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Finite Element Analysis of Subsurface Multiple Horizontal Cracks
Propagation in a Half-space Due to Sliding Contact
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Graduate School, Department of Mechanical Engineering, Kyungpook National University, Taegu, Korea
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Abstract — Finite element analysis is performed on the subsurface crack propagation in brittle materials due
to sliding contact. The sliding contact is simulated by a rigid asperity moving across the surface of an elas-
tic half-surface containing single and multiple cracks. The single crack, coplanar cracks and parallel cracks
are modeled to investigate the interaction effects on the crack growth in contact fatigue. The crack location
is fixed and the friction coefficients between asperity and half-space are varied to analyze the effect of sur-
face friction on stress intensity factor for horizontal cracks. The crack propagation direction is predicted
based on the maximum range of shear and tensile stress intensity factors. With a coplanar crack, the stress
intensity factor was increased. However, with a parallel crack, the stress intensity factor was decreased.
These results indicate that the interaction of a coplanar crack increases fatigue crack propagation, whereas
that of a parallel crack decreases it.

Keywords — fracture mechanics, finite element method, stress intensity factor, crack propagation, subsurface

multiple horizontal cracks.
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Fig. 1. Coordinate and pertinent nomenclature of
asperity contact and subsurface horizontal cracks.
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Fig. 2. Finite element mesh of half-space.
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Fig. 3. Finite element mesh of the (a) parallel crack
and (b) coplanar crack.
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Fig. 4. Variation of dimensionless Ky with asperity
position and friction coefficient.
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: half-crack length

: crack depth

: distance between two cracks
: friction coefficient

: Poisson's ratio

: Young's modulus

T T < ®E — o

: maximum hertzian contact
pressure

-

: crack tip radial polar
coordinate

0 : crack tip angular polar
coordinate

Xely Xe2 : asperity distance from crack
center

K., Kg : mode I and mode I stress
intensity factors

K, K- : tensile and shear stress
intensity factors

Ko Kemax : maximum tensile and shear
stress intensity factors

AK;, AKy : mode I and modell stress
intensity factor ranges

AK,, AK, : tensile and shear stress
intensity factor ranges

(AKS)maxs (AKmax : maximum tensile and shear

stress intensity factors
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