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Dealing withuncertainties

N Whichcalculationmodelscan . .
/ \_\ . e s Whatisthe remainingcross
oy ' sectionof the reinforcement

Howmuchreinforcement

IS present? Whatisthe concrete
cover?
Whatisthe depth of
the carbonationfront? -
1 UNCERTAINTIES

N

I Whatis the concretestrength?
ggI{IY[ERSITEIT

m Whatisthe locationof

-— ; ;
™ '.'.' the reinforcement? Hascorrosion
Bulidwise initiated?

fW 0 Wouter Botte¢ UGent 09/11/2023 | 5

NO EXACT ANSWERS




Quantifyingalternativerepairstrategies
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lifeMACS philosophy

| | Multi -layer Bayesiarnife-cyclemethodology for the structuralassessment of
~ existingconcretestructures (lifeMACS)

LIFE CYCLE DESIGN, ASSESSMENT AND MANAGEMENT OF CONCRETE STRUCTURES

\
INTEGRATED LIFE-CYCLE ASSESSMENT AND MANAGEMENT
OF EXISTING CONCRETE STRUCTURES

PERFORMANCE

STRENGTH PREDICTION

)% CONDITION
. . ASSESSMENT
DURABILITY

BAYESIAN

| SERVICEABILITY COUPLED
TTE ' LEARNING MONITORING
UNIVERSITEIT | ROBUSTNESS MODEL
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. INTEGRATED & INTELLIGENT BIM ENVIRONMENT FOR BUILDINGS AND BRIDGES
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'l FWO¢ SBO project

i | K '_ ~ AResearclsupportedby the Research foundatioRlanders fwo
N ~ AProjectduration: 2020¢ 2024 (2025)

\ At NP2SO0 0dzRISUY HDOM Ye
N\ ASBO = Strategic basic research

the needs of the fielcand is aimed at austainable implementatiorof the results

) \/ Innovativescientific research that has a clearationship with practice starts from
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AdvisoryBoard

Industry sector & advisory board members: Industry impact needs:

Combanies offering damage Data transformation model/tools to use

di i i q . tori . /. zensor. @ SANARCON measurement data in construction design
1agNOSLICs and monitoring software dedicated to existing structures

,'f/" . Tools for high standard tracking and decision
: : 0-BASF Aquafin CGNGiC . .
Public and private owners, S Electrabel making of performance of existing structures,
Asset management firms ?(q Viaanderen %& Vlaanderen added value of monitoring and impact of repair

is mobiliteit & ' is wegen en verkeer inte rve ntions

- openbare werken

Engineering design offices, g . creie TRACTEBEL Assessment of impact of repair options/inter-
Life-cycle design consultants, s | me'ruc RAIL e ventions, probabilistic design models/tools for
control/certification bodies o (ZTUCRAl assessment of existing structures and updating

UNIVERSITEIT
GENT Contractors and material ¥ bam Tools for high standard assessment of impact of
m suppliers for concrete repair contractors repair options and interventions

FEM based calculation software for assessment

— Construction software 3 . "
-— I-I-I roviders rFﬁBU.l].dSOft of existing structures, BIM software tools to
EMILEIRIED P e e E track existing structures during service life
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WP1
Condition
assessment &
damage
odelling

Optimization
of actions

WP6
BlIM-based
life-cycle
WP3 \ managemen
Optimization WP2
Inspection & Performance

Monitoring prediction
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WP1c¢ Damageassessmenand modellin

Damage processes

@ Inspection techniques

X Crack measurements X Chloride -induced corrosion

X Electrochemical measurements X Carbonation -induced corrosion

X ¥ Xy

UNIVERSITEIT | Damage phenomena
X Surface cracks

m X Reduced cross-section reinforcement

— l " X Reduced bond steel-concrete
ow® b4 X ¥

Buildwise
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'l WP2¢ Performanceorediction
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DSM tool

Output

- w2nd ordereffects

10 kN/m

- wBoundaryconditions p
2

~&=

5m

5
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Deformations

- wDisplacements
wMaterial non-linearity - winternalforces
- wCorrosioreffects ]

— Original frame
~—— Basic DSM

~—— Extended DSM tool

g +t140%
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WP2¢ Performanceprediction

