eGISSMO example - Orthotropic damage
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Introduction

Short GISSMO review
eGISSMO introduction

Examples:
Going from GISSMO to eGISSMO (isotropic damage)

Going from 2 GISSMO card to one eGISSMO (orthotropic damage)
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GISSMO review

Input
Instability curve (when stress is coupled)
Failure strain as a function of triaxiality (and Lode parameter)

Damage and instability evolution
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eGISSMO explained

Up to 3 different GISSMO models combined

Each damage variable can be driven by plastic strain (equivalent or
components), material history variable or user defined function
(*DEFINE_FUNCTION)

The damage driving strain components can be defined in the element,
material och principal coordinate systems

User input Damage tensor
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eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)

Card 1 1 2 3 4 5 6 7 8
Variable MID IDAM DTYP REFSZ | NUMFIP PDDT NHIS
Type I I F F I I
Default none 0 0 0.0 1.0 0 1

MID: Material id for which this generalized damage definition applies
IDAM: damage model flag (0: no damage, 1: GISSMO type)
DTYP: damage behaviour flag (0: no-coupling, 1: coupling and failure)

REFSZ: Reference element size

NUMFIP: number of failed integration points for element deletion

PDDT: Using pre-defined damage tensors. Considerable speed up.

NHIS: Number of damage driving history variables (current maximum: NHIS=3)
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eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)

Using predefined damage tensors for speed up

Damage tensor coefficient cards = & &l & 21 8la =1 &
are left blank Variable | MD | IDAM | DTYP | REFSZ | NUMFIP ! oot I s

PDDT=1 : Isotropic damage tensor
PDDT=2 : 2-parameter isotropic deviatoric/volumetric split
PDDT=3 : Lemaitre-based anisotropic damage tensor (*MAT_104)

PDDT=4 : Anisotropic damage tensor with damage influence only in XX,YY and
XY directions

For shells:

2 1
-~ SDI —3D2 ;‘DI_%DZ

0 0 00 0 0 0 0
1000 0 0 1D, 0 0 000

0 1-D, 0 0 0 0
0 1.0 @ 0 0 1p _1 _2p,_1 B 0 1-D, 0 000
801 080 Pealle Tesfeegh 0 0 DB R B F . 0 0 0 0 1-D, 0 0 0
A=-Didfy 00 1 0 0 0 0 1 @ 01 0 0 0 1-xDy+Dy,) 0 0 0 0 g 108
000010 0 0 0 a-tf 0 o 0 o 0 1-Ip, 0 0 0 0 010

00000 1 0 ¢ o 9 L o 0 o 0 o a=Ip

0 0 0 0 01 -P1
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eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)

Card 2 1 2 3l 4 1 5 6 7 8
Variable HIS1 HIS2 HIS3 : FLet | liFLe2 IFLG3
! |
Type I [ (| I I I I
: |
Default 0 none none: 0 | O 0
F

1
AF = FOR)AHISn

&)

n_ -
AD = —*D n AHISTL
= UM)

HISn: Choice of variables as driving quantity for damage

HISn=0 Plastic strain Local/global, principal 3 parameter
or material frame (IFLG2) orthotropic damage
HISn>0 History variable n n.a. n.a.
HISn<0 n.a. *DEFINE_FUNCTION n.a.
User defined functions
bvna © Dynamore Nordic AB
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eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)

Card 2 1 2 = 4 ] 5 : 6 7 8
I ]
Variable HIS1 HIS2 HIS3 IFLG1| IFLe2 | 1IFLG3
|
I [
Type I | | [ | | |
' I
Default 0 none none ol 0 I 0
|
p J

0 Local element (shells) or global (solids) coordinate system

1 Material system, only applicable for non-isotropic material models

2 Principal strain system (rotating)

3 Principal strain system (Fixed when instbility starts, see *MAT_104)
bvna © Dynamore Nordic AB
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eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)

Plastic strain tensor components for different cases:
Direct use (IFLG1=1 and HIS1=HIS2=HIS3=0)

Example: [FLG1=1, [FLGZ:Z
nq (1__)
AF, =———F, " Aeh,
Si,aa(n )

