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Motivation

Linear elastic fracture mechanics
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Interface crack:
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Crack surfaces rotate 90°,
large strains and rotations

Crack surfaces undergo
relative sliding, no opening

Crack surfaces interpenetrate



Some Previous Work

Linear elastic fracture mechanics

Williams (1957)- asymptotic crack tip stress and displace-
ment fields, homogeneous materials.
England (1965)- interface crack, stress and displacement

fields, oscillatory singularity.
Rice and Sih(1965)- interface crack, stress and displace-

ment fields, stress intensity factors.

Nonlinear elastic fracture mechanics

Stephenson (1980)- Mode II crack, incompressible materi-
als, crack opening behavior.

Knowles (1981)- Mode II crack, compressible material,
crack opening predicted, asymptotic behavior.

Knowles and Sternberg (1983)- interface crack, incompress-
ible materials, showed smooth crack opening behavior,

asymptotic solution.
Ravichandran and Knauss(1989)- interface crack, Neo-Hookean

material, FE analysis, full-field solution.
Lund and Westmann (1990)- Mode I crack, three param-
eter nonlinear material, FE analysis, full-field solution.



Outline

e Review linear elastic solutions
e Mode II crack in a homogeneous material
e Interface crack

e Review nonlinear elasticity theory
e Classical hyperelastic material (compressible)
e Neo-Hookean material (incompressible)
e Blatz-Ko material (compressible)

e Results
e Mode II crack (linear vs. nonlinear theory)
e Interface crack (linear vs. nonlinear theory)



Mode II Loading- Linear, homogeneous material
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Conclusion:

e u, = 0 near the crack tip (including higher order terms)




Interface crack, normal loading- Linear, homogeneous materials
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Bond continuity:
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Interpenetration zone (plane stress):

le |
~.
~_ T B/_,_N]B
™~ —_— N
~ -~ —_—
~ - s
~~ .” o
“\—.—/ \‘-\ - —"
B T

Data:
Case i.) py/p2 = 0.5,11 =5 =0.5
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Case 4i.) p1/p2 = 0.1, v; = 0.1, v5 = 0.3
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Nonlinear Elasticity (2D)
Undeformed

configuration

Deformed configuration
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(21, 22) \

1 = X1 + u1 (X1, Xo)
T2 = Xo + up (X1, X2)

Deformation gradient/ Lagrange strain:
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Stress tensors:

dAo

Cauchy: g or 0;;

Deformation
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Equilibrium equations:
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u; = g;(z) on the boundary ',
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Finite element equations:
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Classical Hyperelastic Material(2D case)

SaB =CaBcpFEcp
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Blatz-Ko Material(2D case-plane strain)

Pig =W i+ W 7)6ia +2W ru;a + W seij€anuj k
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Neo-Hookean Material(2D case-plane stress)

Pia = p(Fia — J2F,]
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Christensen’s Material(2D case-plane strain)
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Tangent stiffness- Blatz-Ko material
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Tangent stiffness- Neo Hookean material
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Tangent stiffness- Christensen’s material
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Uniaxial response

Case 1: Classical hyperelastic, Blatz-Ko, or Chistensen (plane strain)

U1 = (/\ = 1)X1
Uy = (X — l)Xz
Uz = 0

Case 2: Neo-Hookean (plane stress)

U = (/\ = l)X]_
up = (1/VA = 1)X,
uz = (1/VX —1)X;
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Mode II- homogeneous material

Data:
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Global finite element mesh




Crack —|

Modelling the crack tip zone
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Knowles asymptotic solution

X T

, | 02 =2uy(?,7) = 3.45 x 108
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e Numerical calculations show ms; = 0.4, where Knowles
assumed mqy = 0.



Interface Crack Problem
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Micromesh
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