COMPUTATIONAL SOLID MECHANICS
MARCOS BONIQUET APARICIO

ASSIGNMENT 2.2
J2 COMPUTATIONAL PLASTICITY ASSIGNMENT

Appendix:
ASS2_J2_LINEAR_HARDENING_RATE_DEPENDENT.m
ASS2_J2 NON_LINEAR_HARDENING_RATE_DEPENDENT.m

a)For the perfect plasticity models, plot stress11-strain11 and the
dev[stress11]-strain11 curves

b)For the linear isotropic /linear kinematic hardening models, plot the
stress11-strain11 and dev[stress11]-strain11 curves. Show influence of the
isotropic/kinematic hardening parameters.

c)For the nonlinear isotropic hardening model, plot stress22-strain11 and
dev/[stress11]-strain11 curves. Show influence of the exponential coefficient of the
exponential saturation lawe.

d)For the rate-dependant plasticity models, plot de stress11-strain11,
dev/[stress-11]-strain11 and the stress11-time and dev[stress11]-time. Show influence of
the viscosity parameter and load rate.
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clc
clear al

rate_dep="yes";
if rate_dep=="yes"

eta =1*10"4 ;

delta_t=1*10"(-2);
el se

eta =0;

delta_t=1*10"(4);
end

K=0; % angent nodul us (i sotropic)

H=0; %pl astic nodul us (ki nemati c)

| =eye(3); % dentity second order matrix
fourth_order=ones(3,3,3,3);

Il =tensorial _prod(l,I);

nu=0. 3; % oi sson

%Bul k paraneter

k=1*10710;

% amm® paraneters
Landa=3*k*nu/ (1+nu) ; %l asti c nodul us
mu=3* (k- Landa) / 2; %shear nodul us

% Constant isotropic elastic constituve tensor
C=Landa*tensorial _prod(l,l)+2*nu*ll; %th order tensor (E anal og)

diag_set={C 0,0;0,K 0;0,0,2*H*I/ 3};
Su=200 ;
eta = 0.5 ;

%

%ADDI TI ONAL TESTS

%lest double dot 4 dim
doubl e _dot(I1,1);

% est tens. prod

test=tensorial _prod(l,1);

%lest norm 2nd order (norm(x)*raiz de 2
Ws[0,-3,2;3,0,-1;-2,1,0];

norm(W *sqrt (2);

%levi atori c=2n order tensor-trace/3
I-trace(1)/3;

ndinms(l1); % est order

ndi ns(tensorial _prod(l,1)); %est order
% 1 =kron(1,1);

%

NUMCYCLES=3;




Cycletine = 10

delta_e=0.01; %lefines nunmber of points
I nt=Cycl etine/delta_e;

%epsmax=[1 1 1;1 1 1; 1 1 1]*3*(10"(-2));
Y%epsmin=[1 1 1;1 1 1; 1 1 1]*3*(-10"(-2));
epsmax=3*10"(- 6) ;

epsm n=-3*10"(-6);

I nt _eps=(epsmax-epsnin)/Int;

YOEFI NI NG SET OF STRAI NS

strai n{1l}=zeros(3);

strain{1}(1, 1) =epsmi n;

strain{1} (2, 2) =epsm n*nu;

strai n{1} (3, 3) =epsm n*nu;

for i=1:1nt
%strain{i+1}=strain{i}+l nt_eps;
Ustrain{i+1}=zeros(3);
strain{i+1} (1, 1)=strain{i} (1, 1)+l nt_eps;

strain{i+1}(2,2);strain{i}(1,1)+lnt_eps;
strain{i+1}(3,3)=strain{i} (1, 1)+ nt_eps;
end

YOEFI NZE " ZERO' STRAI N APPROX. ZERO
zeroll=1,
for i=1:1nt
if abs(strain{i+1}(1,1))<abs(strain{i}(1,1))
zeroll=i +1;
end
end
%
YT ESTY
strain{zeroll}(1,1)
strain{zeroll+1}(1,1)
strain{zeroll-1}(1,1)
9B
%

%ve build setstrain

for i=1:1nt+1

strain2{i}=0; Y%cal ar
strain3{i}=zeros(3,3);

end

setstrai n={strain;strain2; strai n3};
%si ze(setstrai n{1}{56});
%setstrain{1}{4} % est

%l astic strain

%psi i sotropic hardening variable at strain space
%pi s_bar ki nemati c hardening variable at strain space
strain_p=[0 0 0;0 0 0;0 O 0O];

psi =0; Yscal ar

psi_bar=0*[1 1 1;1 1 1;1 1 1];




setstrain_p={strain_p;psi;psi_bar};

