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Motivation

. A. Haufe — February 2018 — eGISSMO - MAT_ADD_GENERALIZED_DAMAGE rl:)Y NL.A

MIORE



0 mm
— L
Motivation: orthopropy

Typical aluminum extrusion — mechanical behavior

Yield stress can be
direction-dependent

Small tensile test

Eng. stress (GPa)

iExp. leli'ng
Exp. Transverse
Exp. Diagonal

| |

Eng. strain
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Motivation: orthopropy

Limitations of isotropic material and failure models
(e.g., *MAT_024 + GISSMO)

IDifferent stress levels cannot be
;/ captured with isotropic plasticity
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I Triaxiality
Eng. strain
Different fracture strains cannot be captured

with isotropic damage/failure model
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Motivation: crazing

Polymers

= Visco-elasticity, plasticity, crazing and the development of shear bands
may be dominating the loading behaviour:
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PLASTICITY
Metals vs. (unreinforced) polymers
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Anisotropy of metallic sheet-like materials

The Lankford parameter (R-value)

m Definition:
, ROO Rgo
P ' |
R des,
_ P
dezs

m In case of isochoric flow:

Rolling direction

deqy + deyy + degz =0 .-
Rolling direction

B deb,
= _defl + deb,
R>1.0 — lessthinning. R<1.0 — more thinning |

______________________________________________________
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Experimental data of extruded Aluminium

Fictitious experimental data (similar to typically observed in aluminum extrusions)

Direction Yield Stress Lankford Parameter Eng. Fracture Strain *normalized values
Extrusion
* *
direction (0°) 1.00 0.50 1.00
Transverse
direction (90°) 1.02 0.80 0.90
Diagonal 0.99 1.80 1.10

direction (45°)

Tro ﬂ(Rq;) 8j n(Rys)
. . Er
Barlat & Lian’s formulation is extended of of
. . do -
in such manner that the yield stress Jdo

depends on the material direction and #(Rap)

loading state. Jioep) <0 r
Available in LS-DYNA as MAT_036 -

-7 of n K
and HR=7: n(RmX*%

(o) = a|Ki + Ko|" +a|Ky — Ko™ + ¢ |2Ks|" — 2g3 = 0

UY(UJ 51)) — a()()o-g)/()(Ep) + Q450-§1/5<8p) + 04900-}9/0(6])) + @Ba}li(gp) + @sizearoﬂ}gflmm‘(gp)
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Fitting yield surfaces for such materials
Yield surface with *MAT 036 (HR=7)

The extended formulation of *MAT 036 is very flexible and extremely useful in order to

match experimental data. Nevertheless, different sets of parameters may lead to non-
convex and non-monotonic yield surfaces.
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Material modeling of polymers in LS-DYNA

|sotropic plasticity with SAMP-1 (*MAT _187)

Yield surface:;
f{p Jl'm=EF}}=me_‘{:l _“IIF_*‘I;_FE = D

Condition for convexity

4, <0 g >N
EE

Shear test data

-«
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DAMAGE / FAILURE
with isotropic GISSMO
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—B
Material modeling in LS-DYNA

GISSMO - Isotropic damage/failure model through *MAT_ADD EROSION

—— e ————— e —

*MAT ADD EROSION

$ MID EXCL MXPRES MNEPS EFFEPS VOLEPS NUMFIP NCS
10
$ MNPRES SIGP1 SIGVM MXEPS EPSSH SIGTH IMPULSE FAILTM

$ IDAM DMGTYP
1 1
$ SIZFLG REFSZ

DCRIT LCREGD
400
REGSHR REGBIAX

1.0 0.0

qu At every step, an instability measure and
the damage are accumulated through:
AF =2 F(l_%)Agp
Ecrit(1) €q
failure curve
D=1 b Y
F<1 instability curve
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DAMAGE / FAILURE
with the
extended GISSMO Damage Model

\ / |
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Modulares Konzept: Plastizitatsmodell und isotropes
Schadigungsmodell: GISSMO

