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Behavior generalities

ZebFront behaviors

Behavior development in Zébulon

Use of Z-mat with Abaqus

The Zmat library

Z-MAT, librairie matériaux interfacée avec les grands codes commerciaux de

mécanique des structures

o Many models

Elasticity, hyperelasticity
Plasticity, viscoplasticity
Linear or non-linear
isotropic and kinematic
hardening
Crystallographic plasticity
Multi-mat

Material objects

Isotropic hardening

[Kinematic hardeningl

| Potential |

Damage

| Thermal strain |

etc ...

Behavior generalities

o Many tools

@ Creation of new models in a
data file by assembly of material
predifined objects

@ Unlimited dependency of the
coefficients on internal variables
and external parameters

Typical assembly for viscoplasticity

Behavior
Elasticity

Thermal strain
Potential

Flow

Isotropic hardeningl

Kinematic hardening

Kinematic hardening
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Introduction

Pourquoi est-il important de savoir implanter les
lois de comportement dans les codes par éléments
finis ?

@ Peu de lois sont disponibles dans les grands codes (exemple ABAQUS:
version simple de GTN).

@ Traitement spécifique du comportement et de la rupture.
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Introduction

Nécessité d'implanter de nouvelles lois non disponibles dans les codes de
calculs (Zset, ABAQUS, ...)

Possibilité d'implanter de nouvelles lois via des subroutines utilisateurs
@ UMAT et UTHERM dans le code ABAQUS.

@ ZeBFRoNT ou via la classe BEHAVIOR en c++. ZeBFRoNT: C’est le
générateur de code pour loi de comportement

Difficultés rencontrées au cours de la mise en ceuvre numérique:

@ Nécessité d’'un savoir-faire au niveau du choix de I'algorithme :
algorithme spécifique pour chaque loi de comportement.

@ Maitrise du langage de programmation suggéré par le code pour le
développement des subroutines.

@ Connaitre les entrées/ sorties des subroutines utilisateurs.
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Place du comportement dans la méthode des éléments finis

Ulty) known obtain_ _ _ _ _
| |
| a(t) |

TR—— evaluate | A |

AT

S et CE ST MR
e — for each element ¥ dAe
- A |
= for each element
. &3
5
2
b compute
E compute evaluate R F uslzng altq)
= dAU using 1s R small enough |[-@|=— " =~ !

R and K 2 K using L

yes next mcrement

[ global computation
I_ _I: local time integration of the constitutive equations
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Interface "générique" comportement/MEF

Pour chaque point de gauss:

Aﬁ:tlfﬁo

Alto) Ally)
£(t1) | material behavior [ a(t)
Ag L
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Behavior generalities

A .
LA =G (AL A,
dt £y Gz( 1 ) n,t)

e Le temps (¢) apparait ici pour faire figurer la déformation imposée mais aussi un
parameétre extérieur en temps et espace comme une température par exemple

(T 1))
e Evaluer la lo1 de comportement = intégrer d’équation précedente de £ a ¢;.

e Enrégle générale : A = (gg,...) desorte que g(t1) = E(t1) : g.(¢1),

e reste le calcul de % ..
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Behavior generalities

@ Explicit integration: Runge-Kutta

@ simple a mettre en oeuvre car elle n'utilise que I'équation différentielle.
@ instable si le pas de temps n’est pas suffisamment petit.
@ Lintégration peut étre gourmande en temps CPU.

@ Implicit integration: 8 — method

o difficle & mettre en oeuvre (calcul matriciel, inversion d’une matrice ...).
@ universellement stable.
@ Meilleur convergence.

Explicite Implicite

facile a implanter  difficile a implanter
lent rapide

L» calcul de L
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Behavior generalities

Ecriture de la matrice jacobienne ... un travail délicat

e Ecriture par blocs

IR.  OR.
OAe. OAp
1=1 or, onr,
0Age OAp
e Matrice tangente cohérente
JdAg

u > U
Figure 1.2.2-1: matrice tangente Figure 1.2.2-2: matrice élastique
ré isée a chaque itérati
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Behavior generalities

@ External parameters (ep) imposed as input
@ Integrated variables (vint)
@ Auxiliary variables (vaux), just for output