% NI TI AL PATH
%straintopl ot =zeros(1, I nt-zero+l);

for s=1:(Int-zeroll+l)

strai nlltopl ot (s)=strain{zeroll+s-1}(1,1);
end

for s=1:1nt+1

strainlltopl ot2(s)=strain{s}(1,1);
strainlltopl ot 3(s)=strain{s}(1,1);
end

ti me=0;

T=0;

BRI RI ALS STEP 2

% NI TI AL PATH

for i=zeroll:Int

setstrain_p_trial =setstrain_p;

setstress_trial {1} =doubl e_dot (di ag_set {1, 1}, setstrai n{1}{i +1}-

setstrain_p{1});

setstress_trial {2}=di ag_set{2, 2} *setstrain{2}{i +1}-setstrai n_p{2};

setstress_trial {3}=di ag_set{3,3}*setstrai n{3}{i +1}-setstrai n_p{3};

devsi gg=setstress_trial {1}-trace(setstress_trial {1})/3;

f _trial=sqgrt(2)*norn(devsigg-setstress_trial{3})-sqrt(2/3)*(Su-

setstress_trial {2});

USTEP 3 CHECK TRI AL YIELD (discern elastic and plastic)

if f trial<=0 %slastic

Cep=C, %onsistent el astoplastic tangent nodul us

setstrain_p=setstrain_p trial

setstress_nl=setstress_trial

el se Y%STEP 4

GDOT=(2* nu+2*K/ 3+2*H 3+eta/delta_t)~(-1)*f _trial; % screte PLastic
Mul tiplier Gamma

YRETURN MAPPI NG ALGORI THM STEP5 ( RESULTYS)

n_trial =(devsigq-setstrain_p{3})/(norm devsi gg-

setstrain_p{3})*sqrt(2));

setstress_nl{l}=setstress_trial {1}-(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-21)*f _trial*2*mu*n_tri al

setstress_nl{2}=setstress_trial{2}-(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-21)*f _trial *K*sqrt(2/3);

setstress_nl{3}=setstress_trial {3} +(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-21)*f _trial*2*Hmu*n_trial/3;

YSTEP 6 UPDATE PLASTI C | NTERNAL VARI ABLES (NEW PLASTI C | NT. VARI ABLES)

setstrai n_p{1l}=setstrain_p{1}+(2*mu+2*K/ 3+2* H 3+et a/

delta_t)~(-1)*f _trial*n_trial

setstrai n_p{2}=setstrain_p{2}+(2*mu+2*K/ 3+2* H 3+et a/

delta_t)~(-1)*f _trial*sqrt(2/3);

setstrai n_p{3}=setstrain_p{3}-(2*nmu+2*K/ 3+2* H 3+et a/

delta_t)~(-1)*f _trial*n_trial

YSTEP 7 COVPUTE CONSI STENT ELASTOPLASTI C TANGENT MODULUS

d=1- 2* mu* GDT/ (nor n( devsi gg-setstrai n_p{3})*sqrt(2));

d_bar=2*mu/ (2* mu+2*K/ 3+2*H 3+eta/delta_t)-(1-d);




prod(l,)+2*mu*d*(II -

k*t ensori al

Cep

_prod(n_trial,n_trial);

bar*t ensori al

)- 2*mu*d

fourth _order/3

end

% NO ES ESTRI CTAMENTE NECESARI O

stresslltopl ot (i +1-zeroll)

devstressil

Cep;

Cepnl

setstress_n1{1}(1,1);

{1}-trace(setstress_nl{1})/3;

setstress nl

devstress11(1,1);

devstressilltopl ot (i +1-zeroll)

%

tinme=

T

ti me+delta t;

=T+1;

time;

timetoplot1(T)

for j=1: NUMCYCLES

=0;

T

%ATH COVPRESSI ON

Int+2:-1:2

setstrain_p_trial

for

setstrain_p;

doubl e_dot (di ag_set {1, 1}, setstrai n{1}{i-1}-

{1}

setstrain_p{1});

setstress trial

setstress trial

di ag_set{2,2}*setstrain{2}{i-1}-setstrain_p{2};
diag_set{3,3}*setstrain{3}{i-1}-setstrain_p{3};

{2}

{3}
setstress_trial {1}-trace(setstress_trial{1})/3;

setstress trial

devsi gq

f trial

sqrt(2)*norm(devsi gg-setstress_trial {3})-sqrt(2/3)*(Su-

setstress trial

{2});

