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Current «societal» challenges  
for civil engineering 

 Transportation Infrastructures : 
1% GDP investment in infrastructures results into +1.5% GDP in 4 years 

http://ec.europa.eu/growth/sectors/construction/index_en.htm 

Every year road interruptions and traffic congestion delays cost an average of EUR 3000 to 
each household! 

http://ec.europa.eu/growth/sectors/construction/index_en.htm
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Current «societal» challenges  
for civil engineering 

 Coastal protection: Europe has a 66000 km coast-line (3 times as much the one of US) 
Coastal defense infrastructure market: 660 bn€/y + 4% year growth foreseen  

a very likely increase of the European average 100-year extreme sea level of 34–76 cm under a 
moderate mitigation scenario, and of 58–172 cm under a high emissions scenario 

Nearly 700000 EU citizens exposed to coastal flooding 
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Current «societal» challenges  
for civil engineering 

 Green  growth: promoting the growth of clean energy production 
EGS: engineered geothermal system - stimulating deep hot resources that are otherwise not 
exploitable - provided technological challenges are overcome, the installed capacity of EGS 
technology could reach between 1200 GW to 12000 GW worldwide (currently it is 60 GW) 
https://ec.europa.eu/jrc/en/news/new-report-analyses-geothermal-energy-sector  

https://ec.europa.eu/jrc/en/news/new-report-analyses-geothermal-energy-sector
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Current «societal» challenges  
for civil engineering 

 Green  growth: promoting the growth of clean energy production 
Offshore wind 
https://ec.europa.eu/maritimeaffairs/policy/blue_growth_en  

https://ec.europa.eu/maritimeaffairs/policy/blue_growth_en
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Current «societal» challenges  
for civil engineering 

 Blue growth: doubling revenues in 2020-2030 (from 5 to 10 bln€) 
70% of the planet is water but only 5% of economy develops in  it. The 'blue' economy represents 
roughly 5.4 million jobs and generates a gross added value of almost €500 billion a year.  
https://ec.europa.eu/maritimeaffairs/policy/blue_growth_en  

https://ec.europa.eu/maritimeaffairs/policy/blue_growth_en
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Current «societal» challenges  
for civil engineering 

 

YEARLY COST OF CORROSION: 2.5 USD TRILLION (3.4% WORLD GDP) 

Maximum w/c
minimum cement 

content

minimum 
compressive 

strength

minimum 
concrete 

cover

maximum 
crack 
width

kg/m3 MPa mm mm
XS 0.40 - 0.65 300 - 400 25 - 40/50 25 – 75 0.1 - 0.4

XA 0.45 - 0.65

275
25/30 to 

40/50
- 0.1 - 0.3325

325



Liberato Ferrara, DICA, Politecnico di Milano 
This project receives funding from the European Union's Horizon H2020 
research and innovation programme under grant agreement Nº 760824 

Horizon H2020 European Union Funding for Research & Innovation 

The ReSHEALience project challenge 

 

       The challenge 
Improved material durability in buildings and infrastructures, including offshore        

13 (+1) partners + 3 LTPs from 7 (+1) countries 
5.5 M€ 

JANUARY 
1 

2018 

MARCH 
31 

2022 
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The «ReSHEALience» project consortium 

Engineering consultancy - SME 

Material production 
SMEs 

Large scale 
end user 

Precast concrete construction and engineering consultancy - SME 

Infrastructure project 
and construction 

Universities and research centers 

The whole value-chain of 
concrete construction industry 
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The strategy  
Develop a  Ultra High Durability Concretes (UHDCs) and a methodology for Durability modelling 

of materials and Durability Assessment-based Design of buildings and structures to improve 
durability and predict their long-term performance under Extremely Aggressive Exposures  

The «ReSHEALience» project strategy 

Context
innovation

Process
innovation

Product 
innovation

Ultra High 
Durability 
Concrete 

Durability  based 
Design 

Extremely Agressive 
Exposures 
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The ReSHEALience project strategy 
Material innovation: UHDC 

Reflection Paper addresses the role of materials in the post-covid society  
Published on 24.09.2020 by EMMC - European Commission - A4M_Alliance for Materials - EUMAT 

… to create a less dependent, more resilient European economy by guaranteeing raw material 
supplies, by ensuring higher materials durability, higher energy efficiency, higher degrees of 
materials re-cycling and re-use and by material-saving through optimized products by design 

with enhanced repair 



Liberato Ferrara, DICA, Politecnico di Milano 
This project receives funding from the European Union's Horizon H2020 
research and innovation programme under grant agreement Nº 760824 

Horizon H2020 European Union Funding for Research & Innovation 

The ReSHEALience project strategy 
Material innovation: UHDC 

Ultra High Durability Concrete (UHDC): “strain-hardening fibre/textile reinforced cementitious 
material with micro- and nano-scale functionalizing constituents, especially added to obtain a 

high durability in the cracked state under extremely aggressive exposure conditions”. 

Indeed it heals! 

