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OVERZICHT PRESENTATIE

= Print Software — Axel Boons
= Slicer-Software voor 3D-Betonprinten
= Parametrisch Design

= BIM-model naar PRINT-model — Wouter Bourgeois

= Bouw-technische details — Antonie Damad
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SLICER-SOFTWARE VOOR 3D-BETONPRINTING

Slicer-software workflow
= Waarom slicer-software nodig
= \Wat doet een slicer-software

3D model

Sliced into
layers

Each layer
sliced into
lines

Final sliced
3D model
Send to
printer for
fabrication
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SLICER-SOFTWARE VOOR 3D-BETONPRINTING

Beste software voor 3D-betonprinting
= Rhino Grasshopper

&8 01_Slicer.3dm (137 KB) - Rhinoceros § Commercial - ¥
File Edit View Curve Suface Solid Mesh Dimension Transform Tools Analyze Render Panels Help Grasshopper - O1_Slicer - o x
Command: "_UndoView ~
Command: RedoView File Edit View Display Solution Help Ol Siicer | v
Command: Params | Maths Sets Vector Curve Suface Mesh Intersect Transform Display Pufferfish  Kangaroo2 S
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LNV 1003 GL X34.50 ¥20.77 260.00 F6000.00
cLEr, 1004 GL X35.43 ¥20.53 260.00 F6000.00
. 1005 GL X36.36 ¥20.33 260.00 F6000.00
&, Se 1006 GL X37.29 ¥20.18 260.00 F6000.00
Ay 1007 GL X38.20 ¥20.08 260.00 F6000.00
P :r; 1008 GL X39.11 ¥20.02 260.00 FE000.00
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1018 GL X165.50 ¥20.77 260.00 F6000.00
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TR 1018 GL X166.43 ¥21.06 260.00 F6000.00 [~
1020 GL X167.36 ¥21.40 260.00 F6000.00
- 1021 Gl X168.28 ¥21.79 260.00 F6000.00 =
1022 GL X169.19 ¥22.23 260.00 F6000.00
1023 GL X170.08 ¥22.72 260.00 F6000.00
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CPlane  x-391 y801.77 z Millimeters [l Default GridSnap Ortho Planar Osnap SmartTrack Gumball Record History Filter Absolute tolerance: 0.01

THOMAS

Van BIM-model naar PRINT-model en bouw-technische details
- () Beneens
bouw en interieur



(&
File Edit View Curve Mesh Dimension T ool Analyze Panels Help Grasshopper - 01_Slicer o O X
Command: '_UndoView A
Command: '_RedoView File Edit View Display Solution Help 01_Slicer v
Command: Params | Maths Sets ector Curve Surface Mesh In ct  Transform Kar 2 2
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CPlane x -3.91 y 801.77 z Millimeters [l Default Grid Snap Ortho Planar Osnap SmartTrack Gumball Record History = Filter Absolute tolerance: 0.01




SLICER-SOFTWARE VOOR 3D-BETONPRINTING

Koppeling met BIM-software
= Link Revit / Rhino Grasshopper — (Rhino.Inside)

REeEHR-QR-&-Q 2-70A @-05E G-+ Autodesk Revit 2020.2.8 - RAC_basic_sample_project.rvt - 3D View: {30} <Y 2 axelboons - W @D - -8 X

Architecture  Structure  Steel  Systems  Inset  Annotate  Analyze  Massing &Site  Collaborate  View Manage  Add-Ins  Quantification  lssues  Site Designer  BIM Interoperability Tools  Rhino.nside  Modify  Precast (2~
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Graphics A a
View Scale 7100
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Visibility/ Graphics Overrides Edit.. “ | ()]
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Discipline Architectural
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R B -G-8 -9 A -0 5 LE-5 Autodesk Revit 2020.2.8 - RAC_basic_sample_project.rvt - 3D View: {3D} 4 3% 8 axelboons -7 (3 - _ 8 X
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PARAMETRISCH DESIGN

Wat is parametrisch design?