@ Coefficients (coef), material parameters
(can depend on ep, vint, vaux)

@ Primal and dual variables, prescribed variables and associated fluxes
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ZebFront behaviors

Behavior generalities

Behavior development in Zébulon

Use of Z-mat with Abaqus

problem primal dual
mechanics, small perturbation € o
mechanics, large deformation F S
thermal pb (T,gradT) (H,q)
diffusion concentration flux
electrostatics grad V E
magnetostatics rotA H

e strain tensor, F deformation gradient, T temperature, V electric
potential, A potential vector, o Cauchy stress tensor, S second

Piola—Kirchhoff stress tensor, H enthalpy, g thermal flux , E electric
field , H magnetic field.
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Management of Zébulon development
projects

@ Configuration of the project: Zsetup
Takes as input a "library_files" describing the project
Generates "Makefile.dat" with architecture-independent commands

!DYNAMIC

!LIB_BASED

!USE_INC # use standard includes $Z7PATH/include
!BFLAGS -L${Z7PATH}/PUBLIC/1ib-${Z7MACHINE} # path of standard Zebulon libraries
!INC src # declares header files in src/

!SRC src src # declares source files in src/

!DEBUG src

# Generates a program named Surf_$Z7MACHINE from source files in src/
# Links with standard libraries Zmat_base

ITARGET Surf src Zmat_base

! IRETURN

@ Compilation/Link: Zmake

Generates a real "makefile" for the architecture from "Makefile.dat"
Compilation and link of the project
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Introdcution

@ ZeBFRoNT: C’est le générateur de code pour loi de comportement:

@ Pré-processeur, qui réutilise les classes de base

@ Produit un fichier C++

ZebFront fichier.z = fichier.c

@ fichier.c est utilisé comme tout fichier du projet
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ZebFront example for explicit integration

Syntax:
A summary follows of the pre-processor directives available in simulation models:

CODE DESCRIPTION
@Class declares a user-class
@Derivative explicit integration function calculating variable time derivatives
@UserRead extra read function to search user defined syntax
AUserOutput function for extra output which may be desired.
The class:

A model of type SIMUL_MODEL is more limited than other models in ZebFront. Only the
following commands sub-set of commands are available:

@class NAME OF_CLASS : SIMUL_MODEL {

@Name class_name;
@Coeff ecoeff, ..., coeffN;
@VarInt list;

@Variux list;
@0bservable list;
additional Ci+ code
h
In addition to the limitations of commands, the syntax of those available are reduced
as well. The above only permit comma separated lists of names to represent the data
members. The coefficients in the model file may also be only single (real) values.

ZebFront behaviors 18/49



ZebFront behaviors

Behavior generalities

Behavior development in Zébulon Use of Z-mat with Abaqus

ZebFront example for explicit integration

ZebFront code for explicit
(runge-kutta) integration (1/2)

#include <Basic_nl_behavior.h>
#include <Basic_nl_simulation.h>
#include <Elasticity.h>

@Class NORTON : BASIC_NL_BEHAVIOR, BASIC_SIMULATOR {

@Name norton;

@SubClass ELASTICITY elasticity;

@Coefs K, n;

@Coefs RO, Q, b;

@tvarInt eel; // tensorial integrated variable
@svarInt evcum; // scalar integrated variable
@tVarAux evi;

bi

// This block is called at the end of the integratior
@strainPart {

evi = eto - eel;

sig = selasticityweel;

// Note no consistent tg matrix !

m_tg_matrix=+elasticity;

}

ZebFront behaviors

Norton viscoplastic Model

header files (classes Zset/c++)

Créer une nouvelle classe NORTON

Nom du comportement norton

Objet matrice d’élasticité

Coeffs de Norton K et n

Coeffs de Lécrouissage isotrope Ry, Q etb
Variable interne tensorielle ¢

Variable interne scalaire: p

Variable auxiliaire tensorielle ¢,

Apreés intégration:

Partition de la déformation € = €, tE,
Calcul de la contrainte ¢ = E : [

Matrice tangente approchée (RK !)
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ZebFront behaviors

Behavior development in Zébulon

ZebFront example for explicit integration

ZebFront code for explicit
(runge-kutta) integration (1/2)

ify dvarint = ...
integrated variable named

xplicit integration function
calculating variable time derivatives
@Derivative {

sig = xelasticityxeel;

