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Abstract

Hybrid laminates made of composite or sandwich laminates with surface bonded or embed-
ded piezoelectric layers are increasingly being used in light weight smart and multifunctional
structures in advanced high performing applications such as aerospace vehicles with reconfig-
urable wings, variable twist marine propeller blades, wind turbine blades, flexible electronics,
space antennas, and robotic arms. The laminates are characterized by discontinuity in mechan-
ical, thermal and electric properties at the interfaces between dissimilar adjacent layers. This
material discontinuity along with the geometric discontinuity at the edges of such laminated
structures leads to the development of localized out-of-plane stresses at/near the interface near
the edges, which decay rapidly away from the edges. It is commonly known as the edge effect,
which needs to be accurately evaluated since it is known to be the major cause of initiation
of delamination damage, which eventually may lead to premature structural failure and/or loss
of actuation/sensing effectiveness. Another important problem faced by the laminates is the
weakening of interfacial bonding during manufacturing and/or in service, which can affect the

response.

In this thesis, an accurate three-dimensional (3D) elasticity solution is presented for static
analysis of flat laminated panels with interlaminar bonding imperfection under arbitrary bound-
ary conditions exhibiting edge effects. The recently developed mixed-field multiterm extended
Kantorovich method (MMEKM) for 3D solution of perfectly bonded laminates is generalized
to include the interfacial compliance characterized by displacement jumps. The bonding imper-
fection is modeled using the linear spring-layer model, which is incorporated into variationally
consistent framework using the Reissner-type mixed variational principle. The solution has been
further extended to piezoelectric laminates featuring weak interfacial bonding subjected to pres-

sure and electric potential loading. The accuracy and convergence are demonstrated through
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Abstract

comparison with the exact 3D solution for simply supported panels and a detailed FE analysis
for other boundary conditions. The roles that the boundary conditions, locations of the imper-
fect interfaces, and span-to-thickness ratios play on the effect of weak bonding on the response of
laminated structures are investigated for a wide range of values for the imperfection compliance.
The effect of imperfection compliance on the dynamic response of elastic laminates, sensing and

actuation capability of smart laminates are also investigated.

The free edge stress field is truly three dimensional and often singular in nature, whose
accurate prediction has been the subject of intense research since the pioneering numerical work
of Pipes and Pagano (1970). In this thesis, the MMEKM is employed to obtain accurate 3D
piezothermoelasticity solution of the free edge stress field in infinitely long laminated panels un-
der extension, bending, twisting, electric potential and thermal (uniform and gradient) loadings.
The mechanical loadings are incorporated into the formulation in the form of applied strain and
curvatures, using Lekhnitskii’s displacement and strain fields (Lekhnitskii, 1963). The method
ensures exact point-wise satisfaction of all boundary and interlaminar continuity conditions,
which is key to obtaining accurate results for the localized stresses near free edges. The results
are compared with various existing solutions reported for symmetric cross-ply and angle-ply
laminates. New results are presented for the free edge stress field in antisymmetric angle-ply
and soft-core sandwich laminates. The solution is further extended to include the effect of weak
interfacial bonding. The presence of bonding imperfection at an interface leads to nonsingular
free edge interlaminar stresses at that interface, in contrast with the singular stress field occur-
ring at a classical perfect interface. The results show significant effect of electromechanical and
pyroelectric coupling on the free edge stresses in hybrid laminates. The feasibility of reduction of
free edge stresses caused by mechanical and thermal loads in hybrid laminates by the application

of electric potential is also examined.
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cratgiaehd Wl 1 Hag ¥ TR AT 3Hed: TAMUT I FoAl0 9T
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