= :
R INSE <oeor B IRSH o 1N

SCIENCE

mﬂ_: mmm um Erm-: DaETE um.é
Liberté
Egalité
Fraternité

A NEW APPROACH TO ACCOUNT FOR THE STEEL-CONCRETE INTERFACE IN CASE
OF INDUSTRIAL STRUCTURE APPLICATIONS USING KINEMATIC PROJECTION

MEMBRE DE

ETSON April 4, 2022, Oxford, UK



mailto:maryam.trad@irsn.fr
mailto:ibrahim.bitar@irsn.fr
mailto:stephane.grange@insa-lyon.fr
mailto:benjamin.richard@irsn.fr

Presentation outline

I R S “ 18TH EUROPEAN MECHANICS OF MATERIALS CONFERENCE 2



Energy dissipation at the steel-concrete interface level

IRSHN

Load

1E3 6o . 5
> DX = Du . ——— Crack opening-reclosing
E < s
X SE4 =
= < 400
g s
=
—> DX =D, 5 OE+0 g 3w
3 B
oy 3 20
D se4 1 =
Z S 100
o
> DX =Dy F a3 o
0 2 3 0 'l 3 3
Pseudo-time (s) Psaudo-Time ()
Fig. 5-7. GLRC_HEGIS: Dissipated energy by dissipative
mechanism
¢ 15
7 3 Concrete cracking
= Inelastic bond sfip
> F / 2 F 2- —Steel plasticity
/ % 1 4 — Concrete damage
i 21 £ —Total
=
2
5 F/2 g4 Zos
7 S
-2 T T T T
o 0.2 0.4 0.6 08 1
L Pseudo-Time Step 0

o 02 0a 0.6 08 1

Miquel Huguet (2016)

18TH EUROPEAN MECHANICS OF MATERIALS CONFERENCE

3




Physical description of the interface behaviour

] @ ks Longitudinal macrocracks
. microcrac
| Stage AB: Bond efficiency is ensured by chemical adhesion !-%}-3" B>

between the two materials.

| Stage BC: This stage is characterized by the occurrence of
microcracks surrounding the steel bar.

Bond stress

| Stage CD: The slip value between steel and concrete
increases and longitudinal macrocracks start to appear at D.
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| Stage DE: The bond stress starts to decrease where the slip

value continues to increase. A
Initial phase Intermediate phase Final failure phase
| Stage E-: This is the final failure phase. Frantzeskakis (1987)
, y
@ Steel | Q—‘ |
’ /\_j & 5] g
Concrete
T =kig —kyg* + k3 g°
Torre-Casanova (2012) Where: gy = 1.1 %1072 mm ; T,p4, = 5 MPa.

g2=2%107*mm; 7,,= 3 MPa.
Nilson (1968)
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Experimental tests
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Numerical modeling approaches

| Spring (bar) elements | Extended finite elements method XFEM
A H | N
‘runﬁgur-linni ' 2
Op\ kh 0 €h e \x
o,/ \O0 k, €,
Ngo et Scordelis (1967) Dominguez (2005)
| 2D and 3D explicit area | Introduction of internal forces
e : Fpeton
. , B
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b { g | etrion g ) i
E,L_ iﬂ __':_"i“‘fi e () _® i Béton armé ) Acier . .
_ Fpjq =t1mdglr -t Faspj = Ni(Xpas Ybas Zba) Fasp
Relnhz.:\rdt et al. (1984) Torre-Casanova (2012)
| Joint element a with zero thickness value | Finite elements with 4 nodes (QUA4)
CORPS A Usny iy
i
B2 iy H
CORPS B
Dominguez (2005) Mang (2015)

Limitations

These models are in general applied in detailed 2D and 3D analysis in order to represent some structural elements. Applying
these methodologies for large scale structures is highly time consuming.
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Concept of the proposed strategy

The main interest is the simplicity of the proposed approach and the possible transition to a large-scale application. This
thesis is a direct continuation of the previous works of Torre-Casanova (2012) and Mang (2015).

e UL conerete= f (U e )
U2 concrere= [ (U2 et )
s - 2

| . [ : Nonlinear kinematic relation
Ul sreer U2 ceee
Steel

The bond-slip law frequently used in the litterature to represent the interface will be replaced by a kinematic nonlinear
relation. This relation links the longitudinal displacements of steel and concrete nodes in a finite elements simulation.
In order to identify the analytical expression of kinematic relations, numerical pull-out tests with kinematic relations
representing the interface are to be modeled. Numerical results can be calibrated with respect to experimental ones.

