1 [ Debug |

[+ 86 o [gr P

I Profiles

4 Geometry (102)
Paints (34)
Curves (45)
Surfaces (20)
Salids (3)

4 Building elements (3)
Beams (1)

Columns
Footings
Members
Piles.
Plates (2)
Proxies
Ramp flights
Slabs
Stair flights
Walls

4 Reinforcing elements (2)
Rebars (2)
Meshes
Tendons

Spring ¥: -2.50000
Soil-Rock
Steel

Elastic (1)

4 Analysis (42)

Collection * 0 X

Load cases (10)
Monitors (2)

Solution parameters (9)
Tasks (1)

Intervals (1)

Boundary conditions (7)
Functions (12}

Project tree | Elements ‘ Mesh | Collection | Meshout | Meshmsg | Meshemr

N

i View was zoomed to fit all.

! Snaptogrid = @ World ) Grid  X: -1.10000 Y: -249999 Z: 0.0\
1 View was zoomed to fit all.

aalf] |

Tendonanchors || S T
4 Materials (3)
Concrete (1)
Reinforcement (1) World X: 4110000  ¥: 2.49900  Z: 0.00000
Interface -
Grid  X: -110000

Command:

Fig. 1: Main window of ATENA StudieRE

© FibreLAB Consortium 2016,2017,2018,2019 www.fibrelab.eu



FibreLAB D2.2 Report page 7/36
version 3.0 of20. 1. 2019

2.2 Geometrical and Numerical Models

ATENA recognizes two models, geometrical and numerical. Data of these models are treated
strictly separately

Geometrical modetepresents dimensions, properties and loading. It consists of an assembly
of building elements (created from solids, surfaces, lines and points). Reinforcement can be
modeled by two ways. First way is a discrete bar, which is defined as a geometrical multi
linear object. It is embedded in solid objects. Its geometry is defineghandently of
building elements. Thus one reinforcing bar can be embedded in any number of building
elements. Second way is a smeared reinforcement, defined as a composite material, which has
no effect on geometrical model. Geometrical model is completedehying loading (load

cases and load history) and construction cases.

Numerical modelis generated based on geometrical model and represents a numerical
approximation of the structural analysis problem. Numerical model is a result of discretisation
made by the finite element method. The mesh generator in ATENA makes possible to
generate automatically meshes for solid and reinforcing objects.

Terminology

Material i Constitutive model of material used in ATENA to represent a certain material
type.

Geometrical modei Solid structure described as an assembly of basic geometrical objects
(macroelements, their contacts, reinforcing, springs, etc.)

Solidi basic geometrical 3D object defined by surfaces.

Surfacei planar face of object circumvented liyds.

Curverl curve (line) connecting two joints.

Pointi basic geometrical entity.

Reinforcement bair multi-linear object embedded in macroelements

Load case load action defined on assembly of geometry.

Load steg increment of load action.

Taski analysis of some type.

Intervals (Analysis step$)loading history defined as a sequence of load increments.
Analysis steps loading history defined as a sequence of load increments.

Finite element basic element used for approximation of deformatiod stress state of a
solid.

Nodei point in finite element mesh.

DOF 1 degree of freedom used as independent variable in finite element analysis.

2.3Main window

In this chapter we shall describe the functionality of thepsoeessing window in the
sequene as they appear on the screen. bk available in the pigrocessing window are
described in Fig. 2Detail description follows. Most functions can be accessed in two ways:

© FibreLAB Consortium 2016,2017,2018,2019 www.fibrelab.eu
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(1) Using graphical tools form the tool bars (see Sections 3.3 to 3.63%7ahdo 3.7.6). This
is the recommended way.

(2) Using the main menu items, g&g. 3 and Sections 3.2.1 to 3.2.7. Some graphical
functions cannot be accessed frtita main menu.