“if you replace concrete/cement-based materials with any other construction material …  
it will have a bigger CO2 footprint!”. 
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The ReSHEALience project strategy 
Context innovation: upscaling 
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The ReSHEALience project strategy - 
Context innovation: 6 full scale pilots 
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The ReSHEALience project strategy: 
towards a novel holistic design approach 

Ongoing monitoring, continued after the project conclusions also through e-learning platforms 
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 

Water level

Pontoon 3
Pontoon 2 Pontoon 1
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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Ultra High Durable Concrete (UHDC): “strain-hardening (fibre reinforced) cementitious material 
with functionalizing micro- and nano-scale constituents (alumina nanofibers, cellulose 

nanofibers/crystals, crystalline admixtures, especially added to obtain a high durability in the 
cracked state under extremely aggressive exposure conditions”. 

ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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ReSHEALience project: 
towards a novel holistic design concept 
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Can nanotechnology help? 
Constituents XA-

CA 
XA-CA 

_CEMIII 
XA-CA 
+ANF 

XA-CA 
+CNC 

XA-CA 
+CNF 

CEM I 52,5 R 600 - 600 600 600 
CEM III - 600 - - - 

Slag 500 500 500 500 500 
Water 200 200 200 200 200 

Steel fibers 
Azichem Readymesh 

200 
120 

120 120 120 120 

Sand 0-2mm 982 982 982 982 982 
Superplasticizer 

Glenium ACE 300 33 33 33 33 33 

Crystalline admixtures 3 3 3 3 3 
Alumina nanofibers* - - 0.25 - - 

Cellulose 
nanocrystals* 

- - - 0.15 - 

Cellulose nanofibrils* - - - - 0.15 
* % by cement mass 

Cuenca et al., NBSC 2019 
Schroefl et al., Lorcenis conference 2019 

Adapting nanoparticle formulation to UHDC production needs 
Alumina nanofibers: 0.25% by cement mass = 0.25% x 600 kg/m3 = 1,5 kg/m3 
- suspension at 2% solid concentration = 75 lt/m3 suspension 
- about 40% of the mixing water in the form of nanoparticle suspension!!!! 

Scale to suspension at 10% solid concentration 

ReSHEALience project: 
towards a novel holistic design concept 



Liberato Ferrara, DICA, Politecnico di Milano 
This project receives funding from the European Union's Horizon H2020 
research and innovation programme under grant agreement Nº 760824 

Horizon H2020 European Union Funding for Research & Innovation 

Ultra High Durable Concrete (UHDC): “strain-hardening (fibre reinforced) 
cementitious material with functionalizing micro- and nano-scale constituents 

(alumina nanofibers, cellulose nanofibers/crystals, crystalline admixtures, 
especially added to obtain a high durability in the cracked state under 

extremely aggressive exposure conditions”. 

ReSHEALience project: 
towards a novel holistic design concept 
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The ReSHEALience project strategy 
Process innovation: Durability based design 
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The ReSHEALience project strategy 
Process innovation: re/up cycling 
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The ReSHEALience project concept 
Process innovation: re/up cycling 

Niranjan K. Prabhu PhD thesis, unpublished image 
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Our website www.uhdc.eu  
and social network profiles 

http://www.uhdc.eu/
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Our Open access and open data papers 
www.uhdc.eu 

http://www.uhdc.eu/
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ReSHEALience project: looking further 
data learning in construction industry 

• Self-healing of concrete has been extensively studied over the last few decades: 
• Parameters affecting the autogenous healing have been well investigated 

qualitatively, less quantitatively.   
• Lack of self-healing concepts into durability-based design approaches for 

reinforced concrete structures. 
• Overarching Motivation: Standardization and codification of the existing findings on 

  Self-healing of cementitious materials.  
• Study Objectives: 

• Preliminary Meta-analysis through Forest plots.  
• Develop predictive design charts for self-healing efficiency. 

S. No. Experiment Parameters Formula
1 Crack Size 𝑤𝑖= initial width & 𝑤𝑓= final width

2 Permeability Test 𝑄𝑖= initial flow &𝑄𝑓= final flow

3 Ultrasonic Pulse Velocity (UPV)
Test

𝑈ℎ= UPV of healed sample & 𝑈𝑐= UPV of cracked sample

4 Electrical Resistivity/Impedance 𝐸ℎ= Reading of healed sample & 𝐸𝑐= Reading of cracked
sample

5 Mechanical Strength 𝑀ℎ= Strength of healed sample & 𝑀𝑐= Strength of cracked
sample
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ReSHEALience project: looking further 
data learning in construction industry 

Gupta et al., Materials 2021 
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The ReSHEALience project strategy: 
… creating a new educational pathway … 
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The ReSHEALience project strategy: 
… creating a new educational pathway … 
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on behalf of the ReSHEALience consortium 



Liberato Ferrara, DICA, Politecnico di Milano 
This project receives funding from the European Union's Horizon H2020 
research and innovation programme under grant agreement Nº 760824 

Horizon H2020 European Union Funding for Research & Innovation 

If you always do what you always did, you’ll always get what you always got! 

… of the ReSHEALients@DICAPolimi … 
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