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Abstract—A probabilistic-analytical method, called the “Characteristic Curve Method (CCM)™, is
introduced to correlate the initial defects and the microcrack density evolution. Some techniques to
establish the characteristic curve for microcrack growth are discussed. The microcrack initiation point has
a significant effect on the characteristic curve; they should be excluded from the characteristic curve.
However, the microcrack saturation point is found to have little effect on the characteristic curve for
microcrack growth. Finally, some characteristic curves for microcrack growth of different laminated
materials are established and compared. © 1997 Elsevier Science Ltd

INTRODUCTION

WITH THE increasing application of laminated materials in engineering, e.g. the concrete pavement
in expressways and the advanced fiber reinforced composites in aerospace structures, the failure
characteristics of these materials have received the attention of numerous scientific
researches [1-10]. Unlike the traditional crack in isotropic homogeneous materials, the fracture or
damage mode in the laminated material is often in the microcrack form. These microcracks are
not self-similar; they are progressive, discontinuous. Although they do not lead to catastrophic
failure, their presence often affects structural integrity and durability, causes structural stiffness
reduction and increases life cost. Former studies on the microcrack initiation have achieved success
by using the fracture mechanics approach, but the microcrack growth is not dependent on the
mechanics state only (stress distribution) but also the material state (initial defects) of the brittle
laminated materials. Hence, the traditional fracture mechanics approach could not predict the
microcrack growth very well [8-11] and the probabilistic method should be introduced [12-14].
Recently, a probabilistic-analytical method, the “Characteristic Curve Method (CCM)” has been
developed to correlate the initial defects (effective flaws) and the microcrack density evolution. This
method has been verified by giving nice predictions of microcrack growth in many laminated
materials [15]. However, some techniques are necessary to establish the characteristic curve of the
microcrack growth for a laminated material. This paper will discuss these problems in detail.

THE CHARACTERISTIC CURVE METHOD FOR MICROCRACK GROWTH

At first, we give a brief introduction of the Characteristic Curve Method for microcrack
growth [15]. We define the average edge microcrack density D by the number of microcracks at
a unit length (Fig. 1). By introducing a non-dimensional parameter, the equivalent crack density
Diq = D/Dcs, where Des is the saturation crack density. The equivalent crack density is a function
of the equivalent applied load [15]:

DEQ = 1 - FE(EEQ) N (1)
where F,(ego) is the distribution function of the equivalent loading. The equivalent loading is defined

by:
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Fig. 1. Schematic diagram of a laminated composite material with microcracks.

where CI, CS represent the microcrack initiation and crack saturation states, ¢ is the real applied
strain. Results show the distribution function F,(eg,) can be described by the Rayleigh distribution
function [15]:
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In the later chapter, we call the fitting curve using the Rayleigh distribution function the ‘“Rayleigh
curve”. More generally, the Rayleigh distribution function should be replaced by the Weibull
distribution function:
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Thus, we have established the relationship between the applied loading and average microcrack
density. We can establish the characteristic curves of different materials and predict the microcrack
growth for different laminates. The relationship between the equivalent crack density and the
equivalent loading (the characteristic curve) has been shown in Fig. 2. These conceptions are quite
different from the former real applied loading and real crack density. For instance, when the real
applied loading tends to the crack saturation loading, the equivalent loading tends to zero, that
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Fig. 2. The relationship between the equivalent loading and equivalent crack density.