(3) Using the command line

File open, save Undo redo Geometry Zoom, rotate| | Select

N\ \(Nopm)ed [Static An \ys\ /ENAStude pm(ss‘ / / g F=E

it View \Viewports\ fJeometry Profiles Ti Settings  TestPP TestTA Tes
o | @t e

% L4 o S M 1_\. Q& c B1E I v <ol

Elements ~ g x ||E3View1| Debug i

_Profiles T|[@~] (A [@ - e 1— r;;

T = Geomety (102
Points (34)

\

i N S—

Data tree

4 Building elements (3)
Beams (1)
Columns

Graphical

Members

window e |

| Ramp flights
Slabs

b:
Stair flight:
alls
4 Reinforcing elements (2)
- Rebars (2
Table of object
Tendons
H el n
list
world X: 110000 Y: 2.49999 Z: 0.00000
inc Grid  X: -110000 Y: 2.50000
oc Collection v o Xx
ic :\
Command P,
:
nit

center

e
as
nte
loundary conditions (7]
unctions
roject tree | Elements | Mesh Collection | Meshout | Meshmsg | Mesher

N\ ¥as zeomed to fit all. . Snaptogrid | @ World © Grid X: -1.10000 Y: -249999 Z: 0.0
i VNN zoomed to fitall. =
Ml |

Comman: d:

Fig. 2: Main window of ATENA Studio PREdJescription

Main Menu
Items of the menu you can seerig. 3. In the itemOpen otherfollowing ATENA

files can be open:
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View | Viewports Geometry
I Madel view 3

Script history

Input
t Source
1
) Debug
E
. - s i
[@ Project - ATENA Studio Preprocessor - R
i i i i e El ts
File | Edit | V! W s G t Prof iz
|4 Project - ATENA Studio Prepracessar - e I—II e Viewports somey T ly
Edit View \iewports Geometry Proi 4 Al
1
New Project Ctrl+N -
El Caollection
Open Project... Ctrl+C L B ' g
n P e Mesh out
4 G
‘ Mesh msg
|
=
b Save Ctrl+5 N Mesh err
[ save As. Ctrl+Alt+S .
4B ! View settings
Import » d
| Mesh settings
<
il
Exit Alt+F4 = Layers
ey CorrammerroTs

Fig. 3 Main menu a) File, b) Edit, c) View

Importfeature supports import from multiple fitgpes(IFC, IGES).The Industry Foundation
Classes (IFC) data model is intended to describe building and construction industry data.
It is a commonly used collaboration formatBuilding information modelindBIM) based
projects. The Initial Graphics Exchange Specification (IGES) (pronouncediesg is a
vendorneutralfile format that allows thaligital exchangeof information amongcomputer
aided desigfiCAD) systems.
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2.4 Main Data tree

Elements * 0 X
Profiles

4 (Geometry
Points
Curves
Surfaces
Solids

4 Building elements
Beams
Columns
Footings
MMembers
Piles
Plates
Proxies
Ramp flights
Slabs
Stair flights
Walls

4 Reinforcing elements
Rebars
Meshes
Tendons
Tendon anchors

4 Materials
Concrete
Reinforcement
Interface
Spring
Soil-Rock
Steel
Elastic

4 Analysis
Load caszes
Monitors
Seolution parameters
Tasks
Intervals
Boundary conditions
Functions

Fig. 4: main data tree

Main data tree shows structure of model. You can go from top to dowrstepdy step enter all
items. In Profiles you can setany types of crossections, which can be used for 1D elements. All
geometry items are composite from 4 types of geometritemntiPoint, Curve, Surface and Solid.
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Building elements define enties which include some geometric entities, and some special settings. By

page 11/36

building elements you can define for example beams, piles, slabs, or walls. The next item is

Reinforcing elementst is the same like the building elements, but only for the reinforcements. There

you can use couple of types of reinforcements like classic rebars, reinforcing meshes or tendons. Next
group is used for definition of materials. There aeseral types fomaterial, for different types of

materials. More about the definition of materials will be in the next section.

The

ot her

simulate one experiment. Each task have several intervals, and each intervals have combination of

ast

part is the Analysis groupé Load
forces, shrinkage, prestressing, temperagu, €é) Next you can set some
geometry entities) who measure value
Solution parameters, are groups of parameters which is necessary for control the araldidai is

load cases. So you can set different boundary conditions in different part of experiment.