Rhinoceros § Commercial O

File Edit View Curve Suface Solid Mesh Dimension Transform Tools Analyze Render Panels Help Grasshopper - 02_kolom = E x
Drag a window to zoom ( All Dynamic Extents Factor In Out Selected Target 1To1): _All ‘
Choose option ( Extents Selected 1To1): Extents File Edit View Display Solution Help 02_kolom
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[JEnd [INear [ Point [AMid [ACen [int [ Perp [ATan [4Quad [JKnot [ Vertex [l Project [ Disable- | @ seve successfully completed... (190 seconds ago)
CPlane  x18861  y-111244 | 2000  Milimeters [Defaut | GridSnap Ortho  Planar  Osnap SmartTrack
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File Edit Viev Curve Surface Solid Mesh Dimension Transform ools Analyze
Drag a window to zoom (All Dynamic Extents Factor In Out Selected Target 1Te1): _All
Choose option ( Extents Selected 1To1): _Extents

Command:

Standard =~ CPlanes  SetView Display = Select
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PARAMETRISCH DESIGN

Toepassingen in 3D-betonprinten

03_wand.3dm (128 KB - Rhinoceros 6 Commercial - [Perspective] - X
File Edit View Curve Suface Solid Mesh Dimension Tensform Tools Analyze Render Panels Help Grasshopper - 03_wand - o x
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File Edit WView Curve Surface Solid Mesh Dimension Transform  Tools  Analyze

Curve or Edge to reference ( Mode=Reference )
Curve or Edge to reference ( Mode=Reference )
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PARAMETRISCH DESIGN

Commerciéle toepassingen

= Witteveen+Bos South East Asia (Singapore)

12

Picnic Table

Width: 1200 mm
L ——

Extra Leg Room: 0 mm

Extra TableTop Length: 0 mm
o )

Extra Seat Length: 0 mm

oassss—— ]

Hip Offset: 0 mm

Dimension On

Recenter Camera | | Download 3D-Model

Van BIM-model naar PRINT-model en bouw-technische details
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PARAMETRISCH DESIGN

Commerciéle toepassingen
= Weber

13

meber Home 3D printing service Projects Products Materials Design Guidelines About us News

SAINT-GOBAIN

Slopestairs

Our goal is to make 3DCP technology available for everyone by sharing our production capacity, knowledge and expertise regarding
the development and application of 3DCP techniques. One of the key elements of 3DCP is a parametric design. Al parameters of our

slope stairs are captured in such parametric design. With this tool you can design a custom stair with only the input of parameters

such as length, width and height of the stairs.

MODEL PARAMETERS
WIDTH
[ 1200
LENGTH
@® 4000
HEIGHT
3] 1750

STEP HEIGHT INPUT
[ J 175

NAME

Van BIM-model naar PRINT-model en bouw-technische details
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OVERZICHT PRESENTATIE

= Print Software — Axel Boons

= BIM-model naar PRINT-model — Wouter Bourgeois
= Picture-to-print
= Werkvoorbereiding C3P0 project
= BIM-to-print toegepast

= Bouw-technische details — Antonie Damad

INHOUDSTAFEL
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PICTURE-TO-PRINT

Softwaretoepassingen
= Prototype printer en software
= Aanpakken complexe vraagstukken
= Multidisciplinair team
= Bouw
= T
= Elektromechanica

Picture-to-print

= Foto verwerken in oppervlak
Parametrisch object met foto
Logo WWF

Logo Concrete House

15
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WERKVOORBEREIDING C3P0 PROJECT °

Architect
= TRIAS Architecten
= 3D Sketchup
= Voorontwerp
= 20D AutoCAD
= Architectuurplan

alling

en van hoek even =Y

Van BIM-model naar PRINT-model en bouw-technische details THOMAS l:
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WERKVOORBEREIDING C3P0 PROJECT

Aannemer

= Beneens Bouw & Interieur
3D Revit

BIM model

Codrdinatie technische details

Printtechniekers
=  Studenten Thomas More
= 3D AutoCAD

= Voorbereiding Slicersoftware

Van BIM-model naar PRINT-model en bouw-technische details THOMAS b
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WERKVOORBEREIDING C3P0 PROJECT

