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Introduction

3

3 Anisotropicelasticity
3 Elastoplasticity

3 Thermaldiffusion
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Shear of an infinite stripCauchy

An infinitestrip of materialis considered
The internal virtual powereads T >

Pint = Oyyly .y + Ozyly,y

Theheightis2 m e e
Theappliedshearstressis0.5Pa
Theappliednormal stresss 0.25Pa
Theelasticmodulusis 1000Pa

The Poissomatio is0.0 Oyy = My,

Ozy = GUg,y
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Shear of an infinite stripCauchy

3 Open andunfile 001.py

3 Isthisthe expectedresult?

3 Howisthe resultafftected by
increasingPoissorratio?
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Shear of an infinite stripCosserat

3 The internal virtual power reads

Pint = 0yyYyy + OoyVay T OyzVyz + HayRzy

3 Thegeometryandstressesemainthe same Oy = Muy
3 Zeromomentat the upperboundary Toy = G140 )ug.y + 2Gmw,
3 . arethe Cosseratotations and>the couple
stresses Oye = G(1 —m)ugy — 2Gmw,
3 1 arethe generalizedstrainsand® the fay = 203GlPw,
curvatures

3 '1=0.8,3=25,1=0.67m
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Shear of an infinite stripCosserat

3

3

3

Open andun file 002.py

Howisthe resultdifferent?

Isthe storedenergyhigheror lower?

Howis the resultaffectedby
increasingPoissorratio?
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Shear of an infinite stripCosserat

3 Savdile 002.pyas003.py

3 Run gparametricanalysido assesshe effect of the characteristidengthon the
storedenergyand plot the results

3 Youcanusethe time dependentsolutionof the lastsessiomasan aid
3 Modify to assesshe effectof ' ; onthe storedenergyand plot the results

3 Giventhe results isthe safetyassessmenfor a beamwith givenloadat the tip on
the safesidewith a Cosserabr a Cauchygonstitutivelaw?
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Shear of an infinite strig Results of 003.pyg stress boundary
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Anisotropic elasticity o1 l

Thebiaxialcompressiorof arectangularspecimens
considered

Theheightis 0.2 m,the width 0.1 m

. : 02
Stresshoundaryconditionswith: —— —
Verticaldisplacementonstrainedat the bottom
boundary

Horizontaldisplacementonstrainedat the midpoint of
the bottom boundary
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Anisotropic elasticity

3 Constitutivelaw

p(0) = 1 — ccos (2(0 + 1)) — dcos (4(0 + 1))

2T
3 After Gerolymatou (2014pr a Cosseratontinuum B P e

3 Constrainedo yielda symmetricstresstensor
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Anisotropic elasticity

5 Constitutivelaw 028 ——=0,d=0
o ) mom e 020,25, d=0

TR ¢=05,d=0
e 154 ' =+ =" ¢=0.5, d=0.25
150/ 4 4ATTTTON ;

p(0) = 1 — ccos (2(9+w)2)7r—dcos (4(0+v)) 1w

210\ ”f_;'f*_, : ,.*i‘;_f“' /330

' '
,,,,,,,

270
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Anisotropic elasticity o1 l

Openfile 004.py anduniit
Isthe resultasexpected®

Modify the parametersof the stiffness oo
Sheamodulusand Poissomatio — —
Anisotropyanddirection

Whathappensto the storedenergy?

Whathappensto the displacement8
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Anisotropic elasticity results

Displacement
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Anisotropic elasticity o1 l

Savethe scriptas005.py

Modify the scriptto perform aparametricanalysis
02
Testthe effect of the parameters e T
c and-
For thelocationof the energyminimum test theeffect
of the parameters
Sheamodulus
Poissorratio
Whichfactor is more significan® T
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Anisotropic elasticity results
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Anisotropic elasticity results
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Anisotropic elasticity o1 l

Savethe scriptas006.py

Performthe sameanalysidor displacementontrolled
boundaries

é h
Set theverticaldisplacemento 0.02 and thehorizontal
displacemento plus/minus 0.0032

Whereis the minimumwith respectto - locatednow?
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Anisotropic elasticity results
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Anisotropic elasticity results
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Elasteplasticity

