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Motivation — transition from shells to solids?
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Motivation — transition from shells to solids?
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Derivation of shell formulation: Degenerated solid

[Ahmad, Irons and Zienkiewicz 1968]

el =

Shell assumptions (all Mid surface of Solid element

quantities expressed characteristic plane
w.r.t. mid surface)

Kirchhoff-Love [Bernoulli] (’ II Fiber
cross section straight, perpendicular ' /- > direction
and unstretched Il 8

Reisser-Mindlin [Timoshenko]

Lamina
Mid-surface displacement plus rotations direction
to describe plate (shell) deformation X=X"+1 €; X0

(shear deformation possible)
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Shell theories / Shell models

m 3-parameter shell model: Kirchhoff-Love
Ve =7y =0
la| = const.

(cross section straight and unstretched,
no shear deformations, i.e. normal to mid surface)

m 5-parameter shell model: Reissner-Mindlin
(cross section straight and unstretched,
shear deformations possible)

m 6- or 7-parameter shell model:
(cross section straight but stretchable)

m Higher order shell theory: multi-layer or -director
(not straight and stretchable)
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Shell theories / Shell models

m 3-parameter shell model: Kirchhoff-Love r j‘:,ja_L_ﬁ::f
(cross section straight and unstretched, oA T _
no shear deformations, i.e. normal to mid surface) | % la,| = const

= 5-parameter shell model: Reissner-Mindlin e S W
(cross section straight and unstretched, Reduced constitutive models "~ __———__ o~
shear deformations possible) (2D ,plane stress®) - 8| = const.

m 6- or 7-parameter shell model:
(cross section straight but stretchable)

m Higher order shell theory: multi-layer or -director: o
(not straight and stretchable) Full 3D constitutive models




Shell theories / Shell models

= 3-parameter shell model: Kirchhoff-Love ;ﬁ:ﬁ?grgctgag{ bgstts?grel :‘H’ja_L_f::f
(cross section straight and unstretched, P ' T -
no shear deformations, i.e. normal to mid surface) - |a3| — const.

= 5-parameter shell model: Reissner-Mindlin S W
(cross section straight and unstretched, P o~
shear deformations possible) - /|a3| _const.

DOF for loading of surface
u 6' or 7-pal‘ameter She” mOdeI available and Supported!

(cross section straight but stretchable)

m Higher order shell theory: multi-layer or -director:
(not straight and stretchable)




The effect of lateral loading?

-

n=0.66
£E=-1.0




Where are the limits of classical shell models?
The issue of lateral loading

e Shell Solid-shell Solid
LY
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Where are the limits of classical shell models?
The issue of lateral loading

No lateral loading Lateral loading possible

Nakazima specimen: Triaxiality value from classical shell 7=2/3

6.660e-01
6.960e-01
6.260e-01
6.060e-01 _
5.8608-01 _
5.660e-01 _
5.460e-01 _
5.260e-01 _
5.060e-01
4.860e-01

4.660e-01
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A  trick” to take lateral stresses into account
ELTYP=2/16 & IDOF=3




Development of IDOF=3 in shell type 2/16

5-parameter shell: - No stresses in thickness direction
Uzz:O’(‘gzz:O) and yxzio;yyzio

- No degree of freedom in thickness direction
F

F

- Hence no loading in thickness direction!

F

[Th. Borvall, DYNAmore Nordic]
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Development of IDOF=3 in shell type 2/16

Take the contact pressure onto the shell surface (top/bottom) into
account and modify the stress in the material model:

0. =00, (Z) [a = scaling parameter] 4+t
where
. o.-0! .. O.+0! T ¢
0.(2) =~ 4 (27 =32)-—— o, = (z,0,,07)
[cubic approximation]

=

Constitutive update for J2 plasticity:

From: ¢", Ag", o ,(yc””

. —n n n ~ J
Modify: 6" =¢" —0_1 Aa:Aa—TI

Update: 6" and A"

