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Durable Transport Infrastructures in the Atlantic Area
Network

�Versão interactiva Manual internet
�DB- DURATI
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- empresas, Sociedade cientifica
sem fins lucrativosAdministrações de 

infraestruturas rodoviárias, 
ferroviárias e de portos

DURATIDURATI
NETWORKNETWORK

Empresas de 
inspecção,reparação

e fabricantes 
materiais 

R&D 

Institutions

Administrações de 
Infra-estructures
de transportes

(2 parceiros)
(7 parceiros)

(8 parceiros)
-2 Laboratorios Nacionais Engenharia Civil
-6 Centros Universitários 

CONSÓRCIO



duratiNet
SESSÃO ESPECIAL

Lisboa, 24 Junho 2010

reabilitar

2010201020102010

>Politica transportes

Orientações estratégicas da CE

�Politica de Coesão Europeia e a Agenda de 
Lisboa
�Política Europeia de transportes (Decisão 
CE884/2004/CE,  29 April 2004)
�Rede Trans-Europeia dos transportes(TEN-T)   
Interoperabilidade dos transportes Europeus

���� Posição geo-estratégica da Região  Atlantica
(RA) para as ligações Este -Oeste
� Relevancia da RA nas autoestradas marítimas
� Desenvolvimento dos transportes Intermodais

Reparação das estruturas das redes de 
transporte

�Agenda de Gothenburg (protocolo de Kyoto)
�Politica ambiental (6th EAP-EU 2002-2012)

Impacto ambiental e eficência energética

CONTEXTO
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Transporte Rodoviario Ferroviario Aéreo Marítimo

Pessoas

Distribuição 79% 6% 5%

Evolução 1970-
1998

100%

Evolução  até 2030 2-5% ano

Mercadorias

Distribuição 44% 8% - 41%

Evolução 1970-
2010 

47% . 20% -

Evolução até 2030 -

EUROSTAT,   CE White paper

CONTEXTO

����Obras de arte (Pontes e viadutos) são 
estruturas chave neste contexto
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CONTEXTO

� Envelhecimento, elevado número com idade > 30 anos
� Aumento do tráfego rodoviário e das cargas circulant es
� Muitas infra-estruturas necessitam de reparação / reabi litação

� Disponibilidade económica das administrações é limit ada
� Necessidade de satisfazer exigências de sustentabil idade da 

construção (redução consumo  energético e de matérias primas e  do impacto 
ambiental destas actividades)

� Estruturas reparadas mostram c/ frequência baixo des empenho

Infra-estruturas de transportes no Espaço Atlântico

duratiNet
SESSÃO ESPECIAL

Lisboa, 24 Junho 2010

reabilitar

2010201020102010

CONTEXTO

Estruturas existentes
� Avaliar cuidadosamente as condições das estruturas existentes
� Planear as manutenções ou intervenções para reparação, 

estabelecendo prioridades numa base de análise de risco e adoptando 
estratégias para  prolongar a vida em serviço minimizando os custos 
de manutenção/reparação

Planeamento Manutenção e Reparação das estruturas

segurança sustentabilidade

�Adoptar Estratégia de Manutenção eficaz
preventiva >  ( monitorização da condição ) 
reactiva > ( curativa )

�Conhecimento do desempenho estrutural em termos de durabilidade e     evolução 
dos defeitos/ optimização da avaliação e diagnóstico – monitorização
� Selecção e Optimização dos processos de reparação/reabilitação
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CONTEXTO

Novas estruturas
� As metodologias de projecto têm que prestar particular atenção aos  

requisitos de durabilidade e à necessidade de minimizar os custos totais 
das estruturas (construção e manutenção )

� As metodologias de manutenção devem ser de carácter preventivo
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DURATINET tem como objectivo principal criar uma
rede na área da durabilidade das infra-estruturas de 
transportes na Região Atlântica

� Facilitar a troca e  a transferência de conhecimentos no âmbito da
manutenção, inspecção / avaliação e reparação das estruturas de betão
armado e estruturas metálicas e da aplicação de novos materiais

�Promover acções que através dos conhecimentos induzidos permitam
melhorar a durabilidade, segurança e sustentabilidade das infra-estruturas de 
transportes.

