neo-Hookean strain energy

nF[)L_]::{()L, 0, 03, {o, K o}, {o, 0, _}}

\b

nC[A_]: =Transpose [nF[A]]. nF[A]
I11[A_]1:=Tr [nC[A]]

1
12[A ;= ;(I 1A% - Tr [nC[A1%])
F1[Aft]]
2
Alt]

12[A[t]]

1 2 2 2
— ( St ( +A[t]2) J
2 \ aqt)2 At

e[A 1:=c (11[A]1-3)

+ At ]2

e[A[t]1] //FullSinplify

2
c (-3+ +A[t]2)
At

Dle[A[t]], t1//FullSinplify

2c¢ (-1+A[t]3) vt

At ]2
At ]

Dle[A[t1], t]

//Full Sinplify
1

2¢ (-1+2[t]3)
At ]
oO[A_1=%/. A[t]->A1//Sinplify
2c (-1+213)
a1
o0[A[t]]
2c¢ (-1+[t]3)
ALt ]

Uniaxial traction for a viscoelastic material

3u Xt
viscoEq:{oom[t]]»,’;[—t;]::p}

{ZC (-1+a1t13) 3uat)
Aft] Aft]
Vi sCOEq /. {1~ (20 +Bde[#] &)} //FullSinplify
2¢ (-1+ (A0 +pde[t])?) +3Bude [t]
{ ~po}
20+ Bdeft]




2| visco-ela.nb

Vi SCOEQB = Ser i es [Eval uat e [vi scoEq /. {A- (20 +Bde[#] &)}], {B, O, 1}] //Full Sinplify // Normal
2¢ (-1+20%) B (2 (c+2c20%) de[t] +320ude [t])

+ == pO
{ 20 202 }
vi scoEqR0 = vi scoEqR[1] /. B-»0
2¢c (71 + )\03)
_ pO

20

pOSt aSol = Sol ve [vi scoEqRO0, pO][1]
2c (-1+208
(o 222y
20
viscoEqgLin = {ade[t] +de' [t] =0, de[0] =de0}
{ade[t] +de'[t] =0, de[0] ==de0}
vi scoEgLi n =vi scoEqB /. pOStasSol /. B-1//FullSinplify
2 (c+2c20%) deft]
I
deSol =DSol ve[Joi n[vi scoEqLin, {de[0] ==de0}], de, t][1I

+3ude [t] ::O}

2t (c+2c A03)

{de»Function{{t}, de0e 370« H

A0Sol =Assuning[20 >0&&c >0, Sol ve[viscoEqp0, A0] //FullSinplify]

2/3
61/3 ¢ p0 + (1803+« é2406—603 p03 )
1/3
62/3 ¢ (18 C3 44 £24 ¢ -6¢3 pos )

2/3
- (-6)Y3 ¢ p0+ (-1)2/3 (18 c3 44 /é24 ¢ -6c3 pos )

1/3
62/3 ¢ (18 c3++/324cb-6c3 pos )

(po- )

{AO -

b

2/3
(-6)2/3¢c p0- (-6)13 (18 c® ++ /324 ¢85 -6c® pod )
{AO%

J}

1/3
6¢C (1803+ 24 ¢c® -6 c3 po3 )

A0Sol 1 = 20Sol [1]

2/3
61/3 ¢ p0 + (18c3+« é2406—603 p03 )
1/3
62/3 ¢ (18 cd 4 A £24 c® - 6¢c3 po3 )

A0f [p0_1=20/. 20Sol 1 //Full Sinplify

2/3
61/3 ¢ po + (18c3+«£240676c3 p03 )
1/3
62/3 ¢ |18 3 ++ 324 c8 -6 c3 p03

{)0 -

)
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Bl ock[{c =1}, P ot [X0f [p0], {pO, -100, 100}]1]

Us

w U

-100 50 50 100
Bl ock[{c =1}, ParametricPl ot [{ 20f [p0], p0}, {pO, -100, 100}, Pl otRange »All, AspectRatio-1]]

100+
50
-50
—100(
vi scoEgLi n
2 (c+2c20%) deft )
{ +3ude[t] = }
20

vi scoEgLi nl = vi scoEqgLi n[1]

2 (c+2c20%) deft]

+3ude [t] ==
20

Bl ock [{pc =50}, vi scoEqLi n1]

2 (c+2c20°%) deft]

+3ude’[t] =0
20

des =de /. deSol

2t (c+2c 203)

Functi on [{t }, deOe 3%




4

visco-ela.nb

B|OCk[{pO=15, c=1, ©=10, 20 =20f [pO], tlim=10, AN, deO =0. 2},
Plot [des[t], {t, O, tlim}, PlotRange>Al]]

