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NUMERICAL AND EXPERIMENTAL INVESTIGATIONS CONCERNING BRANCHED
THERMAL CRACK SYSTEMS ORIGINATED IN SELF-STRESSED MODELS OF FIBROUS
COMPOSITES

F. Ferber and K.P. Herrmann*
INTRODUCTION

Studies of thermal fracture phenomena in multiphase materials
are important for the failure analysis of modern composites. There-
by the appearance of curvilinear crack paths in thermally loaded
composite materials has been observed several times by Herrmann and
Ferber (1) and Ferber (2). Therefore, a very interesting problem in
today's fracture mechanical research poses the prediction of the
prospective path of extending thermal cracks as functions of the
geometrical configuration of a self-stressed nonhomogeneous solid
as well as on the applied thermal load distribution. The microme-
chanical aspect in thermal cracking of unidirectionally reinforced
composites has been stressed in several papers by Herrmann (3) and
Herrmann and Braun (4). Finally, the crack path prediction of ex-
tending thermal cracks as functions of the geometrical configu-
ration of self-stressed multiphase solids as wel] as on the
applied thermal load distribution has been investigated recently
by Herrmann and Grebner (5).

FRACTURE MECHANICAL INVESTIGATION OF A BRANCHED THERMAL
CRACK SYSTEM

varying discontinuous]y at the circular fiber-matrix interfaces
from the values Efs vf, af of the fibers to the values Ep, Vms Qm
of the matrix. Moreover, perfect contact of the fibers and the ma-
trix at the material interfaces is presumed.

A continuum mechanical treatment of these cracked thermally
loaded composite structures requires the solution of mixed boundary-
value problems of the plane stationary thermoelasticity. Because of
the complicated structure of the stress-free boundary a closed form
solution of these boundary-value problems could not be obtained.
Therefore, photoelastic analysis along with the finite element
method were applied in order to determine the fields of principal
stress trajectories as well as fracture mechanical data governing
the propagation behaviour of curved thermal cracks, Herrmann (6)
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and Herrmann and Ferber (7). Further, for an assessment of the
growth of two crack tips belonging to a matrix crack and an inter-
face crack, respectively, a crack growth criterion has been propo-
sed. Thereby, this criterion just mentioned bases on_the assupgtion
that those of the two possible crack enlargements rafl and na

(cf. Fig.l), respectively, will be realized causing the larger ela-
stic strain energy release for the corresponding crack step. There-
fore, by using an appropriate finite element discretization of the
cracked composite structure, the crack growth criterion for the ma-
trix ang interface Eracks, respectively, could be given by

G(a +Aa 1)§ G(a +AaF2). Furthermore, it could be shown that first
of all the matrix crack will be grown between two fibers and after-
wards an intermittent growth of two interface cracks takes place up
to a point where crack arrest is reached. These finite element cal-
culations could be confirmed by experimental investigations where
Fig.2 shows the stress intensity factor Ky at the tip of a matrix
crack in comparison of the experimental Ki-values obtained by the
shadow optical method of caustics.

At present branched thermal crack systems are investigated by
means of a finite element discretization of an appropriate platelet
representation of a ply of a unidirectionally fiber reinforced com-
posite.
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Figure 1

Figure 2 Stress intensity factor KI as function of crack Tength
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