Contribuindo para que Região Atlântica se torne ainda mais
atractiva para viver, trabalhar e com um maior desenvol vimento
das actividades económicas

OBJECTIVOS
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NETWORK 
Tranferência

Disseminação Conhecimentos

MANUTENÇÃO E REPARAÇÃO 
INFRA-ESTRUCTURAS TRANSPORTES

SUSTENTÀVEIS

DURATINET
Durable Transport Infrastructures in the 

Atlantic Area - Network

DURATINET
Durable Transport Infrastructures in the 

Atlantic Area - Network

Identificar e 
desenvolver
novas áreas

investigação na
reparação

Promover e 
desenvolver uso
“Green and Smart 

materials”

Produzir
recomendações

Manutenção
estruturas

metálicas e betão

Contribuir p/ 
melhoria de 

competencias
profissionais

Contribuir p/ 
melhoria de 

competencias
profissionais

Cluster
“Green and Smart

Structures”

OBJECTIVOS E RESULTADOS
CURTO- PRAZO

Create 
Web Platform and

OBJECTIVOS E RESULTADOS 
LONGO- PRAZO

WEBTOOLS
•SITE DURATINET

•DB-DURATI
•MANUAL WEB

1

2

3

4

5

OBJECTIVOS
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Avaliação
desempenho

materiais 
estruturais

Objectivo 5Objectivo 4Objectivo 3Objectivo 2Objectivo 1

Ferramentas apoio
Manutenção 

e decisão
intervenção

Reparação
estruturas

betão armado e 
preesforçado

Actividade 2

Reparação 
Estruturas Aço

Actividade 4

Activity 3

Comunicação 
& 

Disseminação
conhecimentos

Novos requisitos 
Controlo 
Qualidade

da reparação

SITE DURATINET
DB-DURATI

MANUAL WEB 

SMART 
& GREEN

STRUCTURES

GESTÃO 

PROJECTO

DURATINET 
Preparação 
Projecto

Actividade 5Actividade 9 Actividade 8 Actividade 6

Activity 7

Actividade 10

Actividade 1

OBJECTIVOS            AREAS DE ACTIVIDADE

ORGANIZAÇÃO E ACTIVIDADES
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ACTIVIDADE 2

RESULTADOS

Guidelines

On maintenance

Guidelines
Structures

Maintenance
Optimization

•Requisitos para optimização da manutenção/reparação  
•Metodologias de ajuda à tomada decisão de intervençã o

�Versão Web

�livro

ORGANIZAÇÃO E ACTIVIDADES

Optimização da Manutenção

Coordenação: TCD (IR)
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Estruturas de betão armado 
� Requisitos de Durabilidade

� Mecanismos de degradação

� Inspecção e Técnicas de ensaio

� Diagnóstico 

� Prevenção e modelação do T vida

� Técnicas de reparação e sua

� Adequação aos danos/custo/impacto 
ambiental 

Actividade  3 

RESULTADOS

�Versão Web

�livro

Estruturas Betão

Recomendações

reparação

ORGANIZAÇÃO E ACTIVIDADES

Coordenação: QUB (UK)
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ACTIVIDADE 4

Estruturas de AÇO

�Requisitos de Durabilidade
�Mecanismos de degradação
�Inspecção e Técnicas de ensaio
�Protecção / reparação

RESULTADOS
Estruturas de aço

Recomendações
protecção e
reparação

ORGANIZAÇÃO E ACTIVIDADES

�Versão Web

�livro

Coordenação: U Nantes (FR)
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ACTIVIDADE 5
Garantia da Qualidade na Reparação

