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MAGICON

MAterials Genome engineering for re-Inventing CONcrete
March 18th: Interview ERC-Panel-PE8

June 15™": MAGICON is Granted

Launching MAGICON-website www.erc-magicon.eu
Contacting peers/competitors

Selecting PhD’s and Postdocs



http://www.erc-magicon.eu/
http://www.erc-magicon.eu/
http://www.erc-magicon.eu/
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Recent ““Fire Research?” at Delft

Sample inside

Fernando FRANCA DE MENDONCA FILHO
THERMAL SHOCK DAMAGE IN CONSTRUCTION MATERIALS
PhD-thesis Delft University, 2023
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. Design of experiments E
« Challenge: Design self-healing strategies : -

« Challenge: Make samples with eigen-stresses

- Design and building climate chambers

PULL-OUT TEST




Select materials

New cement

X Old river sand
matrix ITZ,

C-8-H CH C-A-S-H
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Old cement ITZ, ITZ,
matrix
= = s 1™ . https://doi.org/10.1515/rams-2021-0021

transition zone cement paste
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DOI:10.1051/matecconf/20130602001 DOI:10.3390/cryst11080850



Self healing strategies

Autogenous healing of concrete

Hydration precipitation process the water

Physical | Chemical | Mechanical
Processes | Processes ; Processes

| i : Fine particles

' i b : ;
Swelling | Continued | Calcium carbonate | From cracking Badisteiti

onomous healing of concrete




Eigen stress and eigen strain

Direct problem
of eigenstrain
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L=

Inverse problem
of eigenstrain
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Why do carrots curl? Research reveals
the mechanics behind root vegetable
ageing

Undergraduate research conducted in a kitchen during lockdown could reduce food
waste and help keep veg in prime condition for longer

https://royalsocietypublishing.org/doi/epdf/10.1098/rso0s.230420



https://royalsocietypublishing.org/doi/epdf/10.1098/rsos.230420

Restrained vs non restrained

Restraining at different levels

Material Element Structure

Level 111
Concrete

Cement paste
+ aggregates

C-S-H matrix + other l

hydration products +
unhvdrated clinker

Level 11
Cement Paste

Level |
C-S-H Matrix

C-S-H solid + pores

100 nm

Level 0 o \ ., C-S-H solid phase
C-S-H Solid \ 4
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ITZ micro-structure and
Mechanical performance
Challenge: measure eigen-siress
Initial moisture tests

Al for generation of ITZ-micro-structures




Element type

- Aggregate
- Cement paste
- Interface
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0.2 mm

1.0mm

Cement paste cantileverbeam

200 pm x 100 pm x 100 pm

Cement paste cantilever beam
200 pm > 100 pm > 100 pm
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Cement-paste aggregate interface

Cement paste
cantilever beam
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Cement-paste aggregate interface

CoV. (greyscale level)
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Cement-paste aggregate interface
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Fibre-cement interface

Prismatic cement paste specimen
embedded with one long fiber

)

ITZ

Fiber ~
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cutting
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Specimen with polished
epoxy impragnated surface
for BSE examination
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Fibre-cement interface

Horizontal section of the ITZ Vertical section of the ITZ

Observation

direction
Observation
direction
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Micro-cube
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Micro-cube
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Capture microstructures

And use Al to multiply

DY 2

Generated

____________________________ =
I
_ Pore LD.CSH HD-CSH UHC , |
. s ig;;;;;::_;;r* ;g_;m;‘i;m Microstructural parameters |
’ ' Original Generated |
m Porosity  4.61% 4.10% |
goa UHC  1323%  13.12% |
DOH 07385 07414 |
45 LD/HD 04345 04340 |
Normatzed Graylovel |
CDF




MAGICON

» Challenge: ITZ-tfransport measurements
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Transport measurements

20 mm

https://doi.org/10.1007/s11242-022-01826-z
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* Challenge: Al modelling

- Deterministic and probabilistic simulations

* ITZ - transport, durability and fracture processes




Transport / Fracture /
Eigenstress simulations

Simulation

30 min

Experiment
(strain=1.5%)




N oung s Yhodulas, © (GPa)
% % = - v N N %

Ashby plots
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- MAGICON-Workshop
- 4 PhD’s graduate
Publications in top journals

ITZ- PROPERTIES

Challenge: Fingerprint sirategy

PERFORMANCE

Performq nce 'l'eS‘l'S COMPOSITION

Design guidelines
- Save siructures with
new ‘green’ materials
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