2.5 Script history

In preprocessor all commands are hadddg the script center. This center works in Pythvery
executed scripis savedn thehistoryandcan be reprocessed at any tiseeFig. 5

|#% Seript history

70 line(startPoint = 20, endPoint = 25) £ id = 41
71 line(startPoint = 21, endPoint = 26) # id = 42
72 line(startPoint = 22, endPoint = 28) # id = 43

73 point(x = 1.265,y = 0095,z = 0) #id = 34

74 material{name = "Concretel”, prototype = "CC3DNonLinCementitious2", generator = "EurcCode2”)
75 generatorEdit(material = "Concretel”, parameter = "StrengthClass”, value = "20/25")

76 generatorEdit{material = "Concretel”, parameter = "SafetyFormat”, value = "Mean")

77 generatorRun(material = "Concretel”)

78 materialEdit{name = "Concretel”, parameter = "Youngs_s_Modulus”, value = 31720, unit = "MPa")
79 materialEdit(name = "Concretel”, parameter = "Tension_Strength_Ft", value = 164, unit = "MPa")
E0 materialEdit{name = "Concretel”, parameter = "Compresion_Strength_Fc", value = -28.48, unit = "MPa")}
21 materialEdit(name = "Concretel”, parameter = "Fc_Reduction”, value = 0.8)

52 material(name = "Elasticl”, prototype = "Elastic”, generator = "Main")

23 generatorRun(material = "Elastic1")

B4 materialEdit{name = "Elasticl”, parameter = "Youngs_s_Modulus”, value = 200, unit = "GPa")

25 material{name = "Reinforcementl”, prototype = "CCReinforcement”, generator = "EC2")

56 generatorRun(material = "Reinforcamentl”)

27 materialEdit{name = "Reinforcementl”, parameter = "Profile”, value = 26, unit = "mm")

58 materialEdit(name = "Reinforcementl”, parameter = "Youngs_s_Medulus™, value = 208, unit = "GPa")
29 functionRecordEdit(name = "3_Reinf_function”, row = 2, col = 2, value = 560, unit = "MPa")

20 functionRecordEdit(name = "3_Reinf_function”, row = 3, col = 2, value = 560, unit = "MPa")

01 materialEdit(name = "Reinfercementl”, parameter = "Geom_Type", value = "NORMAL")

22 functionRecordEdit(name = "3_Reinf_function”, row = 2, col = 1, value = 0.002692)

23 functionRecordEdit(name = "3_Reinf_function”, row = 3, col = 1, value = 1)

Import script |[ Export history |

[C=X5)

Execute ‘

Fig. 5: Example of script history for model Shear beam
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The script history can be a good tool for creating model parametrifajigometryrelationships are
known, then global parametecainbe separated and with that created the meeelig. 6 andFig. 7
(global parameteraresize, copiesountand model origin)

[EH view 1 ¥ | Layers

[al~][c e [@-|E- dErare A nesrooga - o |

£} Script history
2Y line{startPoint = 5, endPoint = 6) #1d = 13 A
30 line(startPoint = 6, endPoil
31 line(startPoint = 7, endPoil
32 line(startPoint = 8, endPoil
33 line(startPoint = 16, endPoint
34 line(startPoint = 15, endPoint = 7) # id = 18
35 line(startPoint = 14, endPoint = 6) # id = 19
36 line(startPoint = 9, endPoint = 1) # id = 20 O
1 #Global parameters 5
2 width = 4.5

2 height = 1.0

4 depth = 1.0

5a=08

Gb=04

7 copiesCount = 10

€ origin=1[0,0,0]

9

10 #Create points

1 paintli = origin{0], y = erigin[1], z = originl2)) #id = 1
12 origin{0] + width, y = eriginl1]. z = origin(2]) # id = 2
13 origin{0] + width, y inl1] + height. z = origin[2]) # id = 3
14 point(x = origin(0] + width - a,y = origin[1] + height, z = origin[2]) # d = 4
15 pointix = origin[0] + width - a - b/2, y = origin[1] + height - b, z = originl2]) % id = 5
16 point(x = origin[0] + a + b/2, y = origin[1] + height - b, z = origin[2]) ¥ id = 6
7 = origin(0] + &,y = origin[1] + height, z = origin[2]) # id = 7
18 x = origin[0]. y = origin[1] + height, z = origin(2])  id =
19, origin[0],y = origin[1], z = origin[2] + depth) # id = 9
20 origin[0] + width, y jin[1]. z = origin(2] + depth) #id = 10

v 21 i inl1] + height, z = origin[2] + depth) # id = 11
22 riginli] + height, z = erigin2] + depth) # id = 12
23 origin{0] + width - a - b/2, y = origin[1] + height - b, 2 = originl2] + depth) #id = 13
X 24 paint(x = origin[0] = 2 + b2, y = origin[1] + height - b, z = origin[2] + depth) # id = 14