T@ ; Select head @

Printtechnickers
= Slicersoftware S e s e

= |nstellingen printer

= 3D omzetten naar traject printer

; layer 8, Z = 0.00
G1 7495.00 F6000.080@ ; Lift head
G92 UB.ee ; Reset rotation

5 Layer #8 / Print #@

Resultaat

= (G-code

= Printhestand
= (Codrdinaten
= Rotaties
= Snelheid

Gl X1875,0@ Yleee,ee 774,90 Ue.eo Eo.
G1 X1875,8@ Y1849,74 774,90 Ue.e0 EO.
G1 X1875,8@ Y1899,49 774,90 Ue.e0 EO.
G1 X1875,8@ Y1149,24 774,90 Ue.e0 EO.
Gl X1875,8@ Y1198,98 774,90 Ue.e0 Eo.
Gl X1875,8@ Y1248,73 774,90 Ue.e0 Eo.
| G1 X1e75,0@ Y1298,48 774,90 Ue.00 Eo.
Gl X1075,0@ Y1348,23 774,90 Uo.00 Eo.
Gl X1e75,0@ Y1397,97 774,90 Ue.e0 Eo.
Gl X1e75,0@ Y1447,72 774,90 Ue.00 Eo.
Gl X1075,0@ Y1497,47 774,90 Ue.e0 Eo.
Gl X1075,0@ Y1547,22 774,90 Uo.e0 Eo.
Gl X1075,0@ Y1596,96 774,90 Ue.e0 Eo.
Gl X1075,0@ Y1646,71 774,90 Ue.e0 Eo.
Gl X1075,0@ Y1696,46 774,90 Uo.00 Eo.
G1 X1875,8@ Y1746,21 774,90 US.60 EO.
G1 X1875,8@ Y1795,95 774,90 Ue.60 Ee.
G1 X1875,8@ Y1845,70 774,90 Ue.60 EO.
G1 X1875,8@ Y1895,45 774,90 Ue.60 EO.
G1 X1875,8@ Y1945,20 774,90 US.60 EO.
G1 X1875,8@ Y1994,94 774,90 US.60 EO.
|61 x1875,80 Y2844,69 774,98 UB.BE EO.
G1 X1875,8@ Y2094,44 774,90 US.60 EO.
G1 X1875,8@ Y2144,19 774,90 US.60 EO.
G1 X1875,8@ Y2193,93 774,90 Ue.e9 Ee.
Gl X1875,8@ Y2243,68 774,90 Ue.e0 EO.
G1 X1875,8@ Y2293,43 774,90 Ue.e0 EO.
G1 X1875,8@ Y2343,18 774,90 Ue.e0 Eo.
G1 X1875,8@ Y2392,92 774,90 Ue.@0 EO.

ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae
ae

; tool H15.88@ W48.88 - Set wvisualization width and

G1 X143.53 Y499.22 7485.00 U89.96 F24000.00 ;
G1 E5.00 7399.00 F6000.00@ ; Lower head

F60oe
F60oe
F60oe
F60oe
F60oe
F60oe
F6oae
F6oae
F6oae
F6oae
F6oae
F6oae
F6oae
F6oae
F6oae
F6Ree
F6Ree
F6Ree
F6Ree
F6Ree
F6Ree
F6Ree
F6Ree
F6Ree
Fepee
F60oe
F60oe
F60oe
F6000

THOMAS
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BIM-TO-PRINT TOEGEPAST

Optimalisatie
= Combinatie met BIM

= 1 codrdinatiemodel

= 2D plannen en snedes

= Vlotte samenwerking OA
= Autodesk Revit

YYD
\’d'n"a";,-'v.w.-...‘.'-‘v‘v‘v‘v."QIOYAYAYO‘.'&"
= ANAALLAAAK (Y

Van BIM-model naar PRINT-model en bouw-technische details THOMAS l:
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BIM-TO-PRINT TOEGEPAST