TENSOR2 sprime deviator(sig);

double J = sqrt (1.5« (sprime|sprime));
double R = RO + Qx (1-exp (-brevcum));
double f =J - R;

if (£<=0.0) {

deveum = 0.0;
deel = deto;
resolve_flux_grad(selasticity, deel, deto);

}

else |

deveum = pow (£/K,n);

TENSOR2 norm = sprimex(1.5/J);
TENSOR2 dein = devcumsnorm;

deel = deto - dein;
resolve_flux_grad(selasticity, deel, deto,
}
}

ZebFront behaviors

dein);

Norton viscoplastic Model

Calculation of the vector time derivative Y

o =E:e€

~ ~ " ~el

Calcul du déviateur S

Ecrouissage isotrope R = R0 + Q(1 — e~ %)

Calcul du deuxieme invariant J = ,/gg S

La fonction de charge f(g) = J — R

Elasticité J <= R
s:geletsvzpzo

Plasticit¢ J > R
- , 1 \"
loi d’écoulement de Norton : p = { —=

Direction de I'écoulementn = 2 s

Lévolution de la déformation plastique ¢ = pn

€ —E€E— €
~el ~ o~y
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if (£<=0.0) {
deveum = 0.0;
deel = deto;

resolve_flux_grad(xelasticity, deel, deto);
deel = deto;

}

else {

deveum = pow (£/K,n);

TENSOR2 norm = sprimex(1.5/J);

TENSOR2 dein = devcumsnorm;

deel = deto - dein;
resolve_flux_grad(elasticity, deel, deto, dein);

)

Note resolve_flux_grad() is only needed in simulator mode for mixed
loadings:

// input: mat, dein, d_grad (mixed strain/stress)

// output: deel, d_grad (strain)

void BASIC_SIMULATOR::resolve_flux_grad(const SMATRIX& mat, TENSOR2& deel,
TENSOR2& dgrad, const TENSOR2& dein) { ... }
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ZebFront code with implicit integration

@Class NORTON : BASIC_NL_BEHAVIOR, BASIC_SIMULATOR {

@Name norton;
@SubClass ELASTICITY elasticity;
@Coefs K, n;

@Coefs RO, O, b;

@tVarInt eel;

@sVarInt evcum;

@Implicit

1i

@StrainPart {

evi = eto - eel;

sig = welasticityeel;

if (integration&LOCAL_INTEGRATION::THETA_ID) { // calculation of consistent tgmat
TENSOR4 tmp (psz, f_grad, 0,0); // from jacobian see note

if (Dtime>0.0) m_tg_matrix=+elasticityxtmp;

else m_tg_matrix=xelasticity;

} else { if (m_flags&CALC_TG_MATRIX) m_tg_matrix=+elasticity;
}

@Derivative {
// Same as before ...
}
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ZebFront code with implicit integration

ZebFront code for implicite
(Theta method) integration

GradF implicit integration function

//for the variable residual and Ja:
@CalcGradF {

ELASTICITY& E=xelasticity;

sig = Exeel;

bian matrix

double R = RO+Q« (1-exp (-bxevcum) ) ;
TENSOR2 sprime = deviator(sig);

double J = sqgrt (1.5% (sprime|sprime));
double f = J - R;

f_vec_eel -= deto;

if ( (£>0.0 && devcum>=0) || (devcum>0.0) ) {
TENSOR2 norm = sprimex(1.5/J);
£ _vec_eel += normsdevcum;

f_vec_evcum —-= dt+pow (£/K,n);

// predefined to 1.5 % deviator operator
SMATRIX dn_ds = (unit32 - norm”norm)/J;

SMATRIX dn_deel = dn_ds+E;

// tdt predefined to thetaxdt

double dv_df = tdtsn+pow(£/K,n-1)/K;
TENSOR2 df_fs = dv_df*norm;

Norton viscoplastic Model

CalcGradF: Residual and jacobian :