RESULTADOS:

Documento técnico de 
revisão integrando o Manual

•Implicações das normas europeias harmonizadas no 
controlo de qualidade em obra pelo empreiteiro 

•Implicações das normas harmonizadas no controlo 
de qualidade pelos fabricantes de materiais

ORGANIZAÇÃO E ACTIVIDADES

Coordenação: U Bordeaux(FR)
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Materiais e Estruturas 
“Smart & green”

� Utilização de adições minerais e outros sub-
produtos e materiais reciclados 

�Materiais de reparação e protecção com nano 
particles e nanofibras (nanotubes carbono)

�Nano revestimentos para o aço e betão com 
propriedades específicas, auto limpeza   
durabilidade, maior compatibildade ambienta

� Outras inovações v. sustentabilidade……….

ACTIVIDADE 6

RESULTADOS:
Estados da arte

ORGANIZAÇÃO E ACTIVIDADES

�Sistemas de monitorização da corrosão ( redes wireless) 

“SMART STRUCTURES”

0

5

10

15

20

25

30

Jul/08 Ago/08 Set/08 Out/08 Nov/08 Dez/08 Jan/09

Data

T
/º

C

Coordenação: UVigo (SP)
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ACTIVITY 7
Avaliação do desempenho dos 

materiais estruturais e de novos 
materiais de reparação

� Aplicações in situ de novos
sistemas e produtos reparação

� Recolha de dados desempenho  materiais (pontes , po rtos)   
de estações experimentais dB-DURATI

Portugal- Porto de Peniche

Portugal: Cabo Raso
França: La Rochele

Barra-Bridge (Portugal) 

Portugal: Cabo Raso

Ferrycarrig Bridge (Ireland)  

ORGANIZAÇÃO E ACTIVIDADES

RESULTADOS:

Relatórios e 
DB- Durati

Coordenação: U La Rochelle(FR)
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Data 
Shee

t

Data 
Shee

t

DB-DURATI & MANUAL WEB

Acesso 
Donos obra

Boas experiêncais
inspecção e reparação 

em estruturas

Acesso Empresas 
Construção e 

produtores materiais
Dados técnicos 

desempenho materiais

Forum Web

Manutenção /reparação 
estruturas

Acesso Publico
Divulgação Projecto
actividades/resultos, 
eventos, publicações 

Cluster 
“Smart and green
materials”

Base Dados
Dados de materiais e 
produtos reparação&
inspecção e reparação 
de estruturas

WEBSITE

Acesso privado 
ao consórcio
Gestão &
Comunicação 
interna

WEBPLATFORM

Benchmarking 
Modelos vida útil

FERRAMENTAS INTERNET

www.duratinet.org

ORGANIZAÇÃO E ACTIVIDADES

ACTIVIDADE 8

Coordenação: 
LNEC (PT)
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�6 Trans-national Workshops ( Lisboa, Belfast, Bordeaux, Dublin, 
Vigo, Nantes, La Rochelle)

�International Congress DURATINET – 1º semestre 2012

�Curso em técnicas de inspecção e diagnóstico com acções de 
demonstração – 2º semestre  2011

Promoção do projecto, divulgação e acções de 
disseminação de conhecimentos

ACTIVIDADE 9

ORGANIZAÇÃO E ACTIVIDADES

Coordenação: 
LNEC (PT)
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A5 A6 A7A2 A3 A8 A9A4

Activity 10

Activity 1

P6
P4
P3
P10
P9
P11
P14

P7
P1
P2
P5
P3
P4
P6
P9
P10
P11
P12
P13
P14
P16
P17

P4
P1
P2
P9
P10
P11
P12
P13
P16
P17

P3
P12
P13
P9
P10
P11
P14

P8
P3
P5
P7
P1
P2
P4

P15
P1
P3
P2
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P16
P17

P5
P1
P12
P2
P4
P13

P1
P3
P2
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P 15
P 16
P 17

ACTIVIDADE 10

Leader

STEERING 
COMMITEE (SC)PARTNERS COMMITTEE  (PC)

