Qe
...
- { 1T ®cg,
Qe oe
°0.0q, *%9¢
" «e ®eq oo *®e )
o e L] . L)
oo s %%
o e A 14 .'
$s 3-8
-4+ ® ® .
Qeg o o o o
TR
.
S <0
* o [ ] *Qe
e e H L]
ol i 0
o .
- .
e .n. : o :
. o
‘e
oo . ® o
3 ) o 9 Qe
* s o
L N J .u [ ]
° .
o0 e ® o
.... ° [ K] 4 : e
e LT ® e
[ X ® 5 o
: [} ® e .
LIT Y cop..® o @
.o e o
. ® e,
.... ( I .o .
°
(] [ J
. .. ° :'.- .'.
o °
o ® 4 2
> . @ o
[} * 9O
[ ] e @
. . °
e o ° .
; . ? ° ,
e-a®, [
... ® | o
®: easee .0 ® @ o
LI TR ke, ‘ e O
"% 2* voe . @
.
s 3 P 00 s g
: H ®g * o
H H .
0e0. 0 , o
2 e ° )
200e.® L TY ]
:
P & woss  sewoe,
. . e
:
.

4

EmiratesGBE

ol pemallagi ) el Ll ulas
Emirates Green Building Council

EmiratesGBC Technical Workshop

3D Concrete Printing'in
Construction

3p 23/07/2019

Luai Kurdi
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A CULTURE OF INNOVATION




A strong regional footprint

50+ year in the Middle East

First Contract, Corniche
Abu Dhabi

Sheikh Zayed Grand

Mosque

Ferrari World & Yas mall

King Abdullah Sports City

Four Seasons Hotel

' BESIX \ /

EmiratesGBC

:Iy:;]la.u_u.l vl ylalll ulae

Emirates Green Building Council

CIeveIand clinic
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3D TO DISRUPT
CONSTRUCTION INDUSTRY?




Technology Look Back

Soon to be disruptive?

Wall Building Machine
Similar Technique
M Tube}

1942

\/

EmiratesGBEC
d F;nwu ul L:JI ,uL-u:

Disruption? Scale-up?
Construction sector piloting

20197



https://www.youtube.com/watch?v=QXqwnJTVSsE

3 steps to Mainstream Adoption

Cross Industry view

Invention

First Commercial
use

N/

EmiratesGBC

ol peaallag M vl jlalll wlaa
Emirates Green Building Council

Mainstream
market




Path to Mainstream Adoption

EMmiratesCBC

oyl g W el Lall ulas
Emirates Green Building Council

1960s 1970s 1980s 1990s 2000s 2010s

~20 years ~5-10 years

Invention to First consumer to mainstream
adoption

1986 2007 2018

First 3D Printer 3D plastic Mainstream
Introduced printer @ home use?
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SPOTLIGHT

aSix Construct



3D Concrete printing
Status Quo

EMmiratesGBE
sl g U el Ll s

Emirates Green Building Council

@ [~

Freedom of design form

New shapes (hollow, convex, round)
Highly detailed & precise design
Predictability

Uniqueness at scale*

Speed of construction

Only concrete where needed
Reduce material & waste (40%)
Reduce manpower (50-80%)
Reduced risk for workers

Scalability current equipment
Need for controlled environment
Lack of qualified experts
Integration early stages of design
Regulations




215t century dilemma \/

Customization vs Standardization ErmiratesGBe

ol peaallag M vl jlatll ulog
Emirates Green Ruilding Council
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How DOES IT WORK?




How does it work? \ /

Printing process
EmiratesGBEC
lJna“a.LuJJ ul I.uJI,uL-..n

3D Mortar Mixing pump Extrusion
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OUR TECHNOLOGY PARTNERS




The Right Partnership \/

EmiratesGBC
3D oyl g W el Lall e

Emirates Green Building Council

S BESIX

BUILDING
EXPERTS

PRESTIGE
PROJECTS

MATERIAL DESIGN
EXPERTS EXPERTS
Bos
.




Partner SIKA: Material expert \/
Challenge: Holding the weight 1/

EmiratesGBE

ol ymallai ool lall ulas
Emirates Green Building Council

\ s

Pot life

Printed point
acceleration

E strength

BUILDING TRUST




Partner SIKA: Material expert
Challenge: Holding the weight

EMmiratesGBE
sl g U el Ll s

Emirates Green Building Council

BUILDING TRUST




Partner SIKA: Material expert

Challenge: Interlayer (no breaks)

EMmiratesGBE
sl g U el Ll s

Emirates Green Building Council

BUILDING TRUST



Partner SIKA: Material expert Layer N
Challenge: Interlayer (no breaks)

Laver 1 EMiratesGBC
gl el el daa

I a e r O EriFates Graen Building Council

BUILDING TRUST




Partner W+B & TU/e: Technology
Expertise  pumws®H®  TU /e i

= Working on 3D Concrete Printing since 2014
» Experience and input of previous projects

= Structural calculations according to Eurocode
» ‘Design assisted by testing’

= Advanced structural analysis

= Testing & monitoring:
= Material test
= Prototype test
= Lab- and Field tests
= Monitoring during life cycle

4

EmiratesGBEC
I ,s:;]lm.ull ._|| anI ,uL—..a




Our technology partners

Witteveen

Bos

Technische Universiteit
e Eindhoven
University of Technology /

EmiratesGBEC
ol ymallai ool lall ulas

Emirates Green Building Council
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Our technology partners \ /

Pioneering in the Netherlands :
EmiratesGBE

—eabridge OPeTS e

‘g first 3D

inNetheﬂandS

jght of
concrete could take Welg

of
minted from 800 layers
, designers say

Bos
Witteveen




Our technology partners  prymgET
Pioneering in the Netherlands

Project Milestone

In the city of Eindhoven (The Netherlands) five 3D-printed concrete houses will be built. The project is the world's first
commercial housing project based on 3D-concrete printing. The houses will all be occupied, they will meet all modern comfort
4 requirements, and they will be purchased and let out by a real estate company.