G, :C(é—ap)
8p=/iag(ceﬁ) 6=(l—d)(‘;eﬁ
aceff d d(l—l) gp
. —nd'
q:i_ Geﬁ y 8
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I
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—B
Modulares Konzept: Plastizitatsmodell und isotropes
Schadigungsmodell: GISSMO

| | ' |
| I ' I
I I : I
: 6 —C(a_g ) : : d d FADEXP i
: ff p : | G[l(de ]Geﬁ |
I 1-d_ I
: ; _lag (Geﬁ) : : crit |
I P I L : I
: q:lé_q : Geﬁ,ﬁp : | fail.’ 11199 :
| 1~
: oA : : f—nf( ) (gp - :
' I ¢ (né
' f(o,.q)<0, 20 ! : a(, |
- I
o f(o, )=Mises/Hill. | o Ja <1 |
! ! | f=[afs1od, = :
I I I I
I I I I
I I : :
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Modulares Konzept: Plastizitatsmodell und anisotropes
Schadigungsmodell: MAT_ADD_ GENERALIZED DAMAGE

[ | |
b i
| |
I : 1 0 0 0 |
6 :C(é—a ) : d, d, d, 0 0 0 '
: f : ! | 6=Mo, M= '® ‘& O wobei d, = f.(d,,d,,d)I
I I I 0 0 d, 0 0 b I
: y ag (Geﬁ ) : I 0 dy 0 |
S =1 : l 0 d '
ao I 66 I
: ef ' I g ot s om0 o - |
I | . o d=nd, gf(; 7 & =1(é0. 65 60 6060, €5) o HIS, :
: q % L Oetr & ! D !
=, I e £ 0 £ (D D P P ap - ]
: ol : : d,=n,d, ;(;’9) &' = 1,(e0. €060, 60.60,€5) or HIS, :
. | T, 1
| . = & '
po (Geﬁ Jl) <0, 420 | d,=nd, "~ E9 1 (8,40 8060 48 i) or HIS, !
| & (1,0 |
[ _ _ I :
i f(o, )=Miss/Hill.. ! |
I I | entweder: d = jdi dt  max(d,d,,d,)<1 :
| |
g (G ) = f (G ) | 2, 42,42 |
: i ! : U ooder: d- o8t fggien !
| - Telar) ()
I I (51 ) 2 3 |
______________ L e T T T T T T R |
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Koordinatensysteme (im ESZ)

* Elementkoordinatensystem: a-b

* Materialrichtung=Walzrichtung= x-y Schadigungsakkumulation im materiellen KOS:
* Hauptdehnungen: 1-2 1
ELE
b . Y
y Yy X 00
: 2 ai;
> a
DaP AP X &
(gxx &y gxy) =g b=—= 4
&
' , : L ogep
& & ,o[ cos g+bsin’ g (L-bsingcos dy, =nd 2 dy = [yt
& &) "\(L-bjsingcos sin®9+beos’ g ‘o
1 .ep
. vl :
1+b 1-b dgo:ndgoniiJ dgo:jdgodt
&) (1 0y (b 0) & l1-b 1+b b
0 p |70 t &y = 1+b b-1 1 osep
i A Moo Ho oS 7o o oD o fi
-1 1+b 8 =08 0t 57| U

ool E 2ol .
£ 2‘54‘;‘1}3(1% +b)=2é 2ossing, 3(1+b +b) N :\/ 'Ae:j‘}wlif’z(’z%i%zé; d:jAd "
2 =263 /é(1+b2+b)=2éf<sin29—cos@sin9> /:1%(1+b2+b) ez) +lesf +let)