HIST =¢P | HIS2 =¢P | HIS3 =¢¥_ (IFLG2=0: local/global system)
xx yy

_gP _ _
HIS1 =¢,,, HIS2 —ebb, HIS3 =£F. (IFLG2=1: material system) Example: IFLGI=1, IFLGZ=1
HIS1 -el, HIS2 ‘52» HIS3 —53 (IFLG2=2/3: principal system) 1

Free functions (IFLG1=1 and HISNn<0):

HISn= £, (5, €0, €1, €0, €02 €4, (IFLG2=0: local/global system)
HISn= £, (¢b,, &1, €8, P, €l €l ) (IFLG2=1: material system)
HISn= fn(él,ez,e3) (IFLG2=2/3: principal system)

*DEFINE FUNCTION example defines a history variable (HIS1 = -1234)
1234 as function of the transverse shear strains
fhisl (eaa,ebb,ezz,eab,ebz,eza)=sqrt (ebz**2+eza**2) in material coordinate system a-b-z for shells
Ibvna © Dynamore Nordic AB

IWWIORE rnoroDic



eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)
IFGL1=2

00,45 and 90 degree damage driving variables are predefined functions of the major
principal strain, material angle and principal strain ratio.

Tailored for orthotropic damage, e.g. aluminium extrusions

Example: IFLG1=2, [FLG2=1
p p 2 : ! 2 et (1_7%1) p
Aeyg = 2|A€1 |(cos 0 — |cosOsinf|) 5(1 + B + B?) AF; = mlfl Agy,
1 . _ _
Aeb = 2|AeP [(sin?0 — |cosBsind]|) |= (1 + B + B2) Example: IFLGI=2, fFLG2=1
2 1—>)
AD, = —L = AP
1 gf aa(n*) 1 00
Al = 4|Ael||cosBsind| 5(1 + B + B?)

0 = angle between principal and material direction

£y

B==2%

€1
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eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)

Card 2

1

2

3

4

7

8

Variable

Type

Default

HIS1

HIS2

none

HIS3

none

[FLG1

IFLG3=0 : Erosion occurs when one of the damage parameters (D1,D2 or D3)

reaches unity

IFLG3=1 : Erosion occurs when a single damage parameter D reaches unity.
The damage tensor components are based on this single damage parameter.
Used together with IFLG1=2
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eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)

Damage tensor coefficients as functions of damage variables D1,D2 and D3

Card 3 1 2 3 4 5 6 7 8

Variable D11 D22 D33 D44 D55 D66

A T33
U233 /_' 7]
041 A /—D %21, } a.
22
(plane stress) ¢ . L 722 B ’L, > (full 3-d)
X 11 O—l;
J11
Card 4 Card 4
(shellg) 1 2 3 4 5 6 (solids) 1 2 3 4 5 6
Variable D12 D21 D24 D42 D14 D41 Variable D12 D21 D23 D32 D13 D31
01171 [P11 Dio 0 Dy 0 0 116117 0117 [D11 Dyz Dis 0 0 0 1011
022 Dyy Dy 0 Dyy O 0 ||&22 022 Dyy Dy, Dy 0 0 0 [|622
0 _ U 0 D33 0 0 D D 0-33 o D31 DSE Dgg 0 U 0 &33
019 N D41 D4_2 0 D44 0 0 &12 012 N 0 0 0 D44 0 0 &12
0-23 {] 0 0 0 D55 0 &23 0-23 0 U 0 C' D55 0 &23
0311 | 0O 0 0 0 0 Dggllos o311 | O 0 0 0 0 Dggllos,]
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eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)

Example: Anisotropic damage as in *MAT_104, plane stress

5 D11 D22 D33 D44 D55 D66
1001 1002 1003 1004 1005 1006

cen (Card 4 left empty)

*DEFINE FUNCTION

1001

f11(dl,d2,d3)=1.-d1 o4 1 — Dy 0 0 0 0 0 5
*DEFINE_FUNCTION 0 1-D, 0 0 0 0 H
e 022 032
1002 0 0 0 1 0 0 0 0
£22(d1,d2,d3)=1.-d2 _ 1 : )
*DEFINE FUNCTION 012 . . U= ﬂl . 012
1003 073 0 0 0 0 1—-3D, 0 Go3
£33(d1,d2,d3)=1. | 03] 0 0 0 0 0 1—1p, |L&34d
*DEFINE_FUNCTION 271
1004
£44 (d1,d2,d3)=1.-(d1+d2) /2.
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eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)