USTEP 3 CHECK TRI AL YIELD (discern elastic and plastic)

if 1

Cep

0 % sl astic
%consi stent el astopl astic tangent

29 trial<

G

nodul us




setstrain_p=setstrain_p trial

setstress_nl=setstress_trial

el se Y%STEP 4

GDOT=(2* nu+2*K/ 3+2*H 3+eta/delta_t)~(-1)*f trial; % screte PLastic
Mul tiplier Gamma

YRETURN MAPPI NG ALGORI THM  STEP5 ( RESULTS)

n_trial =(devsigqg-setstrain_p{3})/(norm devsi gg-

setstrain_p{3})*sqrt(2));

setstress_nl{l}=setstress_trial {1}-(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-21)*f _trial*2*mu*n_tri al

setstress_nl{2}=setstress_trial{2}-(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-21)*f _trial *K*sqrt(2/3);

setstress_nl{3}=setstress_trial {3} +(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-21)*f _trial*2*Hmu*n_trial/3;

YSTEP 6 UPDATE PLASTI C | NTERNAL VARI ABLES ( NEW PLASTI C | NT. VARI ABLES)

setstrai n_p{1l}=setstrain_p{1}+(2*mu+2*K/ 3+2*H 3+et a/

delta_t)~(-1)*f _trial*n_trial

setstrai n_p{2}=setstrain_p{2}+(2*mu+2*K/ 3+2* H 3+et a/

delta_t)~(-1)*f _trial*sqrt(2/3);

setstrai n_p{3}=setstrain_p{3}-(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-1)*f _trial*n_trial

YSTEP 7 COVPUTE CONSI STENT ELASTOPLASTI C TANGENT MODULUS

d=1- 2* mu* GDT/ (nor n{ devsi gg-setstrai n_p{3})*sqrt(2));

d_bar=2*mu/ (2* nu+2*K/ 3+2*H 3+eta/delta_t)-(1-d);

Cep=k*tensorial prod(l,!)+2*nu*d*(11-

fourth_order/3)-2*nu*d_bar*tensorial _prod(n_trial,n_trial);

end

stresslltoplot2(i-1)=setstress_nl1{1}(1,1);

devstressll=setstress _nl1l{1}-trace(setstress_ni{1})/3;
devstresslltopl ot 2(i-1)=devstressl11(1, 1);

Cepnl=Cep; % NO ES ESTRI CTAMENTE NECESARI O

%

time=tinme+delta_t;

T=T+1,

timetoplot2{j}(T)=tinme;
stressllitoplottime2{j}(T)=setstress_ni1{1}(1,1);
devstresslltoplottime2{j}(T)=devstresslli(1,1);

for i=0:1nt

setstrain_p_trial =setstrain_p;

setstress_trial {1} =doubl e_dot (di ag_set {1, 1}, setstrai n{1}{i +1}-
setstrain_p{1});

setstress_trial {2}=di ag_set{2, 2} *setstrain{2}{i +1}-setstrai n_p{2};
setstress_trial {3}=di ag_set{3,3}*setstrai n{3}{i +1}-setstrai n_p{3};
devsi gg=setstress_trial {1}-trace(setstress_trial {1})/3;




f_trial=sqgrt(2)*norm devsigg-setstress_trial{3})-sqrt(2/3)*(Su-

setstress_trial{2});

USTEP 3 CHECK TRI AL YIELD (discern elastic and plastic)

if 1==2% trial<=0 %slastic

Cep=C, %onsistent el astoplastic tangent nodul us

setstrain_p=setstrain_p trial

setstress_nl=setstress_trial

el se Y%STEP 4

GDOT=(2* nu+2*K/ 3+2*H 3+eta/delta_t)~(-1)*f _trial; % screte PLastic
Mul tiplier Gamma

YRETURN MAPPI NG ALGORI THM STEP5 ( RESULTYS)

n_trial =(devsigq-setstrain_p{3})/(norm devsi gg-

setstrain_p{3})*sqrt(2));

setstress_nl{l}=setstress_trial{1}-(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-21)*f _trial*2*mu*n_tri al

setstress_nl{2}=setstress_trial{2}-(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-21)*f _trial *K*sqrt(2/3);

setstress_nl{3}=setstress_trial {3} +(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-21)*f _trial*2*Hmu*n_trial/3;