Attime t + 0At:

f_vec is the the residual vector, initialized to dvar

R = (ﬂe, RP ) f_vec = {f_vec_eel, f_vec_evcum} = 0
f_vec_eel = Ry = Ase/ — Ae — Apn
J— R\"
f_vec_eveum = Fip = Ap — At
K

f_vec_var is the residual for int variable var:

f_vec_eel = Ae et f_vec_eveum = Ap
~el

= 5(%L —n@n)
~S

suchthat | :g = s
~s

zm‘zg

3hS e~
Q @
kS

ZebFront behaviors
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Residual vector

Use of Z-mat with Abaqus

Calcul des blocs (/{, = Az, + ._\.1:1\1"’ — Ag)

IR dn da  Og,

Pog @z OA-

2

R,

Ofte 4 | ApN® . E

E)AJ;( R R =S
R _
Ap  ~

ZebFront behaviors
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ZebFront code with implicit integration

ZebFront code for implicite
(Theta method) integration

deel_deel

deel_devcum

devcum_devcum

devcum_deel
}
}

+= thetaxdevcum*dn_deel;

= norm;

+= dv_df*Qxbxexp (~breveum) ;

—= df_fs+E;

ZebFront behaviors

Norton viscoplastic Model

Calculation of the jacobian matrix J: f_grad
Attime t + 0At:

oR oR

~e ~e

AR SF [t+OAt Ohe,, 9Ap
M=—=1-at =

anz anz 2Ry oRp

abe,, anp

diagonal blocks for the jacobian are initialized to 1, [J] = 1 = [,

OR, an o de
deel_deel — —€ _  q4pp %, R "Rel
dhe ~ g Oe dhe
~el ~ ~el ~el
on
= 1+ 66p 2= E
g <
ARy
deel_deveum = —— = n
AP
J—R\N
R, ot (<%—=))
devcum_deveum = 2 ( )
Ap aAp
J—R\N
oR, aat (7)) ag O,
devoum_deel = —P 4 _ M L~ el
dhe ~ dg e dAe
~el ~ ~el ~el
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Use of Z-mat with Abaqus

Notes: Incremental consistent tangent
matrix

if (integration&LOCAL_INTEGRATION::THETA_ID) ({
TENSOR4 tmp (psz, f_grad,0,0);
if (Dtime>0.0)

// calculation of consistent tgmat
// from jacobian see note
m_tg_matrix=+elasticitytmp;

else m_tg_matrix=+elasticity;

} else { if (m_flags&CALC_TG_MATRIX) m_tg_matrix=+elasticity; }

After convergence,

dAe dAg® dAef _ dAe
( 0~> [J]< )...then(dAzw)=[J] 1< 0~)
_ H | x OAe®
W= (T‘—) with H = e

Consistent tangent matrix:

_ 0Ag  O9Ag
¢ ONg®’ OAe

14

I
>
I
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Use of Z-mat with Abaqus

ZebFront code with non-linear kinematic

hardening (1/2)

@Class NORTON : BASIC_NL_BEHAVIOR, BASIC_SIMULATOR {
// same as before ...

@Coefs c1, Dpl;

@tvarInt alphal;

bi

@StrainPart {

// same as before ...

}

@Derivative {

double CC1=C1/1.5;

sig = relasticityeel;
TENSOR2 Xvl = CClxalphal;

TENSOR2 sigeff = sig - Xvl;
TENSOR2 sprime = deviator (sigeff);
double J = sqrt (1.5 (sprime|sprime));

// same as before
if(CC1>0.) dalphal = devcum*(norm — D1xXv1/CCl);

}

ZebFront behaviors
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ZebFront code with non-linear kinematic
hardening (2/2)

@CalcGradF {

double CCl = C1/1.5;

TENSOR2 Xvl = CClwalphal;

TENSOR2 sigeff = sig - Xvl;

TENSOR2 sprime = deviator (sigeff);

double J = sqrt (1.5 (sprime|sprime));
// same as before

if(cc1>0.) {

SMATRIX dn_dall = dn_ds*CCl;
TENSOR2 ml = norm - D1sXv1/CCl;
f_vec_alphal -= devcumsml;
deel_dalphal = dn_dall;

dalphal_deel
dalphal_dalphal
dalphal_devcum
devcum_dalphal

}

dn_deel;
dn_dall; dalphal_dalphal.add_to_diagonal (tdvxD1);
mlj

df_fs*CCl;
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Use of Z-mat with Abaqus

