TD5: Exercices



Ex 1 : strip_plast.m

Material: homogeneous, elastic,
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Ty(L,y)=0 T,(—L.y)=20 Tylx,+th) =10

Exact solution available:

+ plane strain

+ homogeneous solution
- Exr Eyy (Other 0)
- O,,, O,, (other 0)

perfectly plastic (R’(p)=0)
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Ex 1 : strip_plast.m
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Ex 1 : strip_plast.m
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o, =0==>8&") =—d+AlL2)/ A(2,2)

Radial return algo ==> ¢} =7 (A", S
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Ex 1 : strip_plast.m

Algorithm (strip_plast.m) ¥

'h q(t)
gn’én’ pn known --h - - - "

Temporal discretization (loading increment): Aq

find O, €, =&, TAE Pry= Py +AD,

=n+1

Initialization S’ = Aq/ 2L (imposed)
Ag™ =68™ |80 =~ AL2)/ A(2,2)suchas (c°),, = (A: &™), =0 (choice)

Radial return algo == >¢") = F(A:'". S,,)

while o) 0 Se* =0 (imposed)
S =—(op "+ AL2)%e ) A(2,2) =— oy T A(2,2)

suchas (o™ + A:5&™),, =0(choice)

Jk+1 K K
A" =A™ +5&"

Radial return algo ==> o (f)l =F(as W s,)




Ex 1 : strip_plast.m
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_new(2)* (l+nu)*
(1-2*nu) /(E*(1-nu)) ;

nu [Dp, sigma new]=RR VonMises (E, nu,

H,sigmal,sigma,p, Deps);
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sigma=zeros (4,1); er_ﬁegld:abé‘ (sigma_new (2));

sigma old=sigma:; p=p+Dp:

coutput=zeros (numstep, 2) sigma—sigma new;

toll=1.d-4; output (istep, :)=[sigma(l) sigma(3)]:
end
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Ex 2 . Elastoplasticity — Global aspect

Hole-plast.inp

hole.msh

*ANALYSIS
STATIC, TYPE=PLAST
1.2.3.4.5.6.7. 8.

**

*MATERIAL, TYPE=ISOTROPIC
YOUNG=1

POISSON=.3

HARDENING=0.
SIGMAO0=0.88

**

V2 200 2 2

*SOLID
ELSET=4

**

EESBIST:LDIR:Z,VAL:O. I P ()_(1 t) — ﬂ’(t)I > ()_()

ELSET=3,DIR=1,VAL=0.

ELSET=2,DIR=1,VAL=L, u b (X t) — ﬂ,(t)u P (X)

*ENDFILE

fio

f(o,p)=c™—R(p) ; R(P)=o,



Ex 2 . Elastoplasticity — Global aspect

To do: c 5(Au)
Knowing S, — =P _ /
g &n { Un, _ﬂ- = En} c \, %
and loading (£, ,,-«54:.Thyy) atinstant t=t,,, ras de cnargement (i fo
S o ~ P : A:uk ‘Aukﬂ Ail
Compute “ ﬂ!-"‘l - {£?1+1.£?1+1.£}1+1.:{T?1+1 }

- - DD y - . . - . () P R
Flnd Un+1 & C (E ﬂ+1j~ R‘(Eﬂ-l—l-.ﬁ-. ‘f-"n,,} =0 vwel (QJ

R (En—I—l W, Sy,) = /

J (2

F(ny1:S,):gw]dV — / pf u*dV — / TEH wdS.
S

—Tt- .
o e

== > Newton type algo (TD5)

== > Radial return algorithm (TD4)

o =0 +AAs —2uAsg’

)



Ex 2 : Newton type algorithm

Newton type algorithm:  Au'® = Au®*™ + su
R(Aw, ;w,S,) ff w, | Sn):glw] dl"—/ﬂpinH.de—fg I°. , .wdS.
g =F(£(Au'™);S )

19

n+1

n+1

Linearization:

