Inelasticity
Ae214a: Computational Solid Mechanics

introduction of internal variables to be obtained from:

z = arginf {W + ¢*}, W =W(e, z)
time-incremental formulation:

za—l—l _ sQ
20Tl = arginf {WO‘H({-:O‘H, zO‘H) + At ¢* ( A7 ) }

effective incremental potential:

atl a+ly _ a+l/ .o+l _a+l * zotl _ za
fza(g , 2 )—W (E , 2 )—|—At¢ A7

condensed energy density (for /ocal material models):

(YY) = Faa(e®™h 20, 22T = arginf Foa (e*Th, 22T
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stress and incremental stiffness tensors:
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New Material Model Structure
Ae214a: Computational Solid Mechanics

condensed energy density (for local material models):

¥ (8O‘+1) = Fa (eo‘H, za+1), zf“ — arginf fza(eo‘H, zo‘+1)

z™ *

stress and incremental stiffness tensors:

" a—|—1 a-+1 Oé—f—l
o_a+1 . aW (Eoz—l—l za—l—l) Coe—I—l _ 60' 4+ agzg ‘ 0z
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similar use as before:

Lafu®™t 201 /W* e*thHdv — /pb-uaHdV—/ t-u*tt ds
Q OQN

new:

* need to introduce and pass internal variables (1Vs)
 need to compute and update internal variables

* need updated IVs for computing energy stresses, ...




Finite Element Method: Code Overview
Ae214a: Computational Solid Mechanics

W=W (Vu)
material model | P=P (Vu) { ‘
19,14 quadrature
({h C=C (Vu) Wy & rule
solver:
p.e\\Vu(ey
{ Fint(Uh) - Fext: } \‘.\
) | o 4 local nodes
1 ) o ?3 {1,2,3,4}
U:IIF ’ T Fint e = :' ’/
" assembler: ’ s _-7-— Quadrature
p—— 1 bl points

\@44///139///

mesh:
nodes = {{1, (0,0)}, {2, (0.5,1.2)}, ...} SpatialDimension: 2D

connectivity = {{1,2,13,12}, ..., {18,19,32,30}, ...} DegreesOffreedom: 2 (u,, u,)




General Element Classes
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an element of any type must compute (at least) the following quantities:

nQp

* elementenergy: e _ Z Wi J(€R)W (Vu(€r), z%(€x)) t
k=1

nop

* nodal forces: Fi?lt,i = Z Wi J(Ek)Pv;J (VU(Ek))a Za(Ek)) ch](fk) t
k=1

nop

e stiffness matrix: T;;.-b = Z Wi J(fk) Ciskr (vu(fk)), Za(ék)) N?](ék) N,bL (£k) t
k=1

|

The element should store the old (previous) IVs for each quadrature point
and pass those to the material model when asking for energy, stresses, ...

e How does the element know what z looks like?
— define the type of z within the MaterialModel (as a new object)



Finite Element Method: Code Overview
Ae214a: Computational Solid Mechanics

W=W (Vu)
material model P=P (Vu) { ‘ d
(%% quadrature
({h C=C (Vu) Wy & rule
solver: | 2oty
| pe\\Vu(e)
{ Fint(Uh) - Fext: } \\ z"
) | o 4 local nodes
| 1 T 23 {1.2,3.4)
U”ITF T Fpy. e .
it assembler: : e _/-—quadrature |

o——o ;e v, points

\@44///139///

mesh:
nodes = {{1, (0,0)}, {2, (0.5,1.2)}, ...} SpatialDimension: 2D

connectivity = {{1,2,13,12}, ..., {18,19,32,30}, ...} DegreesOffreedom: 2 (u,, u,)
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computeEnergy(strainse~', oldlVs z*, time **):

* (8a—|—1) _ an (8a+1,23+1)

za

computeStresses(strainss>!, oldlVs z¢, time (**):

atl oW *
el

oa+1

(e*T1{22")

o

computeTangentMatrix(strainse~', oldlVs z*, time **):

a+1 a+1 a1
or1 _ 97 o+ 4 9915 rar1) . OF:
wkl — pgotl 1 Ozotl =t Dt

17 17

computeNewlVs(strainse~', oldlVs z*, time **):

20T = arginf Foa (e*TH, 2o1H)

?

class InternalVariables defined within the MaterialModel



Finite Element Method: Code Overview
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W=W (Vu)
material model | P=P (V) { ‘ d
(%% quadrature
({h C=C (Vu) Wy & rule
solver: |
{ Fint(Uh) - Fext: }
I ; local nodes
i i L 3 {15293:4}
UthF T /
: n assembler: #--quadrature
‘ A . ¥ K pOlﬂtS
. update IVs *;}/_, update IVs ‘
i 12 : 77777777777 Fi{:"._:/_f. _________ 1nt e\ U f{/,
ess. BCs T” =0 o ' ~~global nodes
// /W ’/ﬂ 118,19,32,50}
A// T / / / / // _.element 2
&/ / / 18 / /,
19
~ L L 7 / /u )
mesh:
nodes = {{1, (0,0)}, {2, (0.5,1.2)}, ...} SpatialDimension: 2D
connectivity = {{1,2,13,12}, ..., {18,19,32,30}, ...} DegreesOffreedom: 2 (u,, u,)



Problem Set #6
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1) Indentation with a linear viscoelastic (rate-dependent) material model:
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Problem Set #6
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2) Dynamic wall impact with a nonlinear elastic material model:
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