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1. Introduction

One of the important problems of mechanics of composdtes is the investigation of stresses
unde elevated loads Such aloading is asodated with the acaumulation of damage which finally
leads to the fradure of the material. A survey of theoreticd pgoers deding with microcradked
eastic materials is presented in [1]. A study of materials wegened by peiodicdly or randonly
distributed microcradks was performed in [2] by usng homogenizaion methods In [3] a stochastic
modd of short-term microdanages of the material was proposed and then applied to the case of
anisotropic compostes [4]. In the present paper a stochastic modd is developed for investigation of
longterm microdamages of discrete-fibers compostes with transversall y-isotropic components.

2. Mechanical model. General relation

We condde a representative volume V of a composte. Unde homogeneous loading the
stresses and strains appeaing in the representative volume will form statisticaly homogeneous
randomfields satisfying the ergodicity condition and we can replacethe operation of averaging over
the representative volume by the operation of averaging over an ensemble of redizaions Then the

Maaoscopic stresses <aij> and grains (&) of such amaterial will berelated by Hookes law:
1) <0-ij>:/];;kl<gkl>' (.5, k1=123).

Here, /li*jkl is the tensor of effedive eladic constants, which can be determined by the

method of condtional moments [5]. The effedive elagic modi of the compasite are functions
depending on the elagic modui of the comporents AT , A% , the volume contents of the inclusions

c,, the porosity of the comporents p,, p,, and the shape of theinclusions s
2 /ﬁjkl = A?jkl (/1[r1]:]lwpr 'A[n'zt]mr Gy Prs pz,S), s=s/s,, (mn,p,r=123),

where s, s, are sami-axes of spheroids. Knowing the effedive elagic modui and the
maaostresse®r maaostrains of such acomposite it is posshle to cdculate stresses(ai;> averaged

over the skeletons of comporents using the relations obtained in [5]. As athe fradure criterion we
consider generelized Huber-von Misescriterion for atransversdl y-isotropic material

€ 5= \/a;'cz;' ra,onf +aulo + o os va ] +lnf ) =k =12,

where a,, , a,, ,a, aredimensionlessconstants, Jij" is the deviator of the stressesaveraged over an
undamaged part of the material of the r -th comporent, and k; is the limiting value of the material
strength, which isarandam function of coordinates If theinvariant J, doesnct achieveitslimiting
value k. in some microvolume, then acording to the long-term fail ure criterion, failure will occur
after some time 7, ,which depends onhow close J; isto k, .This dependence can be represented by
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(4) i =¢ (J.k).

The one-paint distribution function F(k, ) of the ultimate strength k. in a microvolume of
the undamaged part of the material can be approximated by a Weibull distribution function:

0 o K<k
®) Fk)= { . !

1-expl-m (k k)" ) k 2k,
ko, is the minimum value of the ultimate microstrength of the material of the r -th comporent, m
and a, are constants determined by fitting experimental microstrength scatter curves. If the stresses

<aij> are known, then the distribution function F(k, ) determines the relative content of the des-

troyed microvolumes in the undamaged part of the material of the r -th comporent. If the destroyed
microvolumes are modeled by pores, it is possble to write down the balance porosity equation

©) B =y +(L-po )Fk)
where p,, denotes the initial porosity of the material of the r-th comporent. If the stresses or

strains ad for some time t, then, acording to (4), microvolumes with the following values of k.
will fail inthistime 7, , which can be represent by afradional power law

™ t2r=¢ (k). ¢ (L 0 =1, (k-2 ) (3 -k )" ik sIs<k,y<D,

where 7, , n, and y, are determined by fitting experimental longterm strength curves.
Transforming (7) we arive & theinequality

® k<dw®), wE)=p+th)leyeh), =yr,).

In this case the function F[J] ¢ (f)] defines the relative fradion of destroyed

microvolumes in the part of the materia which is undamaged prior to loading a the time t, .Then

for given maaostresses or maaodeformations, the eguation of balance of destroyed microvolumes
or porosity under longterm damage can be represented by

9) R =Ry +(@-po) FLI ¢ ()]

On the basis of the @ove gproach we investigate the stressstrain state of transversally-
isotropic compasite material under matrix microdamages.
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