YSTEP 6 UPDATE PLASTI C | NTERNAL VARI ABLES (NEW PLASTI C | NT. VARI ABLES)

setstrai n_p{1l}=setstrain_p{1}+(2*mu+2*K/ 3+2*H 3+et a/

delta_t)~(-1)*f _trial*n_trial

setstrai n_p{2}=setstrain_p{2}+(2*mu+2*K/ 3+2* H 3+et a/

delta_t)~(-1)*f _trial*sqrt(2/3);

setstrai n_p{3}=setstrain_p{3}-(2*nmu+2*K/ 3+2*H 3+et a/

delta_t)~(-1)*f _trial*n_trial

YSTEP 7 COVPUTE CONSI STENT ELASTOPLASTI C TANGENT MODULUS

d=1- 2* mu* GDT/ (nor n( devsi gg-setstrai n_p{3})*sqrt(2));

d_bar=2*mu/ (2* mu+2*K/ 3+2*H 3+eta/delta_t)-(1-d);

Cep=k*tensorial prod(l,!)+2*nu*d*(11-

fourth_order/3)-2*nu*d_bar*tensorial _prod(n_trial,n_trial);

end

stresslltopl ot 3(i +1)=setstress_n1{1}(1,1);

%

devstressll=setstress _nl1l{1}-trace(setstress_ni{1})/3;

devstresslltopl ot 3(i +1) =devstress11(1, 1);

Cepnl=Cep;

% NO ES ESTRI CTAMENTE NECESARI O

time=time+delta_t;

T=T+1,

timetoplot3{j}(T)=tinmne;

stresslltoplotti me3{j}(T)=setstress_ni1{1}(1,1);
devstresslltoplotti me3{j}(T)=devstresslli(1,1);
end

9PLOTTI NG

figure(l);

set(1,' Name','J2 ELASTOPLASI C MODEL')
hol d on;

subplot(2,1,1);

title(' STRESS11- STRAI N11")

x| abel (" STRAI N11")

yl abel (' STRESS11')




hol d on;
grid on;

pl ot (strai nlltopl ot, stresslitoplot,'r");

pl ot (strai nlltopl ot 2, stresslltoplot2,'qg");

pl ot (strai nllt opl ot 3, stresslltoplot3,'b");
subplot (2,1, 2);

title(' dev(STRESS11) - STRAI N11')

x| abel (" STRAI N11")

yl abel (' dev( STRESS11)")

hol d on;

grid on;

pl ot (strai nlltopl ot, devstresslitoplot,'r');
pl ot (strai nlltopl ot 2, devstresslltoplot2,'g');
pl ot (strai nllt opl ot 3, devstresslltoplot3,'b');

if rate_dep=="yes"
figure(2)
set (1, ' Nane','J2 ELASTOPLASI C MODEL')
hol d on;
subplot(2,1,1);
title(' STRESS11-TIME')
x| abel (" TI ME")
yl abel (' STRESS11")

hol d on;

grid on;

plot(tinmetoplotl,stresslltoplot,’'r');

hol d on
plot(tinetoplot2{j},stresslitoplottine2{j}, g );
plot(tinetoplot3{j},stresslitoplottine3{j}, b');

hol d on;

subplot (2,1, 2);

title('dev(STRESS11)-TINMNE")

x| abel (" TI ME")

yl abel (' dev( STRESS11")

hol d on;

grid on;

plot(tinetoplotl, devstresslitoplot,'r");

hol d on

pl ot (tinetoplot2{j}, devstresslitoplottine2{j}, g
plot(tinetoplot3{j}, devstresslitoplotti me3{j},"'Db’
el se

end

).
).

end

%
fprintf("Fin de la cita")

Fin de la cita
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clc
clear al

rate_dep="yes";
if rate_dep=="yes"

eta =1*10"4 ;

delta_t=1*10"(-2);
el se

eta =0;

delta_t=1*10"(4);
end

% on |inear exponential plasticity

del t a=1*10"3;

sig_inf=1*10"3;

K=0; % angent nodul us (i sotropic)

H=0; %pl astic nodul us (ki nemati c)

| =eye(3); % dentity second order matrix
fourth_order=ones(3,3,3,3);

Il =tensorial _prod(l,I);

nu=0. 3; % oi sson

%Bul k paraneter

k=1*10710;

% amm® paraneters
Landa=3*k*nu/ (1+nu) ; %l asti c nodul us
mu=3* (k- Landa) / 2; %shear nodul us

% Constant isotropic elastic constituve tensor
C=Landa*tensorial _prod(l,l)+2*nu*ll; %th order tensor (E anal og)

diag_set={C 0,0;0,K 0;0,0,2*H*I/ 3};
Su=200 ;
eta = 0.5 ;

%

%ADDI TI ONAL TESTS

%lest double dot 4 dim
doubl e _dot(I11,1);

% est tens. prod

test=tensorial _prod(l,1);

