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Abstract. A boundary element technique, based on a pure displacement discontinuity formulation, is presented
to solve generai problems of interaction between cracks. The procedure allows detailed information and high
precision at the expense of a reasonable computational effort. The comparisons with exact solutions and numerical
ones for e1ementary case show a good performance of the method in the case of strong interacting cracks too. The
interaction of a main crack with some microcrack arrays is studied in terrns of amplification and shielding of the
SIF at the main crack tipo

The analysis of the results shows that, while shielding can be considered a short range phenomenon, amplifica-
tion has a wider range involving more distant microcracks; this fact fits well with some experimental investigations
given in the literature.

1. Introduction

Experimental evidence [1-5] shows that in brittle materials a microcracked area develops
in front and around a main crack tip up to quite long distances; the interaction between
microcracks and between microcracks and main crack, results in a macroscopic toughening
of the material. This fact gives rise to a specific interest in the interaction mechanisms, which
in some cases lead to values of the SIF at the main crack tip higher than the one expected for
the undamaged material, in other cases to much lower values.

Simple cases of interaction of a main crack with few microcracks have been studied by
means of a point source representation of the microcracks [6] and complex potentials [7, 8] of
a superposition scheme known as 'method of pseudotractions' [9, lO] or of edge dislocation
methods [11]. A small number of microcracks has been involved, usually no more than three
microcracks were considered, but for periodic arrays of collinear or transversal microcracks.

The main difficulty to overcomeconsists of the high computational effort that is required
to solve the elastic problem in the generaI case where weak interactions as well as strong ones
can be equally expected.

Finite element simulations [14, 15] have to face heavy computational problems connected
with the discretization of the continuum into finite elements, particularly when some cracks
propagate, thus changing the interior boundaries of the solido

An approximate method of analysis has been developed [12, 13] to deal with both two- and
three-dimensional microcrack arrays of arbitrary geometry. The procedure, suitably proposed
to be developed into an automatic code, gives good results in the case of weak interaction but
leads to somewhat higher errors in the case of strong interaction at short distances.

The present work develops a numerical technique based on displacement discontinuity
boundary elements which allows for considering arbitrary two-dimensional geometries of
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Figure 1. Displacement discontinuities along a straight segmento

microcracks with quite small errors up to very dose distances between the cracks. After a
comparison with results for simple cases found in the literature, more compIe x distributions
of microcracks are considered with particular regard to the range at which interaction can be
considered negligible.

2. The numerical procedure

Let us consider a two-dimensional domain, consisting of a linear elastic and isotropic material,
and impose constant displacement jumps in the displacement field in the normal n and shear
s direction along a segment Ixl :::;;a (Figure 1).

The displacement field is thus continuous all over the domain except for the segment
Ixl :::;;a itself, where displacements are discontinuous and the quantities

(1)

are called displacement discontinuities in the normal and shear direction, where u;t, ut and
u:;;, u; are the displacements respectively of the positive (W ---+ 0+) and negative (W ---+ 0-)
side of the segment with regard to the local reference system of Figure 1.

It is possible [16, 17] to express the displacement and stress fields in any point Q of the
domain as a linear combination of the displacement discontinuities Dn and D s

U-x = Jxn(x, W, a)Dn + Jxs(x, W, a)Ds,
Uv = Jyn(x, y, a)Dn + Jys(x, y, a)Ds,

(2)

ax-x = ?Jxxn(x, W, a)Dn + ?JxxsCx, W, a)Ds,
ayy = ?JyynCX,y, a)Dn + ?JyysCX,y, a)Ds,
1XY = i.;».W, «io; + ?JxysCX,y, a)Ds,

(3)

where the coefficients fqs(x, W, a) and gqrs(x, W, a) are functions of the co-ordinates of the
point oi«, y) and of the half-length a of the segment, whatever the loading and boundary
conditions are.

Let us consider now two sets of displacement discontinuities applied to two different
segments, as represented in Figure 2.

According to (2) and (3), it is possible to express the displacements and stresses in the
centre of the ith segment due to displacement discontinuities applied over the jth segment



lnteraction of a main crack 375

y

Xi Xj X

Figure 2. Two different segments over which two different sets of displacement discontinuities are imposed.

with regard to the 10eaI referenee system x, Y of the same element; let these displaeements
and stresses be u~, u~ and O'~x, O'~y, T~y. A ratation of the x, Y system by an angle v = f3i - f3j
turns the same system into the x', y' one, so that it is possible to express the displaeements and
stresses in the eentre of the ith segment with referenee to the 10eaI x', y' system. Considering
that the displaeement in the y' direetion ean be interpreted as a displaeement in the normal
direetion, and similarly for the displaeement in the x' direetion and for the stresses, we ean
write