25 paint(x = origin[0] = 3,y = erigin{1] - height, z = origin[2] + depth) 2 id = 15

26 point(x = origin[0]. y = origin[1] + height, z = origin(2] + depth) 2 id = 16
27

28 #Create lines
29 line(startPoint = 9, endPoint = 10} # id = 1
30 line(startPoint = 10, endPoint = 11) #id = 2

Collection

31 line{startPoint = 11 endPoint = 12) #id = 3 N

Fig. 6: Example of parametric script for generating rails. Solid view
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< | Layers
P ARE A e ke 0 w0 |

) Seript history
29 line(startPoint = 5, endPoint = b) ¥ 1d = 13
30 line(startPoir , endPoint = 7) # id = 14
. endPoint = 8) # i
, endPoint = 1) #id = 16
6, endPoint = ) #id = 17
int = 135, endPaint = 7) £ id = 18
4, endPoint = 6) # id = 1
, endPoint = 1) # id = 20

4, endPoint = 6) #id = 19
, endPoint = 1) id = 20
2. endPoint = 4) % id = 21

717,15, 18) #id = 1

6,18, 14, 19]) # id = 2
5,19,13,23]) #id = 3
4,23,12,21)) #id =4
3,21,11,22]) #id = 5
2,22,10,24]) #id = 6

8, 20, 16, 17]) #id = 7
9,24,1,20) #id = 8
8,1,2,3,4,56 7D #id=9
64 surfaceByEdges(edges = [13, 14,15, 16,9, 10, 11, 12 #id = 10
65

66 #Create solid

67 solidBrep(surfaces = [6,5,4,3,2,1,7, 10,8 9) #id = 1
68

69 #Translate and create copies along the z-vector

- 70 translate{startPoint = [width, 0, 0], endPoint = [width, 0, 1.0 * depth], copies = copiesCount, collapse = “True", points = [2,
Collection n
< >

Fig. 7. Example of parametric scrifor generating rails. Wireframe view with displayed lines and
solids
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2.6 Construction Commands

In Preprocessor geometry can be imported from IGES or ¢F€ated by python scripr createdby

user selflf the user decides to creaaew or some part of modehdre are four base buttons which

serve to create points, lines, polygonal surfaces and brep solids dynamically. Each of these commands
has appropriate settings window placed in layout, whetaritbe seen which entities are selected or
which coordinates are writte®eeFig. 8

Line Segments Create Settings * 0 X
Marne:
®) Start point
®z Select X: |25
Points Create Settings 0 X Paint: o1
Mame: 20
Paoint coordinates ) End point
X -18 oot X
vz -
£ |0 o i
OK | | Cancel | | Apply OK | | Cancel | | Apply |
Surface Create by Edges Settings * 0 X | Solid Create by Polygonal Surfaces Seftings = 3 X
Marne: MName:
Boundary of surface Boundary of selid
Selected edges: Selected surfaces:
Complemented edges Complemented surfaces
| 0K | | Cancel | | Apply | | QK | | Cancel | | Apply

Fig. 8: Points, lines, polygonaurfaces, BREP sokdcreatingsettings
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2.7 Delete Command

Each entitywhich can be seein data tablecan be deletelly a button near the tabléy the icon on
thetoolbaror using the Delete key, the entityis selectedAlways itis asked to confirndeletionand
shownentity ids with total count which will be deleted. If the icon on the toolbar is usedelete
settings window is shown where can dimsenwhat reallydeleteand see what will be deleted and
what will remainbeforeconfirmationof deletion seeFig. 9.

