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Preface

Crackinghasa direct impacton the transferpropertiesthat governthe potential leakagerate in
containmentbuildingsfor nuclearpowerplants.

Reinforcedconcretestructuresfunctionsgobeyondtheir simplemechanicalresistance.

The bond between steel and concrete plays an essentialrole in determining the structural
performanceof reinforcedconcretestructuresandin the crackproperties.

Angst et al., 2017Donald Cock Nuclear power plant, 1993 giatecscientific.com/education/cracking-in-concrete-procedures/

Thissteel-concreteinterface is verycomplicateddue to the presenceof variousphenomenaat
this region.
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Asaiet al, 2003

Scales

Macroscopicstudiesare 
alreadydonein LM2S

Furtherwork be doneon the 
Mesoscopicscale

Difficult to usemesoscopicscaleto modelshugestructures

Possible calibration

Canbe usedto calibratethe macroscopicinterfacelaws.
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Torre-Casanova et al., 2013

Pull-out test

Á Thesteel-concretebondcanbecharacterizedby pull out tests(RILEMTC,1983).

Á Directwrenchingof a steelbar from a concretespecimen.

Á Therelationbetweenthe tensileforceandthe relativedisplacementbetweensteelandconcreteismeasured.

Á Theloadis increasedup to failureof the adhesion(RILEM,1970).
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Objective

Pull-out tests:
Á Usedto studysteel-concreteinterface
Á Aimis to applyit to anyRC/PCelement

Modelling a RCsampleat the mesoscopicscale:
Á Detailedgeometryof the steelbar

Å Smoothbarsmostlyusedin previousstudiesor ribshavinga rectangularsection
Å wƛōǎΩshapescontrol crackingat the interface

Á Includingcoarseaggregates:
Å Neglectedin macroscopicscale
Å Simplifiedgeometriesin mostof mesoscopicstudies(spheres,circles)
Å Control the crackdirectionsin the concrete

Á 3DStudy:
Å Studiesused2Dapproachwith complexshapes
Å Studiesused3Dapproachwith simpleshapes

FEM:
Á Solidstructures
Á Complexgeometry(irregularities)
Á Lesstime comparedto DEM
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3D DEM RBSM 2D FEM Lattice

Previous studies in literature

Previousstudies

Eddy, L. and Nagai, K. 2016

Daoudet al, 2013

Schlangen, E. and van Mier, J. G. M 1992

Nguyen et al, 2015

2D DEM Lattice3D RC sample - Corrosion 
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Usage of a model built 
up in LECBA for realistic 

sample generation

Starting Point

Running linear simulations 
using elasticmodels

Calibration of macroscopic 
models built in LM2S

Methodology

7

Variation of stiffnesses

Identical stiffnesses

Running non-linear simulations 
using aŀȊŀǊΩǎmodel

Assigning new behavior for the 
steel/concreteinterface

Meshing of the smaple

Modifications  and 
comparaison

Starting2nd yearPhD

Now
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ÅGeneratedviaa script, Combs, developedin python language.

ÅUsedpreviouslyin severalstudies: (Nguyenet al., 2015), (Bary
et al., 2017) and(Bernachy-BarbeandBary, 2019).

Sample Generation ςGeneral Description
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Spiral Herringbone Crescent

www.idaehan.com

Chosen

Polyhedrons

Cubic sample composed of three different phases

Steelbar CoarseAggtegates Mortar

http://www.idaehan.com/
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Sample Generation ςSteel bar
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Parameters
Steel bar 
צּ

Steel 
bar ּק

Steel 

bar ּק*

Total length 150 mm 160 mm 80 mm

Adhesive 
length

50 mm 80 mm 40 mm

d 16 mm 8 mm

t 1.6 mm 0.8 mm

sw 1.6 mm 0.8 mm

lw 3.2 mm 1.6mm

s 12 mm 6 mm

RILEMet al, 1970

Torre-Casanova et al., 2013
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Sample Generation ςAggregates & Mortar
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Parameter
Sample ּצ

(Steel bar ּצ)

Sample ּק

(Steel bar ּק)

Sample ּק*

(Steel bar ּק*)

Steel bar embedded length 150 mm 160 mm 80 mm

Cubic sample side length 150 mm 160 mm 80 mm

Percentage of aggregates by 
volume

30%

Aggregates minimum size 6.5 mm

Aggregates maximum 
dimension

32 mm

Convex Polyhedrons
Voronoiparticles

MortarAggregates


