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1. Ecology of the
Concrete Industry

Cement Annual consumption 28Ct

Embodied energy 13 EJ

Carbon footprint 2.3 GtCO2

Aggregate Annual consumption 19 Gt

Embodied energy 47 EJ]

Carbon footprint 0.26 GtCO2

Steel Annual consumption 0.27 Gt H

Embodied energy 6.6 EJ

Carbon footprint 0.5 GtCO2

FIGURE 1.2 Comparative charts of the global consumption rates and the environmental impact of the main concrete constituent materials. (Sources: Allwood and Cullen
2012; Hamond and Jones 2011; graphical representation: author).



Basic composition
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Structural application

FIGURE 1.3

12 tons

C30 Concrete Grade

Compressive strength 30 MPa

Cement
Alternative binders
Water

Fine fillers

Coarse fillers

400 mm

UHPFRC

Compressive strength 150 MPa

Cement

////M Alternative binders

Water o
Plasticizer
LLLLLLLL Micro-fillers
00500009 Finefillers
12 tons
100 mm
— S —

Comparison of cement and aggregate consumption in a structural application of C30 concrete and UHPC. The column profiles shown on the left are designed to carry an
axial load of 3000 kg. Buckling deformations have been omitted (Sources: Stengel 2014; Voort 2008; Graphical representation: author).



Structural application

Actual material consumption at a structural case

FIGURE 1.3

12 tons

400 mm

Cement

Fine fillers

Coarse fillers

Total

Comparison of cement and aggregate consumption in a structural application of C30 concrete and UHPC. The column profiles shown on the left are designed to carry an

Embodied Carbon
energy footprint
280 MJ 52 kgCO2
8MJ 0.8 kgCO2
o700 52MJ 3.2kgCO2
320 kg/m 340 MJ 56 kgCO2

12 tons
100 mm
—) R ——
Embodied Carbon
energy footprint
Cement 104 MJ 20 kgCO2
Finefillers [::o2tetuel 4 MY 0.4 kgCO2
Total 72 kg/m 108 MJ 20.4 kgCO2

axial load of 3000 kg. Buckling deformations have been omitted (Sources: Stengel 2014; Voort 2008; Graphical representation: author).



2. Retooling in Concrete Industry
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IN-Situ Cast Normal Strength Concrete




Project: Spencer Dock Bridge by AL_A (Future Systems)
Source: nedcam.com






Precast Normal Strength Concrete
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Project: Neuer Zollhoff by Frank Gehry
Source: Thomas Mayer




Source: Thomas Mayer

Project: Neuer Zollhoff by Frank Gehry
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Prefabrication of

Ultra-High Performance
Concrete

CNC milled mould
and countermould

Injecting
self-compacting
UHFRPC

Finished element

FIGURE 1.17

An illustration of the adhesion of high-performance concrete to an expanded polystyrene mould (Hi-Con, 2017) (Source: Hi-Con A/S).






Ultra-High Performance Fibre Reinforced Concrete




3. Emerging Methods of
Digital Concrete Fabrication

ez il

FIGURE 1.19 TailorCrete project, a zero-waste wax formwork for concrete FIGURE 1.18 A concrete prototype cast in water-soluble 3D-printed PVA formwork
(Source: ROK Rippmann Oesterle Knauss GmbH). (Source: Digital Building Technologies, ETHZ. Photo: Matthias Leschok).
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Methodology of
Experimental Programme

Phase O - Thought Experiment Phase 1 - Material Testing Phase 2 - Design Probes and Phase 3 - Ecological Evaluation
Production Prototyping

Appendix 3
Appendix 4
Appendix 5

Appendix 1
Appendix 2

Appendix 6
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Experimntal Rig 1 Experimntal Rig 3
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Cold Raw Materials

Warm Raw Material Storage Welding Station
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Phase 2.1
lce manual processing
Experimental Rig 1

Area: 12 m?
Cold volume: 1.5 m?

| meters







FIGURE 2.28 Ice mould for the concrete panel 170721-ME-MURL1 produced
via thermal melting (see Film 2) (Source: author).



FIGURE 2.35 A scale reference for 180611-ME-JULx (Source: author).
FIGURE 2.36 180611-ME-JULx during demoulding (Source: author).



Phase 2.2
lce manual processing
Experimental Rig 2

Area: 100 m?
Cold volume:; 3.3 m?
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End mill

Single Flute Straight Flat End
Cutting diameter: /4 in
Cutting length: 1in

Machine settings

Speed: 9'000..15'000 rpm
Feed: 2000 mm/min
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FIGURE 2.39 The tile series 180423-DP-TILx cast in fine
processed ice moulds (Source: author).



FIGURE 2.43 The front and top view of the prototype 180622-DP-TER1 produced using fine CNC-
processing (Source: author).
FIGURE 2.44 The prototype 180622-DP-TER1 during the demoulding process (Source: author).

FIGURE 2.45 The surface quality detail of the prototype 180622-DP-TER1 (Source: author).
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The prototype 180805-DP-APE1 made using a fwo-party ice

mould assembly (Source: author).
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Phase 2.3
lce manual processing
Experimental Rig 3

Area:; 389 m?
Cold volume: 54 m?
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FIGURE 2.55 The fixing detail and the back side of the 190912-DP-FAC2 prototype
(Source: author).

FIGURE 2.56 The ice mould assembly of the 190912-DP-FAC2 prototype
(Source: author).




A} 20mm thk UHPFRC B} 40mem thk UHPFRC C) 40mm thk UHPFRC flat N p— 84 0w i UHPFRG ¢4 e0mm Bk UHPFAC at
crysialne profile with nibs: crystaline profile profile: E':'““".” i e profie e

LE -]
10
oL
150
&0
£ A
A200
i
10
41K
D
J5 0

Ly T8

~ A A

i’i B, m UMY Wik, (e 'E:“ 2, (Ml
n

Camam: F L1} O =5 5Py e TR

LIS -

Sl Skl




ﬂnlanrmnurtl'rltﬂnhIdlﬂtll
tested in the course of this doctoral research. The
mmh-unmmmm.
in lieu of the petrochemical “WW il
this purpose. Water replaces the conventional
and can be continuously reused, forming an o
the production process. ' j
It has been identified that the lce Formwork me
died energy and carbon footprint of the dert

i H&_
I . ‘.
o I
y -"HI Qi B9 78" Fagas
L ﬁ#'."’



¢ ICE
FORM
R WORK

This project is a part of the Innochain Research Training Network. It has received funding from the European Union’s Horizon 2020 research and innovation programme
under the Marie Sklodowska-Curie grant agreement No 642877.

The experimental part of the work has been financially supported by the National Real Estate Board of Sweden (Statens Fastighetsverk) through Helgostipendier 2017,
Helge Axon Foundation and ARQ.

* K % [ °
% ﬁ@—\\ %, U'l.ﬂ.o.‘."t.ﬂ.m
o £KTHS

{E VETENSKAP %’

Z=m o0 suromapeoLD — @iceformwork
Commission St
— ENGINEERING