&= 2‘&0‘3‘1 é(1+b2 +b)= 2‘5‘1“<cosz,9—\c0595in 9\)‘1 j;(l+b2 +b)
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Orthotropic/lsotropic Plasticity with orthotropic damage .
SpECiaI case! [puBois, Erhart, Haufe, Feucht]

| ' | |
[ ‘ : |
I I
: I ! I
I I | oy 1-d, 0 0 0 00 o I
| Oy —C(é—sp) I : o, 0 14y 0 0 00| | & I
[ ' | e o |@=0| [ 00 10 00f fof- l
0= 0 = =
I, _/i@g(ceﬁ) : : : L1100 01dg00 | o :
: &p = o6 : | Sl o 00 0 10| o :
: el I l . 0 0 0 0 01) | o I
I
I, -0 : 6. & : d=F( 9 :
! q - aﬂ/ | Eﬁ: ’ p I i 1_% goeg -ep 2 DL 2 |
| : : dy, =nd;, T0d) &3 = 5aoo..soo 2‘51 cos 9- \cos&sm&\)‘ (1+b +b) :
I iy
I f( Q) <0, l>0 I : R Y ) |
: I | A, = ndlg," o e fago &0 = ,91 sm 29~ \cosysmg\‘ “(L+b +b I
&, \1,
. f(oeﬁ) Mises/Barlat... 1 : L ; !
| g( ) f( ) : I d45=nd45"gfi:750) £l = gsj’;:a45 2‘5 2\00595m9HJ 1+b2+b :
I Qlog)=Tlo s U1
eff eff |
I I
I
I
I
: : I d=[dat maxd,d,0) :
| | : I
I | - e e |
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Orthotropic plasticity with isotropic damage
Another Sp@CiaI case! [Mohr model (Dunand et al. 2012: Part I+I1)]

,nhon associated

. fracture®
b Okt o=(-dh,
f 0, <0 ) 420 _ - orthotrop .
! g2 d=[dd<1
S _ .09 GEff) (M%)
€, =1

|
|
|
|
|
|
|
|
|
|
: ‘é;nhmp = J z (‘9121 t ﬁzzgzzz u ﬂ33‘9323 + 2ﬂ128122)
f (Geff ): O-égrlat —0y c 8 I 3
Ja eff 1¢p | 1

o :1(\3'—3' | +[2s, -51[ +[2s, -, \+) !
Barlat 23. | I Il | | Il |
oy =Ag, +e,)' :
|
|
|
|
|
|
|

g("eﬁ ): f(“eﬁ)

Parameter: A g,,n,M,a,,8,,8,,8,8,,a;,3,

) fudaf s

Parameter:c,,C,,C, =0, 8, B, f
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Orthotrope Schadigung im ESZ nach DuBois et al.
=> |[FLG3=0

MAGD INPUT:
IFLG1 = 2: Damage driving quanties are plastic strain rates
£9 = Lsoo 80 = 2‘51 cos2 9— \cosgsms\ ‘ f 1+b2 +b IFLG2 = 1: Damage strain coordinate system is materal system
IFLG3 = 0: Erosion occurs when one of the damage parameters
) Lo reaches unity, the damage tensor componenets are based on the
fop =nfo " — 0 fo :IAf <= dgt=dy individual parameters d00,d90,d45
&y (1,0)
) L £ d. gt FADEXRy *DEFINE_FUNCTION: dam11 =1 - d0O
Ao =ndgy" ——P——~ Ao :jAdo0 <1 dy = ( e j *DEFINE_FUNCTION: dam22 =1 - d90
&(m,0,,éx) 1-dy *DEFINE_FUNCTION: dam44 = 1- d45
*DEFINE_FUNCTION: dam33 = dam55 = dam66 = 1
¢ 2.0,
P /gagg:ago 2‘51 sin® 9 \cos&smg\)‘ (1+b2+b)
, 1-= ' )
fo =nfy " crif:go fy =JAf90 <A=dy'=dy |:> max(dg , gy ,di¢ ) <1
&g (11,0)
11 -ep d dcrit FADEXRy
d%:nd%nig (U‘ZQOI ) dy, jAd%ﬂ d;§=(;° d”g‘(‘)j o, | (L-dg 0 0 0 00} [ o
- eff ff
v v v W 0 1-dy 0 0 00 oy
0,=0| | 0 0 1 0 00| |6"=0
oMo = s o 0 0af 00| | of
ep_ & ep p 2 Xy 45 Xy
ép = 1/ £01én = 2‘51 Z\COSSSmSHJ 1+h +b 0, 0 0 0 0 10|
, gt , ZX 0 0 0 0 01 o
f=nfm ezé”(fyﬂ) fis =AM <1= " =d,
1 ep erit \ FADEXP;s
. 1 é d,—d
de=nd," —5— d;=[Ad; <1 (AR =
e e ool
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Orthotrope Schadigung im ESZ nach DuBois et al.