3 A MohrCoulombcriterionisassumed

f = q — sin()p + 2ccos()
3 wherein principaldirections

01 + 09 01 — 02 €1 + €2 €] — €2

- 2 ) q - 2 ) Ep - 2 3
3 Weassumehe usual
. . .l
by =&+l
3 and,to keepthingssimple:
c = const, ¢ = const
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Elasteplasticity A

3 Theflowrulereads ¢ = )'\aifj q

3 Inthe p-q spacethis simplifiesto: j f
(7, ) = A (1, —sin(¢ + a)) = An, ;

3 Foraplasticstep, the yield surfaceandits n.

derivativeshouldalsobe zera
3 Solvinghe conditionsto satisfyfor )

2 (u+ (e + N sin(¢) sin(¢ + a)) A = firial

3 where> X areelasticconstants /

Cy
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Elasteplasticity o1

3 Openfile 007.py andlet®walkthroughit.
3 FEniC8asnot beenusedfor this example
3 It solvesthe problemfor one material point.

3
3

Theverticalstrainincrementand thehorizontalstress
areknown N

Thehorizontalstrainincrementand theverticalstress
canbe evaluatedfor elasticity

If the new stresstateliesoutsidethe yield surface the
verticalplasticstrainincrementand thehorizontalstress
areknown. Theverticalstress iknown, as it lies on the
yield surface Thehorizontalplasticstrainis evaluated T
from theflow rule.

g2

09/10/2018
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Elasteplasticity
3 Runthe codefor associativeand nong associativelow rule.
4000 — ¢
pl .
2000, — tot ~
————— el,na
R pl,na N
3 01 - totha :
:: r
L
~2000- “
—4000-
0.00 0.02 0.04 0.06 0.08 0.10

&2
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Elasteplasticity

3 Aresignchangedikely? Tryfile 007b.pyc Attention, A {sh\il

1.0+ ol E—

PlasticEnergy
o o
o U

|
o
un

_1.0,

~150 -100 -50 0 50 100 150
a
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Elasteplasticity

3 Alternatively usingFEnICSry file 007d.py

150000 @ yy 0000000000000 000000000

148000 A

]
iy [

146000 L

T T T T T
—0.0275 —0.0270 —0.0265 —0.0260 —0.0255
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Elasteplasticity

3 Slowconvergencemostlydueto perfectplasticity Doesthe problempersistfor an
oedometrictest?

oBI(?Si ra, P oBlastic strain,

-0.00995000 0.02190000
-0.01007500 0.02165000
-0.01020000 0.15 0.02140000
-0.01032500 0.02115000
-0.01045000 0.10 0.02090000
-0.01057500 0.02065000
-0.01070000 0.05 0.02040000
-0.01082500 0.02015000

0.01990000

-0.01095000 0_0% 0 0.1
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Thermal diffusion

3 Thegeneralform ofthe heatequationreads
oT :
3 " is thedensity
3 cp thespecificheat capacity
3k thethermalconductivity
3 g the volumetricheat source
3 T thetemperature
3 Tosimplifythingsit isassumedhat there is no volumetricheat sourseandthat the
thermal conductivityis constant

T
pcp%—t — kV*T =0
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Thermal diffusion

3 Chosingzeroheatenergyzerotemperature the heatenergyreads
Q = pcp,T
3 while the rate of flow of heat energy per unit area through a surface is proportional

to the negative temperature gradient across the surface:
q=—kVT T

5 Weconsiderthe depictedproblem: A 0y
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Thermal diffusion

3 Openfile 008.py
3 It solvesthe heatdiffusionequationin the steadystate

100.00000000

Temperature 87.50000000

0.100
75.00000000
0.075 62.50000000
0.050- 50.00000000
0.025. 37.50000000
25.00000000
0.000

0.00 0.05 0.10 0.15 0.20 0.25 0.30 B 12.50000000
0.00000000
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Thermal diffusion

3 Openfile 009.py
3 Fill inwhatis missing sothat it solvesthe transientheatdiffusionequation

100 a&t
100.0000 mid
) 801 — end
87.50000
0.10 - Temperature 75.00000 60 -
62.50000 3
0.05 50.00000 401
37.50000
0.00- 20.
0.0 0.1 0.2 0.3 8 25.00000
12.50000 ,
0.000000

0.00 0.05 010 0.15 0.20 0.25 0.30
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Thermal diffusion

3 Plotthe evolutionof the thermalenergy



