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INSTITUTION 

RESEARCH GROUP DESCRIPTION: 

EXPERIENCE ON SELF-HEALING OF CONCRETE STRUCTURES: 

INSTITUTION DESCRIPTION: CSIC (IETcc) 

RESEARCH LINES INFRASTRUCTURE 

Spanish National Research Council 
(CSIC) CSIC 

 Scientific and Technological research.  
 Advancing knowledge.  

 Economic, social and cultural development. 

Institute of Construction Science “Eduardo Torroja” 
(IETcc-CSIC) 

125 centers in 8 scientific-technical areas  

Research on Construction & building materials, structural 
engineering, roads, energy saving.  

Technical support to the construction sector  
ETA / UEATC, RILEM,etc.  

Elaboration of Spanish& European Standards.  

Dissemination of Scientific & Technical Knowledge 

The largest public research organization in 
Spain and the 3rd in Europe. 

Autonomous self-healing concrete 
based in epoxy-amine adhesive 

Current results 
Sealing up to 300 μm crack-width.  

Increased durability (freeze-thaw/salt spray). 

Future objectives 
Scalability and prototipes. 

National funding through Project  BIA 2011-29234-C02-01 (2012 – 2015) in collaboration with Tecnalia. 
 Main Researcher: Ana Guerrero  
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Epoxy in silica 
microcapsules 

NH2
SiO2

Amine-functionalized 
nanosilica 

Current results 
Tightness increase with curing time after 
cracking with 70% biomass ash-30% fly ash.  

Future objectives 
Complete characterisation of ECC 

with biomass ashes. 
Substitution of PVA fibers by 

nanofibers  from residues. 
Search National/European funding. 

Engineered Cementitious Composites (ECC) 
incorporating local waste products 

Substitution of fly ashes by biomass ashes from Spanish paper industry. 

SEM-EDX analysis 

Contact Researcher: Gloria Pérez 
European funding: H2020 NMP-19-2015 LORCENIS-685445. 17EU Countries, 2016–19 

Main Researcher CSIC: M. Cruz Alonso 

Long Lasting Reinforced Concrete for Energy  infrastructures 
under Severe Operating Conditions  (LORCENIS) 

https://www.sintef.no/projectweb/lorcenis/ 

Goal: multifunctional self-responsive strategies 
integrated in bulk reinforced-concrete for 

manufacturing energy structures under  
Severe operating conditions:  

Self-diagnosis  Self-healing  Self-curing  Self-protection  

Safety and Risk Management (GRS)  

Eco-efficient construction materials (MECONS)  
Activation and valorisation of waste products   
• Activation of wastes through hydrothermal treatment. 
• Valorisation of wastes in eco-efficient cement-based materials. 
• New eco-efficient cements: low emissions and low energy. 

Development of eco-efficient cement-based materials with advanced 
functionalities 
Self-healing concrete based in autonomous and autogenous strategies 
Smart mortar for thermal coating of buildings based in eco-efficient thermocromic cements 

Innovative solutions for high 
performance material 	 structures 
in extreme risk conditions: 
• Natural disasters 
• Environmental 
• Technologic 

Nanotechnology 	 functional materials 
• Risk reduce 	 manage due to loss of 

performances 
• Implementation of new functionalities in 

materials 	 components, including self-
properties Diagnosis of damage 

Models for structural analysis  

Concrete production 
Microstructural 

Characterisation 

Analysis of 
pore solution 

Freeze-thaw 

Concrete Durability 

Water 
permeability 

Ion transport 

Non-destructive 
techniques 

Controlled cracking of 
concrete specimens 

Mechanical test labs 

SEM/XRD/TG/AFM 
MIP/BET-N2… 

Reinforcement Corrosion 

Spanish National Research Council 
(CSIC) 

External sealing of cracks 
Penetration of colloidal nanosilica: several application methods 

Sealing coating due to the reaction with cementitious matrix  

Current results 
Sealing up to 300 μm width. 

Increased resistance upon agressive agents.  
Electrochemical methods enhances versatility. 

 

Future objectives 
Regain of mechanical properties  

Innovative functionalities: self-healing 

National funding through ProjectBIA 2014-56825-J IN (2015 – 2018) 
Main Researcher: Mercedes Sánchez 

Contact details: 
Website 
http://www.csic.es/ 
http://www.ietcc.csic.es/index.php/es/ 
 

M. Cruz Alonso 
mcalonso@ietcc.csic.es 

Mercedes Sánchez 
mercesanc@ietcc.csic.es 
Gloria Pérez 
gperezaq@ietcc.csic.es 

GRS group 
Ana Guerrero 
aguerrero@ietcc.csic.es MECONS group 
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• Main work on self-healing concrete with crystalline admixtures (CA) 
• Comparison for several healing conditions
• Own methodology using high pressure (2 bars)

• Collaborations in this work:
• Prof. Liberato Ferrara

• MEng. Simone Moscato

• MEng. Francesco Pirritano

Contact details: Websites
www.upv.es  /  www.icitech.upv.es

Universitat Politècnica 
de València (UPV)

RESEARCH GROUP DESCRIPTION:

EXPERIENCE ON SELF-HEALING OF CONCRETE STRUCTURES:

Pedro Serna Ros
pserna@cst.upv.es

Marta Roig Flores
marroifl@cam.upv.es

INSTITUTION DESCRIPTION:

RESEARCH LINES INFRASTRUCTURE

Some numbers:
Students: 37800
Teaching and research staff: 2600
Administrative and services staff:      1700