— n+l

\

k k k k
D = 50 AR 5509 4 o(5500)

Solve linear problem:
R(AWF: w, S,) + (RN(Au: w, S,,), 5ulP) =0

Local tangent operator'
do
EP ;(a) “Zht1 ;(f»)
AT (A S,) = ()AL, (Ag'):S,)

2w}V

<’R"(un+1,

k) w, Sn) Ou(k)>_/£ Un
Q

Z

Pui]: AP (AN S,) e

Assembly
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Ex 2 : Tangent Matrix

O] AT (ALB):S,,):

[w] dV

IIffb

/ - (k)N _ .
(R'( ’un+1,u; Sn) ., ou,, >—/c_[
2
. elas
AP (A S ) — A s1 fra% <0
(B, 5n) = A—D(AF);S,) i s
Eﬂ ? n n—+1
qelas. Sela*s
- . — _ _ﬂ'+l o :ﬂ+1 i
D(‘&‘&:n*gﬂ') o 3-“( 3)( elas.eq elas.eq ) + QHE}C
n+l {jn+l
3 = B;Lﬂpﬂ_ —1 Rn—l—l . 3.!"-5
P="daseqa =+ clseq
Ontl Ont1 Bt Ry
e
f(c, p)=c™ —R(p)
N ...
Von Mises Linear Isotropic Hardening with tangent matrix
rrerrrrrrrrrrrrr it e e e rerrrrrrrerrrrr e
(& E,nu,H, sigmal,sigma, p, Deps)

5 Radial Return for
e
Dp, sigma new]=RR VonMisesTM

function




Ex 2 : Tangent matrix

\Von Mises criterion (linear isotropic hardening)

Helas _,elas
A - Y T e =n+1 . =n+l p
D("S’éns Sﬂ) - 3.!“‘( [ f}( elas eq ey elas.eq ) + 2;:{.;_]’}6
gn-f—l O—T'J.-f—l
[ = 3}4{-.&})11 -1 R’-’H'l o 3.“‘ _
M= elas.eq ~ — _elas.eq = !
Un-l—l Jn—|—1 3!“ + R‘J‘1+1

Ag —> {Agll, Ag,,, A833,2A512}

) T

Ae = (/_\gn — %trAgné) = IC: Ag

2 -1 -1
1|1-1 2 -1
’C—g -1 -1 2

0o 0 0 3/2

oo O =
O O - O
O - O
S ==
R
O ==
oo o O

~— o O O

ghrrrrrrrrrbrrrrrrrrrpr by rrrrrrrrrrrrrrrrrrrrrrrr e e e e
% Radial Return for Von Mises Linear Isotropic Hardening with tangent m
i e rrerrrrerrr e

function [AEFP,Dp,sigma new]=RR VonMisesTM(A,E,nu,H, sigmal, sigmnayp, Deps)

mu=E/ (Z* (1+nu) ) ;
kappa=E/ (3* (1-2*nu) ) ;

v1=[1 1 1 0]"';

MEK=1/3*[2 -1 -1 0; -1 2 -1 0O;

-1 -1 20; 0 0 0 3/2]:




Ex 2 : Tangent matrix

A
A —D(Ac®

AE.P ( Agn? Sn)

n)

s1

s1 felasl >0

elas

n—|—1<0

Helas 4 elas
- p =n+1 —n—+1
D ( .3._ n ) - 3.“ ( -/ '])} ( elas.eq g elas.eq

G—'.r?,-l-l

\
\

3uAp,
elas.eq

I'r:’rﬂ-l—l

Rﬂ,-f—l\\‘

elas.eq '
Tn+1 \‘

Jn-i—l

‘3.“ + Rn-f—l

3y

elas

[ elas

':a;-:)

!

