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Evaluation of Fracture Strength for Ceramics
with Defects by Numerical Simulation
(1st Report, Fundamental Theory and Application to Alumina Ceramics)

Kazuya MORI, Hiroshi NOGUCHI and Berouz TABARROK

It is well known that the fracture strength of ceramics with small defects is lower than the
strength estimated by linear fracture mechanics, based on the strength of a large defect. This
phenomenon can be explained by the increase in the crack resistance with crack propagation. This
R-curve behavior is caused mainly by grain bridging in the wake of the crack. Recently the grain-
bridging stresses for alumina and silicon nitride have been measured experimentally. In this study,
the fracture strength is estimated by numerical simulation, based on grain-bridging stresses. In the
simulation, the effective stress intensity factor at the crack tip, Kus, and the effective fracture
toughness at the crack tip, (Kup)c, are used for the conditions of stable and unstable crack propaga-
tion. It is found that the fracture toughness for long cracks, Kic, depends on specimen geometries, and
the maximum values of K¢ approach (Kup)c as the initial crack length approaches the width of the
specimen. Furthermore a convenient method to evaluate (Kup)c experimentally is discussed.

Key Words: Ceramics, Fracture Toughness, Stress Intensity Factor, Fracture Mechanics, Body
Force Method, Fracture Strength, Defect, Effective Fracture Toughness at Crack Tip,
Effective Stress Intensity Factor at Crack Tip
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DY AH Tk Kc=2.92MPa ym T, (Kup)c £ DE
1% 3.5% &7 %, d=20pum OFE, W=1mm OFERH
2 0.8mm DFID A& E AN S & Kc=2.22MPav/m
T, (Kup)e L DEIX 6.8% L7 D, 0.9 mm OYTDAA
Tt Kc=215MPa ym T, (Kup)c & D13 3.2% &
3, EBICZd=20um OBE, M5BT W
=1mm OREMNIRET 2 ZHEX (a,—a) X, F
i X BYE X Geq 72 6.6 mm LA F (@020.73 mm) TiZF
BREERIRRMIC R 2T a e, SRR L
SHIHER I TVDEEZONS, THhDD, a
20.73mm T3, Kc i3 (Kup)ce RHELLRBEEZS
ns,

I, PHERKNEO/NES LT I v 7 A(dS3
pm) TiX, BERET % 2HE S OBRBMECEIE &

— 8 —
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BEY I2v—Ya I3 RMBEETZ €T 3y 7 ADOKERENE(E 138) 991

PR DINE VT, FEMOBBEREDOKFEHR L X
FEM OBEEE DR & ORI B 1T 2 BB ME I
12 (Kup)c 12% 3,

5. #& B

FVIFETIVIADIVA VYT v P TS h#E
BICANEHRERROKESY S 2 v —y 3 v 2fT
DT EWXE-T, BIEEE & RME~TiE L OBFREH S
PIZL.BonBLHERIZUTOLED Th 3.

(1) EBERLEAYIav—Ya ik 2SR
& RMETEOBRIIERIIC X < —B L 7.

(2) BEREBOBBRAF OWBRMME K 13, SE
BARZCHEVWEMLUREREIGEL 2%, SHERE
BN (Kup)c WWHDE T 5,

(3) KcoBKRER, RBRAFB W L-> &k
T3 LR ENT.

(4) (Ku)c i, BBRIE W oL THEL B E A
N-RBREOBBERR» > HLBEOREE TR O
5,

(5) FIRBEREI/NEOHE T (d<3pm),
REERA X -l X BRKIC 8 W T, FERMOBEEDK
4R & R ORIRIREE DR & DR AT B T 5 A
HEHFIZ (Kup)e £7%2 5.

X 73

(1) Kirchner, H. P., 125 2 £, Mater. Sci. Eng., 22(1976),
147.

(2) B8 -E» 34, BEHSIE, 86-11(1978), 547.

(3) Bourne, W.C. and Tressler, R. E., Fract. Mech. Ceram.,
3(1978), 113, Plenum.

(4) Rice, R. W, ¥ 44, Fract. Mech. Ceram., 4(1978),
849, Plenum.