Card 5 and 6: GISSMO parameters
2 cards per history variable

Card 5... 1 2 3 4 5 6
Variable | LCSDG | ECRIT | DMGEXP | DCRIT | FADEXP | LCREG
Type I F F F FE I
Default 0 0.0 1.0 0.0 1.0 0
Card 6... 1 2 3 B 5 6
Variable | LCSRS | SHRF BIAXF | LCDLIM | MIDFAIL | NFLOC
Type I F F I E F
Default 0 0.0 0.0 0 0.0 0.0
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eGISSMO step by step (*MAT_ADD_GENERALIZED_DAMAGE)

eGISSMO output
ND different depending on the mater-ial GISSMO damage history listing

model. It is found in the d3hsp file.

ND
ND+1
ND+2
ND+3
ND+4
ND+5
ND+6
ND+7
ND+8
ND+12
ND+13
ND+14
ND+15
ND+21

PID 1 : first damage history wariable ND

Triaxiality variable, ¢, /a,,

Lode parameter

Single damage parameter D (1.E-20 =D =< 1), IFLG3=1
Damage parameter D1

Damage parameter D2

Damage parameter D3

Damage threshold DCRIT1

Damage threshold DCRIT2

Damage threshold DCRIT3

History variable HIS1

History variable HIS2

History variable HIS3

Angle between principal and material axes (in radians)

Characteristic element size (used in LCREG)

g
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eGISSMO example

Two separate GISSMO cards are developed for extrusion and transverse
directions respectively for an aluminium extrusion.

Firstly, create the corresponding eGISSMO cards in each direction (isotropic)
damage.

Secondly, combine the two GISSMO isotropic damage functions into one
eGISSMO card.

*MAT_BARLAT_YLD2000 with anisotropy is used for the plasticity
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Material

Ficticious Aluminium extrusion
Plasticity is modeled with Barlat YLD 2000 criteria (*MAT_133)

300 -

250+

200 —

Effective stress [MPa]

133. 120. 147. 0.6 1.6 1.05 1. 140.
0.7
™~
L] f [ ‘ [ - 06 o
| | | :.E 0.5 B
// E \\ \\ c
1 _ - I B R \
| : A
% 03 N
g T
0.2 N /,/
1 Il | Il | 1 Il ] y/
.05 0.1 0.15 0.2 0.25 0.3 ‘
0.1 T
Effective plastic strain [-] 0 0.1 0.2 0.3 0.4 0.5 0.6

Stress Triaxiality [-]

A Instability O deg
_B Instability 90 deg
C Failure 0 deg

_D Failure 90 deg
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Force [N] (E+3)

[N] (E+3)

Force

Tensile test results o "
6 o2 ola ols S
.
Z
—— Extrusion direction :
- Transverse direction . | |

Displacement [mm]
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From GISSMO to eGISSMO - Isotropic Damage

One damage variable
Damage tensor

Damage driving quantity: Effective plastic strain

-Jlj. -

_0-31_

T3z
d33
— {]_
Tz

Ta3
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Damage and Instability evolution

AF =

el(n )

F(l__)Aep

AD = ——

Ef(TI )

D(l__)Aep
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Extrusion direction eGISSMO cards - Isotropic damage

Damage is coupled

Damage model activated

*I-IF&T_ADD_GEHERA&&D_DMIAGE

Number of failed IP’s

before deletion

N

Number of damage

history variables

N

= - mid idam dtyp refsz numfip unused pddt nhis
1 1 1 0.0 —-80. 0 1
ZF hisl hisZ hi=3 iflgl iflg2 iflg3
0 0 0 0 0 0
£k dll dzz d33 d44 dsS dee
1 1 1 1 1 1
£% dlz2 dzl dz24 da2 dl4 d41l
0 0 0 0 0 0
= 4 lc=dg ecrit dmgexp dorit fade=xp lcreg
102 -101.0 2.0 0.0 3.5 103
0 0.0 0.0 0
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Extrusion direction eGISSMO cards - Isotropic damage

