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vrtNWS, 13th of March 2023

Prognosis – Condition of bridges in Flanders (Belgium)

P. Meekels - Concrete Day, 2023

Concrete bridges – per year

Repair
Maintenance
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Prognosis – Condition of bridges in Flanders (Belgium)

Prognosis – Condition of bridges in Flanders (Belgium)

Radio2 – 10th of May 2023
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BBC – 18th of August 2018

Neglective approach…

EuroNEWS
12th of September 2024
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Nieuwsblad 
14th of August 2018

Damage to concrete structures – corrosion 
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Tip of the iceberg

Damage of concrete structures – main factors/causes contributing to failure
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What goes up must come down?

Belgium 2015 France 2016The Netherlands 2011

Collapsed gallery in Leeuwarden was entirely corroded

Tenth floor balcony collapses

4 dead, 14 injured after balcony collapse in France

Damage of concrete structures – main factors/causes contributing to failure

Concrete cover; 11,6

Environment; 38,5

Concrete quality; 15,8

Building details; 7,2

Execution; 4,2

Joints - water; 7,7

Concept-design; 0,5

Material; 13

Jones et al. (1997). Development of a holistic approach to ensure the durabilty of new concrete construction. 
British Cement Association, Report C/21, pp.81.

EN1992-1-1

EN206

EN206

EN206

EN13670
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“Every idiot can make concrete…

Basics of concrete technology…

“Every idiot can make concrete.
The problem is: they do…”

A.M. Neville

Basics of concrete technology…
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Andrea from Roborst

“Zejt… zejt dat dien bezigt, tis iet wriet…” 

The fun factor… or just plain ignorance

10 cm = 100 kg/m²
50 cm = 500 kg/m²

37 x 70 kg for 10 m² = 259 kg/m² 
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Damage of concrete structures – main factors/causes contributing to failure

Damage of concrete structures – deterioration processes/phenomena

corrosion of reinforcement - ext. chlorides

corrosion of 
reinforcement - int. 

chlorides

corrosion of reinforcement - carbonation
ASR

chemical attack

freeze/thawing

plastic/drying shrinkage and settlement

thermal cracking
creep abrasion/erosion/cavitation

Damage due to corrosion of reinforcement

Jones et al. (1997). Development of a holistic approach to ensure 
the durabilty of new concrete construction. British Cement
Association, Report C/21, pp.81.
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Corrosion of steel in concrete

1) H2O (electrolyte) 

2) O2

3) Depassivation of steel
 pH < 9-10 carbonation
 [Cl-]/[OH-] > 0,6 chloride

Electro-chemical process

Initiation -> propagation

Fe(OH)2 -> Fe2O3 (rust)

2Fe -> 2Fe2+ + 4e-

2H2O + O2 + 4e- -> 4OH-

Steel

Concrete

2Fe(OH)2

e-

4OH-
2Fe2+

Anode
Cathode

PWO project ‘Balcon-e’: Diagnosis – assessment and durable repair of concrete balconies

2019-2021: Output (in Dutch) balcon-e.odisee.be
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 Condition assessment: score (1-6) based on inspection and CSI
 Based on NEN 2767
 Severity of the defect: 1-2-3
 Size of the defect: from incidental to general
 Age of the defect/degree of deterioration: intitial – advanced - final
 Example: corrosion related damage (= Severity 3, e.g. corrosion related)

Age
Degree

Size/Amount

Diagnosis and condition assessment prior to the repair

 Condition assessment: score (1-6) based on inspection and CSI
 Based on NEN 2767
 Severity of the defect: 1-2-3
 Size of the defect: from incidental to general
 Age of the defect/degree of deterioration: intitial – advanced - final
 Example: corrosion related damage (= Severity 3, e.g. corrosion related)

Age
Degree

Size/Amount

Diagnosis and condition assessment prior to the repair
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CONDITION

1 2 3 4 5 6

Restricted usage

Protective treatment

Repair damage

Strengthening

Replace/rebuild - demolish

AC
TI

O
N

No action required

Necessary Optional

Diagnosis and condition assessment prior to the repair

It’s all about what you inspect …
which is not allways what you expect
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Towards a reliable, durable and sustainable repair strategy

5

Protection and repair principles according to EN 1504-9
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Protection and repair principles according to EN 1504-9

 Remove all contaminated concrete (carbonation – chlorides)

 Clean (+ protect + replace) rebars (Principle 4, 9)

 Repair mortar (patching, spraying, casting) 
(Principle 3, 7)

 Coating (Principle 1, 2, 8)

Patch repair and conventional repair
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Patch repair and conventional repair

Repair damage

CONREPNET (2007)

Premature failure
Service life extension concrete repair

“Inspection and diagnosis prior to the
repair is essential in the entire process”