Entities Delete Settings * 0 X

[ ] Delete higher entities
[] Delete lower entities

Show only selected entities

Show only entities which will be deleted

| |
| |
| Show only remaining entities after deletion |
| Restore original view |

Entities (ids) which will be delsted:

Total count: 0

| OK || Cancel || Apply |

Fig. 9: Entity deletingsettings
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2.8 Transformation Commands

In Preprocessor are supportideebasic geometry transformations: translation, scaling and rotation.
They are accessible on the toolbar aadheof thesé¢ransfomations has own settings windoseé-ig.

10). Transformedyeometrycan be copied and collapsetth existing geometry tadf the geometry is

not copied and is part gieometry not selected to transfoitnoccursdisconnectingransformedrom
remaininggeometryand creating geometry whe wouldbeholes.

Rotate Settings > o X
Basic settings
[] Copies:
Collapse if close

Translation Settings > X Scale Settings 1 x ®) 1. Select geometry
Basic settings Basic settings -13 !_L/g ;'I_‘Q f 1&
C :
L] Copies Scale ¥: | 2 —| Points:
Collapse if close
Scale¥: | 2 o Curves:
@ 1. Select geometry Scale Z: | 2 J Surfaces:
P - Solids:
) B [ y
=1 ,([J'\: Iy Ly [ Copies:
Paints: Collapse if close () 2. Select center of rotation
Curves: -
Surfaces: ®) 1. Select geometry » y
Solids: 'l% !‘é EE& \"‘% Z:
() 2. Select start point Points: () 3. Select start point
Curves:
e Surfaces: e .
B z Solids: ° .

() 2. Select scale center

() 3. Select end point () 4. Select end point

- X Select o
Select E Select

0K || Cancel H Apply | | CK H Cancel || Apply | ‘ oK H Cancel || Apply

Fig. 10. Geometry transforation settings
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R view 1
@] e o |[@ -] [d-araFEA s se Hos s o

4 /

< | Translation Settings - 1 X

Basic settings
Copies: :E
Collapse if close

(1. Select geometry

() 2. Select start point

select L0
v: [0

point: |2
z[o

@ 3. Select end point

e L0
%o
point: |2
z

Fig. 11: Example of copying a surface during the translation.
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3. Material Definition

The input of material types and their parameters is dignehoosing thanenu item in the
access treeATENA support several types of material type€oncrete, Reinforcement,
Iterface Spring, SoHRock, Steel and Elastic materi@y double click or click to button
create material will start dialog, in which you can select from couple of automatic generators,
which you like to use. The generatoase predominantly based on standardedufor
nonlinear computing intheworldEur o Cod e, Mo deach mateoati peofotypgei b ,
has a specific material parameters, which is generated by this automatic tool.

| Generate material l@.l l =iic) |&]
Prototype [CCSDNnnLinCEmentitiouﬂ T| Change prototype (for expert)
Generate according |EuroCeded "7 v

StrengthClass 12715 ~ |
SafetyFormat Design "|

QK ] [ Cancel

Fig. 12 Generator dialog for concrete

The input of material properties is accompanied by explaining comments and pictures. All
material models offer a set of default parameters. These default parameters of models for
concretelike materials are deriveddm cube compressive strength. Thkations for material
parameters (Elastic modulus, tensile strength, etc.) are taken mainly from the FIB Model
Code 90 EuroCode and other sources. In cases where user does not know all parameters, the
default values can be used. If precise values otmahtproperties are known the default
parameters can be edited and changed to the desired ones.
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™ Generate material = o | B S|

Prototype e

Generate according EC2

Type_of_reinforcement
Youngs_s_Modulus
Characteristic_Yield_Strength_f xk
Class_of_Reinforcement

Epsilon_u_k

Parameter_k

SafetyFormat .Deswgn i ‘

l OK I l Cancel

Fig. 13: Generator dialog for reinforcement
Python scripting

All generators, and material parameters export are made using by gcRgthon. Theseacriptsare
saved in text forms, so the user caodify it. Or make a new ongor examplevhennew model code
for some countrys written)

M ] concreteMaterial_SHCC.xml - Poznamkovy blok had — O X

Soubor Up@\r}r Format  Zobrazeni MNipovéda =

<InputPython> A
+|'Fr‘0m cStringI0 import Stringl0
result = StringIO()

