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Implementation of the phase-field method for brittle fracture and application to
porous structures

Mohammad Mousavion', Mohammad Mashayekhi', Mostafa Jamshidian'", Hojjat Badnava’

1- Department of Mechanical Engineering, Isfahan University of Technology, Isfahan, Iran.

2- Department of Mechanical Engineering, Behbahan Khatam Alanbia University of Technology, Khuzestan, Iran.?
*P.0.B. 8415683111 Isfahan, Iran, jamshidian@cc.iut.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Recently, the phase field approach has gained popularity as a versatile tool for simulating crack
Received 17 February 2018 propagation. The purpose of this study is to employ the capabilities of the phase field method for crack
Accepied b1 April iﬂls ‘ growth modeling in complex structures such as porous media. The phase field method does not need
Aiaitabls Outms b May01S predefined cracks and it can simulate curvilinear crack path. This goal is accomplished by replacing the
S sharp discontinuities with a scalar damage phase field parameter representing the diffuse crack
iy logy. To simulate brittle fracture in this study, the equations of elastic displacement field and
Phase field method [f)pu ogy. lo :a!mu ate 'ntt-e racture m this study, l ¢ equations o e&!slu, 1P, z.iu:mem 1eld ang
Brittle fracture fracture phase field are first introduced. Afterwards, using the weak form of the equations, the staggered
Porous structures

solution of the equations is performed. To implement the equations in the finite element method, the
Abaqus software with User Element Subroutine (UEL) is used. Given that the bone structure is
somehow a porous structure, a representative volume element of the bone is selected for phase field
simulation. In order to verify the developed model, the tensile test of the single edge notched specimen
has been simulated. Subsequently, crack propagation in a porous media with different porosities under
tensile loading was simulated. The simulation results illustrate the capability of the phase field method
in predicting crack growth in geometrically complex structures. In addition, the load-carrying capacity
or the strength of the porous structure continuously decreases with increasing porosity and noteworthy
1s that such a strength is suddenly decreased around a critical porosity value.
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! Load control

? Crack opening

* Arc length

* Snap back behavior

* Representative Volume Element (RVE)
® Mesh refinement algorithm
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Fig. 5 Single edge notched specimen as the benchmark example for
the verification of numerical implementation
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Fig. 3 Algorithmic details of numerical implementation
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Fig. 4 Algorithmic details of Box.l and Box.2 in the numerical
implementation
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0.7 Table 1 Material constants and computational parameters in the
== =+Simulation benchmark example [8]
.5 0.005 mm el o3
0.5 0.015 mm S5 cuyd yRalyl ojlul
& 04 0.3 Ol 2
=
. 2.7 N/mm S5 Gl sy
0.2 210 GPa FESUNICIR |y PRVY
0.1 Phase field d
0.5
° a3
0 0.002 0.004 0.006 0.008 ﬁ
displacement # [mm] o
Fig. 8 load-displacement curves for single edge notched specimen
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Fig. 9 Contours of the phase field variable in specimens with different
porosity percentage values including 10%, 15%, 20%, 25%, 30%, 35%
(from top to bottom)

A5% 0% cabise Jodos ae)d b sladiges o 5B lae pize moje 9SS
(o=l 4 YL 5D 35% £ 30% 25% 20%

hlises oo as e b sladiged gl almle gy S 10 S o
3o el 2alial s c ol Jleel b o)lee asn 1o ol 00l o)
abinl o Bl e falS S0l a0 b Al e S5 o,
Wiges Jori BB (59,0 ASTam Jade cplaey jho 4 diges lS oSl
Sl b Jaos cud Bl lsiee |, S 5 0, £a,0 alial o
Aoy b8l L as aes e lai 10 IS5 28 5l s fsdses sl
S50 gyt ylite &y il e SRl Jodie sl alSinzad o Jadss
B Joli dmys sy Jolite Sl bl @i kb, ol
el 00 p—l)ll gJS_:v

Sl plloal 2alS o Jas e 1SS 0 4z B 4SS
S 15% 1 10% Jdss ) o) S5l Gl s ol
J 0399e 0 g st SO o8 B et b Jlsts Lo
sanlie Joediie Jslo plSimd ,0 (58wt A0IS 20% G 15% ol
Sp 5 ST amT G e by ke sl e e
Sl plSal gals T o a8 ol agmg JSSG as s il jlode
NCH g P FR E A E S

B s Joe sanyed ol onl b o)lal 33 & &g lan
MJJS‘s"JLsUh’&@uy‘hbmdfsjy'Mfwoﬁm

223 07 o)lois 18 093 1397 o s yrae WA LSS0 11


http://www.SId.ir

Archive of SID

T S Jodis (sl la ks )3 30 L8 9 355 ke (gl JL gldus e g iluwedls
2 0.4
1.8 —15% , h=0.02mm - e 10%
1.6
— ] 50
1.4
- - =20%
=12 & —
B 5 Bulk energy % =25%
= R
o« --— - 0,
Vs - 30%
= 8 — s 35%
0.6 - §
0.4
0.2
0
0 0.02 0.04 0.06

Displacement [mm]

Fig. 12 The variation of bulk energy and crack energy in porous
structure with 15% porosity
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porosity values
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