=> |[FLG3=1

ggg:,/%egg:soo 2‘51 cos’ - \cos&smSD‘ (1+b2+b)

L

: &
foo = nfoo ! 0t (0;; 9)
oo \7»
A . d_d FADEXPy,
. -= & —q .
d,=nd, " ——2 d, =|Ad g = | ———uit
T 6., " J " B (1-%]

g;g—1/2890 s;g—z\gl sin 9 \cos&smﬂ\)‘ (1+b2+b)

. e

0

MAGD INPUT:

IFLG1 = 2: Damage driving quanties are plastic strain rates

IFLG2 = 1. Damage strain coordinate system is materal system
IFLG3 = 1: Erosion occurs when a single damage parameter reaches
unity, the damage components are based on this single damage
parameter.

*DEFINE_FUNCTION: dam11 = 1-d00
*DEFINE_FUNCTION: dam22 = 1-d90
*DEFINE_FUNCTION: dam44 = 1-d45
*DEFINE_FUNCTION: dam33 = dam55 = dam66 = 1

‘ f24 24 f2 .
fo | totlotls o0 ¢ _[f4c] o g =
= \/(8'33)2+(s‘§5)2+(e'§g)28" Jfast > q,

jeff,2 | qeff.2 | qeff,2 .
deﬁ=\/(d°° L ly = [dyg o<1

1 - d-d FADEXP, )
dgo =Ny, f = g :jAd9o dgeg = ( mtj 508)2+(590) +( 42)
£ (1,0,1,,65)) 1-dg
o, ) (1d® 0 0o 0 00 o
e = 1/*845 &2 = 2J¢7 2lcos 9sin QHJ 1+b? +b) L f;f
o, 0 14 0 0 00| o
, 1 g,=0 0 0 1 0 00| |67=
fonil G 0=Mo, = - eﬁ "
&g (1,6) Oy 0 0 01-dg 00 Oy
R o (d-d ) . 0 0 0 0 10| |
d45 = nd45 W d45 :jAdAS d45 = m O-ZX 0 0 0 0 0 1 O-Zef
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Isotrope Schadigung im ESZ
=> PDDT=2:

2-parameter isotropic damage tensor for volumetric/deviatoric split.

MAGD INPUT:

IFLG1 = 0: Rates of history variables HISn.

IFLG2 = 0: Local element system (shells) or global system (solids).
IFLG3 = 1: Erosion occurs when one of the damage parameters

Deviatoric strain Components. computed reaches unity, the damage tensor components
9 H |SV1 are based on the individual damage parameters
di to d3.

., 1—ﬂl_ £ a_
|:> d =mad —ﬁf'ifif&@ & = HIS,

Volumentric strain components. L .
. 1— 1 -
- HISV2 =y d=nd* 2 & = HIS,
& (1.0)
1-2D,-1D,  ip-lp, p,1p 0 0 0
Ip,-lp, 1-2D,-iD,  lo-lp 0 0 0
- 1
Uzh'her M= %Dl—%Dz %D1—%D2 1-— %Dl - §D2 0 0 0
0 0 0 1-D; 0 0
0 0 0 0 1-D; 0
0 0 0 0 0 1-D
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APPLICATION
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Material modeling in LS-DYNA