Function_for_COMP_SOFT_HARD = 22

Function_for TENSION_SOFT_HARD - 21

Function_for TENSILE_STRENGTH_RED = 24
result.write(function_param_to_inp("Compressive_Function", Function_for_COMP_SOFT_HARD))
result.write(function_param_to_inp("Tension_Function", Function_for_TENSION_SOFT_HARD))
result.write(function_param_to_inp("Ft_Reduction-COMPRED", Function_for_TENSILE_STRENGTH_RED))
mat_id = materialProxy.Id

if (materialProxy.MaterialParameters("Material Prototype").GetValue() == "CC3DNonLinCementitious2SHCC"):
result.write(header_to_inp("CC3DNonLinCementitious2SHCC"))
elif (materialProxy.MaterialParameters("Material_ Prototype").GetValue() == "CC3DNonLinCementitious2SHCCWithTempDepPro

Function_for E id = 1

Function_for FT_id = 2

Function_for FC_id = 3

Function_for EPS_T_id = 8
result.write(function_param_to_inp("Function_for_E", Function_for_E_id))
result.write(function_param_to_inp("Function_for_FT", Function_for_FT_id))
result.write(function_param_to_inp("Function_for_FC", Function_for_FC_id))

Pl

result.write(function param to inp("Function for EPS T", Function for EPS T id)) e

result.write(header_to_inp("CC3DNonLinCementitious2SHCC",108008, "Base for ™)) B

else: L
result.write(header_to_inp("CC3DNonLinCementitious2SHCC",1))

o Hi

< > .

I = T anw O UZI Z6 U Z0TF T T TEeos rrrc F

Fig. 14: Example of python scripting of material Concrete SHCC

© FibreLAB Consortium 2016,2017,2018,2019 www.fibrelab.eu



FibreLAB D2.2 Report page 20/36
version 3.0 of20. 1. 2019

Concrete SHCCi Strain Hardening Cementitious Composite for Fibre Reinforced Concrete
f [@ Material Properties LEJ E@ﬂ—h]\
Mame | Concretel E‘

Basic |Tensi|e | Compressive | Fibre_Reinforcement | Tension-Compressive | Miscellanecus | <Generated from > |

Material_Prototype [CCE‘-D NonlinCementitious2SHCC - l
Youngs_s_Modulus 27 GPa -
Poisson_s_Ratio 03

Tension_Strength_Ft 3 MPa =

Compresion_Strength_Fc -8 MPa -

I QK | l Cancel

Fig. 15 Dialog Concrete SHCC Basic parameters

[ Material - modif. Properties LEJ Iilﬂlé]
Mame Concretel E‘

Basic | Tensile ‘ Compressive | Fibre_Reinforcement | Tension-Compressive | Miscellanecus | <Generated from > |

Tension_Function [l_Tension_Function Vl [ Edit.. l
Tension_Characteristic_Size 0.03
Tension_Localization_Onset a
Fixed_Crack 1
Activate_Crack_Spacing

Crack_Spacing 0.05 E‘
Activate_Crack_Spacing_Min

Crack_Spacing_Min 0.01 E‘
Activate_Tension_Stiffening

Tension_Stiffening 04
Activate_Aggregate_Interlock

Aggq Size 0.2 (m ~]
Activate_Shear_Factor

Shear_Factor 20

[#]: Activate_Unloading factor

Unloading_factor a

I QK | [ Cancel

Fig. 16: Dialog Concrete SHCC Tensile parameters
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The CGBDNONLINCEMENTITIOUS2SHC(S suitable for fibre reinforced concrete, such as

SHCC (Strain

Hardening Cementitious Composites) and HPFRCC or UHPFRC (high and

ultrahighperformance fiber reinforced concrete) materials.

