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Lecture 7: Multilayered beam
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2From material to structural behavior

[Experimental blast test, Crawford et al. 2001]
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3Constitutive relationship for RC?
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naturally decoupled from rigid rotation

Axial strain at a given beam depth (Bernoulli)

Constitutive relationship for composite section?

Discretize the composite beam 
cross-section into layers of 
finite thickness!
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Axial strain at a given beam depth (Bernoulli)

Hyp #1: Perfect adherence between concrete and steel
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Hyp #2: Weighted average stress of a layer

(possible R-M)

(possible R-M)

Constitutive relationship for composite section?
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Axial strain at a given beam depth (Bernoulli)

Weighted average stress of a layer

Generalized stresses at Gauss points

Constitutive relationship for composite section?

Constitutive relationship 
obtained computationally!
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7Structural stiffness matrix

Contribution of the 
stress variation

Other terms: contribution of 
the change in the geometry

sectional stiffness

with and

material stiffness of a layer
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8Return Mapping at layers (1D case)

trial stress – elastic increment assumption

if

solve using Newton-Raphson

with

At each layer of the cross section
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9Multilayered beam - summary

Axial strain

   Curvature

Constitutive laws

weighted average stress in the layer

Generalized stressesGeneralized strains

Integration point level

Layer level
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10Solution - Return Mapping (1D case)

trial stress – elastic increment assumption

if

solve using Newton-Raphson

with

At each Gauss point
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11Loops in the solution procedure
Loop on loading (for)

Loop on iterations (while residual > tolerance)

Initialise residual

Assembly of stiffness (Loop on elements)
Computation reaction forces

Evaluate new residual

End of iteration loop
End of loop on loading
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Compute internal forces (loop on elements)

Return-Mapping at each layer (plasticity)

Compute stresses at Gauss points (Gaus pt loop)

Compute stresses at layers (loop on layers) 6
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Equilibrium path
(to compute)

Structure of a NL FE code
Graphical interpretation

Structure of a NL FE code
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13Summary

- Reduced number of assumptions
- Physically based section model

- Reinforcement scheme
- Reinforcement ratio

- 1D constitutive laws vs. experiments
- Extended parametric studies
- Local stresses, section states

- Currently planar frames only
- High computational cost

+ -

- Shear failure (Timoshenko layered beam),
- Stirrups vs. concrete strength,
- Bond slip effect,
- Damage coupled to plasticity,
- 3D extension (material fibers),
- ….

Future extensions
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14Applications – Planar Frame, Dynamics
Eurocode 2 vs NBR6118

6C. Oliveira et al., submitted to IBRACON in 2014

x



 

P.Z. Berke, NL Multi-Scale FE modeling of PC of RC structures

15Applications – Planar Frame, Dynamics

Concrete quasi-static behaviorSteel quasi-static behavior

C30

C20

S500/CA50

Eurocode 2 vs NBR6118

Eurocode 2

NBR6118
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16Applications – Planar Frame, Dynamics
Eurocode 2 vs NBR6118

Eurocode 2 NBR6118

Deformed configurations at t = 2 sec (displacements x 10)

Displacement history at E

o
o
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17Applications – Planar Frame, Dynamics
Eurocode 2 vs NBR6118

Eurocode 2 NBR6118

Deformed configurations at t = 2 sec (displacements x 10)

State of the sections at t = 2 sec

Eurocode 2 NBR6118
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18Applications – Planar Frame, Dynamics
Left column removal, bending moment evolution
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