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A Disc-Shéped Interface Crack in a Circular Laminated
. Plate Subject to Thermal Gradient
(2nd Report, Analysis of the Model Assuming the Opening of Crack Faces)
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Symmetrical bending of a circular laminated plate containing a disc-shaped delamination
subject to thermal gradient is analyzed on the basis of the theory of small deflection of plates. A disc-
shaped crack model where the crack faces are open is considered. Radial in-plane forces are induced
in the parts of the constituent plates above and below the disc-shaped crack. A nonlinear equation
for determining the in-plane forces is derived by modeling the cracked part as two lapped discs
hinged along both rims, and by imposing the compatibility condition of the deformations of the two
plates. Numerical solutions are obtained for some model plates. It is shown that relative displace-
ment at the center of the crack increases gradually with the increase in temperature gradient.
However, at a critical temperature gradient, the relative displacement begins to increase very
rapidly, ie., local delamination buckling occurs. Energy release rate is small for temperature
gradient below the critical value, but it takes a large value when the temperature gradient is
increased above the critical value. Energy release rate also increases with the increase in the radius
of the crack and hence the buckling driven delamination grows unstably.

Key Words: Fracture Mechanics, Delamination, Laminated Construction, Disc-Shaped Interface
Crack, Energy Release Rate, Thermal Stress
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Fig.1 Bending of a circular laminated plate containing a disc-shaped crack
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(a) Free-body diagram of the bonded part
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(b) Free-body diagram of the delaminated part

Fig.2 Two elements of the disc
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Fig.8 Split-beam element under general loading condition
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Fig.9 Variation of the energy release rate with crack radius
(B.=10000, T,;=T,=T=10C)
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