%lest norm 2nd order (norm(x)*raiz de 2
Ws[0,-3,2;3,0,-1;-2,1,0];

norm(W *sqrt (2);

%levi atori c=2n order tensor-trace/3
I-trace(1)/3;

ndinms(l1); % est order

ndi ns(tensorial _prod(l,1)); %est order
% 1 =kron(1,1);

%




NUMCYCLES=3;

Cycletine = 10

delta_e=0.01; %lefines nunmber of points
I nt=Cycl etine/delta_e;

%epsmax=[1 1 1;1 1 1; 1
%epsmin=[1 1 1;111; 1
epsmax=3*10"(- 6) ;

epsm n=-3*10"(-6);

I nt _eps=(epsmax-epsnin)/Int;

1]*3%(10%(-2));
1]*3*(-107(-2));

B

YOEFI NI NG SET OF STRAI NS

strai n{1l}=zeros(3);

strai n{1}(1, 1) =epsmi n;

strain{1} (2, 2) =epsm n*nu;

strai n{1} (3, 3) =epsm n*nu;

for i=1:1nt
%strain{i+1}=strain{i}+l nt_eps;
Ustrain{i+1}=zeros(3);
strain{i+1} (1, 1)=strain{i} (1, 1)+l nt_eps;

strain{i+1}(2,2);strain{i}(1,1)+lnt_eps;
strain{i+1}(3,3)=strain{i} (1, 1)+ nt_eps;
end

YOEFI NZE " ZERO' STRAI N APPROX. ZERO
zeroll=1,
for i=1:1nt
if abs(strain{i+1}(1,1))<abs(strain{i}(1,1))
zeroll=i +1;
end
end
%
YT ESTY
strain{zeroll}(1,1)
strain{zeroll+1}(1,1)
strain{zeroll-1}(1,1)
9B
%

%ve build setstrain

for i=1:1nt+1

strain2{i}=0; Y%cal ar
strain3{i}=zeros(3,3);

end

setstrai n={strain;strain2; strai n3};
%si ze(setstrain{1}{56});
%setstrain{1}{4} % est

%l astic strain

%psi i sotropic hardening variable at strain space
%pi s_bar ki nemati c hardening variable at strain space
strain_p=[0 0 0;0 0 0;0 O 0O];

psi =0; Yscal ar




psi_bar=0*[1 1 1;1 1 1;1 1 1];
setstrain_p={strain_p;psi;psi_bar};

% NI TI AL PATH
%straintopl ot =zeros(1, I nt-zero+l);

for s=1:(Int-zeroll+l)

strai nlltopl ot (s)=strain{zeroll+s-1}(1,1);
end

for s=1:1nt+1

strainlltopl ot2(s)=strain{s}(1,1);
strai nlltopl ot 3(s)=strain{s}(1,1);
end

ti me=0;
T=0;
BRI RI ALS STEP 2
% NI TI AL PATH
for i=zeroll:Int
setstrain_p_trial =setstrain_p;
setstress_trial {1} =doubl e_dot (di ag_set {1, 1}, setstrai n{1}{i +1}-
setstrain_p{1});
setstress_trial {2}=di ag_set{2, 2} *setstrain{2}{i +1}-setstrai n_p{2};
setstress_trial {3}=di ag_set{3,3}*setstrai n{3}{i +1}-setstrai n_p{3};
devsi gg=setstress_trial {1}-trace(setstress_trial {1})/3;
f _trial=sqgrt(2)*norn(devsigg-setstress_trial{3})-sqrt(2/3)*(Su-
setstress_trial {2});
USTEP 3 CHECK TRI AL YIELD (discern elastic and plastic)
if f trial<=0 %slastic
Cep=C, %onsistent el astoplastic tangent nodul us
setstrain_p=setstrain_p trial
setstress_nl=setstress_trial
el se Y%STEP 4
%-OR NON LI NEAR HARDENI NG DOES CHANGE
k=0;
error=1/sig_inf;
AGamma=err or * 10;
iter=0;
whi | e abs(AGanma) >error && iter<10
GDT=0;
YEXPONENTI AL | SOTROPI C HARDENI NG
der Pl psi game(si g_i nf - Su) *(1- exp(-del t a*(psi
+CDT*sqrt (2/3)))) +K*(psi +GT*sqrt (2/3));
secder Pl psi gamm=(si g_i nf-Su) *(del t a*exp(-del t a*(psi
+C@DT*sqrt (2/ 3))) +K); %second gamma derivative
der Pl psi =(sig_inf-Su)*(1-exp(-delta*(psi)))+K*(psi);
9880
g=f _trial-GOT*(2*nu+2*H 3+eta/delta_t)-sqrt(2/3)*(derPl psi gamm
der Pl psi ) ;
Dg=- (2* nu+2*secder Pl psi gammi 3+2*H 3+eta/delta_t);