Elas}{selas }T {.AE‘}

= {s"} ({s™)"{Ac})

1f (L =las=0) \
Dp=f elas/ (3*mu+H); N
sigeq new=sigeq ﬁlao—ﬁkmwkjw
n elas=s elas/sigeq elas;

% if plastic process
% lncrement of plastic e strain
T new egquivalent stress

Depsp=3/2"Dp*n_elas; % i1ncrement over step of plastic defs
sigma new=sigma elas-Z2*mu*Deps
Ee:a=3*mu*ngELguq_=lab, ¥ coefficients gamma and heta
gamma=3*mu/ (3*mu+H) ;
D=3*mu* (gamma-beta)*n elas*n elas'+. % D matrix
Z*mu*beta*MK;
AEP=A-[D(1:2,1:2) D(1:2,4): % selects components for plane strain
D(4,1:2) D(4,4)]:
else % elseif elastic process
Dp=0;
sigma new=sigma elas; ¥ new total stress




Ex 2 : plast_ T.m

For one load step :

trouver Au, € C(AuP), R(Au,;w.S,)=0  Ywe C(0)

n"

R(Auw,;w. Sy) = / F(e[Au,]; S,):glw] dV - / Pl dV — / ToppwdS
! JU o J

. '\-Fint '\\ -
Newton type algorithm Fext

,ﬂﬂgf—'_lj = &EHT} + 5£gﬂj -

R(AuF : w. S,,) + <R"(iu(m w,S,,) . m:“‘i’> =0
‘ (R}+ [KEP]*{aU

(R ()52, Sn) ., ull)) = / cloul): AT (AL 8, fw] AV |KEP]

Q2

0

Su’ =sul? + Aul® ; sut? eC(0); Aul® eC(AUD)
Au? = Auy ™ +sup? 5 su? eC(0)



EX

2 . plast_ T.m

R(Au,:w. S5,) = [.’:’-ﬂ(g[&in];ﬁn}:i[i'] di-"'—/}r:fw l,i'd‘i-“'—/ zgﬂ.i'd.‘j'
\ Jv /o —t J St

Y
-Fint

Y
-Fext

imposed_disp=displ,
for step=1:analysis.numstep,
Dlambda= analysis.history(step+1)
- analysis.history(step);
Ddisp=Dlambda*imposed_disp;

R=-Fext*analysis.history(step+1)-Fint- ...
FDu*Dlambda;

resid=sqrt(R'*R);

% loop over all load steps

% delta of load multiplier applied in step
% initialisation of displ. incr. in step

% initialisation of residuum vector

% NR procedure for one single step
iter=0;
toll=1.d-4;
while resid > toll,
iter=iter+1;
Newton iteration ...

R=-Fext*analysis.history(step+1)-Fint;
resid=sqrt(R'*R);

% residuum vector

% end of iterations in one time step

end
pG=pG+DpG;
stressG=stressG_new;
displ=displ+Ddisp;
end

% updates equivalent plastic strains
% updates stress at Gauss points

% updates displacements

% end loop over time steps

sul =sul? + Aul®
sut® e C(0)

n

AU e C(AUD)

n

Aup” = AuyY +su”

sSul” e C(0)

n



Ex 2 : plast_ T.m

Newton type algorithm [R(g“n;m Sp) = /Q F(e[Auw,): Sp):glw] AV - /ﬂ pf g wdV - /5 ._ ngﬂ.wdsJ

iter=0;
toll=1.d-4;
while resid > toll,

itormiter+1: Solve (linearized problem)

Tl ANk, L ) S (BN
% global elastic prediction R(Au s w. Sp) + (R(Aw, s w. Sy,) , dup ) =0

DDU = - KEP\R; % prediction with consistent KEP -

ir=find(dof>0); % finds non-zero entries in "dof" {R}+ [KEP] {DDU } =0

Ddisp(ir)=Ddisp(ir)+DDu(dof(ir)); % updates displacements AU — AL *D @ -DDU
% local plastic correction

KEP(:,:)=0.d0;

