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Stable Crack Growth in Ceramics

M. Sebhani




t ° dU = dQ — dW
dU, + dUs + dW >0 U, = 4ve
de -
X
dU, dU,
dW = =2 dU, =
Zb* — — > x Ue dc dc
< 2C |
et o’ 2EYy /2
U, = Or =\ —
E ¢




'Y

Sy )5 (55905 o g0 4L,

G A

Stable

Cip  Cif
Initial Crack

ocC



PRECIERE

Extrinsic Toughening Intrinsic Toughening

behind crack tip ahead of crack tip



2 b dils Sy

0.025} & Frnax
A
0,020 ¢
Fiber-matrix
S 0.015¢ debonding
8
T S 0.010} !
Grain Pull Out = —
riction leve
0,005 } e
0.000 ¢ . e
1 M 1 & 1 i 1 i 1 i 1 A L i L
0.00 002 004 0.06 008 010 012 0.14
Distance (mm)

-

.l‘r-l -t'“

> %

g7 S/

L, i | 1 '1_. . N
y l . |
J‘ "‘j . ‘ -._‘






load dependent
NS stress intensity factor K

plateau level

K

C

fracture iniation

fracture length a



Rising R

Constant

e
AN

oc




Slope = Y262(A)

b oty oliee p3 Sglis V7

o A)>0(B)

Slope = Y203(8)




T, K (MPa e m'/2)

-
(0 4)

R |
a» N
I

K(c;=30, c = 900)

P U Tt Qe
- N W s O
T 1T T 1

K (c,= 60, ¢ = 720)

—
© o
[

K (c,= 60, ¢ = 390)

K(Ci= 30, 0= 552)
— C
| | | I I | I | | I

O - NMNWHAROON®
I

-60 -40 -20 0 20 40
Crack extension (um)



12

10 A
o= 1144 MPa . m'2

o)
1

Toughness, T (MPa . m1/2)
[o)]

/ a
b
/ oy= 850 MPa . m'/2
//E
//_/_’E/7

4 1 o= 925 MPa . m1/2
Fﬁ}“ e \ o
- fL N - .mlz2
p‘r'“ Ti:" = -Q. \'{#P‘h—. 2 01—660 MPa.m
0 T

| | 1 1 | |
0 200 400 600 800 1000 1200 1400 1600
Crack Length (um)




PLh  3PL .
Omaxy — —— = S D)
81 2h%d P b cons adyl cisigl ¥
S 4 e a9y e plKnia! (yg05] Y
Joges gy V'
(0 S T) il osions (30391 oy v/

K; = Yocl/?

< (50
adgl b iy V7
b adsS 53,5 05 vV

)2 poim! g Coudsl (yw o5 Sl abols V7
((E/H) /P 1,55 v/

K L J
IC = 32 ComSls Joxo ‘\:




CopCy Cm c




400

300

T |

]
=]
=]

Strength, o (MPa)

100 1

Alumina-20wi% ALTIO,

0 R R R R R
1 10 100 1000
Indentation Load, P (N)

400 o=

i

300 A

Fracture Toughness [MPa.mY%)

Strength, o (MPa)
(%]
=
(=]

100 -
a 100 200 300 L] 300 a0a FL 800 a0d 1000

Crack Length {pmj}

Monolithic Alumina

0 SRR N R R N R R R
1 10 100 1000
Indentation Load, P (N)




s 5 adgl S5 Jsb 50

8 1 rf
] o Alumina
7] ® A-20ATN
. ] mA-20ATM
N |
e 6]
o e 5.5 MPa.m"2
% |
i 1/2
= st - _m-- 5.1 MPa.m
& i ’.
Q i - e — - — = 4.5 MPa.m12
£ ]
o 4
: i
o i
[ |
w .
5 3]
=)
(8] |
® ]
m p
2 1
1 c, c.
0 : : : : : : : : :
0 100 200 300 400 500 600 700 800 900 1000
Crack Length (um)







