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Strength and Toughness of Ceramics
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Fig. 1. Schematic explanation on local
criterion of brittle fracture in ceramics.
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Fig. 2. Estimate of non-linear stress distribution
in front of a notch root?.
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Fig. 3. The dependence of stress intensity factor
on thickness of four-point bend specimens of an
alumina (Plane strain for B>3 mm)®.

Photo. 1. Transmission electron micrograph of
microcracking near the fracture surface in TZP.

RZEMDH Y, FENLHEEREL §T2IFHEICE
M EBRPLETHA .

DX BEERERTOYA2T2 T 9 2 OFEICHE
LT, 57 3KHE TZP T TEM Bk £
DEE*#HEFEL TS (Photo. 1 I8 : Zhid, BEH
INH lum AERY =4 7 CHEENZLDTH Y,
FERERTOLAS -V NTHEE IR DDONFEREIN
2bDLEZL) TOXILhwlrar Ty s DER
HMRAE & B X5 ITAPEIRELET 24T 208 (APEHE AR 0
BRI A~y FICRRTHHENSEZ WD, 2%
RBOGESICOERICEIZYOYL 2707 5 9 7 D34
%P9 ), Fig. 4 IRTAHOEN-EAMBICRES X
INERA 0T 5 9 2T L BKATER & MR OBMARE
DEAL, E7RBISHOBMHREFICLD, wbw3
RA—7EHIFFEEL o THILDSE Y. Z0BE
D o-¢ B4R(b)iE, Fig. 1 2L, ABoH-FEAHE
FBELTERENLZDBDTH AHA, I TOH Critical
stress (FRFEULT) =0, LIFIFTEZTLv. FRLUED
ek, YIRFRE~A 27025 2 ORBUICK 5 Tl



53y ADEE LK 151

=D
4
Process zone
wake
Crack Frontal
S~ process zone

1
0 5
Aa/h

(a) Crack growth resistance curve

Crack growth resistance, Kp

Permanent strain

contribution to 4K
Critical Microcrack
stress, saturation, E
©
Compliance
Elastic contribution to 4K
loading, E 7
A e ol
Permanent €
strain

(b) Stress—strain curve

Fig. 4. Schematics illustrating”. (a) R-curve
effects in microcracking brittle solid and (b)
associated stress-strain curve.
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Fig. 5. Effects of grain size on toughness of

microcracking brittle material®.
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(a) There are generally at least two flaw populations with dis-
tinct statistical characteristics.

(b) Flexural strength tests usually sample the surface crack
population at the larger strength levels and the fabrication de-
fect population in the lower strength range, giving a convolved
cumulative failure probability (Based on indiscriminate order

statistics)?.

Fig. 6. Some flaw population characteristics.
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Table 1. Comparison between theoretical and experimental fracture characteristic values.
Equation by Buresch Equation by WILLIAMS Experiment Characteristic
Specimen Goe length /y
Pe e =0 KIC GC KIC
(um) (MPa) (J/m?) (MPam'/?) (J/m?) (MPam'/2) (wm)
Dynamic
13.0 686.2 106.3 6.3 206.4 6.2 1.92
SigNy 32.5 119.0 3.7 1.5 9.2 1.7 5.54
Static
PSZ 5.9 673.6 48.0 4.2 90.3 4.1 0.86
SigNy 37.8 168.8 12.2 2.8 21.9 2.6 4.46
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ness measured with various procedures.
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Table 2. Total energy balance for an unnotched
SiC specimen®®,

Measured value
Energy term™
J % E,

E, 0.0256 35.7
E, 0.0424 39.1
Eui (<107) (<0.1)
Eyy 0.0004 0.6
E,of (0.0035) (6.4)
Ef 0.0016 2.2
Eje (?) (?)
Total 0.0700 97.6
Measured E; 0.0718 100.0

* Values in parentheses are not added into the total
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Fig. 13. Results of energy analysis in in-
strumented impact test.
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Fig. 14. Relationship between BW¢ and real frac-
ture energy of Al,O3-70wt%TiC (Precracked

specimen).
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