
5 Slabs

In-depth study and additions to Stahlbeton II

5.8 Numerical modelling of slabs
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Learning objectives
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Based on this chapter, the students are able to:

▪ select the most suitable numerical model for slabs, clearly differentiating design and assessment-

oriented approaches.

o recognise the underlying mechanical models and understand their limitations and assumptions.

o discuss the workflow of selected numerical models.
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Finite element analysis + design with normal moment yield conditions

- Design task:

. Concrete geometry, loads and boundary conditions are known

. Linear elastic finite element analysis (FEA) to determine

internal forces [mx,my,mxy]

. Design reinforcement with yield conditions (often k=k’=1)

- Time devoted to analysis: low

- Common in practice for design, commercial software available
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Finite element analysis + sandwich model + design with membrane 

yield conditions of outer layers

- Design task:

. Concrete geometry, loads and boundary conditions are known

. Linear elastic finite element analysis (FEA) to determine

internal forces [nx,ny,nxy, mx,my,mxy, vx,vy]

(elements with general shell loading)

. Transformation of the general shell loading with the sandwich model

. Design reinforcement and check concrete in outer layers with

membrane element yield conditions (often k=k’=1)

- Time devoted to analysis: medium

- Common in practice for design
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Cracked Membrane Model Usermat (CMM-Usermat)

- Assessment task

. Concrete geometry, loads and

reinforcement are known

. Non-linear finite element analysis (NLFEA) →

Compatible stress fields

Multilayer shell element

Reinforcement and Concrete are modelled as a composite

Tension stiffening according to TCM (2D)

- Time devoted to analysis: high

- Used at ETHZ for research and expert consulting
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[Niederberger/Thoma, 2010]

Deformations are 

overestimated with 

bilinear idealization

of steel
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[Niederberger/Thoma, 2010]

v0= vx
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vxLifting of the corner areas 

(similar to the experiment)
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