Stakeholders

ADVISORY  
COMMITTEE (AC)

WG

ORGANIZAÇÃO E ACTIVIDADES

Coordenação: 
LNEC (PT)
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QUB- M. Basheer (chair)
TCD-Alan O´Connor
GHYMAC- Sylvie Yotte
LEPTIAB -Ait Mohktar
UV- Ramon Novoa
GeM- Franck Schoeffs
LCPC- X. Derobert

Project Leader
LNEC-M. Salta

STEERING 
COMMITEE 

(SC)
PARTNERS 
COMMITTEE

(PC)

Grupo 
Stakeholders

All project members 
from 17 Partners

ADVISORY  
COMMITTEE 

(AC)

Activity 10

NRA- Albert Dayle (chair)
EP- A. Póvoa
REFER- L.Mendes
BEL- R. Moura
APL- A. Martins
PV-
CG-17- Ana 
X G- J.Ramon

I&D partners 1 repres./
Working Group leaders  

Consortium 
Infrastructures  
Authorities &
Contractors 

SEMESTER MEETINGS

ORGANIZAÇÃO E ACTIVIDADES
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����VÁRIOS TIPOS PUBLICAÇÔES

SMART &GREEN  

STRUCTURAL /REPAIR 

MATERIALS

ESTADO – DA - ARTE

Guia 

Recomendações

Infrastructuras

Transporte  

Manutenção & 

Reparação

Betão & Aço

RELATÒRIOS 

TÉCNICOS
Newsletters
01
02
03
04
…………

Newsletters
01
02
03
04
…………

Flyers

Posters

Versão Web 
Guia 
Recomendações 
BETAO & AÇO

RESULTADOS
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SITE DURATINET na Internet

Português, Inglês, Francês, Espanhol

RESULTADOS
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DB- DURATI

Structures

Bridges

Bridge A

(...)

Bridge C

Bridge B

OVERVIEW

FILTER GENERAL ENVIRONMENT MATERIAL HISTORICALQUERY

REPORT

Country:

Owner|Manager:

Construction date:

(...)

Portugal

x

y

(...)

General view

Sketch 1

Type:

Spans:

(...)

Ref. Point (x, y, z):

Physical ProtectionChemical

C Si Mn P S Cr Mo (...)

... ... ... ... ... ... ... (...)

Material

Concrete √

Steel √

(...)

Designation x

Class y

(...) (...)

Images

Steel

Microstructure

Atm. pollution Water SoilMetereological

pH 8,01

CaCO3 (mg/dm3) 0

NH4
+ (mg/dm3) 0,7

Mg2+ (mg/dm3) 10,4

SO4
2-(mg/dm3) 18,9

Date                  2006/04/01

ME – left riverside

Atmosphere

Rural √

Urban

Industrial

Marine

Marine plus industrial

Corrosivity

C1 √

C2

C3

C4

C5

M
e

th
o

d
s

INSPECTION

2006/04/01 Special inspection:Beam East (VE); Beam West (VO); Abutment South (ES); 

Abutment North (EN); Piers P1 to P6; General observations

Images

Elements

Cover Thickness

VE VO ES EN P1 P2 P3 P4 P5 P6

Icorr

Compressive Strength

Carbonation Depth

Chloride content

Microscopy

Mineralogy

Visual inspection

X X X X X

X X X X X

X X X

X X X X X X X

X X

X

X X

X X X X X X X X X X

RepairMaintenance Monitoring

RESULTADOS
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Manual interactivo
na internet

RESULTADOS

AÇO

BETÃO

…………..