FDu(:)=0; % sets FDu to zero

Fint(:)=0; % sets Fint to zero

for e=1:analysis.NE, % loop over elements

== > Assembly of elemental contributions < == LcoorT3 < == RRVonMisesTM

end

R=-Fext*analysis.history(step+1)-Fint; % residuum vector
resid=sqrt(R'*R);
end % end of iterations in on



Ex 2 : plast_T.m: Assembly

‘R{.&Eﬁl;g, S,) = / F(z]Aul]; Sp):elw] AV —/ pf, wdV — [ TP wdS
P S
\ Y J
-Fint KEP*8u
I

R(AUP: w. 8,) TR (A w. S,) . 5uP) L0

o2

for e=ltanalysis.NE,
nodes=connecie, :);
DUe=reshape (Ddisp(nodes,:) ', [Dne,1]); %
T=coor (nodes, 1)’ %
dofe=reshape (dofinodes,:)"',[1,Dnel): $ list of dof associated to element
%
%
]

loop over elements

t increments of nodal displ.
creates element

pe=find(dofe>0);
Ie=dofe (pe);

gets positdon of unkpown displ  _compon.

gets vald | coor T3: elemental

[KEPe, Finte,stressG new(e,:,:),DpGle,:)]=. '( contributions KEP e &
eval(["lcorr T',analysis.Etag, Eint e -

*{DUe,T,pGle,:),"...
'Streng{e,:,:},materials)'llj
KEP(Ie,Ie)=FKEP(Ie,Ie)+EEFe(pe,pe):;
pe UDe=find{dofe<0);
Ie UDe=-dofe(pe UDe);
UDe=imposed disp(Te UDe) ' Standard assembly procedure
FDu(Ie)=FDu(Ie)-KEPe(pe,pe UDe)*UDe; s rhs fr] KEP & Fint
Fint(Ie)=Fint{Ie)+Finte (pe); $ assembling VecLOr Of iNterhal Lorces
end

matrix assemblage

gets position of given displ. compon.
gets p

%
%
%
S
%




Ex 2 : lcoor _T3.m : elemental contributions

gtrtrtrrrrrrerrrrrrrrrrrrrrrrrrrerrrrrrerrrrrrrrrrrrrrrrrrrrrrrrr R nd

¥ Local plastic correction for T3
gtrtrtrrrrrretrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr R nd

“ m ® @ ® = ® ®w w ®m @ ®W ™ ® % ® = W ® W = W™ ® W W W W W W® ®m ® ® W ®m ® ®W % ® = W = W = W = W W W W W m ® W ®m W m W = ™ W & ®w = ® = w = w

function [KEPe,Finte,sigma new,Dpl=lcorr T3 (DUe,T,p,sigma,materials)

x11=T(1,1); =21=T(2,1); =31=T(3,1):
X12=T(1,2); R22=T(2,2); X32=T(3,2):
S=.5% ((x21-=11)* (x32-x12) -
(x31-=x11)*(x22-x12))
Be=[x22-x32,0,x32-x12,0,x12-x22,0; [
0,x31-x21,0,x11-%31,0,x21-x11; | Compute Ae=g(AU) |
®x31-x21,=%x22-x32,x11-x31,
¥32-x12,x%x21-x11,x12-x22]1/(2*%5);

Deps=Be*DUes; € : _
[REP, Dp, sigma new]=RR VonMisesTM... RR_VonMisesTM:
(materials.Z,materials.young, ... sigma_e & AFP e

materials.polsson, materials.H, ...
materials.sigmald,sigma(l,1l:4)", ...
P, Deps) ;

Finte=-5*Be'*s1igma new([l:2 4]); r%~

KEPe=5*Be'*AFEP*E=;

| Fint_el

|R(Agﬂ;g,sﬂ) — [ Felaw s dul v [ pf, wdv— [ T2 wds
0 L]

St

(R (M) a0, 8, 0ulP)y = / cloul]: AP (AP S, ) g [w] AV
J )
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