Print workflow
= BIM Architectuur
= Basisregels
= Invulling wanden niet nodig
= (Onderaannemer/printpartner

THOMAS

Van BIM-model naar PRINT-model en bouw-technische details
- 9)Beneens
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BIM-TO-PRINT TOEGEPAST -

View filters

= Filter op structuur

= Filter op beton
= Prefab — magenta
= (Gestort — cyaan
= (eprint — groen

= Automatisch proces

= Nood aan standaarden

,
&
ol

o

o

Van BIM-model naar PRINT-model en bouw-technische details THOMAS b
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BIM-TO-PRINT TOEGEPAST

Dynamo (programmeersoftware)

Missing link tussen BIM en PRINT
Geintegreerd in Revit

Rechtstreeks aanmaken van G-code
6 stappen > 3 stappen
Picture-to-print

22
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OVERZICHT PRESENTATIE

d = Print Software — Axel Boons

L. _
= BIM-model naar PRINT-model — Wouter Bourgeois

-

L = Bouw-technische details — Antonie Damad

g = (Ontwerp

o = Fundering, dragende structuur

-T—- = |solatie

—_—

THOMAS
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ONTWERP -

Project C3P0
= Mogelijkheden van 3D-betonprinten in Belgié
= Voorstudie demogebouw
= 10 printdagen

—_3

0
ik
N

>
}Y
)

i e

¢

s e
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FUNDERING, DRAGENDE STRUCTUUR

Structuurwand 70
= |solatie aan de buitenzijde ;l@% 35 |, 35
= Vrije invulling (Schacht technieken)

25

THOMAS
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FUNDERING, DRAGENDE STRUCTUUR

Iso-wand [ |
= Binnenschil en buitenschil ——— 0 —— —
= Thermisch ontkoppeld met - 00— 0000

= Volblazen met isolatie

THOMAS

Van BIM-model naar PRINT-model en bouw-technische details
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FUNDERING, DRAGENDE STRUCTUUR

Overzicht betonelementen

= Zoveel mogelijk geprint

= Fundering = verloren bekisting

=  Wanden = combinatie structuur- en isowand
= Vloeren = prédallen

27
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FUNDERING, DRAGENDE STRUCTUUR

Sleuffundering

= (Gebogen funderingsvormen
= Verloren bekisting

= Efficiént materiaalgebruik

k=
: Uj’??ﬂvlummq

1
e

< sw

Van BIM-model naar PRINT-model en bouw-technische details
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FUNDERING, DRAGENDE STRUCTUUR

Funderingsaanzet
= Zonder koude brug
= Kimblok: Ytong of cellenglas

THOMAS

Van BIM-model naar PRINT-model en bouw-technische details
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FUNDERING, DRAGENDE STRUCTUUR

Opgaand werk
= Schuine wand
= |ntegreren technieken

Van BIM-model naar PRINT-model en bouw-technische details
C‘ lE_.)] Beneens
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FUNDERING, DRAGENDE STRUCTUUR

Raam- en deuropeningen
= Bekisting plaatsen tijdens printen
= |ngelegde wapening t.h.v. overspanningen

THOMAS
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ISOLATIE

Ononderbroken isolatieschil
= Structuurwand

= Raam

= |sowand

32
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ISOLATIE

Bouwknopen

Vloerisolatie — Cellenglas (kimblok)
Cellenglas — wandisolatie

Dakrand (ytong)

Houten dakconstructie - isowand
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ISOLATIE

Bouwknopen
= Raamaansluiting tussen structuur- en isowand
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VAN BIM-MODEL NAAR PRINT-MODEL EN BOUW-TECHNISCHE DETAILS

Print Software — Axel Boons
= Lector 3D-betonprinten — Thomas More hogeschool

EINDE

BIM-model naar PRINT-model — Wouter Bourgeois
= BIM-manager — Beneens Bouw en Interieur

Bouw-technische details — Antonie Damad
= Lector 3D-betonprinten — Thomas More hogeschool
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