U~I = u~ = hxn(Xi, Yi' ai)D~ + hxs(Xi, Yi' ai)D~,

U~I = u~ = hyn(Xi, Yi, ai)D~ + hys(Xi, Yi' ai)D~,
(4)

O'~lyl = O'~ = eyyn(xi, Yi' ai)D~ + eyys (Xi , Yi' ai)D~,

T~lyl = T; = exyn(Xi, Yi, ai)D~ + exys(Xi, s; ai)D~.
(5)

As a eonsequenee of the physieal meaning of (4) and (5), the eoeffieients hqs(Xi, Yi, ai)
and eqrs(Xi, Yi, ai) represent influenee coefficients, so that (4) and (5) can be rewritten in the
form

i - Eij Dj + Eij Djun - nn n ns s' i - Eij Dj + EijDj
Us - sn n S8 s' (6)

(7)i _ Fij Dj + FijDjO'n - nn n ns s , i _ F'J Dj + F'JDjTs - sn n ss s'

E~~ and F~tbeing the infiuence coefficients.
In the ease where there were m segments over whieh displaeement diseontinuities are

imposed, either linked or separate from eaeh other, the global effeet on the ith segment ean be
obtained as superimposition of the effects of any single segment, including the ith one, thus
obtaining the following expressions

m m

i - '" Eij Dj + '" Eij DjUn - ~ nn n ~ ns s'
j=1 j=1

m m

i - '" Eij Dj + '" Eij DjUs - ~ sn n Z:: ss s'
j=1 j=1

(8)

m m

i - '" pij Dj + '" pij DjO'n - ~ nn n ~ ns s'
j=1 j=1

m m

i - '" Fij Dj + '" FijDjTs - ~ sn n ~ ss s'
j=1 j=1

(9)

Any struetural problem ean thus be deseribed by eongruenee and equilibrium equations
like (8) and (9) which eonstitute a system of linear algebraic equations sinee the index i ean
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vary over the range [1, m] of all the segments. The terms on the left-hand side of (8) and (9)
represent the resulting effect, displacement or stress, due to aH displacement discontinuities
applied, thus representing the boundary conditions given over each segment.

lf only kinematic boundary conditions are given, then the elastic problem is represented
by equations like (8), while static conditions lead to a solving system like (9). If the elastic
problem provides mixed boundary conditions, kinematic ones on a part of the boundary and
static ones on the remaining part; the solving system will be obtained, choosing segment by
segment the appropriate equations of type (8) or (9). The solution of a general problem will
be provided by a system of linear algebraic equations like

m m

d~ = LG~nD~+ LG~sD~,
j=1 j=1

m m

d~ = LG~nD~ + LG%D~.
j=1 j=1

(lO)

The displacement discontinuities D~ and D~ of (lO) are in fact unknown, since the left-
hand side of the system is made up of known terms (the given conditions on the boundary);
the system (lO) consists of 2m equations in 2m unknowns and can thus be solved.

Once the displacement discontinuities are known, stresses and displacements in any point
Q (xQ, YQ) of the continuum can be evaluated through (8) and (9) after recalculating the
inftuence coefficients.

Finally, replacing (4) into the definition of strain for infinitesimal displacements

(11)

the following expressions of the strain field can be obtained

(12a)

(12b)

3. Modelling the cracks

Let us now consider a crack and imagine the crack line divided into a series of m straight
segments over which a constant displacement discontinuity is imposed in order to model the
effective profile of the crack faces. Figure 3 represents a single crack loaded in mode l which
is modeled with m = 5 segments.
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Figure 3. Discretization of a crack with m = 5 displacement discontinuity segments.
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Figure 4. Displacement discontinuity (parabolic) at the crack tipo

The global problem can thus be divided into m subproblems, each consisting of a dis-
placement discontinuity imposed on one segment on the crack line while no displacement
discontinuity is imposed on the other segments (Figure 3). The stress and displacement fields
can thus be obtained by summing up the contributions of all the m subproblems as resulting
from (8) and (9).

The opposite faces of the crack present a parabolic deformation which is well approximated
by the series of constant displacement discontinuities only in the central part of the crack,
while the crack tips need to be modeled through segments on which displacements are allowed
to take a parabolic shape.

With reference to Figure 4, the displacement jump from one face to the other is assumed
to vary according to the law

(13)

It can be proved that the element self-effect, or the effect of the displacement discontinuities
over the same segment, are decoupled, as shown by the following general expressions

. -G i~ 1
O"~(x, O) = (1 ) lim un(ç) ( ç)2 -2 dç,27r - v y--.O o x - + y

. -G i~ 1
T;(X, O) = (1 ) lim us(ç) ( ç)2 2 dç.27r - v y--.O o x - + y

(14)

Substituting (13) into (14), and carrying out the integrals, the proper inftuence coefficients
to substitute in the system (lO) can be found.

