Cea

59 [! w9/19w/19 " [QLb5! {¢wL?9

Mesoscopic modelling of the behaviour of interfaces between reinforcing steel and concrete
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Preface

. . . - - __ reinforcing steel concrete
Reinforcedconcretestructuresfunctionsgo beyondtheir simplemechanicalesistance IS

performanceof reinforcedconcretestructuresandin the crackproperties
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The bond between steel and concrete plays an essentialrole in determining the structural 8s @0 2 [
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cracks and crevices*

Thissteelconcreteinterface is very complicateddue to the presenceof variousphenomenaat
thisregion

phases and microstructure
different from bulk concrete

bleed water zone*

I —Ory —— air void*
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concrete splatter

- crack*

slip / separation*

* possible moisture states' air filled / partly water filled / fully water filled
( Donald Cock Nuclear power plant, 1993) [ giatecscientific.com/education/crackingn-concreteprocedures | ( Angstet al.,2017 |
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Scales
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I { Asaiet al, 2003

Difficultto usemesoscopicscaleto modelshugestructures

A 4

Canbe usedto calibratethe macroscopidnterfacelaws
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Pullout test
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\—‘ Torre-Casanova et al., 20119]

Thesteelconcretebond canbe characterizedy pull out tests (RILEMIC,1983).

> >

Directwrenchingof a steelbar from a concretespecimen

>\

Therelation betweenthe tensileforceandthe relative displacemenbetweensteeland concreteis measured
Theloadisincreasedup to failure of the adhesion(RILEM1970).

>\
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Objective

Modelling a RCsampleat the mesoscopiccale

A Detailedgeometryof the steelbar
A Smoothbarsmostly usedin previousstudiesor ribs havinga rectangularsection
A w A shagesontrol crackingat the interface

A Includingcoarseaggregates
A Neglectedn macroscopiscale
A Simplifiedgeometriesin mostof mesoscopistudies(spherescircles)
A Controlthe crackdirectionsin the concrete

A 3D Study
A Studiesused2D approachwith complexshapes
A Studiesused3D approachwith simpleshapes

Pullout tests:
A Usedto studysteelconcreteinterface
A Aimisto applyit to anyRC/P@lement

FEM
A Solidstructures
A Complexgeometry(irregularities)
A Lesdgime comparedto DEM
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Previousstudies

Previous studies in literature

3D DEM RBSM 2D FEM Lattice

6DOF

L/

3 SPRINGS
6DOF

A

matrix (M)

bond (B)

[ Daoudet al, 2013 ]

aggregate (A)
[ Nguyenet al,2015] (b)

[ SchlangenE. and vaMier, J. GM 1992 ]
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Methodology

Starting Point

\

AT ST Runnindinear simulations
up inLECBAor realistic g Meshing of thesmaple : :
: usingelasticmodels
sample generation

Identicalstiffnesses
Variation ofstiffnesses

S CIM=

Modifications and
comparaison

Runningnon-linear simulations Assigning new behavior for the
usinga | | Inédel steel/concreteinterface

_

Now

Starting2"d yearPhD

Calibration of macroscopic
models built inLM2S
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Sample Generatiog General Description

A Generatedviaa script, Combsdevelopedin python language Cubic sample composed of three different phases
A Usedpreviouslyin severalstudies (Nguyenet al., 2015, (Bary

et al.,, 2017 and (BernachyBarbeandBary 2019. Steelbar
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http://www.idaehan.com/

Sample Generatiorg Steel bar
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of the tensile force E-; - SECTION - (b) Rib section
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K f VLI TR leliy (a) Steel bar frontal view

[ RILEMet al, 1970 d

/ { Torre-Casanova et al., 2013]\
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(c) Steel bar side views
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Sample Generatiorg Aggregates & Mortar

Aggregates
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|Initia| particle'

Convex Polyhedron
Voronoiparticles

A 4

The vertical dimension is
resized using the chosen
ratio

Samplex Samplep Samplep *

Parameter

(Steel barx ) (Steel barp) (Steel barp*)

Steel bar embedded length

Cubic sample side length

Percentage of aggregates b
volume

Aggregates minimum size

Aggregates maximum
dimension
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