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Beton-Atlas, Beton-Verlag, Dusseldorf, 1995
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Formwork

« material-, time, und labor intensive

« 25-45 9 of construction costs

www.studio-tm.com

CAD/CAM Technologie

— revolutioniert die meisten
Fertigungsprozesse

— nicht vollstandig in \
Bauanwendungen eingesetzt §

www.pri .com.kw/files
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CONPrint3D (Concrete on-site 3D Printing)

Synergetische Losung aus Anforderungen von Baustoff,
Baumaschine, Baubetrieb und Praxis
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Methods for 3D-Printing with concrete
Extrusion Selective binding

]

www.3Dprint.com

www.totalkustom.com
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Methode zur 3D-Druck Anwendung im Bauwesen
Selective binding

« Extrusion

« Selective binding

www.tech-kid.com/3d-printer-how-it-works.html

Object 3D CAD Model "Slicing" layers

www.contourcrafting.org

D-shape.com
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Contour Crafting, Dr. Berokh Khoshnevis (USA)

www.contourcrafting.org

www.contourcrafting.org
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D-Shape, Enrico Dini (Italien/UK/USA)

D-shape.com D-shape.com
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3D-gedruckte Fertigteile, WinSun (China)

www.3ders.org

www.ingenieur.de
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3D Printing Concrete

« Stationary 3D-Printer

s LXBxH=11x5x4[m]

« Material: Fine mortar

Fa. CyBe (NL)

www.cybe.eu

25. Rheologie conference, Regensburg, 02.03.2016

¥LyDt

- 3DPC, TU Eindhoven (NL)

V), .

www.cybe.eu
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Challenges and limitations

On-site applications

Printer must be bigger than element, mostly whole structure
No material design concept yet

Rheology of fresh conrete not studied

Methods for assesment of compressive, tensile strength
Unknown quality and low reproducibility

Scarce journal publications
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Feasibility studies on
« Application of autonomous, formwork free extrusion system for concrete
« Utilization of existing, common construction machine technology
* Development of appropriate concrete technology

« Economic viability, market potential and process optimization

Chair of Construction Machines, TUD
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Controlling pump-boom

« Development of controlling algorithms for inverse kinematic
- Specification of Printhhead motion (Tranjectories of TCP)
- Computation of link-angles

« Activation of corresponding drives
- Print-head movement

k.

Concrete pump boom Kinematic sketch of pump boom and link angles
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Development of appropriate printhead

Requirements

» Position precision

« Printing rate (material discharge)

« Surface quality
« Windows, doors, corners and curves

Institute of Construction Materials, TU Dresden

Chair of Construction Machines, TU Dresden
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Market potential - replacement of masonry houses

Construction permits for above ground structures in Germany 2014

All Residential Non-residential
Total 209257 163844 45413
Newly built 138365 111610 26755

Most used building materials for residential buildings 2014

Aerated el
Total Brick Limestone RC Wood weight Others
concrete
concrete
111610 34683 24898 20334 8891 16823 4108 1873
100.0%)( 31.1% 22.3% 18.2% ) 8.0% 15.1% 3.7% 1.6%

www.destatis.de; www.genesis.destatis.de

:> Total replacement potential in housing: 75.3 %

: Living area: 24500000 m?2
Carrying area: ca. 40000000 m?2

(Faktor 1.5-1.7 m?y,ngr/ M?wonnrL, SEIbst ermittelt)
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Research on data processing and structures

« Demonstrating required data structures

* Processing of existing data (CAD-, material Data) for controlling
the complete process

3D 3D 2.5D oD 3D
CAD STL Slice G-Code | Bauteil

Data process CAD-CAM

' 3D-Plastic-Print, Scale 1:100
- Print strategy

- Determining layer height (very-early strength, bond
between layers)

- Windows, doors and cantilever
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Wirtschaftlichkeitsbetrachtungen
Terminliche Betrachtungen

1 Presumption: Printing rate
7 r T 7 150 mm/s = 4.5 m/min = 270 m/h
% (slow)

Volume of concrete Vgoon= 52.1 m3
Discharge per hour
4 ) § ) with layer height 5.0 cm: 5.4 m3/h

I Time needed with CONPrint3D (Lab)
with layer height 5.0 cm: 9.6 h >1 Day

. > - — Time needed conventionally

3 Ca. 140.0 h > 3 P 4 6 Days
Example single family house

25. Rheologie conference, Regensburg, 02.03.2016 V. N. Nerella | CONPrint3D 19
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Economic viability by consideration of costs (net)

Model single family house

Mauerwerksarbeiten CONPrint3D

Wages 4200,- € 336,- €
Material 9090,- € 6760,- €
Equipment 1634,- €
Other costs 1058,- €

~ 13300,-€ = 9800,-€

mm) Potential saving ca. 30 %
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Developing appropriate concrete technology with help of
experimental studies on

 Rheology und Pumpability

« Setting time
« Very-early strength
« Printing rate ... etc.