AGanma=- g/ Dg;
Gama_nl_ kl1=AGanmma+CDT;
k=k+1;




ziter+1:

Gamma_nl k1;

iter

GoT

end

YRETURN MAPPI NG ALGORI THM STEP5 ( RESULTYS)

n trial

(devsi gg-setstrai n_p{3})/(nornm(devsi gg-

setstrain

p{3})*sart(2));

H 3+et a/

- (2* mu+2* K/ 3+2*

trial {1}
n trial

setstress
mu*

{1}=
1)

(

setstress nl

*f trial*2*

)/\
setstress nl

delta t

H 3+et a/

trial{2}-(2*mu+2*K/ 3+2*
sqrt(2/3);

setstress_

_ni{2}=
1)

(
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H 3+et a/

K/ 3+2*

mu+2*

p{1}+(2*

=setstrain

_p{1}

setstrain
delta t

trial {2}

trial*n _trial

)A(-1)*f

setstress

setstrain

der Pl psi ganrmt+ der Pl psi ;

_p{2}=

H 3+et a/

setstrai n_p{3}=setstrai n_p{3}-(2*nu+2*K/ 3+2*
*f_trial*

delta t

n trial

1)

(

AN

)

YSTEP 7 COVPUTE CONSI STENT ELASTOPLASTI C TANGENT MODULUS

d

sqrt(2));

p{3})~

setstrain

=2*nmu/ (2* mu+2*secder Pl psi ganmi 3+2*H 3+eta/delta_t)-(1-d);

mu* GDT/ ( nor n{ devsi gq
k*t ensori al

- 2%

Cep

1
d_bar

_prod(l,l)+2*mu*d*(11-

_prod(n_trial,n_trial);

bar*t ensori al

)- 2*mu*d

fourth_order/3

end

% NO ES ESTRI CTAMENTE NECESARI O

stresslltopl ot (i +1-zeroll)

devstressil

Cep;

Cepnl

setstress_n1{1}(1,1);

{1}-trace(setstress_nl{1})/3;

setstress nl

devstress11(1,1);

devstresslltopl ot (i +1-zeroll)

%

ti me+delta t;

time=

T

=T+1;

time;

timetoplot1(T)




T=0;
%°ATH COVPRESSI ON
for i=Int+2:-1:2
setstrain_p_trial =setstrain_p;
setstress_trial {1} =doubl e_dot (di ag_set {1, 1}, setstrai n{1}{i-1}-
setstrain_p{1});
setstress_trial {2}=di ag_set{2, 2} *setstrain{2}{i-1}-setstrai n_p{2};
setstress_trial {3}=diag_set{3,3}*setstrai n{3}{i-1}-setstrai n_p{3};
devsi gg=setstress_trial {1}-trace(setstress_trial {1})/3;
f_trial=sgrt(2)*norm(devsigg-setstress_trial{3})-sqrt(2/3)*(Su-
setstress_trial {2});
USTEP 3 CHECK TRI AL YIELD (discern elastic and plastic)
if 1==2% trial<=0 %slastic
Cep=C, %onsistent el astoplastic tangent nodul us
setstrain_p=setstrain_p trial
setstress_nl=setstress_trial
el se Y%STEP 4
%-OR NON LI NEAR HARDENI NG DOES CHANGE
k=0;
error=1/sig_inf;
AGamma=err or * 10;
iter=0;
whi | e abs(AGanma) >error && iter<10
GDT=0;
YEXPONENTI AL | SOTROPI C HARDENI NG
der Pl psi game(si g_i nf - Su) *(1- exp(-del t a*(psi
+CDT*sqrt (2/3)))) +K*(psi +GT*sqrt (2/3));
secder Pl psi gamm=(si g_i nf-Su) *(del t a*exp(-del ta*(psi
+C@DT*sqrt (2/ 3))) +K) ; %second gamma derivative
der Pl psi =(sig_inf-Su)*(1-exp(-delta*(psi)))+K*(psi);

%88

g=f _trial-GOT*(2*nu+2*H 3+eta/delta_t)-sqrt(2/3)*(derPl psi gamm
der Pl psi ) ;

Dg=- (2* mu+2*secder Pl psi gami 3+2*H 3+eta/delta_t);

AGanma=- g/ Dg;