— n+l n+l _O.rr+].I

Solvefor; ¢ =g¢

AE=pe—Ze — 9

lj

[Th. Borvall, DYNAmore Nordic]
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Stretch bending test: Effect of IDOF=3 in shell type 2/16

[Funding by RFCS greatly acknowledged]

I0CK Deaa

dIE :—i: >
E Element formulation 2/16/25/26 =il f =2
! Number of integration
. ) 6 1
points over thickness
Number of elements
/ across thickness 1 6
direction
blankholder Element edge length 0,25mm 0,25mm
punch
Selective mass scaling v v

solids shells

Number of integration
points that should fail 5 1
before element fails

Classical shell

3D failure surface ey -

Different radii r05/r07/r10/r20
in shells and solids
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Stretch bending: CP800 and RO5/ R10

0.12

CP800 and R0O5

0.1

0.08

0.06

0.04

Kraft in z [N]1 (E+6)

0.02

Kraft in z [N]1 (E+6)

Weg in z [mm]

Failure data has been calibrated for plane stress
states using DIEM, TYP=1 shear failure model:

eh=&5(0,6") where 0=(q+kp)/rt

and T= (O' O minor ) /2

major

Cyan curve is ELTYP=16 (5parameter shell)
with IDOF=3 and shear criteria!

CP800 and R10

U.12

01 /A\\\ B A Shell ELTYP 2
L A \ BB Solid ELTYP 1

0.08 / B C Shell ELTYP 25
L / \ \ B D Experiment

0.06 . B E Shell ELTYP16 IDOFO
L \ ﬁ F Shell ELTYP16 IDOF3

0.04 ; \

0.02

042 N\ i

10 20

3D failure surface

ke

N
N
N

I
!
30

Weg in z [mm]
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A reminder:
Failure modelling (with any model)
depends on stress state




GISSMO

Failure criterion in planes stress and 3D stress states

s - . Parameter definition

W=E = : |

3 > ' O, I :

1.5+ L= :3 - !

i Oum Oum :

= . — ! 27 J, :
F Stress domain in y E=— 2 mit J3 =8§5,5,5;
sheet metal forming | 2 o M |

1 V 1

0.5+

Axial
e Symmetry, compression Y

e Aluminum alloy 2024-T351
-05 0 &_’ 2 1 T T T
n 05 1 -1 :
[Source: Wierzbicki et al.] Ll I :"." """"" A 1 Xue ’
1.8 e ‘...'\‘.“ ........ .............. ........... — HutChinson -
1 T T T T T T T T T T U T T T " —
C T ] 1Ak b b i Gurson std. |...]
C ] 1ok | U T .............. Berbind
05 i _ k. Uppaf bound (x=G or 1) ,
: i : gf 1 ST _:‘ ............ \. ........ / ........... , ............... ................
5 0 B *f} \\ ]
05 i
- *— 0.2F -rormeeens .............. ......... .' ._‘._.:‘.- R RERLTIERLRIFSEn
N ] Lower bound (x=0.5) : TR ;
1 Lo [ MY AR T4 » W 0 1 ] 1 1 1
1 05 0 05 1 -1 -2/3 -1/3 0 1/3 2/3 1
[Experimental data
n n by Wierzbicki et al.]
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GISSMO - short overview

GISSMO - Generalized Incremental Stress State
dependent damage M Odel

i Schadigungsevolution 1| Versagenskurve
] (1-1) 08

' - n —w/)a $i

i Df=2D € ¥

: F= &7y Pl osd
1 ! i
i o] [ - domson ook P i i 0.
V] |——cssmon=2 - '

| Qo] [——Gumon 5ol ,’ 1

3 /116 0.3
' ” Py i

o o '

A ML S i1 02
E 0 02 LA t" o4 s 05 o7 E E

] [

i v 00
! Schadigung nach i

1 ()

