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Présentation outline
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Interest of the PhD subject: Energy dissipation at the steel-concrete interface 
level.
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Physical description of the interface behaviour.

Experimental characterization of the steel-concrete bond.

Numerical strategies proposed in the literature for the interface modeling.

1 f—

Béton

1

Suggestion of a new modelling strategy to take into account the behaviour of
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Implémentation of the methodology in a beam element.
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Energy dissipation at the steel-concrete interface level

IRSC1

Geometry Load Energy dissipation

F/2

F/2

Energy dissipation due to the interaction between concrète and Steel bars may account for up 
to 15 per cent of the total energy dissipation,

Miquel Huguet (2016)
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Physica! description of the interface

Stage AB: Bond efficiency is ensured by Chemical adhesion 
between the two materials.

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

Stage CD: The slip value between Steel and concrète 
increases and longitudinal macrocracks start to appear at D.

Stage DE: The bond stress starts to decrease where the slip 
value continues to increase.

Stage E-: This is the final failure phase.

/—\/—\

Steel -

\___ / \/
Concrète

Torre-Casanova (2012)

IRSE]

Initial phase Intermediate phase Final failure phase

Frantzeskakis (1987)

Where : gt = 1.1 * 10 2 mm ; Tmax = 5 MPa,

g2= 2 * 10-2 mm ; rfl2 = 3 MPa.

Nilson (1968)
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Concrète

displacement

Experimental tests

Push-in

I Steel bar
Imposed
displacement

Concrète

Support

Tixier(2015)

Pull-out

Steel bar
Imposed

Support

Dahou et al.(2009)

Ties

Clement (1987)

Torre-Casanova (2012)
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Numerical modeling approaches
Spring (bar) éléments

Ngo et Scordelis (1967)
2D and 3D explicit area

Reinhardt et al, (1984)
Joint element a with zéro thickness value

Dominguez (2005)

Extended finite éléments method XFEM

Dominguez (2005)
Introduction of internai forces

F hébéton

+

Béton armé
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Acier
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Torre-Casanova (2012)
Finite éléments with 4 nodes (QUA4)

Mang (2015)

Limitations

These models are in general applied in detailed 2D and 3D analysis in order to represent some structural éléments. Applying 
these méthodologies for large scale structures is highly time consumîng.
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Suggestion of a new modelling strategy for steel-concrete interface : concept
Concept of the proposée! strategy

■ The main interest is the simplicity of the proposée! approach and the possible transition to a large-scale application. This

■ The bond-slip law frequently used in the littérature to represent the interface will be replaced by a kinematic nonlinear 
relation. This relation links the longitudinal displacements of Steel and concrète nodes in a finite éléments 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 Implémentation

■ There is no need to add additional degrees of freedom to 
the studied problem in order to take into account the 
numerical modeling of the interface.

■ It is easy to integrate the methodology into a conventional 
finite éléments resolution strategy.

■ Single and double Lagrange multipliers.

■ Kinematic projection method.

IRSE3 18TH EUROPEAN MECHANICS OF MATERIALS CONFERENCE 7



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

Tel 0 0 irul] [F 11
0 k2 —k2 u2 = F2 

. 0 —k2 k2 \ Iu3\ LfsJ

1—Y—;V V
K U = F

+

ul = au2
V
[1 —a 0]

T" J

ul 
u2 
.U 3.

= 0

L : constraints matrix

Simple Lagrange multipliers

KU + LT X = F 

LU = d

k
1

Lr
0.