@ Material - modif. Properties

=)

Name Concretel

B

Bazic | Tensile | Compressive | Fibra_Reinforcement | Tension-Compressive I Miscellanecus | <Generated from>

Compressive_Function

Compressive_Characteristic_Size

Compression_Localization_Onset

[i¢
0.1

~ | edit. |

-0.0008411

cuctility

] [ Cancel

Fig. 17: Dialog Concrete SHC@ Compresive parameters

[ Material - modif. Properties

=)

MName Concretel

s

| Basic | Tensile | Compressive| Fibre_Reinforcement |Tension-Compressive Miscellaneous I <Generated from> |

Fiber_Volume_Fraction
Fiber_E_Modulus
Fiber_Shear_ Modulus
Fiber_Cross_Section_Factor

Fiber_Diameter

b.o2
30000
150
0.9
4E-053
Fibre_Reinforcement properties - ONLY for shear_response_of the NLCem2SHCC_material

Cancel |

Fig. 18 Dialog Concrete SHCC Fibre reinforcement parameters

© FibreLAB Consortium 2016,2017,2018,2019

www.fibrelab.eu




FibreLAB D2.2 Report page 22/36
version 3.0 of20. 1. 2019

[ Material - modif. Properties IEJ Iilﬂlé]
Mame Concretel E‘

| Basic | Tensile | Compressive | F[bre_Reinforcement| Tension-Compressive | Miscellaneous | <Generated from>» |

Ft_Reduction-COMPRED |1_Ft Reduction-COMPRED vl[ Edit. |

FT_Multiplier 11

| ok || cancel

Fig. 19: Dialog Concrete SHCC TensionCompressive parameters

(™ Material - modif. Properties LEJ I.ilﬂlé]
Mame Concretel E‘

| Basic | Tensile | Compressive | Fibre_Reinforcement | Tension-Compressive | Miscellaneous | <Generated from> |

Excentricity_EXC 0.52
Dir_of_pl_Flow_BETA 0
Rho_Density 0.0025
Thermal_Expansicn 1.2E-05

[ OK l [ Cancel

Fig. 20: Dialog Concrete SHCC Miscellaneous parameters
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4. Modelling of Structural Elements Using BIM
Model

BIM (Building Information Modeling) ofteninterpreted a8uilding Information Management is a

term used for software tools, standards and data sets intended for creating, using and sharing
information about buildingsluring their full lifetime from earliest conception to demolitiofihis

include not merely projection and construction, but also building maintendacéty management

etc There are manyroprietaryimplementations of BIM idea and many proprietary data formats.
Fortunately there is oreIM standard calledpenBIM.

The openBIM is an universal approach to the collaborative design, realization and operation of
buildings based on open standards andkfhamws. This include open data formats and other standards
for data exchangeopenBIM is an initiative ofouildingSMART International Ltd. and several
leading software vendors using the open buildingSMART Data Model.

The BIM termusedin following textis alwaysmeant aopenBIM implementation if BIM abstract
idea.

There are three most important standardized data fothettean be utilized iIATENA Studio PRE
for import and exportiGES and STEP for CAD data exchange a and IFC for BIMalathange.

IGES (Initial Graphics Exchange Specificatior) is the oldest and simplesieutral format for the
exchange of CAD models. This standard is still ustekpite the fact thatGtdast update was
published in 1996.

STEP (Standard for the Exchange of Product model datals more complex successor of IGES. It
is standardized d$0O 1030321 and constantly updated, with the last major update in 2016.

IFC (Industry Foundation Classes) is the core part obpenBIM based on STEBtandardlt is a
platform neutral, open file format specification registered as an official international std8@ard
16739:2013The latest version of IFC IEC4 but previous versiotFC2x3 is still used.

The IFC data standard is very complex so that subsetssofiata are defined ddodel View
Definitions (MVDs). These subsets must be supported by software tools to enable correct data
exchange for desired purpo$@r ATENA Studio PREhe mostimportantarelFC2x3 Coordination

View MVD andIFC4 Design Transfer View MVD. These MVDs defind~C subsetdor exchanging

data ofconstruction structures.

The IFC2x3 Coordination View targets the coordination between the architectural, mechanical and
structural engineering tasks during the design pidselast version of this MVD is 2.0.
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The IFC4 Design Transfer Viewis the successor of tHEC2x3 Coordination Viewand targets all
work flows based on models that are handed over to perform in next work flows, allowing
modifications of its contenCurrent version of this MVD is 1.0.

