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Energy dissipation at the steel-concrete interface level

Geometry Load Energy dissipation
600
o DX = Du . 3 Crack opening-reclosing
é .::‘E‘ 500 Steel-concrete slip
E SE-4 3 Damage
< = 400 Total
N DX = Dﬂ % OE+0 - % 300
§ E 200
3 sE4 =
1% & 100
> DX =Dy 2 a3 i i v o
0 1 2 3 4 ] 1 P
Pseudo-time (s) Pseudo-Time (s)
Fig. 5-7. GLRC_HEGIS: Dissipated energy by dissipative
mechanism
15
¢x} 3 Concrete cracking
= Inelastic bond sli
} F/Z 2 4 2 —— Steel ;Iasticity ’
[ @ 1 -~ Concrete damage
............................ b Q!'T_ 1 g:: Total
5 FJ2 %1 | Zos
7 2 i
-2 o f—
L ° o2 Psgﬂdo-Tlmeaéiep o® ! 0 = = = — |-
0 0.2 04 0.6 08 1
Pseudo-Time Step
Energy dissipation due to the interaction between concrete and steel bars may account for up to 15 per
cent of the total energy dissipation.
Miquel Huguet (2016)
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Interface behavior

Physical description Experimental tests Numerical modeling
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ehavior: principles

Motivations

* The numerical modeling of the steel-concrete interface behavior is important for a good representation of the
concrete cracking and a better estimate of material energy dissipation.

* A representative description of the interface behavior at the scale of an industrial building using existing
models is still tedious and impractical.

Principles

Bond B R
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principles
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Proposal of a new multiscale modeling strategy of the interface behavior: principles

Principles

Zoom
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Proposal of a new multiscale modeling strategy of the interface behavior: principles

Principles

A Force
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*  For the calculation of F;,,;; and k , a local algorithm is called in order to establish the equilibrium of the
macro-element (internal force at internal nodes = 0).

* Astatic condensation technique is used in order to condense the stiffness matrix of the macro-element at its
four external nodes.

I R S “ 9TH INTERNATIONAL CONFERENCE ON COMPUTATIONAL METHODS IN STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING



Proposal of a new multiscale modeling strategy of the interface behavior: validation

Pullout test of Torre-Casanova 2012
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Proposal of a new multiscale modeling strategy of the interface behavior: validation

Pullout test of Torre-Casanova 2012

| Test description

15d,

Steel plate

| Mesh

Support

Macro-elements

ld,«—»
Imposed displacement

E.

| Material parameters

Young’s modulus 28 GPa
Ye Poisson’s ratio 0.22
fe Tensile strength 3.16 MPa
Edo Damage threshold 11143 x 107*
A, Local Mazars’ modelinput Not used - the lawis regularized
B Mazars’ modelinput Regularized -
Mazars’ modelinput 1.1
Mazars’ modelinput 700 -
Mazars’ modelinput 1.06
Fracture energy 150 J/m?

Young's modulus

200

GPa
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validation

Pullout test of Torre-Casanova 2012

Imposed displacement Reaction Damage
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The resultant reaction curve verifies the pullout constitutive equation: 7s=——
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Proposal of a new multiscale modeling strategy of the interface behavior: validation

Pullout test of Torre-Casanova 2012
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Proposal of a new multiscale modeling strategy of the interface behavior: application

Tie test of Farra 1995
| Test description | Material parameters
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Proposal of a new multiscale modeling strategy of the interface behavior: application

Tie test of Farra 1995

| Test description | Material parameters
s = > [concreteparameters  [oescripton  Jvawe e |
E, Young's modulus 304 GPa
+—
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disl;)lacement Ye Poisson’s ratio 0.22
7 Diameter =10 mm 0.1x0.1m fe Tensile strength 2.6 MPa
v Steel bar: displacement blocked in "
v P and z direction £do Damagethreshold 8.5526 x 10~
A Local Mazars’ model input Not used - the law is regularized
| Mesh
B, Mazars’modelinput Regularized
A Mazars’ model input 1.2
B, Mazars’ model input 700 -
B Mazars’model input 1.06
Gs Fracture energy 150 J/m?
E, Young's modulus 200 GPa
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Proposal of a new multiscale modeling strategy of the interface behavior: application

Tie test of Farra 1995 — linear concrete behavior

| Reactions | Ilterations
Global iterations at the level of the structure
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Proposal of a new multiscale modeling strategy of the interface behavior: application

Tie test of Farra 1995 — linear concrete behavior

| Reactions | Ilterations

Local iterations at the level of the macro-elements
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Proposal of a new multiscale modeling strategy of the interface behavior: application

Tie test of Farra 1995 — nonlinear concrete behavior

| Concrete damage | Experimental — numerical curves
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Proposal of a new multiscale modeling strategy of the interface behavior: application

Beam end test of J. Rex et al. 2019
| Test description | Material parameters
o %107 Bond law
Imposed displaceme?g_tf, . | I
—+ 6 mm diameter
tirrups (5 stirrups) 2L i
, ntudinal bars (4 bars) g_m, 15+ 4
yolox g
51354 Blocked displacement in x direction =
5258535 85 ¢ Blocked displacement in z direction g
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Proposal of a new multiscale modeling strategy of the interface behavior: application

Beam end test of J. Rex et al. 2019
| Test description | Material parameters
Imposed displacement , E, Young’s modulus 28 GPa
Ye Poisson’s ratio 0.2 -
—+ 6 mm diameter
stirrups (5 stirrups)
f: Tensile strength 2.565 MPa
-5
Edo Damage threshold 9.1607 x 10 -
ongitudinal bars (4 bars)
z Ae Local Mazars’ modelinput Not used - the law is regularized =
Yo lex
51354 Blocked displacement in x direction B, . R R
52583385 ¢ Blocked displacement in z direction ¢ Mazars’ modelinput Regularized -
I MESh ‘ ) Ac Mazars' modelinput 1.3 -
= : B, Mazars’ modelinput 650 -
B Mazars’ modelinput 1.06 =
Gy Fracture energy 150 J/m?
E, Young's modulus 200 GPa
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application

Beam end test of J. Rex et al. 2019

Concrete damage Experimental — numerical curves
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* The main advantage of the proposed approach to model the steel-concrete interface is that it consists
of modeling the steel and the steel-concrete interface within a single finite element, which makes it

more practical to introduce the consideration of the interface behavior into a finite element
calculation.

* Bond stresses are introduced locally within the macro-element. The studied examples show the
robustness of the model and its ability to reproduce the experimental behavior of the interface.

* Application for large-scaled structures subjected to both static and dynamic loads.
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Thank you !
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