Manutenção
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CONCRETE STRUCTURES 

 DETERIORATION PROCESS 

REINFORCEMENT 
CORROSION 

  

Description  

Steel embedded in concrete is protected against corrosion. Due to the high alkalinity of concrete, a  
spontaneous thin protective oxide film forms on the surface of the steel – the passive film. The 
protective action of this film can be, however, destroyed by carbonation of concrete or by the 
presence of chloride ions. 

The service life of reinforced concrete structures can be dived in two distinct phases. The first 
phase is the initiation of corrosion, in which the reinforcement is passive, but carbonation or 
chloride penetration in the concrete cover, take place. The second phase is the propagation of 
corrosion that begins when the steel is despassivated and finishes when the consequences of 
corrosion cannot be further tolerated. 

Critical factors 

Environment 

Chlorides. Marine environment and particularly the direct contact with sea water 
are the most aggressive environments. The use of de-icing salts is also a 
common cause of reinforcement corrosion.  

Corrosion rate is, however, low when oxygen supply is limited like in concrete 
immersed in seawater or in zones where the concrete is water saturated.  

Carbonation. Carbonation increases in atmospheres with high levels of CO2 as 
in industrial environments or in car parking.  However, carbonation does not 
occur when concrete is water saturated or too dry. Also corrosion rate is low in 

dry environments.  

Material 
Low concrete cover and high W/C are common cause of premature 
reinforcement corrosion 

Defects classification/ 

Symptoms 

Contamination ���� Deformation ���� Deterioration  

   

Displacement ���� Discontinuity  Loss of material  

   

Testing techniques 

Visual survey  NDT  DT  

Visual examination often 
shows concrete 

delamination, iron oxides 
on concrete surface and 
even steel corrosion. For 
high concrete cover and in 

situation of low oxygen 
content, often no external 

signs are visible. 

Half-cell potential 

Corrosion rate 

Electric resistivity 

Direct observation of 
reinforcement 

pH indicators for carbonation 

Detection concrete chloride 
content determination 

Prevention  

Repair/Protection 
methods 

Patch Repair, Chloride extraction, Realkalization, Cathodic protection, Surface treatment, Inibitors 

References 
Corrosion of Steel in Concrete. Prevention, Diagnosis, Repair. Eds. L. Bertolini, B. Elsener, P. 
Pedeferri, R. Polder Half Cell Potential Measurements, Wiley-VCH, Weinheim, 2004. 

 

CONCRETE STRUCTURES 

 

 TESTING TECHNIQUES 

DETERMINATION OF THE CRACKING INDEX 

Principle 
Measurement, with the help of a cracks rule and comprehensively, all the cracks that intersect  four axis 
marked in a square of 1 m2 of the surface zone of the structure in study. 

Objectives and 

Applicability 

Objectives Determination of the cracks overture in-situ. 

Degradation mechanisms Defect(s) 

AAR (ASR and ACR) and ISR (DEF) Cracks 

Equipment and 
availability 

Cracks rule, water-proofing pen and digital camera 

Destructive 
feature 

NDT  DT � SD � 

Key aspects 

Advantages / 
Disadvantages 

Very easy to implement. 

Limits No cracks with width < 0,05 mm and urban vandalism. 

Maturity > 10 years  < 5 years � Under development � 

Qualification & 
interpretation 

Inspector  Inspector+Specialist � Specialised lab � 

S
u
s
ta
in
a
b
il
it
y
 Social Service disruption Yes � No   

 Ecology Yes � No   

Economical 

Preliminary works Yes  No �  

Time consumption low (less 1 hour)  medium (<a day) � high(< one day) � 

Cost Low  Medium � High � 

Application 

In situ 

Access to the 
element 

1 face  2 faces  

Example of 
application 

  

References 

1. northern France, Proceedings of the 9th International Conference on Alkali-Aggregate Reaction in 
Concrete, London, pp. 368-375. 

2. CSA International, 2000, Guide to the Evaluation and Management of Concrete Structures Affected 

by AlkaliDAggregate Reaction. General Instruction No.1, A864-00, pp. 116. 

