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• Insufficiency of design code approaches to define 

Motivation

• Insufficiency of design code approaches to define 

reinforcement for controlling shrinkage-induced cra cking.

• Use of a NLFE model - as simple as possible - to predict 

cracking in RC structures. 

• Compare the observed cracks in real RC retaining wa lls to 
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those obtained numerically.

• Understand the importance of correctly estimating t he value   

of the maximum crack spacing (l s,max) .
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Modelling strategy

• Perfect bond between concrete and rebars .

• Nonlinear software DIANA, using relatively coarse FE

meshes.

• 2D plane stress assumption, with due allowance to creep.
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• Perfect bond between concrete and rebars .

• Differential shrinkage across the wall thickness is

disregarded.
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• Mesh dependence is minimized by enforcing the FE size
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Modelling strategy

• Mesh dependence is minimized by enforcing the FE size

perpendicular to the crack to be equal to the average crack

spacing S.

Plain concrete Reinforced concrete

Softening area
Cross-sectional area×

Stiffening area
Cross-sectional area×+

Tension softening
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=
‘Composite’ model

Tension softening

Tension stiffening

RC wall
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Cracking simulation – RC tie Jaccoud 1987

Elevation (mm) Cross-Section

• Short term tensile test with imposed deformations.

• Concrete creep is disregarded.

• Strain monitored by a LVDT at the center of the spe cimen. 
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MC90

Jaccoud Tie

Cracking simulation – RC tie Jaccoud 1987

• FE dimensions specified for the stage of 

MC90

X 2/3
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• Calculated value for l s,max is rather coherent 

with the average crack spacing reported by 

Jaccoud. 

crack formation.

≈
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Cracking Simulation – Jaccoud RC Tie

RC Tie
(mm)(mm)
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• Tensile strength of concrete estimated based on the  

experimental data.

• In region MACONC4 no cracks were reported by Jaccou d. 
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Experimental vs Numerical Results
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• More accuracy during the early crack formation phas e.• Numerical prediction exhibits a good coherence with  experiments.

• Number of formed cracks is also coherent with that reported by Jaccoud.• Stiffness associated to stabilized cracking phase we ll simulated.
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RC retaining wall

• Wall casted in 2004. 

• In-situ assessment made in 2011.

• Variable thickness.
Cross-section

L = 19 m
H = 4.7m

RH = 60%

EC2 ρρρρ ≈ 0,5%εεεεcs,free = 355 µεµεµεµε

C25/30
S500
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RC retaining wall
Crack pattern (mm)

• Displacements of the foundation block in contact wi th the 

• FE mesh size based on l s,max, which is difficult to obtain.

• Intrinsic variability of the bond action between steel and concrete.

• Centred base wall adopted – small influence of bendin g 

stress in longitudinal cracking.

FE model (l s,max = 0.78 m)

• Displacements of the foundation block in contact wi th the 

soil prevented.
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• Intrinsic variability of the bond action between steel and concrete.

• A parametric analysis was conducted: 

� Farra 1995; 

� MC90; 

� lower bound.

Model cross-
section

ls,max = 0.47 m

ls,max = 0.78 m

ls,max = 0.31 m
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ls,max=0.31mls,max=0.47mls,max=0.78m
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RC retaining wall

l =0.31mls,max=0.47mls,max=0.78m
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• Average estimates for the bond stresses (good bond conditions), 

according to the experimental results of Farra.

• Cracking pattern and crack widths similar to observ ed results.

• MC90 estimate, based on characteristic lower bound values for 

the bond stresses.

• Underestimation of number of cracks and overestimat ion of crack 

widths.

• Lower bound of l s,max .

• Overestimation of number of cracks and underestimat ion of crack 

widths.
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RC retaining wall
h = FE size

ls,max=0.31m ls,max=0.78mls,max=0.47m
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h = FE size / 2
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� Good coherence in the RC tie simulation . The proposed

Conclusions

� Good coherence in the RC tie simulation . The proposed

methodology captures all the main features expected:

• the number of formed cracks;

• the decrease of stiffness during crack formation;

• the stiffness along the stabilized cracking phase.
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• the stiffness along the stabilized cracking phase.

� With the adopted simulation strategy, numerical pre dictions of 

the crack width and cracking pattern were coherent with the 

ones observed in the retaining wall .
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(…)

� Confirmation of the importance of the mesh refinement on the� Confirmation of the importance of the mesh refinement on the

obtained results in structures where the restraint to

deformation is not uniform (diminishing FE length increase s

the number of cracks, while the corresponding crack width

decreases).

� The analysed case studies suggest that modified tension
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� The analysed case studies suggest that modified tension

stiffening diagrams could be adopted, to ensure objectivit y

with respect to the FE mesh size, and allow the use of more

refined meshes (crack bandwidth has revealed itself much

less important).