Orthotropic damage through *MAT_ADD_GENERALIZED DAMAGE

IDAM=1: GISSMO is the base for DTYP=1: element failure Number of history variables for
damage accumulation occurs at D=1.0 the accumulation of damage

*MAT ADD GENERALIZED DAMAGE

|
| |
: $ mid refsz numfip :
| 19 |
: $ hisl his2 his3 iflgl iflg2 iflg3 |
| 2 1 1 I
| S d11 d22 d33 da4 ds5 d66 ) }
: 141 142 144 143 144 144 *define functions for :
I$ d12 d21 d24 d42 di4 d41 the damage tensor |
| - |
l $ lcsdg ecrit dmgexp dcrit fadexp lcregd N . . :
: 100 -200 2.0 2.5 400 RO”II’]g/EXtI’USIOﬂ :
| $ lcsrs shrf biaxf Direction (0°) |
| 1.0 0.0 _ |
: $ lcsdg ecrit dmgexp dcrit fadexp lcregd :
| 190 -290 2.0 2.5 490 Transverse |
: S lcsrs shrf biaxf Dlrectlon (900) :
| 1.0 0.0 |
: $ lcsdg ecrit dmgexp dcrit fadexp lcregd l
l 145 -245 2.0 2.5 445 Diagonal :
| 1 hrf biaxf : :
|® esrs s e Direction (45°) |
| 1.0 0.0 4 |
L [

Usual GISSMO definitions but now in
three directions (0°, 90°, 45°)
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Material modeling in LS-DYNA

Orthotropic damage through *MAT_ADD_GENERALIZED DAMAGE

Example: The user can define three different instability (ECRIT) and failure (LCSDG) curves.
These curves can have any shape and even cross each other.

2

Failure curve in 0°

(LCID=100) 15
Failure curve in 90° g Curves must match at

(LCID=190) I equibiaxial stress

§ (triaxiality=2/3)

Failure curve in 45° \/

(LCID=145) - 05 | _

0

0.1 0 0.1 0.2 0.3 0.4 05 0.6
Triaxiality

bvnna
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Material modeling in LS-DYNA

Orthotropic damage through *MAT_ADD_GENERALIZED DAMAGE

*MAT_ADD_GENERALIZED DAMAGE is very flexible and has many features embedded. For
the simulation of orthotropic damage, we currently recommend the following configuration:

*MAT ADD GENERALIZED DAMAGE

$ mid idam dtyp refsz numfip nhis
$ hisl his2 his3

|
|
:
: 10 1 1 3
|
|
|
|

IFLG1=2: Predefined functions of plastic strain rate
components for orthotropic damage.
IFLG2 should be set to 1.

IFLG2=1: The coordinate system for the damage
accumulation is the material system. It
requires a non-isotropic material model
with the AOPT feature

IFLG3=1: Erosion occurs when a single
damage parameter D reaches unity.
This single damage is also used in
the damage tensor components for
the coupling with the stress tensor
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Material modeling in LS-DYNA

Orthotropic damage through *MAT_ADD_GENERALIZED DAMAGE
IFLG1=2, IFLG2=1

Predefined functions of plastic strain rate
components for orthotropic damage

*MAT ADD GENERALIZED DAMAGE

' |
|
| $ mid idam dtyp refsz numfip nhis |
| 10 1 1 3
IS hisl his2 his3| ‘iflgl iflg2 iflg3 |
: 2 1 1 |
i |
[ Predefined functions ] [ Instability ] [ Damage ]
1 n 1) n I .
Acgh = 2 |A&l| {cos® @ — |cos Osin d)]) \/— (14+b+0?) AFy = —2— Fo(o O”)Aeoﬁ ADy = fiD[gu (m)AE(}{J
3 ego (n) €00(n)
0 ‘ 1 n i) Ngp -] o
S| Acgh=2|As)| (sin® @ — |cos O sin 9|)\/— (1+b+0?) AFy = %Fqg} ””)Aagg ADgyy = f_DQ(O QOJAEQ{J)
3 €60 (1) oo\ N
. ‘ : 1 145 (1—%) : 45 (Fﬁ) ep
P _ Pl lcos O - 2 AFi; =———Fy "/ Aeit ADy; = Dy; " Agy
o | Acys = 4|Ae]| |cos O sin 0| \/3 (1+b+4+0?) 15 = Zem oy 15 4 ) 1 1
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Material modeling in LS-DYNA