C++ example (Header file)

/
/

Z_START_NAMESPACE;
class NORTON_ISO_C

public BEHAVIOR,

public THETA_INTEG
public RUNGE_INTEG
public :

AUTO_PTR<ELASTICITY> elasticity
COEFF K, n, RO, Q, b;
TENSOR2_VINT eel;
SCALAR_VINT evcum;
TENSOR2_VAUX evi;
TENSOR2_FLUX sig;
TENSOR2_GRAD eto;

TENSOR2 deto;
AUTO_PTR<RUNGE>
AUTO_PTR<THETA>

runge_theta;
theta_integ;

MATRIX m_tg_matrix; 7/
VECTOR f_vec; /7
VECTOR d_chi; 71/
VECTOR £_0; /7
SMATRIX f_grad; 7/
VECTOR dgrad;
public :
NORTON_ISO_C() ;
virtual ~NORTON_ISO_C() ;

virtual void initialize (ASCII_FILE&,
virtual void derivative (double, const

/Debut du namespace Z_set
/This is a base class for all
RATOR,

RATOR {

storage for the tangent matrix
residual

increment of integrated vars
what f_vec is compared to £_0
the jacobian matrix

int, LOCAL_INTEGRATION«) ;
VECTORS, VECTORG) ;

behavior (constitutive equations).

//explicit integration function calculating variable time derivatives

virtual void calc_grad_f (VECTOR&, SMATRIX&, const VECTOR&,const VECTOR&,double,double);
//implicit integration function for the variable residual and Jacobian matrix

INTEGRATION_RESULT+ integrate (MAT_DATA&,const VECTOR& delta_grad,MATRIX#&,int);
//user-integrate function; used for behaviors which are not using the standard Runge-Kutta

or theta-method integration

b
7_END_NAMESPACE;

//Fin du namespace Z_set

Behavior development in Zébulon
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Mdata

Use of Z-mat with Abaqus

//curr_mat_(
A s of m
however,

ata is a pointer on the current MAT_DATA object as passed to the BEHAVIOR:integration method.
rial variables will generally be given through the STORED_VARIABLE_SPEC objects.
it is necessary to use the MAT_DATA directly to obtain initial values,

Sometimes,
or other unmaintained informatio

//STORED_VARIABLE_SPEC This class is used to handle the cutting up of the behavior variables into
usable matematical entities. The class has internal, auxiliary, flux,

or gradient variables specific
to the class coupling with the spacial problem.

T MAT_DATA —
Gradient grad BEHAVIOR
Delta gradient  delta_grad integrate()
Internal variables v 9
Auxiliary variables AV
,4 External parameters EP
/
Flux
Tangent matrix

Behavior development in Zébulon 33/49
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C++ example

7_USE_NAMESPACE; //Utilisation du namespace Z_set
DECLARE_OBJECT (BEHAVIOR, NORTON_TISO_C, norton_iso_c)
void NORTON_ISO_C::initialize (ASCII_FILE& file, int dim, LOCAL_INTEGRATION* integ)
{

BEHAVIOR::initialize (file,dim, integ);

eel.initialize(this,"eel",tsz(),1); //tsz() : problem (tensor) size sym

evcum.initialize (this, "evcum”,1);

evi.initialize(this,"evi", tsz(),1);

sig.initialize(this,"sig",tsz(),1);

eto.initialize(this,"eto",tsz(),1);

for (;;) (
STRING str=file.getSTRING();
if (str.start_with("sx+") ) { file.back(); break; }
else if (str=="xxmodel_coef") {
str=file.getSTRING();
while ((!str.start_with("+")) && file.ok) {

if "K") K.read("K",file,this);
else if "n") n.read("n",file,this);
else if RO.read("RO", file, this);
else if "Q") Q.read("Q",file,this);
else if "b") b.read("b",file,this);

else { INPUT_ERROR("Unknown coefficient: "+str); exit(1); }
str=file.getSTRING () ;
} file.back();

else if (str=="wxxelasticity" || str=="+*ELASTICITY") {
elasticity=ELASTICITY::read(file,this);

else INPUT_ERROR ("Unknown command: "+str);

