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ABSTRACT

Composite material when used for specific stiffness and specific strength applications are
susceptible to damage when subjected to impact loads. To understand the response of
these materials under impact loading experiments and numerical simulations are
performed in this work.

For simulating the response of composite laminate numerically properties such as moduli,
strength and failure energies are needed which have to be determined experimentally. The
properties of unidirectional composite such as tensile, compressive, shear, intra-laminar
fracture toughness and interlaminar fracture toughness (mode | and mode II) are
determined according to ASTM standards.The values of these properties are determined
and compared with those available in the literature for similar fiber volume
fraction. losipescu shear test was performed for finding shear modulus and shear strength.
Three point bend test was done for finding fracture energy (G)) in Mode | for matrix
cracking and fiber failure (parallel and perpendicular to fiber orientation). The double
cantilever beam (mode 1) and the end notch flexure (mode I1) tests were performed to
determine interlaminar fracture toughness G,and Gy. The determined properties were
used in the numerical simulation of low-velocity impact laminates for unidirectional as
well as cross-ply laminates. A continuum damage mechanics based constitutive law with
provision for stiffness degradation of each lamina due to intra-laminar damage is used in
the simulations. Intra-laminar damage initiation was modelled using Hashin’s and
Shurman-Puck failure criteria. Damage evolution for different intra-laminar failure modes
are related to the strain. The constitutive material model was incorporated as a subroutine
which was linked to a commercial Finite Element (FE) code.

Low Velocity Impact (LVI) experiments were performed on unidirectional laminate and
cross-ply laminate of E-glass/epoxy composites. The energy, contact forces and
displacement plots with respect to time were studied for the drop test. The damage
observed as back face signature on the back face of both cross-ply and unidirectional
laminate were plotted. The composite was speckled randomly and the impact
phenomenon was recorded by using a high-speed camera. The DIC data on the surface of
the plate was analyzed to obtain displacement and strains on the surface of the plate. The
damage observed as back face signature on the back face of laminate, energy, contact
forces and displacement plots with respect to time were determined and compared with
FE results.



Key Words: Composites, Finite element simulation, Digital Image Correlation, damage,

Low Velocity Impact.
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