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The Mechanics of Crack Formation
Induced by Sliding on a Brittle Material

J. H. Kim*

ABSTRACT

When sliding a hard cylinder along the surface of glass, periodic surface cracks appear

on the flat surface due to tensile stresses induced by the slider.

These cracks propagate

into the substrate and will affect the fracture properties of a body. Crack spacings and
the directions of crack propagation into glass were calculated numerically by applying the

finite element method and linear elastic fracture mechanics.
ings were in the range of the experimental results.

The calculated crack spac-
Stress intensity factors and crack

extension angles depended on the radius of slider and the load. and from these two fac-
tors the possible directions of crack propagation were calculated. The calculated propaga-
tion directions were in good agreement with real crack propagation.
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sliding, brittle material, surface crack, stress intensity factor, crack extension angle
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flat surface

Fig. 1 The load distribution of semi-infinite elastic
plate in two-dimensional sliding contact
(pemmaximum normal stress, g,maximum
tangential stress, 2a=width of contact).

slider

attached
with epoxy

Fig. 2 8liding test for glass.
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Table 1 Loads and crack spacings for each radius
of cylindrical toel tip

radius F.(N) FilN) crack spacing( «m)
0.06 130 67 3~95 )
0.11 175 &6 4-15
0.16 191 20 6 ~ 22
0.23 204 92 9 ~ 24
0.44 258 131 15 ~ 2
Q.76 45 155 37— 5

Fig. 3 Periodic surface cracks on glass(edge
radius=0,44mm, sliding speed=8m/min).
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Fig. 4 Three types of crack propagation.

Fig. 5 Cross section of glass showing ecrack propa-
gation with the same direction as
sliding(edge radius=0.23mm),
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Fig. 6 Cross section of glass showing crack propa-
gation in the direction opposite sliding(edge
radius=0.23mm).

Fig. 7 Cross section of glass showing crack propa-
gation in the direction opposite sliding(edge
radius=0.76mm).
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Fig. § Crack propagation with crack extension
angle(d=initial depth of crack. fc=crack
extension angle. b=distance bhetween slider
and crack, a=half width of contact).
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3. Finite Element Modeling
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|_ Aspume the initan] dopth of crack

caleulation of the angle, 8c

Asgume longer crack
if (81 =8

Aspume shorter crack:
if19cl =30

Assume shorter langth
if 1821 230

Fig. 9 Flow chart for the prediction of crack prop-
agation.
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Fig. 10 Maximum principal stress on surface
behind the slider for r=0.23mm(d=initial
depth of crack).
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Fig. 11 Maximum principal stress on surface

behind the slider for r=0.76mm/(d=initial
depth of crack).
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Fig. 12 Crack extension angle for different edge
radii(d=5¢m).
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Fig. 14 Reasonable initial depth of crack and pos-
sible directions of crack extension.
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Fig. 15 The possible directions of crack extension
(r=edge radius, f=first calculated possible
angle).
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