Behavior development in Zébulon 34/49



if (integ) {
integration=integ->type();
if (integration&LOCAL_INTEGRATION::RUNGE_ID) {
runge_theta= (RUNGE+) integ;
runge_theta->set_integrator ( (RUNGE_INTEGRATOR«) this) ;

}
else if (integration&LOCAL_INTEGRATION::THETA_ID) {

theta_integ=(THETA«) integ;
theta_integ->set_integrator ( (THETA_INTEGRATOR«)this);
}
else ERROR("Integration method is not allowed");
}

else {
runge_theta=(RUNGE#*) Create_object (LOCAL_INTEGRATION, "runge_kutta");

runge_theta->initialize(l.e-3, 1.e-3);
runge_theta->set_integrator ( (RUNGE_INTEGRATOR*)this);
integration=runge_theta->type();

i

m_tg_matrix.resize(tsz()); m_tg matrix=0.;

}

//integration : an enum value used to desribe the type of integration method. This must
now be set by the user in the BEHAVIOR creator. In the event that NULL is passed to
the creator, the object will be responsible for creating a default integration method if

necessary.
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INTEGRATION_RESULT* NORTON_ISO_C::integrate (MAT_DATA& mdat,const VECTOR& delta_grad, MATRIX*& tg_matrix, int)

{ INTEGRATION_RESULT* ok =NULL;
Timer_counter.start_time ("Local Integration
tg_matrix = &m_tg_matrix;

attach_all (mdat) ;

//attach_all( MAT DATA& mdat ) Used to assign all the object’s STORED VARIABLE SPEC objects

onto the current integration point data. This method is usually called in the behavior

integrate method as: The method is virtual so a derived class may use the opportunity to do initialization only
required once for every integrate call (rare).

calc_local_coefs () ;

//The list of COEFFx pointers for all the COEFF objects which exist in the current
behavior will automatically update every time the BEHAVIOR method calc_local_coefs is called.

set_var_aux_to_var_aux_ini();

set_var_int_to_var_int_ini();
//In your integration methods, theses methods should be used in place of manipulating those vectors themselves.
//These local methods only copy the portion of vectors which belong specifically to the behavior.

dgrad = delta_grad;
deto.reassign(eto.size(),dgrad,0);
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C++ example

if (integration&LOCAL_INTEGRATION::THETA_ID) {
VECTOR £_0=0.;
calc_material (theta_integ->give_theta());
SMATRIX f_grad(int_sz()); VECTOR d_chi (int_sz()), f_vec(int_sz());
d_chi =0.;

ok=theta_integ->theta_method (f_vec, f_grad, curr_mat_data->var_int (vint_index), d_chi,f_0,Time_ini,Dtime);
if (ok) return ok;

calc_material(1.0);

VECTOR dvar = curr_mat_data->var_int (vint_index) - curr_mat_data->var_int_ini (vint_index);

attach (curr_mat_data->var_int (vint_index), dvar);

// attach( VECTOR& chi, VECTOR& d chi ) This alternate of the preceeding method may be
used for cases where the trial increment of the integrated variables is interesting. The default
method merely calls the above single parameter method.
TENSOR4 tmp (tsz (), f_grad,0,0);
if (Dtime>0.0) m_tg_matrix=+elasticityxtmp;
else m_tg_matrix=selasticity;
}
else if (integration&LOCAL_INTEGRATION::RUNGE_ID) {
if (Dtime!=0.) {
dgrad/=Dtime;
ok=runge_theta->runge_kutta (Time_ini,Dtime,curr_mat_data->var_int (vint_index));

if (CALC_TG_MATRIX) m_tg_matrix=+elasticity;
}
else NOT_IMPLEMENTED_ERROR("Bad or unknown integration");

evi=eto-eel;
sig = xelasticity=xeel;

Timer_counter.stop_time ("Local Integration");
Timer_counter.increment_count ("in Local Int");
return ok;

1
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void NORTON_ISO_C::derivative (double tau, const VECTOR& chi, VECTOR& dchi)
{
calc_material ((tau-Time_ini) /Dtime );

attach ( (VECTOR&) chi) ;