1 i i
fcl akl akl 0

ul 1 1 1 -i
u 2 akl a2kl a2kl a
u3 1 1 a2kl+ k2 -i
À a/cl Ct2/fl a2klk2 a-i -1
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Double Lagrange multipliers

k Lt Lt

L -pl pi
r U'
à1 =

'F'
d

■« r
u 2 
u3

L PI -pi h2\ .d. À1
U2 J

1 1 1 0 0fcl ctfcl ctfcl
1 1 1 -1 - 1

ctfcl et2 fcl et2 fcl 2 et 2ct rfl
1 ct2fcl + fc2 -1 -1 F 2 

F3
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2ct 2ct 4/? 4/?.
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Suggestion of a new modelling strategy for steel-concrete interface : validation
Kinematic projection method

Concept
Degrees of freedom are divided into two groups : dépendent and independent degrees. A projection matrix is 
introduced. It links the incrémental values of dépendent and independent degrees. The equilibrium équation is 
multiplied by the transpose ofthis projection matrix.

Implémentation
ul = au2 ; u 1 : dépendent, u2 and u3 : independent degrees.

SU = PSU libres >

'ôul' a 0'
Su2 = 1 0
.Su3. .0 1.

'Su,21 _ p r()u2l 
-Ôu3i ~ Uu3i

PVW SU*T KU = ÔU*T F ; 8U*]ibresPTKU = SU 

SU = Pôulibres and U = PUlibres ).
Application

r Arl 0 0 ira 01 r ■>, * r7cl 0 0 ' 'a 0 _ fa2kl + k2pTkP = [“ 1 0 k2 —k2 1 0 k2] ;PtF
LO 0 lJ .0 —k2 k2 . .0 1

[ —k2 k 2 J

; U* = U : Virtual degrees fo freedom vector.

*T
libres

ptf So ptku = ptf (for linear kinematic relations

a2kl + k2 
—k2

—k2
k2

'Fl' 
F 2 
,F3.

rafl + F2l. f“2] = \a2kl + k2 -k2\ 1 TaF 1 + F 2] 
l F3 J ’ Lu:îJ l —k2 k2 \ L F3 J

Conclusion

The kinematic projection methodolgy will be adopted because it reduces the size of the problem to be resolved.
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ul = 4Ch/ÏÏ2

Suggestion of a new modelling strategy for steel-concrete interface : validation
Example ul m 0.1 + 10it2 ul = 3u2 4- 3u22

IRSE3

Imposed force in function of u2

Sul
Su2
Su3.

20
Sul
Su2
Ôu3.

3 + 3u2
1
0

P

0
0
IJ

Imposed force in function of u2Imposed force in function of u2

Imposed force in function of u3

Sul
Su2
Su3.

10 0

0.15 0.3 0.45
U2

Imposed force in function of u3

kl k2

With : 

kl = 40; 

k2 = 80.



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

f = Y -YD - SM d
Y = -Es2 

2
: elastic energy recovery rate.

SM : the évolution of / in function of 
the damage.
Yd : initial damage threshold, 
rAdamage internai variable.

Marigo 1D damage law

Marigo 1D damage law Mazars 1D damage law

f &eq £<20

sd0 : strain elastic limit.
£eq = V<£>+:<£>+ ■

Mazars 1D damage law

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

u2 = 2u32

Stress vs straïn - element 1 Stress vs straïn - element 3

Identical resuit for element 4.
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Suggestion of a new modelling strategy for steel-concrete interface : application
Mesh and boundary conditions

Torre-Casanova (2012)

Calibrated resuit Kinematic relation

Kinematic relation

Bond stress-slip curve

0,005 0,01 0.015 0.02 0.025 0.03
slip (m)

Where:

a = 5;b = 1500.

Conclusions

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 (ua—ub) between the two materials is being imposed.
The next step for this pull-out example will be the use of nonlinear damage laws for concrète.
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Implémentation in a beam element

IRSE3

Introduction of slip deformation

Concrète
Steel

= I1 -y] B13 ue + r[[l -y] B, 3 ueJ

The idea is to introduce a slip deformation between Steel and 
concrète. 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 concrète.

This study is in progress.
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Conclusions

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 îs possible to represent the steel-concrete interface by a 
kinematic relationship in order to reproduce the experimental resuit expressed in terms of bons stress-slip.

Perspectives

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

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

Implémentation of the methodology within beam and plate éléments.

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