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Pattern of failure hinges in composite laminated panels under out-of-plane loading

A. R. Nazari
M. Khanzadeh-Moradllo

Department of Civil Engineering, Technical and Vocational University, Tehran, Iran
Department of Civil and Environmental Engineering, Temple University, Philadelphia, USA

Abstract

Appropriate performance of fiber reinforced polymeric (FRP) laminates subjected to the out-of-plane loads has been concerned in
many studies. In this study, three different layups for the laminates consisted of cross-ply, strengthened longitudinally and woven
plies, made of E-glass fibers and vinylester resin were fabricated using the resin injection molding technique for concentrated
loading of the panels with two aspect ratios. The experimental specimens were simulated by FE models considering the various
damage modes related to matrix and fibers to estimate the patterns of failure hinges in the laminated panels through the collapse.
According to the results, failure in the panels initiated by occurrence of two diagonal failure hinges around the buckled region of the
panels which led to degradation of stiffness and in the following, by manifestation of the third failure hinge on the buckled region,
the factors required for collapse were completed. The parameters of residual strength and energy absorption capacity after the failure
showed the maximum values for the laminated panels with cross-ply layups, however a similar pattern of the failure hinges was
observed for various specimens.

Keywords: Composite panels; Progressive damage; Failure modes; Pattern of failure hinges; Out-of-plane loading; Energy
absorption.
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