> 25y: 10%
< 10y: 55%

< 5y: 20%
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Repair damage: incipient anodes – ring anode – halo effect

 In case not all contaminaded concrete is removed
 Macrocell activity – difference in Epot

 Interface effects between repair material and parent concrete

External anode

Steel

Concrete

DC

e-
i

External anode (e.g. Zn)

Steel

Concrete e-
i

ICCP GCP

Electro-chemical repair, e.g. cathodic protection (Principle 10)
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Electro-chemical repair, e.g. cathodic protection (Principle 10)
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Electro-chemical repair, e.g. cathodic protection (Principle 10)
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Radio2, 2nd of January 2023

Case Stadsschouwburg Antwerp (Belgium)

vrtNWS, 16th of May 2022
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Infrasite.nl, 3rd of Octover 2024

Infrasite.nl, 3rd of Octover 2024
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Case Stadsschouwburg Antwerp (Belgium)

Case Stadsschouwburg Antwerp (Belgium)

vrtNWS, 16th of May 2022
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Need for a durable ànd sustainable concrete repair strategy

 EU: 50% van budget/y → repair/rehab of concrete structures

 US: $ 3 billion/y for maintenance bridges (2007)

 US: $ 2.5 trillion/y = corrosion related (35% civil construction) (2016)

“ Financial and environmental burden for society ”

 European Green deal (EU)

 Vlaams Energie&Klimaatplan
Circulair Betonakkoord Vlaanderen (BEL)

 Milieutaks – CO2 heffing
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Time

Reactive repairPro-active maintenance

Short disturbance
Out of service

Time

Long disturbance
Out of service

Critical!

Reactive repair

Pro-active maintenance
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Economic costs
Environmental impact

Re-active vs. Pro-active
Curative vs. Preventive

Repair vs. Maintenance
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125x€

25x€

5x€

 Design – Build – Maintain – Operate
 Durable design and execution = €
 Unforeseen maintenance cost = 5 x €
 Repair cost = 25 x €
 Demolisch and rebuild = 125 x €

initiation propagation

Am
ou
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n

Concrete structures rehabilitation decision making through LC(C)A 

48

 Goal = sustainable maintenance and repair strategy for decision making 
within a life cycle strategy

 LCA: life cycle assessment
 LCCA: life cycle cost analysis

 PhD Neel Renne – UAntwerpen EMIB research group
neel.renne@uantwerpen.be
Renne et al. (2022). Sustainable assessment of concrete repairs through life cycle assessment (LCA) and 
life cycle cost analysis (LCCA). Infrastructures 7 (7100128)
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Life cycle assessment and life cycle cost analysis

LCA
Life Cycle Assessment

LCCA
Life Cycle Cost Analysis

Environmental impact
Single Score [pt]

Economic cost
NPV [k€]

Functional unit FU
Service life 
(extension/ambition)

Rehab Strategy 1 

with a probabilistic nature

Case dependent strategy
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Case dependent strategy
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Case Modelwijk – LCCA 

FU 5y FU 20y FU 40y
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€]

Service life extension [years]

CRPR GCP ICCP New
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Case Modelwijk – LCA 

FU 5y FU 20y FU 40y
Si

ng
le

 S
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re
 [p

t]

Service life extension [years]
CRPR GCP ICCP New

Combining LCA and LCCA in the decision making process
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Combining LCA and LCCA in the decision making process

Rehab Strategy 1

Functional unit FU
Service life extension

Combining LCA and LCCA in the decision making process

Rehab Strategy 1

Functional unit FU
Service life extension

RS 2

…RS i

RS 3

RS 4
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Combining LCA and LCCA in the decision making process

Curative

Rebuilding

Preventive

Functional unit FU
Service life extension

Combining LCA and LCCA in the decision making process

Curative

Rebuilding

Preventive

Functional unit FU
Service life extension
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Case Modelwijk – LCCA vs. LCA

FU = 20 year FU = 40 year

Levensduurverlenging 5j -> 10j

Geen esthetische coating

Geen esthetische coating

Toename omvang sanering 5% -> 20%

Parametric study

CR

PR

GCP

ICCP

New

PR: service life extension 5y -> 10y

GCP: no esthetic coating

ICCP: no esthetic coating

CR: contaminated concrete to be removed: 5% -> 10% 

CR: contaminated concrete to be removed: 5% -> 20% 
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Wat brengt de toekomst?
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A bridge too far?

INHOUDSTAFEL

Life cycle strategy optimization

A methodological framework for concrete 

structures rehabilitation decision making 

through LC(C)A 

Thank you for listening!

18.12.2024

Durable and sustainable service life extension of existing concrete structures:
A holistic approach within a life cycle perspective 
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