' Tiefziehprozess zu hoch 1! 00

E bei linearer Akkumulation! 1 |

GISSMO
E ive Stress C

DGTYP: Flag fir Riickkoppelung
nach Lemaitre:

DCRIT, FADEXP: Postkritisches
Verhalten:

T [
| !
i E i D-D FADEXP
; * Vo * = _ | YT Perr
: o' =0 (1-D) b7 G{] (1—DCMJ ]
i * L * -
: = o O N

i N\
1 L 4 o L 4 e
i le H "
|2 g v
: - - v
' E Vo 2 ——m:i i,
E —— GISSMO dmgtyp2 H ! - m8 \,;:
E ——MAT_024 E i [
i True Strain i i True Strain

GISSMO
Instabilitat

Evolution der Instabilitat

' [ 1
) () 1
' P ]
| " H
| n 1-} i = !
' AF=—F( /')As‘, v = H
: i - .- R
g o\ | G 1
- i - e o
I aw P i !
. X ¥ ‘ ;
! 02 ! 'w \ !
| ¥ ' 1 IR : i
! Flachzugprobe DN EN 12001 E ! \,/ = E
! 980 A Crash !
: §:3§ W 2 P 01 Xk Umformed H
' D — i : i
' |o2s [ materielle Instabilitat
' o\ | oo . . . . |
1 —— Simulation i - { H
!5 1 00 0.2 0.4 06 0.8 10!
: 0,00 + i : ' H :
: 0,00 005 0.10 015 020 025 0.30 E : o'r“/o'e :
g T S i S S U U USSR —-)
GISSMO
Regularisierung der Netzabhangigkeit (Zugversuch)
| t size
04 \\‘\
w |7 5 5 \\
g Simulationen N
z ohne Regularisierung
202 = = Experiment
2 ——05m
= —1mm
———2,5mm
00 T T T T T ™
00 01 02 03 04 05
Engiheering St 5 Simulationen
. mit Regularisierung
der ElementgroBe \
o h
i i
i
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Round tension

Experiments for full 3D calibration of GISSMO

1

1 .
Lode-angie / ———
parameter P |

: Flat tension
or | ' '
Ve / . !
y A Butterfly
N
Plane strain |~ ) Triaxiality
-1 -0.5 0 0[5 1 1|5 2

Plane strain test

[

Nakazima

X

Plane stress Naka*zima

1

g B
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More on this lateral effects in shells and IDOF3...




The limits of classical shell models c@
Nakazima with ELTYP16 elements with IDOF=1

., rkadality

— gt 10SE4T
| e 100448
— pn i 10582

. eta av: 0,664, ety r: 0,660
eps = 0.900 i@ 4092 ms

— ga_sin 100471
— L
—

5. ota_av: 0,664, eta_r: 0,60
sps = DLEDT @ 4007 ms

s PHNCH 2 boundary Jbimd 0,05, ring wo 1llet
" GISSMO data calibrated such, -
! that the results match.
B i i i i i | -
E o
| PUNCH : boundary outward . bimd , fricti - State 84 at time 4.149964 81 F 4 s & T % oW W@ ® w W W

17 L
1 =




The limits of classical shell models @
Nakazima with ELTYP16 elements with IDOF=3

pi. strain (ShellSciid)

triaxiality
— 00t 105820
— 0% 10801 0.0000
— 000 105801
— 05 106790 0.0863
—
P e 0.1727
0.2590
0.3453
0.4317
10,5180 a_av; 0.60M, eta r: D.554 )8
:0.748 @ 3.569 ms ]
__0.6043 o
.“0,6907

C‘ PUNCH : IDOF=3 , boundary outward , bimd , friction 0.05 , fing wo fille @ 3.60 ms

. mmlmﬁ:.mwmﬂ.m‘.mmo.ﬂ.mm"
3 — 3000 OeleCton
— "I With 3'd stress component l—"“"‘—
R | load carrying capacity N R
S .| underestimated!!
0.1675 I : :
e § o]
0.1675 w
10.3350 -
__0.5025 :::
i0.6700 ]

Y Disgiacement iy




Plane sections remain plane!
(the zero radius requirement)
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The limits of classical shell models
No plane sections: Most obvious in sandwich structures

obviously not sufficient!