Orthotropic damage through *MAT_ADD_GENERALIZED DAMAGE
Effect of IFLG3=1, plane stress (standard shell elements)

*MAT ADD GENERALIZED DAMAGE

| |
| |
: $ mid idam dtyp refsz numfip nhis I
| 10 1 1 3 |
8 hisl his2 his3 iflgl iflg2 iflg3 |
I 2 1 1 |
l's dil d22 d33 d44 d55 d66 l
: 141 142 144 143 144 144 *define functions for :
l $ dl2 d21 d24 d42 dl4 d41 the damage tensor :
| coocooo |
- = ___ |
P —— | 2 2 2
| *xDEFINE FUNCTION | F,.i=F,+ AFg + Ak + AFj; Ag2
I 1 | TN (A 4 (A 4 (AT
| 41 | 00 90 45
| funcl41(dl,d2,d3)=1.0-dl }
|
i *DEFINE FUNCTION | - AD2, + AD2, + AD, )
| 142 | DnJrl - Dn + N ) AP 2 N QAE]B
| func142(dl,d2,d3)=1.0-d2 | (Aego)” + (Aegy)” + (Aels)
| *DEFINE_FUNCTION | - -
| 143 i ( am\ 1-D 0 0 0 00| [focdf
| func143(dl,d2,d3)=1.0-d3 ! ef
| *;EFINE(FUNCTION) l Tuy 37 v l=Du 000 aygf &)
| Ta4 -t 0 0 1 0 00| ladH
| func144(d1,d2,d3)=1.0 | Oy 0 0 01=D 00| |o¢ff
I_ ___________________________ £
eff
Oy 0 o 0 0 10 ay;f
(&
\o.) [ 0 0 0 0 01]\o¥
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2
*MAT_ADD_GENERALIZED DAMAGE

Additional history variables (check in d3hsp)

e.g., *MAT_036
ND 9 Triaxiality variable, o/o,,
ND+1 10 Lode parameter
ND+2 11 Single damage parameter D (1.E-20<D < 1), IFLG3=1
ND+3 12 Damage parameter D1
ND+4 13 Damage parameter D2
ND+5 14 Damage parameter D3
ND+6 15 Damage threshold DCRIT1
ND+7 16 Damage threshold DCRIT2
ND+8 17 Damage threshold DCRIT3
ND+12 20 History variable HIS1
ND+13 21 History variable HIS2
ND+14 22 History variable HIS3
ND+15 23 Angle between principal and material axes (in radians)
ND+21 29 Characteristic element size (used in LCREG)
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FICTITIOUS DATA

Aluminium
(orthotropic behaviour)
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Material modeling in LS-DYNA

Anisotropic plasticity (*MAT_036, HR=7)

Anisotropic damage (*MAT_ADD_GENERALIZED DAMAGE)

~<
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. . /. \\
Small tensile test Notched specimen { . N
p \\ Ci/f, \\
0.45 , | 0.45 | S N
v ~JOuyg >~
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T 03 4 T 03 { 4 ~/
e e
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Shear test 0° Failure curves
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—B
Material modeling in LS-DYNA

Evolution of damage in different directions
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15
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Material modeling in LS-DYNA

Spurious mesh dependence - if nothing is done to prevent these effects:

Tensile test |

_____________________

— Experiment
— Simulation

A
L4
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—B
Material modeling in LS-DYNA