Gama_nl_ kl1=AGanmma+CDT;

k=k+1;

GDT=Gama_nl k1,

iter=iter+1;
end
YRETURN MAPPI NG ALGORI THM  STEP5 ( RESULTS)
n_trial =(devsigq-setstrain_p{3})/(norm devsi gg-
setstrain_p{3})*sqrt(2));
setstress_nl{l}=setstress_trial {1}-(2*nmu+2*K/ 3+2*H 3+et a/
delta_t)~(-21)*f _trial*2*mu*n_tri al
setstress_nl{2}=setstress_trial{2}-(2*nmu+2*K/ 3+2*H 3+et a/
delta_t)~(-21)*f _trial *K*sqrt(2/3);




setstress_nl{3}=setstress_trial {3} +(2*nmu+2*K/ 3+2*H 3+et a/
delta_t)~(-21)*f _trial*2*Hmu*n_trial/3;

YSTEP 6 UPDATE PLASTI C | NTERNAL VARI ABLES ( NEW PLASTI C | NT. VARI ABLES)
setstrai n_p{1l}=setstrain_p{1}+(2*mu+2*K/ 3+2*H 3+et a/
delta_t)~(-21)*f _trial*n_trial
setstrain_p{2}=setstress_trial {2}-derPl psi gammt+ der Pl psi ;
setstrai n_p{3}=setstrain_p{3}-(2*nmu+2*K/ 3+2*H 3+et a/
delta_t)~(-21)*f _trial*n_trial

YSTEP 7 COVPUTE CONSI STENT ELASTOPLASTI C TANGENT MODULUS

d=1- 2* mu* GDT/ (nor n{ devsi gg-setstrai n_p{3})*sqrt(2));

d_bar =2*mu/ ( 2* nu+2*secder Pl psi gammi 3+2*H 3+eta/delta_t)-(1-d);
Cep=k*tensorial prod(l,!)+2*nu*d*(11-
fourth_order/3)-2*nu*d_bar*tensorial _prod(n_trial,n_trial);
end

stresslltoplot2(i-1)=setstress_nl1{1}(1,1);

devstressll=setstress _nl1l{1}-trace(setstress_ni{1})/3;
devstresslltopl ot 2(i-1)=devstressl11(1, 1);

Cepnl=Cep; % NO ES ESTRI CTAMENTE NECESARI O

%

time=tinme+delta_ t;

T=T+1,

timetoplot2{j}(T)=tinme;
stressllitoplottime2{j}(T)=setstress_ni1{1}(1,1);
devstresslltoplottime2{j}(T)=devstresslli(1,1);

end

for i=0:1nt

setstrain_p_trial =setstrain_p;

setstress_trial {1} =doubl e_dot (di ag_set {1, 1}, setstrai n{1}{i +1}-
setstrain_p{1});

setstress_trial {2}=di ag_set{2, 2} *setstrain{2}{i +1}-setstrai n_p{2};
setstress_trial {3}=di ag_set{3, 3}*setstrai n{3}{i +1}-setstrai n_p{3};
devsi gg=setstress_trial {1}-trace(setstress_trial {1})/3;
f_trial=sqgrt(2)*norm devsigg-setstress_trial{3})-sqrt(2/3)*(Su-
setstress_trial {2});

USTEP 3 CHECK TRI AL YIELD (discern elastic and plastic)

if 1==2% trial<=0 %slastic

Cep=C, % onsistent el astoplastic tangent nodul us
setstrain_p=setstrain_p trial

setstress_nl=setstress_trial

el se YSTEP 4

%-OR NON LI NEAR HARDENI NG DOES CHANGE

k=0;

error=1/sig_inf;

AGamma=er r or *10;

i ter=0;




whi | e abs(AGanma) >error && iter<10

GDT=0;

YEXPONENTI AL | SOTROPI C HARDENI NG

der Pl psi game(si g_i nf - Su) *(1- exp(-del t a*(psi
+CDT*sqrt (2/3)))) +K*(psi +GT*sqrt (2/3));

secder Pl psi gamm=(si g_i nf-Su) *(del t a*exp(-del t a*(psi
+C@DT*sqrt (2/ 3))) +K) ; %second gamma derivative

der Pl psi =(sig_inf-Su)*(1-exp(-delta*(psi)))+K*(psi);

%88

g=f _trial-GOT*(2*nu+2*H 3+eta/delta_t)-sqrt(2/3)*(derPl psi gamm
der Pl psi ) ;

Dg=- (2* nu+2*secder Pl psi gammi 3+2*H 3+eta/delta_t);