//attach (VECTOR& chi) This version of attach is used to reassign the local variables to the
current integration variables. Only variables attached to the MAT_DATA var_int vector are
affected. This method will be called by a behavior in the integration method’s functions
(derivative or calc grad f for example). Overloading this method may be a nice way to
perform some local calculations required in each step or iteration of the integration.
calc_local_coefs();
dchi.resize (int_sz());

sig = relasticityxeel;

TENSORZ2 sprime deviator (sig);

TENSOR2 sigeff sprime;

double J sqrt (1.5x (sigeff|sigeff));
double R = RO + Qx(1l.-exp(-bxevcum));
double f =J - R;

TENSOR2 deto(tsz(),dgrad,0);

TENSOR2 norm(tsz()); norm = 0.;

TENSOR2 deel (tsz(),dchi,eel.start_pos);
double& devcum = dchi[evcum.start_pos];
if (£50.0) {

norm = sigeffx(1.5/J);
devcum = pow (f/K,n);
} else { devcum = 0.; norm=0.; }

deel = deto - devcumxnorm;
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C++ example

void NORTON_ISO_(

calc_grad_f (VECTOR& f_vec, SMATRIX& f_grad, const VECTOR& chi_vec,
const VECTOR& d_chi,double theta, double dt) {
attach ( (VECTOR&) chi_vec, (VECTOR&)d_chi);

//attach( VECTOR& chi, VECTOR& d chi ) This alternate of the preceeding method may be
used for cases where the trial increment of the integrated variables is interesting. The default
method merely calls the above single parameter method.

calc_material (theta);

TENSOR2 deel(tsz (), ((VECTOR&)d_chi),eel.start_pos);
double& devcum = ((VECTOR&)d_chi) [evcum.start_pos];

VECTOR f_vec_eel;
f_vec_eel.reassign(eel.size (), f_vec,eel.start_pos);
doubles f_vec_evcum=f_vec [evcum.start_pos];

SMATRIX deel_deel;

MATRIX  deel_devcum, devcum_deel;
deel_deel.reassign(eel.size(),f_grad,eel.start_pos,eel.start_pos);
deel_devcum.reassign(eel.size(),1, f_grad,eel.start_pos,evcum.start_pos);
double& devcum_devcum=f_grad(evcum.start_pos,evcum.start_pos);
devcum_deel.reassign(1,eel.size (), f_grad, evcum.start_pos,eel.start_pos);

double tdt=thetaxdt;

f_grad=0.0; f_grad.add_to_diagonal(1.0);
f_vec=d_chi;

ELASTICITYs E=+elasticity;

double tdv = thetaxdevcum;

sig = Exeel;

double R = RO+Qx* (1-exp (-bxevcum) ) ;
TENSOR2 sprime = deviator (sig);

double J = sqrt (1.5« (sprime|sprime));
double £ =J - R;
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TENSOR4 unit, unit32; // utility dev operator s’

unit.resize(tsz());
unit=0.0;
double th=1.0/3.0;

double th2=2.0/3.0;
switch (tsz())
case 6:
unit (4,4)=unit (5,5)=1.0;
case 4:
unit (3,3)=1.0;
unit (1,1)=unit (2,2)=th2;
unit (1,0)=unit (0, 1)=-th;
unit (2,0)=unit (0,2)=-th;
unit (2,1)=unit (1,2)=-th;
case 1:
unit (0, 0)=th2;
}
unit32.resize(tsz()); unit32 = 1.5+unit;

f_vec_eel -= deto;

if ( (£>0.0 && devecum>=0) || (deveum>0.0) ) {
TENSOR2 norm = sprimex(1.5/J);
f_vec_eel += normxdevcum;
£_vec_evcum dt«pow (£/K,n) ;
SMATRIX dn_ds = unit32; dn_ds -= norm”norm; dn_ds = tdv/J;
SMATRIX dn_deel = dn_dsxE;
double dv_df = tdtsnxpow(f/K,n-1)/K;
TENSOR2 df_fs = dv_df*norm;
deel_deel += dn_deel;
deel_devcum = norm;
devcum_devcum += dv_df*Q+bxexp (-bxevcum) ;
devcum_deel -= df_fs*E;
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Material object example: How to connect ?

