THE ARCHIVE OF MECHANICAL ENGINEERING

Vol. XLVIII 2001 Number 4

Key words:  composites, reinforced beams, fracture mechanic, photoelastic method, finite element method

MIECZYSEAW JARONIEK

EXPERIMENTAL AND NUMERICAL ANALYSIS OF THE REINFORCED
COMPOSITE ELEMENTS SUBJECTED TO BENDING

Brittle fracture of the reinforced composite element has been a matter of
considerable concern to engineers for many years. It is now generally accepted that
the mode of failure is the centerpiece of the problem. The publication presents the
experimental and numerical procedure used to determine the state of the stress in
the photoelastic model of reinforced beams. The fracture process of fiber reinforced
composite materials is very complicated, and the fracture strength is affected by:
matrix cracking, fiber breakage and interfacial debonding between matrix and

fibers.
The criterion used to calculate the maximum load was derived based on two
processes only: matrix cracking and deformation of the reinforcement. The

theoretical ultimate bending moment was calculated using the strain energy release
rate Ge and the stress intensity factors (Kj and K;) corresponding to the crack
propagation of the matrix and the elastic-plastic deformation or the yield limit of the
reinforcement.

1. Introduction

In calculating bending stresses in reinforced-composite beams, one
commonly assumes that all the tension is taken by the fibbers and all the
compression by the matrix.

It is the usual practice in calculating stresses in reinforced-composite beams
to assume that Hooke’s law holds for composite, and to compensate for the
variable modulus by taking a lower value for this modulus than that obtained
from compression tests. The optical properties of epoxy resin makes it possible
to determine the stresses in the matrix by photoelastic method [2]. The
dimensions of the typical model used in the experiment and material properties
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are given in Fig. 1. The brittle fracture of the matrix was simulated by
introduction of artificially initiated small cracks (notched) in the tension zone.

The stress distribution in the matrix was characterized by isochromatic
patterns and the displacements were measured by applying strain gauges.

The fracture mechanics parameters: the stress intensity factors K;, K;; and the
strain energy release rate (Gc) were determined experimentally. The stress
intensity factors: Kjc and Ky were evaluated from the load-displacement curve
under the ASTM E813-81 standard and by using the photoelastic measurement
results.
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Fig.1. a) Typical details of the photoelastic models of the reinforced beams; b) Properties of the
reinforcement and the matrix; ¢) Model reinforced linearly by carbon fibbers before test




















































