Az
Modelling with one layer of shells % l




Limits of shell elements in bending

Virtual ring-tension test

[Dissertation Michael Fleischer]

Ry rz =5mm, d =1.0mm, |, =1Imm

Fine discretization with solid elements:

Possible violation of Bernoulli hypothesis (straight sections remain straight)

(o3

yy

+d/2

Foxx - loca

=k
mﬁ
4)
Shull-Fase

w0 . [N /mm?]

(5)-1=0,12

(3) - 1=0,075

(2) - t=0,027

vesot(Necsce.

40 50
thickness direction

20 30 60




Ll m |tS Of S h EI I EI em entS | n ben d | n g [Dissertation Michael Fleischer]
Virtual ring-tension test

Ry rz =5mm, d =1.0mm, |, =1Imm

Discretization with different shell formulations:
Possible violation of Bernoulli hypothesis (straight sections remain straight)

Middle radius Rz [mm]
5,00 aqn 2,45 1,82 1,37 1,03 0,79 0,61
60 4 | 1 1 | | 1

S.RZ. shells

E25, E26 \_
Y

Recommendation:

z Geometrical limit (justified by
g e force & deformation)
2 elemente

20 R

M ,RZ
10 | E— 2 1
; d
0+ — e —




Shell vs. solid: tension test
Comparison of a finite element model with small volume elements

\ — failure curve — failure curve
\ — Element #1 I — Element #1
N\ — Element #2 — Element #2
c \ £
g \ 5
= \\ /\ @ /\
(&)
= ~ N\ / = ~1 y
? A / @
= \ 4 = |
o
\ / —
\
N /7 N
\ f7 I
° ‘ 0.2 ‘ 0.4 ' 0.6 ' [ 0.2 I 0.4 | 0.6 0.8
triaxiality triaxiality
6.423e-01 8.202e-01
5.781le-01 7.382e-01
5.138e-01 | 6.562e-01 _|
4.496e-01 _ 5.742e-01 _
3.854e-01 4.921e-01
3.211e-01 4.101e-01
2.569e-01 3.281e-01
1.927e-01 2.461e-01
1.285e-01 1.640e-01
6.423e-02 8.202e-02
0.000e+00 | 0.000e+00 |

Element #1 Element #2

Element #2 Element #1




Shell vs. solid: Plane strain test
Comparison of a finite element model with small volume elements

\ — failure curve — failure curve
| N — Element #1 — Element #1
Element#2 Element #2
= - <
[ L =
= n
3 o
— = N
:7, 2 o
s | a |
o
0 0.2 0.4 0.6 0.8 0 0.2 0.8
triaxiality triaxiality
Plastic strain Plastic strain
5.000e-01 5.000e-01
4.500e-01 | 4.500e-01 ]
4.000e-01 | 4.000e-01 _|
3.500e-01 _ 3.500e-01 _
3.000e-01 _ 3.000e-01 _
Element #1 2.500e-01 _ 2.500e-01 |
2.000e-01 _ 2.000e-01 |
1.500e-01 _| 1.500e-01 _
1.000e-01 1.000e-01
5.000e-02] 5.000e-02l
0.000e+00 | 0.000e+00 _|
— Element #2
Element #2 e
Element #1 .
- LS-DYNA Forum 2016 — Bamberg — Haufe et al. — 10.-12.0ctober 2016 rDY NL.A -
NIORE




-

. . P
The limits of shell models @
Plane vs. non plane section (i.e. solids vs. shell)
L |
pl. strain (Shell/Solid) \ force
I \\ global strain : 0.09 — quad
0.50 force error : 7.68 kN I R —hexa
hexa 5
045 ocal max surf : 0.49 quad :
0.40 local maxinner: 0.51 local max : 1.03 ________________________ S N
0.35
030 ([REEEESE B /)y

0.25

.......................................................................................