0.20

0.15

0.10

0.05

2 4 6 8 T iO
Bl ock[{p0=15 ¢=1, u=10, A0 =20f [p0], tlim=10, AN deO=-0.2},
Plot [des[t], {t, O, tlim}, PlotRange A I]]

-0.10

-0.15

-0.20

B|OCk[{pO=15, c=1, u=1, A0 =20f [pO1, tlim=10, AN d€0=0.2},
Plot [des[t], {t, O, tlim}, PlotRange->Al]]

0.20(

0.10

0.05

vi scoEgLi n

2 (c+2c20%) deft )

{ +3ude[t] = }
20

Bl ock[{p0=50, c=1, u=1, 20=20f [p0], tlim=10, de0=0. 2}, A0f [p0] //Full Sinplify // N]
5.01988
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des[t]

2t (c+2c¢ 20%)

de0 e’ 3204
Block[{p0=50, ¢c=1, u=1, A0=2x0f [pO], tIim=10}, des[t]//Sinplify//N//Chop]
2.71828733- 7317 t (e

Bl ock[{p0 =50, ¢ =1, A0 =20f [p0], de0=0.2, u =10},
Plot [des[t], {t, 0, 1}, PlotRange-{0, 1.2de0}]]

0.15

0.10

0.05

I I I I 1
0.2 0.4 0.6 0.8 1.0

BIOCk[{pO:SO, C=1, 20 = X0f [pO], deO:—()LO—l), u:lO, tIIm:lO},
Plot [{20, A0 +des[t]}, {t, O, tlim}, PlotRange>A |, PlotStyle-{{B ack, Thin}, {Blue}}]]

2 4 6 8 10
Bl ock[{p0 =5, c=1}, AOf [pO] // N// Chop]

1.75233



visco-ela.nb

Block[{p0=15, c=1, u=10, X0 =20f [pO], tlim=10, AN},

AN= 2 /. NDSol ve[Joi n[viscoEq, {A[0]=1}], A, {t, O, tIim}]L1];
Plot [{20, aN[t]}, {t, O, tlim}, PlotRange->All,
PlotStyle-{{Black, Thin}, {Red, Dashed, Thick}}]]
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Bl ock[{p0=15 ¢=1, u=10, 20 =20f [p0], de0= (1-20), AN tlim=10},
AN= 2 /. NDSol ve[Joi n[viscoEq, {A[0]=1}], A, {t, O, tIim}][1]; Show[Pl ot [{20, AN[t]},

{t, 0, tlim}, PlotRange>Al |, PlotStyl e {{B ack, Thin}, {Red, Dashed, Thick}}],

Plot [{20, 0 +des[t1}, {t, O, tlim}, PlotRange>A |, PlotStyle-{{Bl ack, Thin}, {Blue}}]]]
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Block[{p0=1, c=1, u=10, A0 =20f [p0], de0= (1-20), AN tlim=10},
AN=2/. NDSol ve[Joi n[viscoEq, {A[0]=1}], A, {t, O, tIim}][L]; Show[P ot [{20, AN[t]},

{t, 0, tlim}, PlotRange>All, PlotStyle-{{Bl ack, Thin}, {Red, Dashed, Thick}}],

Plot [{20, 0 +des[t1}, {t, O, tlim}, PlotRange>A |, PlotStyle-{{Bl ack, Thin}, {Blue}}]]]
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Block[{p0=0.1, c=1, u=10, A0 =2x0f [p0], de0 = (1-20), AN tlims=10},
AN= 2 /. NDSol ve[Joi n[viscoEq, {A[0]=1}], A, {t, O, tIim}][1]; Show[Pl ot [{x0, AN[t]},
{t, 0, tlim}, PlotRange~All, PlotStyle-{{Bl ack, Thin}, {Red, Dashed, Thick}}],
Plot [{20, 20 +des[t1}, {t, O, tlim}, PlotRange>A |, PlotStyle-{{Bl ack, Thin}, {Blue}}]]]

1.015+
1.010+-

1.005+-

2 4 6 8 10
Block[{p0=0.1, c=1, u=1, X0=20f [p0], de0= (1-20), AN tlim=10},
AN= 2 /. NDSol ve[Joi n[viscoEq, {A[0]=1}], A, {t, O, tIim}][1]; Show[Pl ot [{20, AN[t]},

{t, 0, tlim}, PlotRange>All, PlotStyle-{{Bl ack, Thin}, {Red, Dashed, Thick}}],

Plot [{20, A0 +des[t1}, {t, O, tlim}, PlotRange>A |, PlotStyle-{{Bl ack, Thin}, {Blue}}]]]
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