AGanma=- g/ Dg;
Gama_nl_ kl1=AGanmma+CDT;
k=k+1;

GDT=Gama_nl k1,

iter=iter+1;
end
YRETURN MAPPI NG ALGORI THM STEP5 ( RESULTYS)
n_trial =(devsigq-setstrain_p{3})/(norm devsi gg-
setstrain_p{3})*sqrt(2));
setstress_nl{l}=setstress_trial {1}-(2*nmu+2*K/ 3+2*H 3+et a/
delta_t)~(-21)*f trial*2*mu*n_trial;
setstress_nl{2}=setstress_trial{2}-(2*nmu+2*K/ 3+2*H 3+et a/
delta_t)~(-21)*f _trial *K*sqrt(2/3);
setstress_nl{3}=setstress_trial {3} +(2*nmu+2*K/ 3+2*H 3+et a/
delta_t)~(-21)*f _trial*2*Hmu*n_trial/3;
YSTEP 6 UPDATE PLASTI C | NTERNAL VARI ABLES (NEW PLASTI C | NT. VARI ABLES)
setstrai n_p{1l}=setstrain_p{1}+(2*mu+2*K/ 3+2*H 3+et a/
delta_t)~(-1)*f trial*n_trial;
setstrain_p{2}=setstress_trial {2}-derPl psi ganmt+ der Pl psi ;
setstrai n_p{3}=setstrain_p{3}-(2*nmu+2*K/ 3+2* H 3+et a/
delta_t)~(-1)*f trial*n_trial;
UYSTEP 7 COVPUTE CONSI STENT ELASTOPLASTI C TANGENT MODULUS
d=1- 2* mu* GDT/ (nor n{ devsi gg-setstrai n_p{3})*sqrt(2));
d_bar =2*mu/ ( 2* nu+2*secder Pl psi gammi 3+2*H 3+eta/delta_t)-(1-d);
Cep=k*tensorial prod(l,!)+2*nu*d*(11-
fourth_order/3)-2*nmu*d_bar*tensorial _prod(n_trial,n_trial);
end
stresslltopl ot 3(i +1)=setstress_n1{1}(1,1);
%
devstressll=setstress _nl{1}-trace(setstress_ni{1})/3;
devstresslltopl ot 3(i +1) =devstress11(1, 1);
Cepnl=Cep;
% NO ES ESTRI CTAMENTE NECESARI O

time=tinme+delta_t;

T=T+1,

timetoplot3{j}(T)=tinmne;

stressllitoplotti me3{j}(T)=setstress_ni1{1}(1,1);
devstresslltoplotti me3{j}(T)=devstresslli(1,1);
end

YPLOTTI NG




figure(l);

set(1,"' Name','J2 ELASTOPLASI C MODEL')
hol d on;

subplot(2,1,1);

title(' STRESS11- STRAI N11")

x| abel (" STRAI N11")

yl abel (' STRESS11')

hol d on;

grid on;

pl ot (strai nlltopl ot, stresslitoplot, ' r");

pl ot (strai nlltopl ot 2, stresslltoplot2,'qg");

pl ot (strai nlltopl ot 3, stresslltoplot3,'b");
subplot (2,1, 2);

title(' dev(STRESS11) - STRAI N11')

x| abel (" STRAI N11")

yl abel (' dev( STRESS11)")

hol d on;

grid on;

pl ot (strai nlltopl ot, devstresslitoplot,'r');
pl ot (strai nlltopl ot 2, devstresslltoplot2,'g');
pl ot (strai nlltopl ot 3, devstresslltoplot3,'b');

if rate_dep=="yes"
figure(2)
set (1, ' Nane','J2 ELASTOPLASI C MODEL')
hol d on;
subplot(2,1,1);
title(' STRESS11-TIME')
x| abel (" TI ME")
yl abel (' STRESS11")

hol d on;

grid on;

plot(tinmetoplotl,stresslltoplot,’'r');

hol d on
plot(tinetoplot2{j},stresslitoplottine2{j}, g );
plot(tinetoplot3{j},stresslitoplottine3{j}, b');

hol d on;

subplot (2,1, 2);

title('dev(STRESS11)-TINMNE")

x| abel (" TI ME")

yl abel (' dev( STRESS11")

hol d on;

grid on;

plot(tinetoplotl, devstresslitoplot,'r");

hol d on

pl ot (tinetoplot2{j}, devstresslitoplottine2{j}, g
pl ot (tinetoplot3{j},devstresslltoplotti me3{j},"'Db’
el se

end

")
).

end




%
fprintf("Fin de la cita")

Fin de lacita
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