0.20

0.15

0.10

0.05

0.00

Y

o

MAT24, coupon length 50mm

DvnAa




The limits of classical shell models @
No plane sections: mini tension test coupon with MAT_ 24

Shells t=1.0mm Solids t=0.5mm Solids t=1.0mm Solids t=2.0mm

~_
0.000 0.000 S 0.000 0.0000
0.317 0.161 0.149 0.1187
0.633 0.323 0.299 0.2374
0.950 / 0.484 0.448 0.3562
1.266 > 0.646 -~ 0.598 L ) 0.4749
1.583 0.807 0.747

Solids t=3.0mm

0.5936
1.900 0.968 0.897 . 0.7123
2.216 1130 1.046 0.8311
I2.533 I1v291 Il 196 I0.9495
[etyp=16] Contours of plastic strain
Le=0.125mm
T | |
8.9 Shells —— | | -] )
Solids t=0,5nn 0.8 L t=3.0mm v 2 -
So0lids t=1.8nn —— L 1 / \\ =
a.8 S0lids t=2.8nn 1 } ‘ J Z‘b. e
Solids t=3.6nn —— 0.6 1 5 —
L ' t=2.0mm & -
a.7 [}
@ _ 04 ' 1 /‘\/ =
D a6 [} L d J A N
2 D 0.2 £ t=1.0mm 5 T
t
2 " S ol " / /%
< = 0 ; ; v t=0.5mm
= © L \ f v
O a.4 o \ ! \
aC) 8 -0.2 i i ;
D 8.3 o \\ ! A Shells H
c 5 -0.4 - 7 :
w o, ol ) '.
=-0. v 7 T
[—==========--= -== "‘\ l" 1‘
a,1 B I _- 1y I
-0.8 s — _ 2T 2 _ Ly !
6= =57 (n 3): N\ / :
R
a . . ; . . . . . -1 | L T | N L L L LI L
a 8.85 a.1 8,15 8.2 .25 0.3 8.35 a.4 a.45 I T
-1 0.8 -0.6 -04 -0.2 0 0.2 0.4 0.6 0.8 1
Triaxiality
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The limits of classical shell models @
No plane sections: notched tension R4 coupon with MAT_24

Shells t=1.0mm Solids t=0.5mm Solids t=1.0mm Solids t=2.0mm

e - ,»//
0,000 /v/ 0,000 P 0,000 /«/ 00000 >
0325 « 0162 0.146 & 0.1087 }
0.650 \\ 0324 0201 \ 02173 \
0974 y 0.486 0437 P y b om0 PN £ by

//l’
A ¢ d « . . 6 e 5
1299 P S 0.648 s >~ —nd - d 0.582 L oot e = 04347 < = 7
/ T - Ny // e = // o == >
1624 P 0.810 \ v 0728 § Z 05433 &
1949 0972 4 0.873 06520
2
1/44’
/,
=

F ( = P N R
2273 Sy o113 1019 % £ 0.7607 b
Iz 508 ,/’\ I1 296 \/ Il 164 /;a 08693 /’//’:J
> S P 4
& 7 &
[etyp=16] Contours of plastic strain
Le=0.125mm
1
! L Shells =——
Solids t=0,5R m—
0.9 szlidz t=1.8:: — 0.8
* Solids t=2,8nn =—
0.6
a.8
[9)]
0 a7 . -4
Qo Q
s —
) 8.6 Q.2
o £
€ .. S o
= =
b1 [y)
3 Q
.E a4 8 -2
g) 0.3 3 4
LL
o2 0.6
6.1 1
-0.8 !
8 ; ; ; H ;
8 [ 8,82 8,03 0.84 0.85 0.86 -1