3. LPC 47 (1997): Détermination de l’indice de fissuration d’un parement de béton. LCPC, Paris: pp 16. 

 

 

CONCRETE STRUCTURES 

 DEFECTS 

SPALLING 

  

Damage classification  
Contamination 

 

Deformation 

� 

Deterioration 

 

Discontinuity 

� 

Displacement 

� 

Loss of material 

 

Description 

Is defined as a loss of concrete cover resulting from detachment of a fragment of concrete from the 
larger mass by impact, by action of weather, by overstress or by expansion within the larger mass.  

The major cause of spalling is expansion resulting from corrosion of reinforcement. Spalling caused 
by impact can weaken the structure locally and also expose the reinforcement to corrosion. 

D
e
te
ri
o
ra
ti
o
n
 p
ro
c
es
s 

Concrete 

Chemical & Biological  Physical � 

chloride penetration 

carbonation 

microbiological corrosion 

 

Reinforcement 
Chemical & Biological  Physical � 

corrosion   

Other 
Impact  Overloading  Fire  Vibration � 

Movement � Explosion � Water accumulation � 

Concrete Low quality � Low cover � (...) � 

Reinforcement Wrong position � Insufficient resistance � (...) � 

Testing techniques 

NDT  Electrical resistivity 

DT     
Carbonation depth by colorimetry; Carbonation profile; Chloride penetration depth by 
colorimetry; Chloride profile 

Repair methods 

Strengthening with concrete recasting; 

Cathodic Protection 

Chloride Extraction 

Re-alkalization 

Corrosion Inhibitors 

References 
- ARTC – Australian Rail Track Corporation; RC 4300, Issue A: Engineering Practices Manual Civil 
Engineering - BRIDGE REPAIR MANUAL; Revision, march 2006. 

 

 

STEEL STRUCTURES 

 PROTECTION SYSTEMS 

SURFACE 
PREPARATION 

   

Description Removal of corrosion products and harmful material to the adhesion of coatings. 

Applicability 
Generic Substrate preparation for new and maintenance of metall ic structures. 

Types of surface Uncoated, metal-coated, Painted with pre-fabrication primer and Other painted surfaces. 

Method 

Water, solvent and 
chemical cleaning Mechanical cleaning Flame cleaning Innovative cleaning 

MECHANICAL CLEANING 

Hand-tool cleaning Power-tool cleaning Blast cleaning 

BLAST-CLEANING  

Type of application Dry abrasive Wet abrasive Particular applications 

DRY ABRASIVE 

Centrifugal Compressed-air Vacuum or suction-head 

CENTRIFUGAL 

Principle 
The abrasive is fed to and thrown by rotating wheels or impel lers to the surface to be prepared, at 

high velocity. 

Specific 

applicability 
Workpieces with accessible surfaces wi th different rust grades 

Key aspects 

Effectiveness Preparation grade Sa3 on steel  of all rust grades. 

Limits 
Requires careful set up for each application and the complete removal of contaminants requires 

additional treatment(s). 

Control 
The level of cleanliness of the prepared surface should be assessed and al l procedures inspected 

(for further details see manual text). 

Specific equipment Abrasives  and fixed or mobile uni ts of rotating wheels or impellers 

S
us
ta
in
ab
ili
ty
 

Social Service disruption Yes � No � Depends on the surface to be prepared 

Environmental 
and health 
impacts 

Health Yes  No � 
Precautions should be taken with industrial wastes, dust, noise, 
odours, organic solvents, etc. 

Ecology Yes  No � 
Abrasives, rust, old coatings and other types of waste should be 
collected and treated. 

Economical 

Preliminary works Yes � No   

Specialized labour Yes  No �  

Time consumption Low � Medium   High � 

Posterior works  Yes � No �  

Cost Low � Medium �  High   

Standards EN ISO 8504-2 
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Description 
Grinding is the common designation given to a machining process of mechanical abrasion which uses an abrasive 

element as means of material removal. 