Erasmus received 2009-2010: 1783
Erasmus sent 2009-2010: 1147

Area > 600,000 m2

Green Areas > 125,000 m2

Institute of Concrete Science and Technology

• Concrete and mortar mixers of different capacities: 

1, 30, 50, 150 and 300 liters (one of high energy)

• Testing equipment: INSTRON 10 kN, Ibertest 3000 kN, 

Universal Testing Machine 600 kN, ICON, … 

• Reaction Wall and Floor 12x6 m2

• Load frames of different sizes

• Frames and rooms for long-time testing (creep)

• Permeabilimeter: high pressures (1-10 bars)

• Several Humidity Chambers, water tanks

• Optical microscope
• Accesories for concrete testing: gauges, LVDTs…

Development of Special Concretes and New Technologies
• Self Compacting Concretes and High Strength Concretes 
• Fiber-Reinforced Concretes and Ultra High Performance
• Recycled Concretes
• Self-healing Concretes
• 3D Printing of Concrete Structures
• Cold forming of Concrete

Development of New Test Methodologies and Standardization
• ECADA – BOND  
• CREEP of FRC – RILEM TC 261 CCF
• PUSH-OFF – SHEAR  of FRC 
• SELF-HEALING of Concrete

Monitoring Corrosion: Durability Measurement in Structures
Analysis of Special Concretes Mechanical Behavior 

• CFRP – Reinforcements
• Shear on FRC
• Bond Concrete - Reinforcement

Recycling everything for Concrete   
Thinking on Real Applications

• UPV is a young institution. Its history dates back to the early 70s although some schools are +100 years: School of 
Design Engineering, the Higher Polytechnic School of Alcoi and the Faculty of Fine Arts.

• UPV today has three campus: Vera (main campus in València), Alcoi and Gandia.

• UPV is the only technological university in Spain featured in all the world university rankings.

WATER PERMEABILITY TESTS

Water Flow

Sealing of lateral 
cracks

Sealing ring

Water Flow

Crack

Autogenous healing Crystalline Admixtures

CRACK CLOSURE MECHANICAL RECOVERY SORPTIVITY

• Status: further analyses on-going

• Collaborations in this work:
• BEng. Laura Rubio (UPV)

• On-going  Æ COST STSM
• Collaborations in this work:

• Prof. Abir Al-Tabbaa

• Dr. Chrysoula Litina

Precrack 2d

Reload 42 days or 
56 days Reload 56 days

Precrack 2d

Precrack and reload
at 42 days SARCOS-WG1:

• Autogenous
• Crystalline Admix.

SARCOS-WG2:
• Durability methods (water 

permeability, sorptivity,…)
• Mechanical recovery
• Crack closure
• Standardisation
• Scaling up

MAIN INTERESTS• As secondary evaluation method 

• Comparisons with permeability results

• Determination of “healable” cracks
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Contact details: Website
lhttp://www.cardiff.ac.uk/research/explore/
research-units/materials-for-life

Cardiff University

RESEARCH GROUP DESCRIPTION:

School of Engineering
M4L Research Group

EXPERIENCE:  SELF-HEALING CONCRETE

Tony Jefferson
JeffersonAD@Cardiff.ac.uk

Bob Lark
Lark@Cardiff.ac.uk

INSTITUTION DESCRIPTION:

RESEARCH GROUP & COLLABORATIONS INFRASTRUCTURE

PARTNERS ON M4L PROJECT

Cambridge University (Abir Al-Tabba) &  Bath University (Kevin Paine)

VASCULAR NETWORKS

SMP CRACK-CLOSURE SYSTEM
• SMP tendons for crack closure
• Developed electrical activation system
• Investigated long term performance
• Full-scale site trials Shape memory polymer sample SMP tendon assembly

M4L research group in Cardiff Extensive laboratory facilities for

• Mechanical testing of small & 
large scale specimens

• Static and dynamic tests 

• Different environments

• Durability parameters

• Chemical analysis

SCHOOL OF ENGINEERING
Staff : 100 academic staff

200 research and support staff

Turnover: £33m per year

Students: 1,200 undergraduate,

400 postgraduate

CARDIFF UNIIVERSITY
Elite Russell Group UK University (1 of 24)
28,500 students
• 21,000 undergraduates
• 7500 postgraduates
• ~1500 permanent academic staff

D Gardner T JeffersonM Harbottle R Lark I MihaiR Davies
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• Flow networks in cementitious materials
• Methods for creating interconnected channels
• Characterisation of capillary flow properties

MODELLING WORK
• Micro-mechanical model for micro-cracking and healing in concrete 

(Davies & Jefferson, 2017)
• Coupled thermo-hygro-chemo model for early age healing in cementitious 

materials (Chitez & Jefferson, 2016)
• Time dependent simulations of a cementitious-SMP healing system 

(Hazelwood et al, 2015)
• Modelling the flow of capillary healing agents in discrete cracks (Gardner 

et al, 2014)

z

mortar samplesealed sides

255mm

hx = 127.5mm
0.2mm

h
y 

=
 7

5
m

m

y

0 x

wooden mould:

steel shim

3
7

.5
m

m

hx = 127.5mm
75mm

Before SH               At time of SH               Post SH   

Creating interconnected networks in concrete

Studying the flow of healing agents in cracks  

Micromechanical representation

Simulating reactive transport with a coupled finite element model

Activation system
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