~page 1 Review

Failure under monotonic loading
1. Brittle failure - little permanent deformation U U

prior to failure; faceted failure surface

2. Ductile failure — extensive permanent
deformation prior to failure; dimpled fracture
surface

Brittle failure criteria
{01.0,,05}  Principal stresses 0, >0, > O,

r=(0,—0;)/2 o, =(c,+0,)/2

Isotropic failure criteria

g, >0 ' — — . .
1 Failure by fracture when o, =0, Cleavage fracture  Dimpled rupture

o, <0 Failure by crushing (eg Mohr Coulomb criterion) (brittle) (ductile)

Anisotropic failure criteria (eg Tsai-Hill for composite laminates)
Basis parallel/perpendicular to fibers {e,.e,.e,}
Plane stress state  {0};,0 .05}

Failure criterion
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Example: A brittle beam with Younas modulus E, inertia 1, =5y =1, Ij3 =0
and length L and rectangular cross-section 2hxb is bent by a moment M

The beam has Weibull parameters 7;.0p.m vg\;é/'\»()%
: L
M

Find a formula for the probability for the beam to survive

Use ‘7”;90??4/4= Extend Yo muylhaxial /Oad'ﬁa WA
/’Joﬁﬁmq‘%rm Shes

Suevivel Pfobﬁér/ni

f,__ ~ L / . 3
BB =g | (T <m BTy

where (0, | @, d;l are ﬁrmczﬁq/ streq(es

<X>=§:>L, X. >0
O X O
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~page 9 Porous plasticity ‘Gurson’ model in ABAQUS
Failure mechanism in ductile metals
1. Specimen necks
2. Hydrostatic (tensile) stress increases in neck
3. Voids nucleate at 2" phase particles
4. Voids grow
5. Voids coalesce to form crack
Simulations of void growth
o e N | s R
Gurson (porous plasticity model) S Vot voume ydrostatic stress
\"':L , ¢ f/ 2
5 " " - * _ = G—é‘ q = p B * 9 _
Plastic strain rate magnitude &, = g(o,.p.gp. f }_Sﬂl[}’{s‘,}} +2q,f cosh 'zr(sé}] (g1 ) 1}
Void growth and nucleation f=0-NEL+Né, fiela stress
( (12 Material Properties
: : N ep| L EmTEN s pso . .
Void nucleation rate N, ={sy27 L 2] s Yield and hardening Y(Ee)
Lo p=0 Void growth rate ~ §1> ¢
Void coalescence f = Y T<Je -
St U= XS~ £ e 1) f2 . Void coalescence  f., f
—page9_ Elementdeletedwhen = f Void nucleation rate fN SN -EN




—page 10 Running ABAQUS/Explicit with Gurson Model

1. Set up geometry, section, etc in usual way.
2. In the Material module select Porous Metal Plasticity -
3. Entervalues for q1,92,q3 (can use 1 for each) B 0 soeven ependen satevils
4. Use the Suboptions button to define fi.sy.ey f.fr ElowR, P s o
5. Define the initial value of r=1-f in the ‘Relative Density’ D) M. Bt e sctngfctr
6. Create part instancein assembly in usual way 5 OENSITAVAYE, Yehomm aperaged mutwisl densiy (Esteion oy
7. Create an explicit dynamic step. To enable element o s e e e e D
deletion, use Results->Field Output and in the dialog make
sure the ‘Status’ option is checked
8. Apply boundary conditions in usual way Hourglass controk: © Use default © Enhanced O Relax stiffness C
9. Mesh solid - in the Element Type menucheckthe box for
‘Element Deletion’ Elernent deletion: I, Use default T Yes () No
10_ Run an in USUHI Way Max Degradation: i Use default () Specify

Cralinm Farbmers ’ Py - - A el WL

11. WARNING: Simulations with models like this are always
mesh sensitive once material starts to soften — softening

rate gets faster as mesh s refined.
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~page 14 Necking in sheet metals — Forming Limit Diagram

‘Forming Limit Diagram’ measured using \ , _—
both Marciniak and Nakajima experiments

Predicted with ‘M-K’ analysis — calculate
strain that causes necking in a thin sheet
with a small defect

FLD can be defined in ABAQUS as a failure

Qriterion
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