(5) Rice, R. W, ¥» 2%, J. Am. Ceram. Soc., 63-3,
4(1980), 129.

(6) McKinney, K. R. and Rice, R. W., ASTM STP,
745(1981), 118.

(7) Kirchner, H. P. and Isaacson, E. D., Fract. Mech.
Ceram., 5(1983), 57, Plenum.

(8) Hoshide, T., 1Z4> 34, Int. J. Fract, 26(1984), 229.

(9) Evans, A. G. and Faber, K. T, J. Am. Ceram. Soc., 67
(1984), 255.

(10) &M% - 13H 4 4, EEHSEE, 93-4(1985), 186.

(11
(12)
(13)
(14)
(15)
(16)
17
(18)
(19)

(20)
(21)

(22)
(23)
(24)
(25)
(26)
27

(28)
(29)

(30)
(31)

(32)
(33)

(34)
(35)
(36)
(37
(38)
(39)
(40)

(41)

(42)
(43)

KA < 130 2 4, Baw, 51-471, A(1985), 2482.

HH - 122 2 5, HEMEEFEE, 21(1986), 45.
Usami, S., i¥5 34, Eng. Fract. Mech., 23-4(1986),
745.

Swain, M. V. and Rice, L. R. F., J. Am. Ceram. Soc., 69
(1986, 511.

Swanson, P. L., ¥4 44, J. Am. Ceram. Soc., 70~
4(1987), 279.

JRHE - i3 34, #H, 37-419(1988), 904.

SR < 1Z» 34, #K], 38-429(1989), 582.

B - 130 2 4, B, 56-531, A(1990), 2353.

de los Ries, E. R, (¥4 2 &, Fatigue Fract. Eng. Mater.
Struct., 13-4(1990), 431.

I, #&5%, 57-535, A(1991), 500.

Hoshide, H. and Inoue, T., Eng. Fract, Mech., 38(1991),
307.

$K - 120 2 4, B, 59-561, A(1993), 1292.
Hubner, H. and Jillek, W., J. Mater. Sci., 12(1977), 117.
Steinbrech, R. W., (¥ 24, J. Mater. Sci., 18(1983),
265.

Cook, R. F., i 24, J. Am. Ceram. Soc., 68-11(1985),
604.

Deuerler, F., iZ % 2 4, Science of Ceramics 13, J. Phys.,
(1986), C1-617.

i eBradt, R.C, BEA X 7 2 v 7 A&, 96-8(1988),
801.

Krause, R. F. Jr., J. Am. Ceram. Soc., 71-5(1988), 338.
Majumdar, B. S., ¥ 24, Eng. Fract. Mech., 31-
4(1988), 683.

Salem, J. A., 1¥5» 2 &, J. Am. Ceram. Soc., 72-1(1989),
20.

Vekinis, G., 12> 2 %4, Acta Metall. Mater., 38-6(1990),
1151.

Ritchie, R. O., Mater. Sci. Eng., A, 103(1990), 15.
Rodel, ], ¥ 24, J. Am. Ceram. Soc., 73-11(1990),
3313.

Steinbrech, R. W., ¥4 24, J. Am. Ceram. Soc., 13-
7(1990), 2009.

Hu, X. Z, 1Z» 24, J. Am. Ceram. Soc., 74-8(1991),
1828.

Mutoh, Y. and Takahashi, M., Theoritical Concepts
and Numerical Analysis of Fatigue, (1993), 541,
EMAS.

=&, BAERFE, 45(1981), 45.

7aE, B3E, 70-580(1967), 627.

- 13, 34, #45R, 59-567, A(1993), 2524.

Mai, Y. W. and Lawn, B. R,, J. Am. Ceram. Soc., 70-
4(1987), 289.

Foote, R. M. L., g% 2 4, J. Mech. Phys. Solids, 34~
6(1986), 593.

BH, REEF 0BT DERE, (1987), 50, BAERFES.
B - 134 3 4, H43%34, No. 930-9, I (1993-3), 392.

— 83 —

NI | -El ectronic Library Service