A

[ Printability

|
[ L ]
A A A
Pumpability Open-time Form-stability
4 N ( A A
( ) ( R ( R
Setting time Very-early strength
Compositions g . 4 Y _ g
Superplasticizer Layer heicht
Rheology I
9 ( Accelerator Printing rate
L J L J . J
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Test methods
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Experimental equipment

ConTec 5 Viscometer

25. Rheologie conference, Regensburg, 02.03.2016

Vicat

V. N. Nerella | CONPrint3D

Schleibinger Gerate T. u. G. GmbH

SLIPER

23
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Results: Pumpability with SLIPER

35 11

Schleibinger Gerate T. u. G. GmbH

Druck P (kPa)

0 T T T T T T T 1
0 10 20 30 40 50 60 70 80
Fordermenge Q (m3/h)

Neella, 2012; Mechtcherine, Nerella, Kasten, 2014.
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Unanswered questions!

Very-early strength

Form-stability

Printing rate

Technology to mix accelerator on printhead

25. Rheologie conference, Regensburg, 02.03.2016 V. N. Nerella | CONPrint3D
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Test device for 3D-Printing
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Experiments
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Test device — applications

Extrudability

Form-stability

Optimum consistency

Required dosage of accelerator
Time-dependency

Compressive, Tensile — and Flextural strength

25. Rheologie conference, Regensburg, 02.03.2016 V. N. Nerella | CONPrint3D

Besnding test

Compressive strength
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Material composition

Printable high strength mortar

Volume [dm3] 1.00 1.00 1.00
CEMI52.5R ft Opterra [kg] 0.69 0.77 0.43
SFA Safament HKV [kg] - - 0.17
MS-Suspension Woermann [kg] - 0.21 0.18
Sand 0.06-0.2 BCS 413 [kg] - 1.00 0.43
Sand 0-1 Ottendorf sieved [kg] - - 0.38
Sand 0-2 Ottendorf sieved [kg] 1.23 - 0.43
Wasser [kg] 0.29 0.21 0.18
FM MCPF 5100 MC Bauchemie [kg] 0.01 0.01 0.01
BE CR 650 MC Bauchemie [kg] 0.06 - -

3M1: Reference (¢ bis 2 mm)
3M2: Fine mortar (¢ bis 0.2 mm with MSS)
3M3: Mortar with optimum sand grading (¢ bis 2 mm with MSS, SFA)

25. Rheologie conference, Regensburg, 02.03.2016 V. N. Nerella | CONPrint3D
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Investigated parameters
« Compressive and flexural strength
« Test direction (vertical, lateral)
« Comparision with standard prisms

« Time-dependency
Print-regime

« Calibration (Q = O + K-V)

« 1 m long stripes

- Pause
- Next layer

Curing

« 2 h: Gentle spray with water

7. day: Sawing

25. Rheologie conference, Regensburg, 02.03.2016

after 2 h: reservoirs and covering
1. to 7. day: under water curing

7. to 28. day: Conditioned room

V. N. Nerella | CONPrint3D

2 St. Wasser, 0-2 St. Drucken
Abdeckung

1.-7. Tag,
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Experimente
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Testing compressive and flexural strength

25. Rheologie conference, Regensburg, 02.03.2016 V. N. Nerella | CONPrint3D
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Experimente

25. Rheologie conference, Regensburg, 02.03.2016
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Testing compressive and flexural strength

« High strength

« No loss of strength

« Excellent bond between layers
* Quasi-isotropic
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Summary

Outlook

3D-Concrete-Printing has potential to revolutionize whole construction
process

CONPrint3D - provides a synergitic solution for 3D-Concrete-Printing from
construction material, management and machine aspects

Prposed holistic experimental approach will bring g
reproducibility to 3D-Concrete-Printing

Parameter studie

Concrete with aggregates up to 16 mm

Rheological model to relate printing
parameters with material properties oy Vertical stress

o, very — early strengt or
Grunstandfestigkeit

25. Rheologie conference, Regensburg, 02.03.2016 V. N. Nerella | CONPrint3D 33
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Das Forschungsprojekt ,,Beton-3D-Druck"

o PBeteiligte Institute der TU Dresden:
- Institut fUr Baustoffe
- Institut fir Baubetriebswesen
- Professur fur Baumaschinen

o Wirtschaftspartner:
- Putzmeister Engineering GmbH (Aichtal)
- MC-Bauchemie Miller GmbH & Co. KG (Bottrop)
- Opterra Karsdorf GmbH (Werk Karsdorf)
- BAM Deutschland AG (Dresden)
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