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Development
Objectives and
Items to be
Developed
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Eternal circulation of building materials

0 Versatile material performing a variety of
functions

[ Strong bonding and easy debonding

Carbon neutrality in building construction
[0 Carbon mineralization with material balance
[0 Control of crystal morphology of calcium

carbonate

Longevity of buildings

[ Modelling for material deterioration into
performance degradation

[0 Conservation and preservation materials for
modern heritage buildings

Digital transformation in building
construction and maintenance

[ Additive manufacturing materials
[0 Sensing & monitoring and NDT
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Freezing direction

o o Freeze casting of cement materials
Eternal circulation of | |
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Eternal circulation of
building materials

Strong bonding and easy
debonding
0 Stronger bonding than

conventional adhesives between
any kind of materials

0 Heating by electromagnetic
induction

— Easy separation to promote
reuse and recycling of building
materials
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Lap Shear Strength (MPa)
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Carbon mineralization with
material balance

0 Sequestration of CO_ from the
atmosphere and exhausted gases
in building materials, especially
concrete

0 Carbonate utilization as a
concrete constituent and
hardening by carbonation

— Promotion of “white carbon”
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Moonshot Project

Carbon neutrality in - I el
building construction E J '
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Control of crystal morphology of T&kﬁ -~
'\ solution

calcium carbonate

[ Recombination of separated Ca ¥
and C02 Waste concrete

[0 Transformation of unstable
calcium carbonate into stable
calcium carbonate as a binder

—> Calcium carbonate circulation
in construction

CO, utilization |
(DAS!

Production of CCC
raw materials

M. Ferreira, Ann Vikulina, Dmitr yV 'olodkin
Controlled Relea V I328 pp 470-489, 2020
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S Chemical, biological, and electromagnetic actions
Longevity of e s e

Q Chemical degradation phenomena

Changes in chemical composition and leaching of building materials
@

b u i I d i n gs Mechanical action //7 L §

Repeated freezing ehﬂ expansion of internal rf\\t\ﬁ(sture and frictional forces caused by walking and vehicle traffic
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- Physical degradation\fp\henomena
34 ~~ Surface abrasion ani \intéﬁhal micro-damage of building materials

Geometric degradation phenomena Changes in physical properties

5 % Deformation and loss of building materials Decrease in strength and modulus of elasticity
MOdEIIIn or materlal and increase in air and water permeability
deteriora%i{)n into performance Degradation of performance of building components

Accelerated test

degradation Degradation of building performance - Limit state

0 Scientific exploration of
phenomena (microscale to
macroscale)

0 Accelerated test methods
faithfully reproducing the
natural environment

— Accuratefprediction of building
service life

Peak strength ratio
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Longevity of
buildings

Conservation and preservation
materials for modern heritage
buildings
0 Authenticity-conscious
reversible repair materials for

reinforced concrete heritage
buildings

U Materials and technology
maintaining a sense of ruin, i.e.
stopping rebar corrosion as it is

— Permanent preservation of
reinforced concrete buildings
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Registered as a World Cultural Heritage in 2015
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Digital transformation in
building construction and

& =
https://www.obayashi.co.jp/news/detail/news20230425_1.html#

maintenance
Additive manufacturing hosss Lo
materials s e
0 Materials ensuring buildability S o6t
without plastic collapse or L
buckling

0 Computer simulation on
buildability
— Breakaway from labor-intensive
industries through automated
construction and optimally
shaped buildings
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Digital transformation in
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Sensing & monitoring and NDT oI

0 Materials responses to loads, forces | 45— "

and actions, e.g. stress, deformation, GEimeEEEe J | one

carbonation, etc.

[0 Micro-climate conditions, e.g.
temperature, moisture, pH, etc.

[ Materials properties, e.g. ultrasonic _
propagation speed, etc. A -

— Breakaway from labor-intensive g .\ JE
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Super water-repellent formwork with a lotus leaf surface pattern
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Other areas of
interest

mBiomimetics, biomimicry, bio-inspired
and biophilic building materials S
m Autonomous (self-healing, oS %ﬁ o R
self_clean'ng) bUIldIng materIG/S https://www.shimz.co.jp/en/company/about/sit/topics/topics04/

m Material structure simulation by
molecular dynamics

m Scientific approach for traditional
vernacular pbuilding materials

Adobe Lacquer
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What the

construction field
should be

m Activities to the Earth
m Activities with the Earth
m Activities for the Earth

The circulation of building
materials must be in affinity
with, or isolated from, the
circulation in the earth.
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