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Abstract Hertzian indentation tests with spherical indenters in water were conducted to examine the contact fatigue
in three dental ceramics, such as feldspathic porcelain, micaceous glass-ceramic (MGC) and glass-infiltrated alumina,
which was used as dental restorations, and evaluated the effect of contact damage on strength. Initial damage was
dependent on microstructure, showing cone cracks of brittle behavior in the feldspathic porcelain and deformation of
quasi-plastic behavior in the MGC, with an intermediate case in the glass-infiltrated alumina. However, as increasing
the number of cyclic loading ( = 1~n = 10%) all materials showed an abrupt strength degradation, at which fracture
was originated from damage in the contact fatigue. There were two strength degradation with increasing the number
of cyclic loading in specific loads (200 N, 500 N, 1000 N): first was from the cone cracks, and second was from the radial
cracks created by cyclic loading. The radial cracks, once formed, led to rapid degradation in strength properties, finally
the material was failed at the high number of cyclic loading. Strength degradation with indentation load at fixed number
of cyclic loading indicated that the feldspathic porcelain should be highly damage tolerant to the contact fatigue.
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Fig. 1. Schematic of Hertzian contact test, with sphere of

radius 7 and # cycles at load P over contact radius a. Tests

are conducted in single indentation and cyclic loading at
frequency f.
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F1g 2. Scannmg electron mxcrographs showing micro-
structure of dental ceramics: (A) feldspathic porcelain; (B)
micaceous glass-ceramic; and (C) glass-infiltrated alumina.
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Fig. 3. Strength as a function of number of cyclic loading»
for feldspathic porcelain. Data points are means and
standard deviations, minimum 5 specimens per point.
Unfilled symbols indicate failures from natural flaws, filled
symbols failures from indentation sites. Open box at left
axis represents strengths of polished, unindented speci-
mens. Micrographs show surface failure sites at point A, B
and C marked on plot.
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Fig. 4. Strength as a function of number of cyclic loading
n for micaceous glass-ceramic. Data points are means and
standard deviations, minimum 5 specimens per point.
Unfilled symbols indicate failures from natural flaws, filled
symbols failures from indentation sites. Open hox at left
axis represents strengths of polished, unindented speci-
mens. Micrographs show surface failure sites at point A, B
and C marked on plot.
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Fig. 5. Strength as a function of number of cyclic loadingzn
for glass-infiltrated alumina. Data points are means and
standard deviations, minimum 5 specimens per point.
Unfilled symbols indicate failures from natural flaws, filled
symbols failures from indentation sites. Open box at left
axis represents strengths of polished, unindented speci-
mens. Micrographs show surface failure sites at point A, B
and C marked on plot.
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Fig. 6. View of subsurface damage in specimens thinned

from back surface in transmitted light: (A) feldspathic

porcelain, P =500N, » = 5x10% (B) micaceous glass-

ceramic, P = 500N, # = 5x10% and (¢) glass-infiltrated

alumina, P = 1000N, #n =10°. Indentation with WC
sphere ( = 3.18 mm).
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Fig. 7. Strength as a function of indentation load P at
number of cyclic loading »# indicated: (A) feldspathic
porcelain; (B) micaceous glass-ceramic; and (C) glass-
infiltrated alumina. Data points are means and standard
deviations, minimum 5 specimens per point. Unfilled
symbols indicate failures from natural flaws. Filled symbols
indicate failures from indentation sites; grey symbols from
cone cracks, black symbols from radial crack. Open box at
left axis represents strengths of polished, unindented

specimens.
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