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SUMMARY. - By means of the dislocat ion theory, an explana t ion is f o u n d 
for the an t i en t rop ic process of microcrack ing-macrocrack ing t ransi t ion in the 
shea r f r ac tu re initial p ropaga t ion . 

RIASSUNTO. - Per mezzo della teoria delle dislocazioni si t rova una spiega-
zione del processo an t ien t rop ico di t ransizione mic ro f r a t t u r a -mac ro f r a t t u r a nella 
p ropagaz ione iniziale della f r a t t u r a di taglio. 

The process of propagat ion of a shear f racture seems to be the 
basic mechanism responsible of the volcanic phenomena (ANDERSON, and 
GREW, 1977) ('). From this point of view a volcano is thought of as 
produced by the progressive opening of a connection between the 
as tenosphere and the E a r t h ' s surface, which allows the lavas to ascend. 

The physical laws governing the propagat ion of a f rac ture ar not 
well unders tood. In fact, a l though this problem together with its 
correlation to the static fatigue and stress corrosion phenomena is of 
pr imary interest for any structural project , the solutions proposed in 
the l i terature are extremely specialized and valid under very part icular 
condit ions. This is due to the fact that these problems have been 
mainly treated with the purpose of finding empirical laws of easy 
applicabili ty to special condit ions and materials . From the theoretical 
point of view, very little progress has been made since Gr i f f i t h ' s 
formula t ion of the brittle f rac ture theory (GRIFFITH, 1920) (3). The 
only sensible enhancement has been the inclusion of chemical effects, 
i. e . s t r e s s c o r r o s i o n p h e n o m e n a b y STUART a n d ANDERSON ( 1 9 5 3 ) ( 6 ) . 

Later, all the efforts have been directed, as we already said, towards 
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very special fields, mainly because these general theories involve too 
many u n k n o w n parameters to be easily applied to practical computa t ions 
( C H A R L E S a n d H I L L I G , 1 9 6 1 ; W I E D E R H O R N , 1 9 6 8 : S P E I D E L , 1 9 7 1 ; 

SMITH, 1974) ( 2 ' 7 ' 5 ' ' ) . However , a correct extrapolat ion of the shear 
f racture equat ions to condit ions far outside the laboratory range, such 
as the Earth 's mant le condit ions, requires a reliable general model of the 
propagat ion of a shear f rac ture . Until this aim has been accomplished, 
it will not be possible to find any quant i ta t ive solution to the problem 
of the shear f rac ture propagat ion of geophysical interest. 

The present work , in which we propose a mechanism for the 
nucleation and initial propagat ion of a crack, is intended to be a 
step towards this goal. 

Experimental ly we know that the loading of a britt le material 
under general anisotropic stress condit ions leads to the opening of a 
mult i tude of micrccracks at stress values much lower than the rupture 
limits. Increasing the stress to approximately 0.5 the rup ture stress, the 
microcracks coalesce into few macrocracks which beging to propagate . 
This microcracking-macrocracking transit ion appears as a general fea ture 
of shear f rac ture dynamics, independent ly of the material and chemical 
environment condit ions, and obviously is the first phenomenon to 
analyze in deriving a self-consistent shear f rac ture theory. W e shall 
subdivide this initial process in two elementary steps, namely: 

i) the breaking of some molecular bonds, randomly distr ibuted 
in the material , due to anisotropics in the stress and in the material itself, 
with the corresponding opening of microf laws, 

ii) the ant ientropic process of coalescing of these microflaws 
into a few microcracks which beging to propagate . 

We will assume a general material stressed in a general way. 
The condition for the opening of microf laws at a point A in the material 
can be then wri t ten as 

S(A)-T(A)> 0 [1] 

where S is the component of the shear stress parallel to the molecular 
bond and T is the molecular bond strength. Obviously the set of points 
A and the S-directions, in which the flaws will open, will be determined 
by local anisotropics in the stress and in the body structures, so that 
equat ion [1 | is there maximized. These s t ructure anisotropics depend 
on very local crystal defects and are impossible to treal theoretically. 
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However as it happens in any real si tuation, there will be, at least lo-
cally, some stress symmetry, i. e. an S-direction in which the shear 
stress is max imum. Therefore the instantaneous S-axes of a set { / I } 
will all tend to orientate along only one direction. W e shall look at the 
cracking on this direction, which we will call y. For this purpose we 
shall treat the microflaw as an edge dislocation distr ibution B (v). so that 
the flaw width will be a funct ion of y expressed by 

2 L 

D(y) = f B(y')dy' [2] 
y 

where 2 L is the Haw length. This dislocation distribution produces a 
shear stress in the medium given by 

2L 

a I B ( / ) ( y - y V dy' [3] 
0 

where ¡j. is t'he shear modulus . This stress will tend to inhibit the 
opening of the flaw and therefore the crack opening condition [1] 
must be writ ten 

S (2 L)-T (2 L)-a (2 L)-a' (2 L ) > 0 | 4 ] 

where a is the stress tensor near a crack y and generated by it; a' is 
the stress tensor given by the other cracks, which can be writ ten as 

a ' = ffM)-1^ [5] 

where £ is the distance of the other cracks f rom y measured in the 
plane orthogonal to y, .v being the displacement vector for the crack y. 
Substi tut ing [3] into [5 ] , and using the fact that [ 3 ] is monotonical ly 
decreasing with L gives that 

a) the longer is a crack the easier is its propagat ion, 

b) if a crack is longer than the others, for local anisotropics, 
it propagates absorbing the whole stress energy and inhibi t ing the 
growth of other neighboring cracks. 
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J n c o n c l u s i o n , b y t h e a b o v e c o n s i d e r a t i o n s , w e h a v e f o u n d a s i m p l e 

p h y s i c a l e x p l a n a t i o n f o r t h e a n t i e n t r o p i c p r o c e s s of t h e m i c r o c r a c k i n g -

m a c r o c r a c k i n g t r a n s i t i o n in t h e i n i t i a l p r o p a g a t i o n o f s h e a r f r a c t u r e . 
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