An open source ABAQUS/UEL
implementation of the phase-field
method to simulate brittle fracture
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Introduction

undamaged zone (0 = d)

What is diffuse damage?

theoretical crack (d = 1)
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damaged zone (0 < d < 1)
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Introduction

What is diffuse damage?

cracked 1D bar crack (cross section: I')
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sharp crack i §
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Solving fracture mechanics problem with
Partial Differential Equations (PDEs)
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Introduction

How do we approximate it with a phase-field?

Oy _ g Griffith, 1921
C
oa

2. Minimization problem  E(u,I')= jﬂw(é‘(u))dﬂ + gc_[r dl

Mumford & Shah, 1989
Francfort & Marigo, 1998

1. Brittle fracture

3. Crack energy density

E(u,d)=[ g(d)y(s(u))dQ+ gcjg(%dz +'§\Vdf]d9

C

2 . >0 I converges Ambrosio & Tortorelli, 1990
(\ d >0 Bourdin et al., 2000

_ crack energy density - y Amor et al., 2009

%:gz Miehe et al., 2010a
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Prof. Dr.-Ing.
Christian Miehe

Phase-field method (1956 - 12016)

1) displ t field
Staggered scheme

t=o0

‘n

Miehe et al,, 2010b

E" (ll,d) 2) history field
E“(d,H,)
H =, (g(u)) if H _ <w,

Robustness!!!

Efficiency?

% %Q 3) phase field
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Phase-field method

Staggered scheme

u() =0 un un+l(1/_{n+l’dﬂ)
. t’y(),():
Displacement field |
d=0
Phase-field i
P Time t(): 0 tn tn+l
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Phase-field method

C,, - (2,2) element of the stiffness matrix

Single element solution
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Phase-field method

Single element solution
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Parameters

How fine should the mesh be?
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Parameters
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Double notched specimen under tension

(a) mesh seed [mm] (b) 2=0.001 mm
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Effect of FE mesh
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Parameters
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Parameters

Single notched specimen under tension

(a) geometry [mm] 4 (b) crack pattern (a = 90°)
//; pure tension

12 |....2...Miehe et al..(2010a), /= 0.0075 mm
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Effect of length-scale
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Crack branching

u=0.0826 mm

(b)

u=0.0844 mm

E = 377 kKN/mm’
v=0.2
g= 10 kN/mm

E =37.7 kN/mm’
v=0.2
g.= 10" kN/mm

u=0.1144 mm

u=10.1300 mm
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Options

Positive and negative energy degradation

(a) geometry [mm]

compression damage
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Open source implementation

ABAQUS/UEL option (ABAQUS + FORTRAN compiler)

stiffness matrix + residue vector for every element

Visualization
FORTRAN and ABAQUS
- . . Nodes (3 DOIY) Q
files are available in phase-field element. stiffness from
displacement elemeng, : 53
bOth 2D and 3D UMAT element =~

no stiffness

~_

\ " stiffness from
% :gz DOF - degree of freedom '

¥ and 2™ DOF
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Open source implementation

Examples and tutorials: www.molnar-research.com

< C 8 WS molnar-research.com O @ ql N

n@Research

OVERVIEW

SILICATE GLASSES

CELLULOSE NANOFIBRILS

\ T~ T ,_‘
Il | "“.,___‘ "_--”_}
| ~ |
| | I. DIFFUSE FRACTURE MODELING
|
|

| . : .
[ ,' 1. Simple tension with 2 elements
! |

The tutorial presents a simple conversion between the input file generated by
| ABAQUS and the use of the new UEL.
| ?'fﬁ' The instructions can be downloaded from here. While the files used and created
|| through the tutorial are accessible from this link.

8 du=0.1

FORTRAN files
INPUT files
Tutorials

x050=100 """




Conclusion

XFEM/GFEM

Cohesive Zones

Phase-field Predefined

Advantages and disadvantages crack

* crack initiation, propagation fine mesh

* branching, merging finite crack size

* fixed mesh  efficiency/robustness

* fully 3D

Versatility

dynamics, shells, nonlinear elasticity, large strains,
. %‘?é? coupled problems, plasticity, anisotropy, etc..



References

L. Ambrosio, V. M. Tortorelli, Comm. Pure Appl. Math. 43 (1990) 999-1036.

H. Amora, ].-]. Marigo, C. Maurini, ]. of the Mech. and Phys. of Solids, 57 (8) (2009) 1209-
12209.

B. Bourdin, G. A. Francfort, ].-]. Marigo, J. of the Mech. and Phys. of Solids, 48 (4) (2000)
797-826.

G. A. Francfort, J.-J. Marigo, ]. of the Mech. and Phys. of Solids, 46 (8) (1998) 1319-1342.
A. A. Griffith, Phil. Trans. of the Royal Soc. of London. Series A, 221 (1921), 163-198.

C. Miehe, F. Welschinger, M. Hofacker, Int. . Numer. Methods Eng., 83 (10) (2010a)
1273-1311.

C. Miehe, M. Hofacker, F. Welschinger, Comput. Methods Appl. Mech. Eng., 199 (45-48)
(2010b) 2765-2778.

G. Molnar, A. Gravouil, Finite Element in Analysis and Design 130 (2017) 27-38.
D. B. Mumford, J. Shah., Comm. Pure Appl. Math. 42(5) (1989) 577-685.

H%t

&

\

N\

f




Thank you for your attention

’ www.molnar-research.
iy gmolnar.work@gmail.
b H3K