Applicability 
Defect(s) Small cracks; nicks and gouges; corroded surface. 

Generic Fatigue improvement technique in welded structures. 

Key aspects 

Advantages| 
Disadvantages 

Eventual changes in mechanical properties and microstructural characteristics. 

Limits 
Limits such as thickness and length are related to type of damage being repaired and 
improvement required.* 

Control Visual inspection, thickness verification, and eventual NDT depending on the objective.* 

Techniques 
Burr grinding Disc grinding 

BURR GRINDING 

Specific equipment High speed rotary air tool, air supply, and tungsten carbide rotary air tools. Protective clothing and equipment. 

S
us
ta
in
ab
ili
ty
 

Social Service disruption Yes � No   

Environmental 
and health 

Health Yes � No   

Ecology Yes  No � 
In certain cases, special care should be taken to avoid contamination, 

e.g. removal of protection system. 

Economical 

Preliminary works Yes � No   

Specialized labour Yes � No   

Time consumption Low � Medium �  High   

Posterior works  Yes  No � Restoration of protective system depending on the material. 

Cost Low � Medium �  High   

Standards No available European standards. Literature referred in the manual text. 
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Description 
This type of coating is composed by non-ferrous metals, such as zinc and aluminium. Metal coated surfaces may 
receive an organic coating, resulting in a combination of systems known as duplex systems. 

Application method 

Hot dip galvanization Thermal spraying Electroplating Sherardizing 

HOT DIP GALVANIZATION 

Principle 
Hot dipping of prepared steel or cast i ron into a mol ten zinc bath, forming a coating of zinc and/or 

zinc iron alloy. 

Applicability Generic Protection against corrosion of structural elements and components. 

Key aspects 

Advantages| 
Disadvantages 

Easy control and straightforward application; premature failure rarely occurs; good abrasion 
resistance; and thick coating on edges.  

Unattractive appearance; the size of fabrication in hot dip galvanization is l imited; a low quality 

repair by welding, if required.  

Limits 
Some types of cast-iron are not suitable and the adequate coating thickness is provided by the 

manual text.* 

Control The zinc coating should be continuous wi th reasonable surface smoothness.*  

Specific equipment Molten zinc container, lifting equipment. Protective clothing and equipment. 

S
us
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in
ab
ili
ty
 

Social Service disruption Yes � No   

Environmental 
and health 
impacts 

Health Yes  No � Splashes of molten metal may eject from the bath at great speed. 

Ecology Yes  No � Environment (soi l) contamination 

Economical 

Preliminary works Yes  No � Surface preparation. 

Specialized labour Yes  No �  

Time consumption Low � Medium � High  

Posterior works Yes  No � Paint system.* 

Cost Low � Medium � High  

Standards EN ISO 14713-2:2009. EN ISO 10684:2004.  
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 TESTING TECHNIQUES 

DETERMINATION OF THE CRACKING INDEX 

Principle 
Measurement, with the help of a cracks rule and comprehensively, al l the cracks that intersect four axis 

marked in a square of 1 m2 of the surface zone of the structure in study. 

Objectives and 

Applicability 

Objectives Determination of the cracks overture in-situ. 

Degradation mechanisms Defect(s) 

AAR (ASR and ACR) and ISR (DEF) Cracks 

Equipment and 
availability 

Cracks rule, water-proofing pen and digital camera 

Destructive 
feature 

NDT  DT � SD � 

Key aspects 

Advantages / 
Disadvantages 

Very easy to implement. 

Limits No cracks with width < 0,05 mm and urban vandal ism. 