Effective plastic strain
drives the damage

Not active for IFLG1=0

*MAT ADD GENERALYZED DAMAGE
= - mid idam dtyp refsz pddt nhis
1 1 1 .0 0 1
Ef hi=sl his2 hi=3 iflgl
0 0 0 8]
£F di1 dz22 d33 d44
1 1 1 1 1 1
£F diz dz21 dz24 d4z dil4 dal
0 0 0 0] 0 0
= 4 lc=dg ecrit dmgexp dorit fadexp lcreg
102 -101.0 2.0 0.0 3.5 103
0 0.0 0.0 0]
or material frame (IFLG2) orthotropic damage
HISn>0 History varible n n.a. n.a.
HISn<0 n.a. *DEFINE_FUNCTION n.a.
User defined functions
bvna © Dynamore Nordic AB
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Extrusion direction eGISSMO cards - Isotropic damage

r011 1 0 0 0 0 0q[6u )
022 0100 0 0fd Alternatively:
3= 1-D,) g E ; 'i' E g 733 Use pddt=1 for predefined
12 12 o B
O34 00 0 0 1 0fld.; lSOtFOp]C damage tensor
031 0 0 0 0 0 1day,
*HET_EDD_GENERELIZED_DEHAGE
b mid idam dtvp refsz numfip unused pddt nhis=
1 1 1 0.0 -80. 1] 1
2% hi=l his2 hi=3 iflgl iflg2 iflg3
————— = - R R A
=% r dll dz2 d33 d44 dss daa *
1 1 1 1 1 1 !
g3 STET T mR1 . . —dar - -
4] 4] 4]
£% lc=dg ecrit lcreg
102 -101.0 103
1] 0.0
[ *DEFINE FUNCTION
£ fid heading
1
1 ., o
. S# Same damage coupling for all

| funecd(dl)=1.-d1

stress components

NORDIC
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Extrusion direction eGISSMO cards - Isotropic damage

One GISSMO card necessary

*MAT ADD GENERALTZED DAMAGE

b mid idam dtvp refsz numfip unused pddt nhis=
1 1 1 0.0 -80. 0 1
£# hi=l his=Z hi=3 iflgl iflg2 iflg3
0 0 0 0 0 0
£% dll dz2 d33 d44 dss dee
1 1 1 1 1 1
£# diz d21 dz24 d42 dl4 d41
...... +JR« DA « RO « IR - B
( £% lc=dg ecrit dmgexp dcrit fadexp lcreg
i 102 -101.0 2.0 0.0 3.5 103
. a0 0.0 0.0 4] -
N L e v — i ], e - 2 i o e = o e —2 S = 5——-—4——r-—E.—'———+————?————+————-3
*DEFINE FUNCTICN
£ fid heading
1
£% function

funcd (d1)=1.-d1

IbOhvnna
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Extrusion direction eGISSMO cards - Isotropic damage
Identical results for all test specimen when the correspondmg GISSMO curves
are used W1thout modification
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Moving to orthotropic damage

The two GISSMO cards (extrusion and transversal) are combined into one
eGISSMO card.

Thus, the failure model now has two history variables (D1 and D2).

Both damage history variables are driven by the effective plastic strain.
If the material is deformed in extrusion direction, then D1 is increasing
If the material is deformed in transverse direction, then D2 is increasing

(1-—) (1—-)
L _F ™AeP P 50 AD, = —=2—D ™ AP £ >0

AFl - €i,aa(M) 1 €f,aa(m) 1

Using the damage tensor from *MAT_104

1-D, 0 0 0 0 0 7.
011 0 1=D, 0 0 0 0 |[%n
‘TEE 0 0 1 0 0 0 ‘7[2]2
=| o 0 0 1—=(D,+D,) 0 0 h
Jy2 . . 012
31 0 0 0 0 0 1-Ip]|%n
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Extrusion direction eGISSMO cards - Isotropic damage

Plastic strain components Material coordinate system
drives the damage

*MAT ADD GE

£ mid idam dt refsz pddt nhis
1 1 0.0 3 2
5% hi=l hi=2 hi=3 iflgl
-301 -302 0 1
5% dll dz22 d33 d44
0 0 0 0 0 0
£ dlz2 dzl dz24 d4z2 dl4 dal
0 0 0 0 0 0
SEXTRUSICON DIRECTION GISSMO CARDS
£ lcasdg ecrit dmgexp derit fadexp lcreg
102 -101.0 2.0 0.0 3.5 103
0 0.0 0.0 0