Example for Sellars-tegart flow: p= A [sinh (’(—g))] "

Base class for FLOW and functions to overload

class FLOW : public MATERIAL_PIECE ({

virtual void initialize (ASCII_FILE&,MATERIAL_PIECE* boss);

virtual double flow_rate (double v, double crit);
virtual double dflow_dv () ;
virtual double dflow_dcrit ();

i

Object factory declaration

DECLARE_OBJECT (FLOW, NEW_FLOW, new_flow)
Input file

x*xbehavior

**xpotential

*flow new_flow

***x*xreturn
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Material object example: Source code (1/2)

#include <Object_factory.h>
#include <File.h>
#include <Flow.h>

class FLOW_SINH : public FLOW {
protected :

double _os;

COEFF A,K,m;

public

FLOW_SINH() {}

virtual ~FLOW_SINH() ({}

void initialize (ASCII_FILE& file, MATERIAL_PIECEx);
double flow_rate(double v, double crit);
double dflow_dv();

double dflow_derit ();

DECLARE_OBJECT (FLOW, FLOW_SINH, sinh)

double FLOW_SINH::flow_rate(double, double crit)
{ _os=crit;

return Axpow (sinh(crit/K),m);

}

double FLOW_SINH::dflow_dcrit ()
{ return (m+A/K)+pow( sinh(_os/K), m-1 )xcosh(_os/K); }
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Material object example: Source code (2/2)

double FLOW_SINH::dflow_dv ()
{ return 0.; }

void FLOW_SINH::initialize (ASCII_FILE& file, MATERIAL_PIECEx mp)
{ FLOW::initialize(file,mp);

for(;;) |
STRING str=file.getSTRING();
if( str[0 *" ) break;
else if (str=="A" ) A.read(str,file,mp);
"K" ) K.read(str,file,mp);
"m" ) m.read(str,file,mp);
else INPUT_ERROR ("Unknown coefficient:"+str);
} file.back();

)
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User interface for Abaqus

@ Zmat material file: steel

*xxmaterial

@ ABAQUS input file: visco.inp *integration theta_method_a
1.0 1.e-12 150

x«xbehavior gen_evp

ek kKo ok kK Kk kK kK kK kK

*x ABAQUS INPUT FILE:

Sk k kR R kA Rk KRR kA Rk ARk KK xxelasticity isotropic
:!jODE .................. young 210000.0
*SOLID SECTION,ELSET=all,MATERIAL= pOiSSOﬂ 0.33
steel *xpotential gen_evp ep
*MATERIAL, NAME=steel xcriterion mises
*D?;VAR xflow plasticity
*USER MATERIAL, CONSTANTS=1 *lsotropic constant
0.0 RO 150.0
* rkinematic nonlinear
D 69.31
C 8317.77

**xxreturn

Command: $ 2Zmat cyclic_abaqus
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Zpreload utility

@ Checks the behavior definition

@ Printouts the names and number of SDVs needed by the Z-mat model
@ Command: $ Zpreload zf

@ 3D default output, for 2D use Zpreload -d 2

Reading behavior in file: zf

var_int Name:
eelll(sdvl) eel22(sdv2) eel33(sdv3) eell2(sdvd) eel23(sdv5)
eel3l (sdvé)
epcum (sdv7)
allll(sdv8) all22(sdv9) all33(sdvl0) alll2(sdvll) all23(sdv12)
all31(sdv13)

var_aux Name:
epill(sdvl4) epi22(sdvl5) epi33(sdvl6) epil2(sdvl7) epi23(sdvl8)
epi3l(sdvl9)

done with material file reading...

Command
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Reading odb files with the Zmaster GUI

o 0008333001667 0025 003333M.041667 005 005833 066667 0.075 008333091667 |
U3 map;51.0000  time:1 min:-0.00000 Max:0.100000

@ Alternative to abaqus viewer

@ Basic graphical post-treatment operations
@ Preserve Z-mat’s SDV names

@ Iso-contours at integration points

Command
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Running Z-post on odb files

@ General batch post-processing
@ Damage post-processing
@ Reading/Writing of odb files

xxx+post_processing
*xxdata_source odb
«xopen cyclic_abaqus.odb
**vdata_output odb
*xproblem_name zpost_for_abaqus
**+*local_post_processing

*+process range

xvar sig
*x*xreturn

Command
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