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Theoretical and experimental investigations of delamination effects on
modal characteristics of symmetric cross-ply composite beams
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Keywords Abstract

Laminated Composite Beam In this study, the effects of delamination size and location on vibration characteristics of laminated
Delamination composite beams are investigated via analytical, finite element and experimental methods. In the analytical
Vibration Analysis method, the delaminated beam is divided into four interconnected beams and the interaction of two sub-
Finite Element Method (FEM) beams at the location of delamination is simulated by both constrained and free mode models. The effect of
Modal Analysis bending-extension coupling is taken into account in the analytical formulation. In finite element method,

modal analysis is performed on the delaminated composite beams with different delamination sizes and
locations and various boundary conditions using commercial finite element software, ABAQUS. Both free
and constrained mode models are simulated in the finite element model using suitable interactions,
nonlinearities and friction conditions. Analytical and finite element results of both constrained and free
mode models are compared for a symmetric cross-ply delaminated composite beam with various sizes and
locations of delamination. Also, in order to investigate the effects of axial location of relatively small
delamination on the first three natural frequencies, modal tests are done on glass/epoxy composites for
various boundary conditions. Results show that analytical, finite element and experimental frequencies
have good agreement with each other.
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1. Equivalent bending stiffness
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9. Standard surface-to-surface interaction
10. Tangential behavior

11. Prepreg

12. Release film

13. Autoclave
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1. Interface

2. Mid-plane

3. ABAQUS

4. Shell element

5. Double layer of shells

6. Reduced three integration points
7. ABAQUS element type S4R

8. Orthotropic material
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