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In previous papers /l"’/ we proposed Q theory of ther-
mally activated rupture during aoreep /4/ . We caloulated
the distridution funotion W(T) of longevity T of a sample
that fractursd dne to the evolution of an ensemble of
oracks 3enerated dy means of thermal fluotuations. Acocor-
ding to our model the growth of the main orack that defer-
mines T proceeds in two stages. During the first stage mic-
roscopic m-oracks pour out in the sample under the applied
stress, their characteristic generation time being t‘ The
random fusion of m-cracks results at the snd of this stage
in the generation of a l-crack - the nucleus of the main
oraock. During the second 3stage the l-aorack grows by gswal-
lowing® correlated o-oracks that arise in its stress field.

Up to now homogeneous material was considered, i.e. we
supposed that the structural features that determine the
growth of the cracks (their average dimension (r) and T_)
do not depend on the coordinates and on time. However, the
struocture of real bodies is inhomogeneous, thus the oracks
develop inhomogeneously in space and time due to the poly-
orystalline and multiphase struoture, due to surface ef-
fects (the external surface /5/, internal grain boundaries
/6/ a.oth.) and due to changes of the defect structure du-
ring strain and rupture /7/ "
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he main kinds of such inhomogeneities were investigated.

In this report we Present the results we get for the case
of randomly distriduted space 1nhomogono1ty of generation
times T-. The fellowing problem was solved. An inhomogene-
ous sample is divided inte elements (homogeneouns regions)
with volume V., and characteristio linear dimensions r (oon»-
paradle with the dimensions (r) of the m- and o-oracks),

20 each eloment corresponds a value ms "ith the prodadili-
ty denmsity

P = - 2k o [y, (1)
Tyq deing the modal valus of Ta 80d Ol the homogeneity expo-
nent: the larger ol the more homogeneous is the material,
Yo seareh for the distridution of longevity of the sample.
The secale of the inhomogeneity proves to be essential.
In case of small-scale inhomogensities (r) < e = Ry
l being the initial dimension of the l-orack, the whole
spectrun (P 1s represented in the sample and aceording to
/3/ the distridution funotion W(T) proves again to be

(<) = j V(W (v t)at, (2)
', being the distribution funoction of the time of Propaga-
tiom of the l-oracks and

v (t)=1 - exp ["1“’] (3)
the distridution function of thier genefation times; K(t)
denstes the number of l-oracks in the sample at the moment
t. We suppose that the generation of l-oracks proceeds in

®ash homogeneous ®lement in the same way as in homogeneous
material. Ia this case the expressiom for K, in /3/ is
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easily genaralized and becomes
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Here V denotes the volume of the sample, {v) the average

ocharacteristic volume of m-crack gensration, ’o:no/<r>' si=
rl/<r), a=s°/s', " 18 the gamma~function. The first term

Kl(t) =

in the brackets in (4) represents the contribdbutien of"weak"
elements that rupture during the time t with ocertainty,the
second term corresponds to "strong® elements that rupture
only with some prodability, The magnitude of these contri-
butions depend on the homogeneity of the material and on
the degree of dispersion. According to these features two

extreme cases are possidle:
L (6) = X (t/c)) 0 v,
X, (%) = K (/) %V®" X &8

(5)

In the case X»s' the contribution of weak elements is ne~
gligidle and the inhomogeneous material behaves like homo-
gensous (cf./’/). In the ocase ci<s' weak elements are es-
sential and l-cracks are generated exclusively in these
elements. From (5) we see that the generation of l-cracks
in an essentially inhomogeneousl material is desoribed as
the generation in homogeneous material by means of a new
axponent sn=s°ot/a'=rxn°/rn<< 8,. Thus all the features of Ig
and its numerical characteristios deduced in /3/ remain va-
1id, Comparision of these quantities shows that in essenti-
ally homogeneous material the generation of l-cracks pro-
ceeds at a higher rate and the dispersion of longevity as
well as the sise effect are larger. Such effects of inhomo-
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geneities are well known /a/.

¥hile inhomogeneities promote the generation of l-oracks
practically they do not affeot the growth rate in the quasi-
brittle case /°{: the distribution funetion ¥, of propaga-
tion times ocorresponds to homogemeous material /3/ with T =
Tae As & result it may happen that the rupture process
that was limited in a homogeneous sample by genmeration of
l-oraeks in an essentially inhomogeneous body is limited
by their propagation, The numerical characteristics of lon-
gevity no longer depend on the volume of the sample - the
3ize 9ffeot disappears,

Fow let us consider a largs-soale inhomogeneity with
r,»> 2,. In this case we have to take into aceount the in-
sompleteness of the spectrum of wvalues of ‘17) representad
in the specimen. The probability of the speatrum of o (1)

Deing cut off at its lower side by a valus smaller thanm
a
is accordimg to /9/

Kty) = 1 = exp(~(c /cr)'W/v |, (6)

the normalization condition heing

o

=)
Ta ).

g{)(x)dx = 1. (7)
Ir '(‘t‘,’t") denotes the distribution function of longevity

ot such a specisen, then the distribution function of an

arbitrary specimen is

W) = | W,y )ar(e,). (8)

31008 r >R, we admit that the developement of the main
Srack takes place inside a single inhomogeneity. If this

inhomogeneity is charasterized by a m-crack generation
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«5 =
time x then the ocorrespondirg distributioa functiom of lon-
govity Io(‘c',x) is the same as determined earlier /}/ for a
homogeneous sample of volume Vs with T;x. Then we evident-
ly obtain

o<

!(T)=-:: SS 1,(T,x) @ (x)axdy(T,). (9)

O ¥
From {9) and (6) follows in partisular that the inocom-

pleteness of the spectrum tf(?;) results in an additional
sise effeat of the numerical oharacteristics of longevity:
in the expression for the average valus of longevity arises
an additional factor P(lé)(vn/v)m, This asize effeot is
due to the random distribution of irhomogeneities in the
specimen and is similar to the size affeot in the classi-
cal weakest link model /9/ ‘
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