*MAT 036 + *MAT_ADD_GENERALIZED DAMAGE

Treatment of the mesh dependence

Normalized eng. stress

Normalized eng. stress

08

0.6

04

0.2

Large tensile test - 00°

! 0.5mm

1.0mm

- 25mm

5.0mm
10.0mm

Normalized eng. stress

=l
0 0.2 0.4 0.6 0.8

Normalized eng. strain

Large tensile test - 90°

! ' 0.5mm
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5.0mm
10.0mm

Regularization factor

0 0.2 0.4 0.6 0.8
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Large tensile test - 45°
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25mm
5.0mm
10.0mm

0.4 0.6 0.8
Normalized eng. strain

Mesh dependence treatment

T T T
0°

4 6 8

Element size (mm)

10

Regularization depends
on the orientation
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Material modeling in LS-DYNA

*MAT_036 + *MAT_ADD_GENERALIZED DAMAGE
Treatment of the mesh dependence — influence of the triaxiality

Rolling direction - 00°

T T T
2.5mm
=
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w
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@
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| | | |
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Triaxiality
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w
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Triaxiality

Plastic strain

Regularization factor
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Diagonal direction - 45°
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Mesh dependence treatment
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Regularization also depends on
the stress state! The flags
SHRF and BIAXF can be ,

defined in different directions
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FICTITIOUS DATA

Polymere
(volumetric/deviatoric behaviour)
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—B
Material modeling in LS-DYNA

Isotropic plasticity with SAMP-1 (*MAT _187) including viscoelasticity if necessary

== compression

E I--F-"FT7"fT"~"~"""™"™""™""™""™"™TT "~ T T T T T TTTTTTTTTTTTTTTTT TS 1
* I 1
shear 420 ' Yield surface: !
| s 2 2 :
f(p.0y.8) =05 — 4y —Ap—4p~ <0 |

Bizxal g 3, < ' Condition for convexity
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*MAT_ADD_GENERALIZED DAMAGE

History variables (check in d3hsp) of constitutive plasticity model:

e.g., *"MAT 187

tlam_o + dlam
Eqgstrtc
Egstrs
Eqgstrb
Damage
Eqdc
Dfail
deps(1)
deps(2)
deps(3)
Egqdum

© 0O N oo o B~ W DN P

e =
N B O

Edasp
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Material modeling in LS-DYNA
Isotropic plasticity (*MAT _187)
Volumetric/deviatoric damage (*MAT_ADD_ GENERALIZED DAMAGE)

= SAMP has been used as plasticity model, calibrated for PC ABS
» eGISSMO in MAT_ADD_GENERALIZED DAMAGE is used for damage with PDDT=2 and
HISV1=0 (deviatoric straining) and HIS2=6 (volumetric straining)

*MAT SAMP-1 TITLE

PC ABS
3 MID RO BULK SHEAR EMOD NUE RBCFAC
1 1.0E-6 0.0 0.0 2.2 0.4 1 0
S LCID_T LCID_C LCID-S LCID-B RNUEP LCID-P INCDAM
100 501 0 0
3 LCID_D EPFATIL DEPRPT LCID_TRI LCID_LC
0 0.0 0 0
S  MAXITER MIPS INCFAIL ICONV ASAF IPRINT NHISV
0 20 0 0 0 0.0
$———————- l--——— 2=————————— 3——————— d————————= 5-——————- O————————- T————————= 8
*MAT_ADD_GENERALIZED_DAMAGE
S pid idam dmgtyp refsz numfip PDDT nhis
1 1 1 1 2 2
S hisl his?2 his3 iflol iflg2 ifla3
0 6 0 0 0
damll dam2?2 dam33 damé4 dam55 damb66
daml?2 dam21 dam24 damé4?2 daml4 damé4 1
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—B
Material modeling in LS-DYNA

Isotropic plasticity (*MAT _187)
Volumetric/deviatoric damage (*MAT_ADD_ GENERALIZED DAMAGE)

= SAMP has been used as plasticity model, calibrated for PC ABS
» eGISSMO in MAT_ADD_GENERALIZED DAMAGE is used for damage with PDDT=2 and
HISV1=0 (deviatoric straining) and HIS2=6 (volumetric straining)

