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a 12.76e -6 -1.4% -3 1.006e -5 —6.778-11
E 348.43e9 —3.07e-4 2.16e -7 —8.964e 11
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a 5.872%& -6 5.87236 -6 0 0
E 122.56e9 —4.586e -4 0 0
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E 201.04e9 3.07% -4 —6.534e -7 0
SUS304 14 0.3 0 0 0
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TABLE 1.1

Modulus of Elasticity of Ceramics and Metals in Pa for E;

Materials Py P, P P, Py
Zirconia 244237+ 9 0 1.371e -3 1.214e -6 3.681e - 10
Aluminum oxide 34955¢ 49 0 ~3.85% -4 4027 -7 ~1.673e 10
Silicon nitride 34843+ 9 0 —3.070e — 4 2.160e -7 —8.946e — 11
Ti-aAl-4Y 122 560+ 9 0 —4 5800 — 4 0 0

Stainless stecl 2N.04e + 9 0 3079 -4 6.534e - 7 0

Nickel 22395¢ 49 0 ~27%e — 4 =3998e -9 0

Source: Reddy, M. and Chin, C.I, [ Therm. Shresses, 21, 593, 1998, With permission.

TABLE 1.2

Coefficient of Thermal Expansion of Ceramics and Metals in K~! for o

Materials Py P4 B8 P, Py
Zirconia 12760 — 6 ] -1491e-3 1.006e — 5 —6.778e — 11
Aluminum oxide AA2A% — 6 0 1.838e -4 0 0

Silicon nitride 58723 -6 ] 9.095e ~ 4 0 ]
Ti-6AL-4V 7.h788e— b ] 6.h38e — 4 —3.147e -6 ]

Stainless steel 12.330e — 6 0 8.086e — 4 0 0

Mickel 0920k — b 0 8.705¢ — 4 0 0

Source:  Reddy, LN, and Chin, C.ID,, [. Therm. Shresses, 21, 593, 1998, With permission.

TABLE 1.3

Thermal Conductivity of Ceramics and Metals in W mK ! for

Materials Pn P_-| P-| Pz Pg
Zirconia 1.7000 ] 1.276e — 4 A.hd8e — 8 0
Aluminum oxide —14.087 —1123.6 —6.237e -3 0 ]

Silicon nitride 13.723 ] —1.032e -3 Sd66e— 7 —7.876e — 11
Ti-6Al-4V 1.0000 ] 1.704e -2 1] 0

Stainless steel 15.379 ] —1.264e -3 2.092e — b —-7.223e—-10
Nickel” 187.66 ] —2.869% —3 4.005¢ — & —1.983e -9
Nickel” BR.7R4 ] —4.6lde — 4 A.A70e— 7 ~1.523 - 10
Source:  Reddy, .M. and Chin, C.D., [, Therm. Stresses, 21, 593, 1998, With permission.

* For300 K < T < 635 K.

b For635 K< T,

TABLE 1.4

Poisson's Ratio of Ceramics and Metals for »;

Materials Pu P_, Py Ps P;;
Zirconia 0.2882 0 1.133e -4 1] 0
Aluminum oxide 02600 0 0 ] 0
Silicon natride 0.2400 1] i) 0 0
Ti-aAl-4Y 0.28584 1] 1.121e—4 0 0
Stainless steel 03262 1] =2.002¢ — 4 3797e -7 0
Mickel 0.3100 i ] ] 0

Source:  Reddy, LN, and Chin, C.I0, [. Therm. Skresses, 21, 593, 1998, With permission.
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Various mechanisms of damage in composite
laminates

(a) Matrix Cracking

(b) Delamination

(d) Fiber Fracture
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