ATakinginto accountresultsfrom inspectionsA Bayesiarupdating:

AVisualobservationgcracks
A Crackwidth measurements
A Dynamicmeasurement§modal characteristicy

AX -

{ ﬂ.fy,f,w...=£
£(x)
LHS
DSM tool
Input = LHS

Qutput = deflection/strain
at certain location

Response surface

Initiation
Likelihood = 0

Assumefirstsamplex;, s = 0

Create new sample
Calculate o,
Create sampleuy

)

Yes
Type of
measurement

.| Reject sample ]

s+=1

Deflection at certain location
Strain measurement

Material property

Other types

Calculate
infu(2)] += —3 Bl

1
W) += 3R

Calculate

1
W[L(E)] += - 5Fh

Calculate

!

Calculate a;
Create sample u,

. No

s+=1

] Yes: sample accepted
s+=1

No - o

© lifeMACS

Yes

Reject sample J
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WP3¢ Optimizationmonitoringandinspectic
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ACalibratingand updating of numericalmodels
AWS A IAGL §
A Updatingbasedon resultsof monitoringandinspection
A Reducinguncertainties
A Damagedetection by localizationof stiffnessreductions

RAIAGIH €
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WP3¢ Optimizationmonitoringandinspec
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AChallengewhenusingmodaldatafor updating ofmodelsof existingstructures
AModal dataprovidean indirectindicationof damage
A E.g.couplingstiffnessreductionand corrosiondegree
AModaldata are aglobalcharacteristicand are lesssensitiveto localreductionsof stiffness

AE.qg. Informatiorfrom eigenfrequenciesind modalshapescombinedwith modalstrain measurements
A Modal data areinfluencedby environmentalaspectgtemperature)

A Controlledin laboratoryenvironmentA shouldbe accountedfor in in situapplications
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Il \WP5- Optimizationinspectionsinterventionandrepa

ﬁow to collect information?\ /What to do with the )
) information?

Inspections & monitoring Performance indicators

AWhath & Wwal FSQK
A Whichindicators are relevant?
\_ ),

A Whereto inspectmonitor
A Whichtype ofinspection

=
LT}
UNIV (. . 2
gngRSITEIT How to improve the structu rg How to save resources?
Repair and maintenance | G\ g ¥ o Optimization

e A Whichtechnique? s Type action

— |‘| A Whento perform? . J J

—— \ )

Buildwise
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Repair and maintenance
A Whichtechnique?

A Whento perform?
N\

How to improve the structure?

)

J
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Assessment of possible repair strategie
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COATING

T =1 years

MORTAR OVERLAY

O0a PO

0Qn aa

MORTAR REPLACEMENT

T =1 years
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PROBABILISTIC FRAMEWORK
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Probability of depassivation [-]

0.16
—— No repair
0.14 4 ——- Surface treatment
—-= Mortar overlay
0.12 4 =reee Concrete replacement
—== Lifetime threshold
010 +———————"—"————————5~——<
0.08 A
0.06 A
0.04 A
0.02 A
0.00
0

09/11/2023

| 22



N

UNIVERSITEIT
GENT

—
=:1l)

Buildwise

fwo

What is needed t@assure P[depassivation] < 10bthe next 50 year?®
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Building Information Modelling (BIM)
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ABuilding modelling method
A Separateobjects
A Objecten havevariables
A Canbe usedthroughoutthe entire lifecycle

Alndustry Foundation Classes (IFC)
AOpensourceBIM
A Extendable
A Externally=ditable

ALifeMACS projeconnects
A Different complexsimulations
A Realtime datacollection
AComplexgeometrieselementX 2y | 6cgle/ 3 GAYS
A Gooddata management
A Central data storage/exchangenscessary
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Column

Description Concrete column

Properties Length
Width

Strength
Cracked

X
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@l \WP4 & WP7 Validation
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\'\ | K ~ FWOSBO projectfocus onfundamentalresearch
\ C :

- Numericalmodels

- Analyticalmodels

- Calculatiormethods

-  Flowcharts

C ISsnecessary

Within lifeMACS
1. Validationbasedon in labo tests

[T} 2. Validationbasedon case studies
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Validationbasedon lab tests
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C Nextpresentationby Petra Van ltterbeeclcase of the W20 bridge
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