S MAXITER MIPS INCFATIL ICONV ASAF IPRINT NHISV
0 20 0 0 0 0.0
Smmmm l-——————— 2=——————— 3=m————— fomm S 6————————- T 8
*MAT ADD GENERALIZED DAMAGE
S pid idam dmgtyp refsz numfip PDDT nhis
1 1 1 1 2 2
S hisl his?2 his3 iflgl iflg2 iflg3
0 6 0 0 0
S damll dam22 dam33 damé 4 dam55 dam66
S daml2 dam21 dam24 dam4?2 daml4 dam4l
S lcsdg ecrit dmgexp dcrit fadexp lcregd
500 -500 2.0 1.0
S lcsrs shrf biaxf
S lcsdg ecrit dmgexp dcrit fadexp lcregd
600 -600 2.0 1.0
S lcsrs shrf biaxf
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—B
Material modeling in LS-DYNA

Isotropic plasticity (*MAT _187)
Volumetric/deviatoric damage (*MAT_ADD_ GENERALIZED DAMAGE)

» The classical multiaxial (numerical) test for one element has been modified for 3D elements

= SAMP has been used as plasticity model, calibrated for PC ABS

= eGISSMO in MAT_ADD_GENERALIZED _DAMAGE is used for damage with PDDT=2 and
HISV1=0 (deviatoric straining) and HIS2=6 (volumetric straining)

Time = o Fringe Levels
2 Contours of Effective Plastic Strain 5.000e-01

min=0, at elem# 522
\ [volumetric fracture] | max=o0, at elem# 522 4-W1]
4.000e-01

3.500e-01 _
3.000e-01 _

=
e

[plastic strain]
/

e
w

LCID=600 T~

— \>-<
_—-—-—__—
—
I

-1 -0.5 o 0.5 1

[stress triaxiality]
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—B
Material modeling in LS-DYNA

Isotropic plasticity (*MAT _187)
Volumetric/deviatoric damage (*MAT_ADD_ GENERALIZED DAMAGE)

» The classical multiaxial test for one element has been modified for 3D elements

= SAMP has been used as plasticity model

= eGISSMO in MAT_ADD_GENERALIZED DAMAGE is used for damage with PDDT=2
and HISV1=0 (deviatoric straining) and HIS2=6 (volumetric straining)

0.5
[volumetric fracture]
0.45 A Time = o Fringe Levels
Contours of Effective Plastic Strain 5.000e-01
i in=0, at elem# 522
0.4 :a;=u,1tz:::|# 522 4-5““*"“1:!
4.000e-01 _
0.35 3.500e-01 _
.g 0.3 1 3.000e-01 _
= 2.500e-01 _
o 0.25 1 2.000e-01 _
% 1.500e-01 _
o 0.2 4 1.000e-01
0.15 1 5.000e-02
' 0.000e+00 |
0.1 1
0.05 1
0 T T T L — Z X
0 01665 0.333 0.4995 0.666 Ls

stress triaxiality
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Conclusions

Final remarks

= A new feature was implemented in LS-DYNA version R9

= *MAT_ADD_ GENERALIZED DAMAGE / eGISSMO is a highly flexible damage/failure
model that can consider orthotropic damage but also damage due to different contributions
(e.g., deviatoric and volumetric)

= |n case of orthotropic damage, especial components of the plastic strain tensor are
evaluated. These are the drivers for the damage accumulation in three material directions

= Areasonable description of orthotropic plasticity is crucial for accurate plastic strains
and, therefore, for an accurate failure prediction

= *MAT _036’s extended formulation (HR=7) seems to be a good choice for orthotropic
elasto-plasticity but one should pay attention to the shape of the final yield surface

= *MAT 187 can be used with eGISSMO to split deviatoric and volumetric fracture behaviour
(crazing). Larger applications on component level are on the way.
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