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A numerical simulation of crack bowing and deflection
was performed on glass matrix-alumina particulate
composite to evaluate the effects on these toughening
mechanisms of composite and was compared with the
experimental data of previous works by the authors.
The numerical simulation revealed that a crack deflec-
tion was predominant in the fracture process of glass
matrix-alumina particulate composite and that the
crack bowing hardly emerged. If it is assumed that the
crack extended into an alumina particle, the erack bow-
ing emerges. With an increase in the difference of the
fracture toughness between the .particles and the
matrix, the toughening by crack bowing becomes more
effective and is more effective than that by crack deflec-
tion. Under the assumption that the interfacial precipi-
tation promotes the crack bowing, the results of the nu-

- merical simulation were in agreement with experimen-
tal data of the present authors.

Key-words : Alumina, Glass, Precipitation, Fracture tough-
ness, Numerical simulation, Crack bowing, Crack deflection
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Fig. 1. Geometry of bowing sections to calculate a stress intensi-
ty factor at the extrema of a bowing crack.

Crack front

\Center of gravity

Fig. 2. Schematic of the procedures used to define protrusions
and retarded sections of a bowing crack, and calculate the K of
the any points.

Fig. 3. Geometry of a deflecting section to calculate a stress in-
tensity factor at a deflecting crack tip.

21,
KD =K% hu (0, ¢) (5>
KR =K$hy(8, ¢) (6)
Kii=K$ (6, ¢) (")
ZZT,

0 0
71 (6, ¢) =2v cos — sin? ¢+cos® - cos? ¢
.0
hy1 (0, ) =2 sin 0 cos? @

7 0
ha1 (8, ¢) =cos 0} (cos2 5—21/) sin ¢ cos ¢

Cokx, KY, KR, KR, £F— FOEFEROENIKA
B A, iTtit A, ¢itwist EEZERL TS, E
AL, E—FIOBRABAMIN - 2HUBER/NOEXD
R ZE CBE 2 BE LGEURTH L. £ LT, EB
i, BE~BE um O ZAPWER L 20, NERED
RRABELDEEZEZONAT 0D, RARIIZIAUEX
@ 1/100~1/1000/2E TH 0, IR Z 241k A RIE &
7%%. L L, Faber bORBEIC I NITBEM & OEEIT
BUXUTTHY, &z, BHIEX VI al—Vavr
T2 2 CHBIBETHLI LN, COREHENET
I L7 ZLT, RADADPAE LIz EBO T XVF—R
R tilt A & twist AEORIS E LTHELES.

ZLTC B4R T EOICEAORA &BMOMm G HRE
CTWaBHE, TOTXVF—FHRERITDR, @R
D EAOBEMOBEK L, RBAOHBOBOWM TELESL &

NI | -El ectronic Library Service



The Ceramic Society of Japan

B i

Journal of the Ceramic Society of Japan 103 [12] 1995 1253

Fig. 4. Geometry of a bowing and deflecting crack and separat-
ing a crack front line into nodes 7 to calculate an energy release
rate at a crack tip.
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—Simulation of toughening mechanism by bowing and deflection
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Fig. 5. Algorithm of a simulation of the crack growth behavior
in glass matrix~ceramic particulate composites.
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Fig. 6. Microstructure of interfacial precipitated composites.
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" Fig. 7. Crack growth patterns in the glass matrix—ceramic par-

ticulate composites.
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Fig. 8. Toughening by a crack bowing in glass matrix—ceramic particulate composites.

Fig. 9. Toughening by a crack deflection or a crack bowing in glass matrix—ceramic particulate composites.

Fig. 10. Comparison between toughening by a crack bowing, toughening by a crack bowing or a crack deflection, and toughening by a
crack deflection in glass matrix—ceramic particulate composites.
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Fig. 11. Influence of the addition of interfacial precipitated
phase on crack growth of glass matrix-alumina particulate compo-
sites. Black area means a crack which is observed in direction to
vertical axis against crack plain and white circles means particles.
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Fig. 12. Change into the stable crack growth by interfacial
precipitation when fracture toughness of matrix is much lower
than that of particles.
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Fig. 13. Influence of the addition of interfacial precipitated phase on the toughening due to crack bowing of glass matrix-alumina par-
ticulate composites.

Fig. 14. Comparison of fracture toughness due to numerical simulation and experimental data. Open data points indicate numerical simu-
lation generated by Kt =0.3KY. Filled data points are experimental data in air.? Experimental data was normalized presum-
ing that Kic was 2.7 MPa-m'/2. V, is 0.4 and 7,/7, is 20 in numerical simulation.

Fig. 16. Comparison of fracture strength between results of numerical simulation and experimental data. Open data points indicate nu-

merical simulation where circles are generated by Kt=0.5K]c and squares are generated by K%=0.3K%.. Filled data points
are experimental data® where circles are data in vacuum and squares are data in air. Experimental data was normalized presum-
ing that o was 400 MPa. V, is 0.4 and 7,/7, is 20 in numerical simulation.
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