Advantages Implementation

®* There is no need to add additional degrees of freedom to

the studied problem in order to take into account the ®* Single and double Lagrange multipliers.
numerical modeling of the interface.

. . . . = Kinematic projection method.
It is easy to integrate the methodology into a conventional
finite elements resolution strategy.




Suggestion of a new modelling strategy for steel-concrete interface : validation

Simple Lagrange multipliers

Validation example

KU+ LTA=F
LU=d
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Kinematic projection method

Concept
Degrees of freedom are divided into two groups : dependent and independent degrees. A projection matrix is
introduced. It links the incremental values of dependent and independent degrees. The equilibrium equation is
multiplied by the transpose of this projection matrix.

Implementation
ul = au2;ul : dependent, u2 and u3 : independent degrees.

dul 2] _p [0
6U = PoU jjpres; |Ou2|l = |1 u u ] U* = U :virtual degrees fo freedom vector.
ou3
ou3
PVW : SU*T KU = 6U*TF 6U*£bresPTKU = 6U*ZbresPTF  So :|PTKU = PTF|(for linear kinematic relations

6U = PoU jjpres and U = PUlibres)
Application

o 10 _ [kl + k2 —kz] T a’kl + k2 —k2
PkP—[O o 1][ kz2 —kZH ]—[ o iPTF = [

F_ - P [9]- [ a2kl + k2 —k2] [Ls #2
- —k2

F2
F3 u3 —k2

Conclusion

The kinematic projection methodolgy will be adopted because it reduces the size of the problem to be resolved.
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Suggestion of a new modelling strategy for steel-concrete interface : validation

ul = 0.1 + 10u2

ul = 3u2 + 3u2?

ul = 40vu2

With :

k1 = 40;

k2 = 80.

Imposed force in function of u2
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Suggestion of a new modelling strategy for steel-concrete interface : validation

Marigo 1D damage law Mazars 1D damage law
f=Y—-Y,—SMd f = €eq — €0
Ll Y = %Eez : elastic energy recovery rate.
- SM : the evolution of f in function of . Eqo : strain elastic limit.

the damage. " gy = (e (E)s .

L] Y}, @ initial damage threshold,
Ll d :damage internal variable.

Marigo 1D damage law o Mazars 1D damage law
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Objective

The aim of the incorporation of damage laws in the 1D validation examples is to test the possibility to couple two
types of nonlinearities in one simulation: nonlinear kinematic relations, and nonlinear material behaviour laws.
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Suggestion of a new modelling strategy for steel-concrete interface : validation

Validation example with two types of nonlinearities
k1 k2 k3 k4
1 2 .
NN 2 = 2
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d
Stress vs strain — element 1 . Stress vs strain — element 2 Stress vs strain — element 3
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Identical result for element 4.
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Suggestion of a new modelling strategy for steel-concrete interface : application

Mesh and boundary conditions

Calibrated result

Kinematic relation

Kinematic relation
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I o
ncilusions

These results are an evidence that kinematic relations can be used to represent the steel-concrete interface. In fact, using kinematic relations

means in other terms that the slip (u,—u;) between the two materials is being imposed.
The next step for this pull-out example will be the use of nonlinear damage laws for concrete.

IRSHN

18TH EUROPEAN MECHANICS OF MATERIALS CONFERENCE

13




Classic Euler-Bernoulli beam formulation

Introduction of slip deformation

Gy =1+ 6 A GM = [”‘Uye]

L 4 @
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ox

92
Where the matrix B3 has the derivate values of the function
forms. B13 links the strain of an eccentric point M of the beam
section to the strain of point G located in the same beam
section, on its center line.

ga=[1 —y|Bizus+ T[[1 —¥]Bizue]

The idea is to introduce a slip deformation between steel and
concrete. The classic beam theory imposes an identical strain
between the two materials.

Because of the modification of the kinematic relations of the
classical beam formulation, the beam section will no longer be
straight. This means that the steel bar won’t be controlled by
the rigid body movement of the section. For this reason, the
bar is forced to slip with respect to concrete.

This study is in progress.
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The kinematic projection method has the advantage of reducing the size of the system to be solved.

The pull-out numerical modelling shows that it is possible to represent the steel-concrete interface by a
kinematic relationship in order to reproduce the experimental result expressed in terms of bons stress-slip.

Introduction of a non-linear concrete behavior law for the pull-out example.

Study on the effect of the material and geometric parameters of the pull-out test on the kinematic relationship
expression.

Implementation of the methodology within beam and plate elements.

Implementation of the methodology in dynamic analysis.
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Thank you for your attention !
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