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Stress Singularity Analysis at an Interfacial Corner between Dissimilar Crystals and
Evaluation of Mixed Modes Fracture Criteria Using Molecular Statics

Koichi Horuxe ¥, Toru Ikepa ™,

Ryosuke Marsumoro **

ksk

and Noriyuki Mivazakr

The asymptotic solution of an interfacial corner between dissimilar crystals is expressed by the theory of
anisotropic linear elasticity. However, it is not elucidated if the stress field obtained by the molecular analysis corresponds
with the anisotropic linear elastic solution. We analyzed the stress fields around interfacial corners between dissimilar
crystals using the molecular statics, and compared them with the asymptotic solutions. The stress intensity factor
(SIF) is one of the basic fracture mechanics parameters, but there are few applications of the SIF to the fracture criteria of
interfacial corners. We proposed a new definition of the SIFs of an interfacial corner between dissimilar anisotropic
materials in our previous paper. In this study, the mixed mode fracture criteria of interfacial corners between dissimilar
crystals modeled by the molecular statics were evaluated using the proposed SIFs.
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Fig.1 Geometry of an interfacial corner.
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Fig. 3 Singular order for an interfacial corner between
bimaterial (Equal lattice constants model).

Table 1 Parameters of Lennard-Jones potential
(Equal lattice constants model).

€ (V) Ogp (M) 1o (nm)

Material A 0.2809 0.3000 0.4646

Material B 0.3745 0.3000 0.4646
Interface 0.1873 0.3075

Eup» Op: parameters in Eq. (13), ry: Lattice constant

Table 2 Eigenvalues (Equal lattice constants model).

Y M Mi
40° 0.5055 0.5980
Crack (1°) 0.5020+0.0013; 0.5020-0.013;

Table 3 Elastic stiffness of Material A and B
(Equal lattice constants model).

Material A C] 1= C22: C33: 1525(GP3)
C1y= C13= Cp3= Cyy= Css= C=86.6(GPa)
Material B C11: C22: C33: 2034(GP3)

C1p= C13= Cp3= Cyy= Css= Ces=115.5(GPa)
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Fig. 4 Stress distribution (o) along 6 = 0°.
(Equal lattice constant model, y = 40°)
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Fig. 8 Mixed mode fracture toughnesses of the
corners between dissimilar anisotropic materials.
(Equal lattice constant model)

Table4 Parameters of Lennard-Jones potential.
(5% different lattice constants model)

€op (€V) Oop (Nm) ro (nm)

Material A 0.3745 0.3150 0.4878

Material B 0.3745 0.3000 0.4646
Interface 0.1873 0.3075

Table 5 Eigenvalues. (5% different lattice constants model)

Y M M
40° 0.5035 0.6000
Crack (1°) 0.5002+0.0070i 0.5002-0.0070i

Table 6 Elastic stiffness of Material A and B.
(5% different lattice constants model)

Material A C“: C22: C33: 1757(GP3)
Cio= Ci3= Cp3= Cyq= Css= C5=99.7(GPa)
Material B C“: C22: C33: 2034(GP3)
Cipy= C13= Cp3= Cyy= Css= Cee=115.5(GPa)
0.5
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Fig. 9 Singular order for an interfacial corner between
bimaterial. (5% different lattice constants model)
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Table 7 Parameters of Lennard-Jones potential.
(2% different lattice constants model)

€q5(eV) Ggp (nm) 7o (nm)

Material A 0.3745 0.3060 0.4739

Material B 0.3745 0.3000 0.4646
Interface 0.1873 0.3030

Table 8 Eigenvalues. (2% different lattice constants model)

Y M Mi
40° 0.5030 0.5625
Crack (1°) 0.5012 0.5069

Table 9 Elastic stiffness of Material A and B.
(2% different lattice constants model)

Material A C] 1= C22= C33: 191 6(GPa)
Cip= C13= Cp3= Cyy= Css= C=108.8(GPa)
Material B C”: C22: C33: 2034(GP3)

Cip= C13= Cp3= Cay= Css= Cgs=115.5(GPa)
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Fig. 14 Singular order for an interfacial corner between
bimaterial. (2% different lattice constants model)
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Fig. 19 Mixed mode fracture toughness of the crack
between dissimilar anisotropic materials.
(2% different lattice constants model)
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Fig. 20 Stress distribution (o) near the corner.
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Fig. 24 Residual stress distribution.
(5% different lattice constants model, y = 40°)
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Fig. 21 Stress distribution (oy) near the corner.
(Equal lattice constant model, y = 40°)
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Fig. 25 Stress distribution (oy) near the corner.
(5% different lattice constants model, y = 40°)
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Fig. 22 Stress distribution (o) near the crack.
(Equal lattice constant, y = 1°)

Fig. 26 Stress distribution (oy) near the corner.
(5% different lattice constants model, y = 40°)
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Fig. 23 Stress distribution (oy) near the crack.
(Equal lattice constant, y = 1°).
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Fig. 28 Stress distribution (oy) near the crack.
(5% different lattice constants model, y = 1°)
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Fig. 29 Residual stress distribution.
(2% different lattice constants model)
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Fig. 30 Stress distribution (oy) near the corner.
(2% different lattice constants model, y = 40°)
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Fig. 31 Stress distribution (oy) near the corner.
(2% different lattice constants model, y = 40°)
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Fig. 32 Stress distribution (o) near the crack.
(2% different lattice constants model, y = 1°)
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Fig. 33 Stress distribution (oy,) near the crack.
(2% different lattice constants model, y = 1°)
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