Engineering strain




The limits of shell models @
Effect of 7p-shell (thin-thick, ETYP25, IDOF=1/2, MAT_24)

Fringe Levels

e ] Plane stress condition is of course conserved with
Tessel S ETYP=25/IDOF=2 when simulating the tensile test.
osee-01 Plane sections remain plane!
0.000e+00 _| l ,
Plane siress
ETYP=25, IDOF=1 +
TYP=25, IDOF=2  x
05 |
IDOF=1
= (continuous
= thickness field)
5 0
8
=
IDOF=2
05 ¢ (discontinuous
thickness field)
_1 1 1 1 1 1 1 1
06 0.4 0.2 0 0.2 0.4 0.6
Lode parameter
fbvnAa
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Stress states in bending




Bending test: base line with solids
Simulation with solids (Le = 0.125mm, ETYP=2, MAT 24)

No plane section!

The predominant stress
state when working with
solids is around Lode

arameter “zero”
Only the elements under P
tension were considered
1
plastic strain i
1.2a45e+00 )
o | -
by 5| v
4.980e-01 _ ‘a D
i 5 °
1.255!-011 E
0.000e+00 | % L
S
-0.5
-1
-1 -0.5 0 0.5

Triaxiality

LS-DYNA Forum 2016 — Bamberg — Haufe et al. — 10.-12.October 2016
MORE




Bending test A

Simulation with shells (Le = 0.125mm, ETYP=2, IDOF=0, MAT_24)

. ipt #5
compression _

Ipt #4

neutral ipt #1

tension !pt #3

ipt #2

All points are laying on the plane stress line

plastic strain [ A ipt #2
ipt #3

9.750e-01 .
s.77sa-01! 0.5 i:g: :g’

7.800e-01 _|

_E plane stress line

6.825e-01 _
5.850e-01 _
4.875e-01 _
3.900e-01 _|
2.925e-01 _

The middle
integration point
is in the elastic
domain and
-0.5 therefore was
not considered
in this evaluation

1.950e-01

9.750e-02 l
0.000e+00

Lode Parameter

-1 -0.5 0 0.5 1

Triaxiality




Bending test A

Simulation with shells (Le = 0.125mm, ETYP=2, IDOF=3, MAT_24)

. ipt #5
compression _

Ipt #4

neutral ipt #1

tension !pt #3

ipt #2

Some points deviate from the plane stress line

A ipt #2
ipt #3
o ipt #4
4 ipt #5
_E plane stress line

plastic strain
9.750e-01
8.7755-01}
7.800e-01 _|
6.825e-01 _
5.850e-01 _

4.875e-01 _

3.900e-01 _

2.925€-01 _

1.950e-01 The middle

9.750e-02 . . «

o.oooe+oo] integration point
is in the elastic

domain and
therefore was
not considered
X . . .
in this evaluation

Lode Parameter

-1 |
-1 -0.5 0 0.5 1
Triaxiality
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Bending test
Simulation with Thick-Shells (Le = 0.125mm, ETYP=5, NIP=3)

Similar stress state than
when working with solids,
l.e., Lode parameter is
around “zero”

An element on the
surface under tension
was considered

1 LS-DYNA key%gck by LS-PrePost /

LX
8.834e-01
7.950e-01 l
7.067e-01 0.5
6.184e-01 _
5.300e-01 _
~ 4.a17e-01 E |
3.534e-01 "&,‘
2.650e-01 _ £
1.767e-01 E Y
8.834e-02 l ]
0.000e+00 | o
]
b
-]
-l
-0.5
\
Contours
of plastic -1 ‘
. -1 -0.5 0 0.5
strain

Triaxiality

Y
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Bending test

*Simulation stopped after 162
running hours on 96 CPUs due

to excessively small time step; final
bending angle slightly smaller than
in other simulations