For IFC2x3 there alseexiststhe Structural Analysis View MVD for exchanginglata ofstructural
analyss. Applicability of this standard for ATENA was verified CERby develojng the
Ifc2AtenaConverter software application. Unfortunatelthe usability ofStructural Analysis View
MVD is very problematic and there are some serious disadvantages:

- Structual AnalysisViewd oesndét exi st for | FC4 and se
developed

- data structures for structural analyisisluded in IFC are limited and enable only
static analysis

- conversion of 1D or 2D structural elements included in IFC to thegeinetric
representation is very difficult and enable to create only very simple models

- there are many imperfections in IFC exportedhisd-party structural analysis
software

For these reasons tisructural Analysis Vievis not supported by current vans of ATENA Studio
PRE, but may be implemented in the futuifesome changes will occure

4.1 ATENA in relation to BIM

BIM or CAD software

IFC
IGES

INP

ATENA Studio PRE : ATENA Studio
(preprocessor) (postprocessor)

ATENA Core

IFC (processor) TXT
IGES PDF
PNG
BIM or CAD software
Fig. 21: Main ATENA modules and dataflow
ATENA Studio PRE workflow:
1. CAD or BIM model is imported tthe ATENA Studio PRE or
2. CAD model is created directly in the ATEN
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3. CAD model is converted to BIM model by creatimgjlding and reinforcing elements
(non-graphical properties only) andsigning them to graphical objects

4. FE mesh parameters are set globally or can be refined for individual elements of

geometric model.

Geometric model is setttrough data channeltt the ATENA Core module to

generate FE mesh.

FE mesh isent back form certothe ATENA Studio PREor preview and checking.

Materials are created and assigned to building and reinforcing elements.

Data of structual analysis are prepared and assigned to objects of geometric model.

Complete analysis model can be exported as AABWP text file for future use or

directly sent to the ATENA Studio by data channel 2 for immediate computing.

10.Final ATENA Studio PRE project can be exported as BIM prd¢jée file) or CAD
project (IGES file)

As you can see, the ATENA Studio PRE is théyanodule that provide interoperability with other
BIM applications.

o,

©o~NOo

4.2 IFC file import to the ATENA Studio PRE

The IFC file used for import test contains bottom of elevator shaft with 1 footing (IfcFooting), 4 walls
(IfcwallStandarCase) and mamginforcing bars (IfcReinforcingBar) represented as mapped items
(IfcMappedltem) of a few reinforcing bars prototypes. Each instance of reinforcing bar is created as
cartesian transformation of itds pr otiddefinee and |
by rebar radius and polyline (IfcPolyline) directrix.

The IFC file was created in th&lemetschek Allplan application and exported as IFC2x3
Coordination View. This information and information about author you can see in the next picture.
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' Lister - [C\BIM\TestFiles\lfcReinforcingBar.ifc]

Soubor Upravit MozZnosti Kodovani  MNapovéda 0%
so-1e303-21; ~
HEADER ; FILE_DESCRIPTION( ( " IFC2x3 Coordination Uiew'),'2;1');

FILE_NAME( "export.ifc”,

'2014-04-14T14:30:50" , ( "Hahnebach Bernd' ), ('),

‘The EXPRESS Data Manager Uersion 5.02.0100.082 : 29 May 2013°,

‘Allplan 2014.0 23.01.2014 - 15:01:43","');

FILE_SCHEMA(( "IFC2X3"));

ENDSEC;

DATA;

#1:= IFCAXIS2PLACEMENT3D(#32,%,%);

#4= IFCOWNERHISTORY(#20,#23,%, .ADDED.,$,$,%,1397478648);
#5= IFCPROJECT( " 1KupgAbxiHuuBqT4AWihlb " , #4,

8.3, 8, (a,

#38) #42) ;

#11= IFCGEOMETRICREPRESENTATIONCONTEXT($, 'Model' ,3,1.000000000000000E-5,

#1,%);

#14= IFCPERSON($, 'Bernd’, 'Hahnebach',$,%.,%.5.5%):

#16= IFCORGANIZATION($, 'Nemetschek nllplan GmbH' ,$.%.%); v
< >

Fig. 23: Header of IFC file used for import

Fig. 22 Definition of reinforcing bar prototype
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