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Abstract. We study numerically the influence of random internal stresses on the fracture
properties of brittle solids. We consider an electrical analog nerwork model where internal
stresses are the only source of disorder. We study the scaling of the fracture properties with the
system size and with the degree of damage. We argue that some properties of this model can
be compared with previously studied models where disorder was introdeced through different
properties of the constiteents. In addition, internal stresses in a purely brittle system lead (o new
effects at a coarse-grained level such as an apparent plasticity, absent af the local level.

1. Introduction

The importance of the role of disorder and heterogeneity in brittle fracture was recognized
long ago. However, many contributions on this problem have emerged recently where tools
and concepts originating from statistical physics have been applied to fracture models. [1]
and [2] provide recent reviews of these studies.

In most cases, the heterogeneities which have been considered are supposed to lie
at the level of local properties of the medium. Inclusions, porosity, multiphase solids,
and so on are the supposed source of disorder. Although a wide variety of models have
been introduced, two types of network model have mainly been studied because of their
simplicity: a randomly diluted lattice of fuses or brittle springs, where all bonds present
have the same properties (stiffness or conductance, and strength) [3], and a regular lattice
where each bond is attributed a strength at random from a probability distribution [4-T].
We will often refer to these two types of model in the following.

The aim of the present study is to investigate another source of heterogeneity: the
effect of internal stresses, already considered in [8]. Indeed, internal stresses develop in
some materials during their manufacturing process, and can reach a level such that they
produce internal damage even prior to any loading of the sample. One of the most common
examples of such materials is concrete [9], where differential shrinkage upon drying leads to
very intense internal stresses. We do not consider here the internal stresses at the structure
scale that may be responsible for skin fracturation because of the inhomogeneity of the
drying process [10]. We concentrate on internal stresses that are statistically homogeneously
distributed in the medium. We will generate those internal stresses by randomly distributing
‘dislocations” in the medium. In order to study the influence of this sole source of disorder
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in the material, we will assume in the following that no other heterogeneity is present, and
thus that the behavior of each constituent of the material is identical. Our study is in some
sense complementary to that of [8], since we study explicitly the size effects for the first
time. This provides a simple and efficient way to identify a brittle to *ductile’ transition, as
observed in [8].

Unfortunately, no realistic geometries can be solved analytically in more than one
dimension. Much progress has been achieved on fiber bundle models, or on hierarchical
structures [11], but for regular two- or three-dimensional structures, one has to resort to
numerical studies, and thus to discrete structures. One of the principal limitation of this
approach lies in the fact that such simulations are extremely time consuming, and thus the
range of sizes which can reasonably be investigated is less than two decades.

As a direct consequence, most models are simplified drastically at the level of the local
description, keeping only the most important ingredients so as to be comparable to the real
world. In this spirit, much effort has been spent studying electrical analogs of mechanical
systems, i.e. fuse networks. To our knowledge, most qualitative (or even quantitative in
terms of scaling laws) comparisons which have been carried out did not reveal any strong
difference (see [3,7]). On the other hand, the electrical analog has fewer degrees of freedom,
and thus larger system sizes can be investigated. Thus, in this study, we will essentially focus
on an electrical analog of an elastic spring network with internal stresses. Our purpose is
not to model precisely a given material, but rather to investigate in close detail the parallel
which can be drawn between a material with internal stresses and one with constitutive
heterogeneities. Some effects of initial stress on fracture were investigated some years ago
in a one-dimensional model by Stolz [12]. Let us also mention that a similar study was
carried out on a spring network by Van den Born [13]. A particular emphasis of the latter
study with respect to the effect of internal stresses is on the failure probability distribution,

This paper is organized as follows. In section 2 we will define the model and the
numerical procedure used in the simulations. We introduce three different load paths that
can be used to determine the behavior of the medium. Section 3 reports results concerning
the influence of the type of loading, and introduces the notion of ‘effective thresholds’
which can be defined through the internal stresses. Section 4 is devoted to a discussion of
the finite-size effects and internal stress magnitude on the global properties of the network,
at the maximum load which can be sustained by the network, and at the end of the fracture
process. In section 5 we analyse the global and local properties as damage develops.
Section 6 contains a brief discussion on the relation of our model to previous studies.
Finally, section 7 presents a short summary of the main results obtained. and a conclusion.

2. Model definition

2.1, Internal stresses

In a heterogeneous medium, many different sources of internal stresses can be identified.
Differences of behavior of the different phases with respect to temperature, chemical
environment, aging, and so on may result in the development of internal stresses. We
disregard here any mechanism which would lead to a systematically inhomogeneous
distribution at the scale of the sample, such as shrinkage upon drying, which leads to a
tensile stress on the external skin of the sample (where drying occurs earlier), and thus a
compression deeper below the surface.

We will consider internal stresses that are statistically homogeneous (i.e. all points in
the sample have the same probability of being subjected to a stress of a given magnitude).
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