
Multi -layer Bayesian life-cycle methodology 
for the structural assessment 

of existing concrete structures

Dr. ir. Wouter Botte - Concrete Day 09/11/2023



COLLAPSE PONTE MORANDI, GENUA, ITALY
14 AUGUST 2018



SURFSIDE CONDOMINIUM COLLAPSE, MIAMI, USA
24 JUNE 2021



05/11/2023Name + Surname ς UGent / KU Leuven / WTCB 4

VIADUCT GENTBRUGGE, BELGIUM
BUILT IN 1969



Dealing with uncertainties
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How muchreinforcement
is present?

What is the locationof 
the reinforcement?

What is the concrete strength?

What is the concrete 
cover?

What is the depthof 
the carbonationfront?

Has corrosion
initiated?

What is the remainingcross-
sectionof the reinforcement?

UNCERTAINTIES

NO EXACT ANSWERS

Whichcalculationmodelscan
we use?
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Quantifyingalternativerepairstrategies
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The
lifeMACS 
vision



lifeMACS philosophy

Multi -layer Bayesian life-cycle methodology for the structural assessment of 
existing concrete structures (lifeMACS)
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FWO ςSBO project
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ÁResearch supportedby the Research foundation Flanders

ÁProject duration: 2020 ς2024 (2025)

ÁtǊƻƧŜŎǘ ōǳŘƎŜǘΥ нΦм Ƴϵ

ÁSBO = Strategic basic research

Innovative scientific research that has a clear relationship with practice, starts from 
the needs of the field and is aimed at a sustainable implementation of the results

Research Utilisation
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Scientific Team lifeMACS project
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AdvisoryBoard
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General information
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WP1 ςDamageassessment andmodelling
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Damage processes
XChloride -induced corrosion

XCarbonation -induced corrosion

XɎ

Damage phenomena
XSurface cracks

XReduced cross-section reinforcement

XReduced bond steel-concrete

XɎ

Inspection  techniques
X Crack measurements

X Electrochemical measurements

X Ɏ



WP1 ςDamageassessment andmodelling
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Inspectiontechniques

Spatialvariability

Damagemodelling



WP2 ςPerformance prediction
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ωGeometry

ωMaterialproperties

ωLoads

ωBoundaryconditions

Input DSM tool Output

ω2nd order effects

ωMaterialnon-linearity

ωCorrosioneffects

PȾ ωDisplacements

ωInternalforces



WP2 ςPerformance prediction

ÁTakinginto accountresultsfrom inspectionsĄ Bayesianupdating:
ÁVisualobservations(cracks)

ÁCrack width measurements

ÁDynamicmeasurements(modalcharacteristics)

ÁΧ
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WP3 ςOptimizationmonitoring andinspection

ÁCalibratingandupdating of numericalmodels
ÁΨ5ƛƎƛǘŀƭ ¢ǿƛƴΩΣ ŀ ŘƛƎƛǘŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǇƘȅǎƛŎŀƭ ǎǘǊǳŎǘǳǊŜ

ÁUpdating basedon resultsof monitoring andinspection

ÁReducinguncertainties

ÁDamagedetectionby localizationof stiffnessreductions
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Measured

2.98 Hz
Calibrated

2.90 Hz
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WP3 ςOptimizationmonitoring andinspection

ÁChallengeswhenusingmodaldata for updating of modelsof existingstructures:
ÁModaldata providean indirect indicationof damage

ÁE.g. couplingstiffnessreductionandcorrosiondegree

ÁModaldata are a globalcharacteristicandare lesssensitiveto localreductionsof stiffness

ÁE.g. Information from eigenfrequenciesandmodalshapescombinedwith modalstrainmeasurements

ÁModaldata are influencedby environmentalaspects(temperature)

ÁControlledin laboratoryenvironment Ą shouldbe accountedfor in in situ applications
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WP5 - Optimizationinspections, interventionandrepair
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Inspections & monitoring

ÅWhereto inspect/monitor
ÅWhichtype of inspection

How to collect information?

Performance indicators

ÅWhatƛǎ ΨǎŀŦŜΩΚ
ÅWhichindicators are relevant?

What to do with the 
information?

Repair and maintenance

ÅWhichtechnique?
ÅWhento perform?

How to improve the structure?
Optimization

ÅType action
ÅTiming action

How to save resources?
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WP5 - Optimizationinspections, interventionandrepair
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Inspections & monitoring

ÅWhereto inspecter/monitor
ÅWhichtype of inspection

How to collect information?

Performance indicators

ÅWhatƛǎ ΨǎŀŦŜΩΚ
ÅWhichindicators are important?

What to do with the 
information?

Repair and maintenance

ÅWhichtechnique?
ÅWhento perform?

How to improve the structure?
Optimalisatie

ÅType action
ÅTiming action

How to save resources?
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Assessment of possible repair strategies
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No repair Repair
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Assessment of repair strategy
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PROBABILISTIC FRAMEWORK
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Derivation of repair nomogram
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What is needed to assure P[depassivation] < 10% in the next 50 years?

No repair neededMortar overlay No overlay solution possible
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WP6 - BIM
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Building Information Modelling

How to link all previous aspects?
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ÁBuilding modelling method
ÁSeparate objects

ÁObjecten have variables

ÁCanbe usedthroughoutthe entire lifecycle

ÁIndustry Foundation Classes (IFC) 
ÁOpen-sourceBIM

ÁExtendable

ÁExternallyeditable

ÁLifeMACS project connects:
ÁDifferent complex simulations

ÁReal-time data collection

ÁComplex geometries, elementsΧ ƻƴ ŀ ƭƻƴƎ ǘƛƳŜ scale

ĄGooddata management

ĄCentral data storage/exchange is necessary

Building Information Modelling (BIM)
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Name Column_5

Type Column

Description Concrete column

Properties Length
Width
Strength
Cracked
Χ

i
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WP4 & WP7 - Validation
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FWO-SBO project: focus on fundamentalresearch
Č Developing:
- Numericalmodels
- Analyticalmodels
- Calculationmethods
- Flowcharts

Č Validation is necessary

Within lifeMACS two levels of validation:
1. Validationbasedon in labo tests
2. Validationbasedon case studies
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Validationbasedon lab tests
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Validationbasedon lab tests

ÁAssessment of spatialvariability of concrete strength, diffusioncoefficient, corrosiondegree, etc.
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Necessarywhenaccounting for spatial
correlationin (Bayesian-based) assessment
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Validationbasedon case studies
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ÁApplication of developedmethodologiesto practical cases

Č Next presentationby Petra Van Itterbeeck: case of the W20 bridge 
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