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Introduction

Ʒ Shearof an infinite strip

Ʒ Anisotropicelasticity

Ʒ Elastoplasticity

Ʒ Thermal diffusion
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Shear of an infinite strip - Cauchy

Ʒ An infinite strip of material isconsidered.

Ʒ The internal virtual power reads

Ʒ The heightis2 m

Ʒ The appliedshearstress is0.5 Pa.

Ʒ The appliednormal stress is0.25 Pa.

Ʒ The elasticmodulusis1000 Pa.

Ʒ The Poisson ratio is0.0
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Shear of an infinite strip - Cauchy

Ʒ Open and run file 001.py

Ʒ Isthis the expectedresult?

Ʒ Howis the resultafftectedby
increasingPoisson ratio?
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Shear of an infinite strip - Cosserat

Ʒ The internal virtual power reads

Ʒ The geometryand stressesremainthe same

Ʒ Zero momentat the upperboundary

Ʒ ˖ arethe Cosseratrotations and ˃ the couple
stresses

Ʒ ʴ arethe generalizedstrainsand ˁ  the 
curvatures

Ʒ 1́ = 0.8 ,́ 3 = 2.5, l =0.67 m

09/10/2018 5ALERT Doctoral School 2018



Shear of an infinite strip - Cosserat

Ʒ Open and run file 002.py

Ʒ Howis the resultdifferent?

Ʒ Isthe storedenergyhigheror lower?

Ʒ Howis the resultaffectedby
increasingPoisson ratio?
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Shear of an infinite strip - Cosserat

Ʒ Save file 002.py as003.py

Ʒ Run a parametricanalysisto assessthe effect of the characteristiclengthon the
storedenergyand plot the results

Ʒ Youcanusethe time dependentsolutionof the last sessionasan aid

Ʒ Modify to assessthe effect of ́ 1 on the storedenergyand plot the results

Ʒ Given the results, is the safetyassessmentfor a beam with givenloadat the tip on 
the safesidewith a Cosserator a Cauchy constitutivelaw?
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Shear of an infinite strip ςResults of 003.py ςstress boundary
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Anisotropic elasticity

Ʒ The biaxialcompressionof a rectangularspecimenis
considered.

Ʒ The heightis0.2 m, the width 0.1 m

Ʒ Stress boundaryconditionswith:

Ʒ Verticaldisplacementconstrainedat the bottom
boundary

Ʒ Horizontal displacementconstrainedat the midpointof 
the bottom boundary

09/10/2018 9ALERT Doctoral School 2018



Anisotropic elasticity

Ʒ Constitutivelaw

Ʒ After Gerolymatou (2014) for a Cosseratcontinuum

Ʒ Constrainedto yielda symmetricstress tensor
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Anisotropic elasticity

Ʒ Constitutivelaw
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Anisotropic elasticity

Ʒ Open file 004.py and run it

Ʒ Isthe resultasexpected?

Ʒ Modify the parametersof the stiffness:

Ʒ Shearmodulusand Poisson ratio

Ʒ Anisotropyand direction

Ʒ Whathappensto the storedenergy?

Ʒ Whathappensto the displacements?
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Anisotropic elasticity - results
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Anisotropic elasticity

Ʒ Save the scriptas005.py

Ʒ Modify the script to perform a parametricanalysis

Ʒ Test the effect of the parameters:

Ʒ c and ̞

Ʒ For the locationof the energyminimum test the effect
of the parameters

Ʒ Shearmodulus

Ʒ Poisson ratio

Ʒ Whichfactor ismoresignificant?

09/10/2018 14ALERT Doctoral School 2018



Anisotropic elasticity - results
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Anisotropic elasticity - results
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Anisotropic elasticity

Ʒ Save the scriptas006.py

Ʒ Performthe same analysisfor displacementcontrolled
boundaries. 

Ʒ Set the verticaldisplacementto 0.02 and the horizontal
displacementto plus/minus 0.0032

Ʒ Whereis the minimum with respectto l̞ocatednow?
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Anisotropic elasticity - results
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Anisotropic elasticity - results
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Elasto-plasticity

Ʒ A Mohr-Coulomb criterion isassumed:

Ʒ wherein principaldirections

Ʒ Weassumethe usual:

Ʒ and, to keepthingssimple: 
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Elasto-plasticity

Ʒ The flow rule reads:

Ʒ In the p-q spacethis simplifiesto:

Ʒ Fora plasticstep, the yieldsurfaceand its
derivative shouldalso bezero.

Ʒ Solvingthe conditionsto satisfyfor

Ʒ where˃Σ ˂areelasticconstants.
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Elasto-plasticity

Ʒ Open file 007.py and letΨswalkthroughit.

Ʒ FEniCShasnot beenusedfor this example.

Ʒ It solvesthe problemfor onematerial point.

Ʒ The verticalstrainincrementand the horizontalstress 
areknown

Ʒ The horizontalstrainincrementand the verticalstress 
canbe evaluatedfor elasticity

Ʒ If the new stress statelies outsidethe yieldsurface, the 
verticalplastic strainincrementand the horizontalstress 
areknown. The verticalstress is known, as it lies on the 
yieldsurface. The horizontalplastic strainis evaluated
from the flow rule.
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Elasto-plasticity

Ʒ Run the codefor associativeand non ςassociativeflow rule.
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Elasto-plasticity

Ʒ Are signchangeslikely? Try file 007b.py ςAttention, ƛǘΨǎslow!
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Elasto-plasticity

Ʒ Alternatively, usingFEniCS: try file 007d.py
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Elasto-plasticity

Ʒ Slow convergence, mostlydue to perfectplasticity. Doesthe problempersistfor an 
oedometrictest? 
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Thermal diffusion

Ʒ The generalform of the heatequationreads:

Ʒ ís the density

Ʒ cp the specificheat capacity

Ʒ k the thermalconductivity

Ʒ the volumetricheat source

Ʒ T the temperature

Ʒ Tosimplifythingsit isassumedthat there isno volumetricheatsourseand that the
thermal conductivityisconstant:
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Thermal diffusion

Ʒ Chosingzeroheatenergyzerotemperature, the heatenergyreads:

Ʒ while the rate of flow of heat energy per unit area through a surface is proportional 
to the negative temperature gradient across the surface:

Ʒ Weconsiderthe depictedproblem:
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Thermal diffusion

Ʒ Open file 008.py

Ʒ It solvesthe heatdiffusionequationin the steadystate
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Thermal diffusion

Ʒ Open file 009.py

Ʒ Fill in what ismissing, so that it solvesthe transient heatdiffusionequation.
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Thermal diffusion

Ʒ Plot the evolutionof the thermal energy.
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