STRANSVERSE DIRECTICHN GISSMC CARDS

5% lcsdg reg

o HISn=0 Plastic strain Local/global, principal 3 parameter
or material frame (IFLG2) orthotropic damage
HISn>0 History varible n n.a. n.a.
HISn<0 n.a. *DEFINE_FUNCTION n.a.
User defined functions
DY NA © Dynamore Nordic AB
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eGISSMO Card

Functions 301 and 302 drives the damage

*MAT ADD GENERALYZED DAMAGE

Pre-determined damage tensor

\

£ mid idam dcyp refsz numfip nnused pddt nhis
1 1 1 0.0 —-80. 3 2
£ hi=l hisZ hi=s3 iflgl iflgs iflg3
-301 -302 0 1 1 0 //ﬂ
£% dll dz2z d33 d44 dSS dee
0 0 0 0 0 Two history variables
>4 4 dlz dz2l dZz4 d4g2 dl4 dal
0 0 0 0 0
{ET'E}TTEU_SI_DE DIRECTION GISSMO cC&rRDS ~ ~—— =77 \I
157 lcasdg ecrit dmgexp derit fadexp lcreg | Extrusion
l 102 -101.0 2.0 0.0 3.5 103 [
\ 0 0.0 0.0 0 B
{ETRRHE?EREE DIRECTIOH GISSMC CARDS }
15% lcsdg ecrit dmgexp derit fadexp lcreg i Transverse
I 202 -201.0 2.0 0.0 2.2 103 [
L1 o 0.0 0.0 o _
Ibvna © Dynamore Nordic AB
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Damage driving variable function

Only generate damage when the corresponding plastic strain component is
positive.
This is done by generating different functions for the two history variables

HISn<0: *DEFINE_FUNCTIONS Ids defining the damage driving functions

*DEFINE_FUNCTION

$# fid heading
301

$# function

fhis(eaa,ebb,ecc,eab,ebc,eca)=max(0,eaa)*sqrt(2./3.*(eaa**2+ebb**2+

2¥eab**2+ecc**2+2*ebc**2+2%eca**2) ) /(1 .e-8+eaa)

*DEFINE_FUNCTION

$# fid heading
302

$# function

fhis2(eaa,ebb,ecc,eab,ebc,eca)=max(0,ebb)*sqrt(2./3.*(eaa**2+ebb**2+

2¥eab¥**2+ecc**2+2%abc**2+2*%eca**2) ) /(1 .e-8+ebb)
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Tensile test results - eGISSMO vs GISSMO extrusion
L5 /‘DC%/\ ’/ ' \ — 1 3m

mmmmmmmmmmmmmmmm

eGISSMO ortho | | | R
~— GISSMO iso [ N \ mEmEni
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orce [N] (E+3)

— eGISSMO ortho

GISSMO iso

Force [N] (E+3)

Tensile test results
PRl . \//_\’\ .

Force [N] (E+3)

3

eGISSMO vs GISSMO transverse

[N]( )
£
\
.

0 0.2 0.4 0.6 0.8 1 12 1.4
Displacement [mm] Displ . 1
splacemen’ mm

Al0
4 T T T T
2

Force [N] (E+3)

| |
0.8 1 isplacement [mm]

Displacement [mm]
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Conclusion

GISSMO is an add-on damage model:
Generally driven by effective plastic strain
Isotropic

eGISSMO allows the user to combine up to 3 GISSMO cards:
Driven by effective plastic strain, history variables or strain components
User defined history variables by function
Can be used to for damage that is orthotropic, volumetric deviatoric split, etc.
User defined damage tensor for damage-stress coupling
Usage of pre-defined damage tensors for increased speed

eGISSMO is a highly flexible damage/failure model and its similarity to
GISSMO makes it easy for users with GISSMO experience to advance to

eGISSMO.
WWW. dyn a loo k .Ccom 11" European LS-DYNA Conference 2017, Salzburg, Austria
Short Introduction of a
New Generalized Damage Model
Tobias Erhart’, Paul Du Bois®, Filipe Andrade’
_'Dynamore GmbH, Stuttgart
“Consulting Engineer, Offenbach
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Thank you!
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