Maturity > 10 years  < 5 years � Under development � 

Qualification & 

interpretation 
Inspector  Inspector+Specialist � Special ised lab � 

S
u
s
ta
in
a
b
il
it
y
 Social Service disruption Yes � No   

 Ecology Yes � No   

Economical 

Preliminary works Yes  No �  

Time consumption low (less 1 hour)  medium (<a day) � high(< one day) � 

Cost Low  Medium � High � 

Application 

In situ 

Access to the 
element 

1 face  2 faces  

Example of 

application 
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 TESTING TECHNIQUES 

DETERMINATION OF THE CRACKING INDEX 

Principle 
Measurement, with the help of a cracks rule and comprehensively, all the cracks that intersect four axis 
marked in a square of 1 m2 of the surface zone of the structure in study. 

Objectives and 

Applicability 

Objectives Determination of the cracks overture in-situ. 

Degradation mechanisms Defect(s) 

AAR (ASR and ACR) and ISR (DEF) Cracks 

Equipment and 
availability 

Cracks rule, water-proofing pen and digital camera 

Destructive 
feature 

NDT  DT � SD � 

Key aspects 

Advantages / 
Disadvantages 

Very easy to implement. 

Limits No cracks with width < 0,05 mm and urban vandalism. 

Maturity > 10 years  < 5 years � Under development � 

Qualification & 
interpretation 

Inspector  Inspector+Specialist � Specialised lab � 

S
u
s
ta
in
a
b
il
it
y
 Social Service disruption Yes � No   

 Ecology Yes � No   

Economical 

Preliminary works Yes  No �  

Time consumption low (less 1 hour)  medium (<a day) � high(< one day) � 

Cost Low  Medium � High � 
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Description 
Grinding is the common designation given to a machining process of mechanical abrasion which uses an abrasive 
element as means of material removal. 

Applicability 
Defect(s) Small cracks; nicks and gouges; corroded surface. 

Generic Fatigue improvement technique in welded structures. 

Key aspects 

Advantages| 
Disadvantages 

Eventual changes in mechanical properties and microstructural characteristics. 

Limits 
Limits such as thickness and length are related to type of damage being repaired and 
improvement required.* 

Control Visual inspection, thickness verification, and eventual NDT depending on the objective.* 

Techniques 
Burr grinding Disc grinding 

BURR GRINDING 

Specific equipment High speed rotary air tool, air supply, and tungsten carbide rotary air tools. Protective clothing and equipment. 

S
u
st
ai
na
bi
lit
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Social Service disruption Yes � No   

Environmental 
and health 

Health  Yes � No   

Ecology Yes  No � 
In certain cases, special care should be taken to avoid contamination, 
e.g. removal of protection system. 

Economical 

Preliminary works Yes � No   

Specialized labour Yes � No   

Time consumption Low � Medium �  High  

Posterior works Yes  No � Restoration of protective system depending on the material. 

Cost Low � Medium �  High  

Standards No available European standards. Literature referred in the manual text. 
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Description 
Grinding is the common designation given to a machining process of mechanical abrasion which uses an abrasive 
element as means of material removal. 

Applicability 
Defect(s) Small cracks; nicks and gouges; corroded surface. 

Generic Fatigue improvement technique in welded structures. 

Key aspects 

Advantages| 
Disadvantages 

Eventual changes in mechanical properties and microstructural characteristics. 

Limits 
Limits such as thickness and length are related to type of damage being repaired and 
improvement required.* 

Control Visual inspection, thickness verification, and eventual NDT depending on the objective.* 

Techniques 
Burr grinding Disc grinding 

BURR GRINDING 

Specific equipment High speed rotary air tool, air supply, and tungsten carbide rotary air tools. Protective clothing and equipment. 

S
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Social Service disruption Yes � No   

Environmental 

and health 

Health Yes � No   

Ecology Yes  No � 
In certain cases, special care should be taken to avoid contamination, 
e.g. removal of protection system. 

Economical 

Preliminary works Yes � No   

Specialized labour Yes � No   

Time consumption Low � Medium � High  
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