= —
~

Technische Universiteit
e Eindhoven
University of Technology

Emi ratesch
dymallag il allall dae

Emirates Green Building Council

1 FLOOR

3 ROOMS

95 M2

WOODEN ROOF
EARLY 2020




Our technology partners D TU /e G \ /

Pioneering in the Netherlands

EmiratesGBEC
d p;nwu i fall e




3D printed houses \/

Concepts EmiratesGBE

dymallag ll al lall d e

Emirates Green Building Council
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Some Applications Have Reached Commercial Viability \ /

EmiratesGBE

dymallag il allall dae
Buildi ngs Emirates Graen Building Council

Architectural models

@ Building components

Interior design

; | \
Today 2 5 10
years vyears years

Source BCG, 2014
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TRACK RECORD
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Emirates Green Building Council
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Emirates Green Building Council
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>>>
IN-HOUSE

3D CONCRETE PRINTING
PRODUCTION FACILITY




BESIX 3D STUDIO
Dubai-based 3DCP production facility

= Dubai (Al Quoz)

= 120m2 dedicated facility

= State-of-the-art technology & equipment
= Together with world-leading partners

EMmiratesGBE

ol peaallag M vl jlalll wla g
Emirates Green Building Council




BESIX 3D STUDIO \/

Dubai-based 3DCP production facility

EmiratesGBE

ol ymallai U ool lall ulas
Emirates Green Building Council
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BESIX 3D STUDIO
Dubai-based 3DCP production facility

e ) u o ma—
EmiratesGBEC
ol peaallag M vl jlalll wlaa
Emirates Green Building Council
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BESIX 3D STUDIO
Dubai-based 3DCP production facility

EMmiratesGBE
sl g U el Ll s

Emirates Green Building Council




BESIX 3D STUDIO
Dubai-based 3DCP production facility

EMmiratesGBE

ol peaallag M vl jlalll wla g
Emirates Green Building Council




BESIX 3D STUDIO
In-house 3DCP production facility

EMmiratesGBE

ol peaallag M vl jlalll wlaa
Emirates Green Building Council

07/01/2018




BESIX 3D STUDIO \/

In-house 3DCP production facility

EmiratesGBEC
o F;nwu ul L:JI ,uL-u:




BESIX 3D STUDIO \/

In-house 3DCP production facility

EmiratesGBE
Iy:;]la.u_u.l vl ylalll ulae

Emirates Green Building Council




BESIX 3D STUDIO :
Dubai-based 3DCP production facility e

EMmiratesGBE




BESIX 3D STUDIO
The Woven Wall

EMmiratesGBE

ol peaallag M vl jlalll wlaa
Emirates Green Building Council




BESIX 3D STUDIO
The Stem Wall

EMmiratesGBE
oy allag 0 el Lalll uloe

Emirates Green Building Council




BESIX 3D STUDIO \/

Outdoor Furniture

EmiratesGBC

ol ymallai ool lall ulas

Emirates Green Building Council




BESIX 3D STUDIO \/

Planters

EmiratesGBEC
ol ymallai ool lall ulas

Emirates Green Building Council
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3D vS TRADITIONAL
SUSTAINABILITY




Sustainable materials and resources consumption

ol g allag M vl lalll ul s

Emirates Green Building Council

3D Concrete Printing method Vs. Traditional methods EmiratescBe

v Requires 50% less amount of concrete Requires 2 times more amount of concrete

v Consists of ready mixed powder and water Consists of cement, aggregates, sand, water
v Consumes 30 L of water per 1m? of concrete Consumes 150 L of water per 1m?3 of concrete




Sustainable materials and resources consumption \ /

3D Concrete Printing method Vs. Traditional methods EemirateseBe

|,==J|mu il ylalll julaa

Emirates Green Building Council

v" No formwork and no curing compounds — materials saving * Casting concrete into a mould (formwork) consumes
and waste reduction plywood, timber meral rebar, generates waste.




Benefits of almost no waste generation

3D Concrete Printing method . Traditional methods %

Emirates Green Building Council

v" Almost no concrete waste generated by using only the exact = Leftovers of unused concrete, materials wastage, landfill void space
amount of material needed. occupancy




Reduces Air Emissions and Noise \ /

3D Concrete Printing method _ Traditional methods EmiratesGBC

|,==J|mu il ylalll julaa

Emirates Green Building Council

Require operation of concrete mixer trucks, concrete pumps, diesel
generators, and other equipment, working on diesel fuel — air
emissions

Generates dust, noise

o

Electrical installation

Low energy consumption (1-3 kWh)
Zero dust generation

Zero noise generation




Soil and Groundwater protection

EMmiratesCBC
el cal Ll e

Emirates Green Building Council

3D Concrete Printing method . Traditional methods

v Clean operation, eliminates risk of soil and groundwater
contamination

= High risk of soil and groundwater contamination
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BESIX 3D TEAM




BESIX 3D team

We are ready

Management support . /

EmiratesGBE
ol ymallai ool lall ulas

Emirates Green Building Council

Design & printing expert Strategic committee
Jean Philippe

Patesson ,
—

Michael Benoit
Eeckhout Meulewaeter
R&D programs
General lead

Johannes ™ Paul

Anrijs ~ Vanderhaeghen
Jonas

Vandeven




Thank You
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