Hourglassing tendencies
observed in the plate

LS-DYNA keyword deck by LS-PrePost

1.245¢+00
1.121e+00
9.960e-01 _| 0.5
8.715e-01 _
7.470e-01 _
6.225e-01

4.snu=-o1]

3.735e-01
2.490e-01
1.245e-01 l

0.000e+00 |

Lode parameter

/

-0.5 \

An element on the
/

Contours
o:pl_astlc surface under tension =~ ;" . s 1
strain Y was considered Triaxiality
TbvnaAa
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Bending test A

Simulation with shells (Le = 0.125mm, ETYP=25, IDOF=1, MAT_24)

. ipt #5
compression _
Ipt #4
neutral ipt #1
tension !pt #3
ipt #2

Several points deviate from the plane stress line;
however, they do not depict the 3D case.

K
Xk

plastic strain A ipt #2
ipt #3
i . ipt #4

ipt #5

5.750e-01
54750-01! 0_5
4.600e-01 _

4.025¢-01 _ + _E plane stress line
3.450e-01 _
2.875e-01 _
2.300e-01 _
1.725e-01 _

ad

St

=<

The middle

3 ¥,
O integration point

1.150e-01
5.750e-02 l
0.000e+00

Lode Parameter

XX

O a

is in the elastic
domain and
therefore was

-0.5

O

0
&4 0

OO

i
]
a
A

not considered
in this evaluation

-0.5

(1]

Triaxiality

0.5




Bending test: Closer look! N

Simulation with shells (Le = 0.125mm, ETYP=25, IDOF=1, SAMP with v,=0.0)

. ipt #5
compression _

Ipt #4

neutral ipt #1

tension !pt #3

ipt #2

Results are more consistent, but plasticity
here is unrealistic for metals due to v,=0.0

.y

i ) ipt #2
plastic strain éipt #3
7.151e-01 ipt #4
6.436:-01 ] 0.5 iigt #5
5.721e-01 | % A _E plane stress line
5.006e-01 _
4.291e-01 _
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Bending test: Closer look!
Simulation with shells (Le = 0.125mm, ETYP=25, IDOF=1, SAMP with v,=0.01)
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Bending test: Closer look!
Simulation with shells (Le = 0.125mm, ETYP=25, IDOF=1, SAMP with v;=0.3)
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Bending test: Closer look!

&

Simulation with shells (Le = 0.125mm, ETYP=25, IDOF=1, SAMP with v,=0.5)
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The awkward behavior is now quite noticeable: the
plastic strain distribution is unrealistic and the stress

state in the plate is different from expected.

1

XT
plastic strain A O 0o
5.750e-01 0
5.175e-01 ] 0.5 A U
4.600e-01 o+ A oA D 0
4.025e-01 _ L X M A q& A ED
3.450, @ +* w 4 8
.450e-01 _ ] Iy E
2.875e-01 ° n T+ A @ g
2.300e-01 | E 0 + 7 A ]
1.725e-01 _ H :ﬁ § % X DA é A
1.150e-01 & rE K Bl
5.750e-02 l 3 [+ % ¥ i i+ a -
0.000e+00 | o o wt =
- X V A
-0.5 &%
Wt
+
« +
*+ O
-1 :
-1 0.5 0 0.5
((\' Triaxiality

Aipt #2
ipt #3
Eipt #4
- ipt #5
_E plane stress line

The middle
integration point
is in the elastic

domain and

therefore was
not considered
in this evaluation




-

Some findings

Due to the strain field assumption in lateral
direction in ELTYP 25 the physical behavior in
plastic loading seems to be questionable.
There is no solution yet:

One would need higher order approximation for
strains in thickness direction.
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Some conclusions @

= Different calibration for shells (and its options!) and solids needs to be done.

= 3D material models will be needed and are to be calibrated in thickness direction!

= Regularisation - as always - is a must!

= 7-parameter shells not suited for applications with small bending radius and plastic loading.
= And always remember: After uniform deformation the stress state is 3D!
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