Except for pressurised cracks, the boundary conditions relative to the crack segments to
impose on the left-hand side ofthe solving system (lO) are that the crack faces are stress free.
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Figure 5. Decomposition ofthe originai problem loaded at the infinity into two sub-prob1ems.

IlilUlli li li lil
I I
I I C
I I
I ,/ I
I ,// I
I I
I I
I I

~~~~~~~~~
Figure 6. Finite plate discretization: external boundaries and internai contours (crack).

4. Loading conditions in an infinite plate

Let the crack represented in Figure 3 be embedded in an infinite two-dimensional domain
loaded at the infinity by uniform stresses aGO and 700• The direct application of (10), consid-
ering that the crack faces are stress free and that the corresponding terms d~ and d~ are thus
zero, would lead to an homogeneous system with maximum characteristic of the coefficient
matrix. The solution will be the trivial one, with no physical meaning.

Being the linear problem, it can be divided into two sub-problems: (1) the infinite domain
is loaded at infinity by the applied (uniform) stresses and does not contain any crack; (2)
the infinite plate has no load at infinity and the crack faces are loaded by the opposite of the
stresses which result in the first subproblem along the crack lines. This procedure, which is
applicable to any distribution of cracks and/or voids, is represented in Figure 5.

5. Modelling finite plates

The numeric procedure described can be straightforward applied to a finite domain.
Let us consider a sequence of M segments, forming a closed contour C, for example a

rectangle (M = 4) as represented in Figure 6.
Suppose that the loads are uniform stresses applied over one side, the adjacent being stress

free while the last side is total1y constrained. In this case the solving system (lO) will be
made up of two sets of equations: 2m equations like (9) describing the equilibrium on the
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Figure 7. Collinear microcrack.

crack faces, and 2M equations imposing the conditions on the finite boundary, part like (8)
for the constrained side, and like (9) for the remaining part, expressing the stress free or the
loading conditions. The known terms of the system (10) are thus the applied loads (expressing
the stress free condition on the crack faces) and will be different from zero. In this way the
system (lO) gives, as results, the displacement discontinuities on the cracks as well as on
the boundary. The last have no direct physical meaning. The absolute displacements on the
boundaries can be derived from the displacement discontinuities, see equations like (1).

6. Stress intensity factors computation

Once the displacement discontinuities are known, the SIFs can be directly evaluated through
the following expressions [18]

E{f;J(n = Ds(r)- -,
4 2r

(15)

where Dn( r) and D s( r) are the displacement discontinuities at distance r from the crack
tip, and E is the Young's modulus of the material. Since the displacement discontinuities are
known directly from the system (lO) in the midpoints of the segments, then the distance r in
(15) is usually taken as the half-length of the segment itself.

7. Test problems

7.1. THE COLLINEAR MICROCRACK

The test case for the numerical procedure outlined in the previous section is the interaction of
a main crack with a collinear microcrack (Figure 7).

This is a typical geometry inducing an amplification on the main crack, which becomes
stronger as the microcrack approaches the main crack. At very short distances 8, the SIF at
the main crack tip becomes some two-three times the expected value in the absence of the
minor crack; short range effects are the most challenging for any numerical analysis.

We computed the SIF at the main crack tip for several distances 8, from the minimum
value of {j / l = 0.01 up to the maximum value of 8/ l = 3.6. The results are compared with the
exact closed form solution obtained by Rose [6] and the approximate solution given by Gong
and Horii [lO] in the whole range (Figure 8), and with the solutions proposed by Rubinstein
[7] and by Kachanov and Montagut [13] at very short distances (Figure 9).

It can be seen that the numerical solution fits quite well the exact results up to a very
close distance. The error does not exceed 4 percent up to a distance which is 1 percent
of the microcrack full-length. This good performance is obtained at the cost of a certain
computational effort, but it has to be said that seldom are such severe interactions to be
expected.
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Figure 8. Comparison of the obtained diagram with the exact [6] and approximate [10] solutions.
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Figure 9. Comparison with further approximate results.

7.2. Two SYMMETRICAL MICROCRACKS

The geometry represented in Figure 10 produces both amplification and shielding according
to the distance d of the microcracks with respect to the main crack.

Several analyses were carried out with various values of the parameter d/l keeping the
vertical distance h constant and equal, in tum, to 0.5, 1.0, 1.5 and 2.0 times the microcrack
half-length l.

Figure 11 presents the diagram obtained for a vertical distance h/l = 0.5 and compares it
to the results reported by Kachanov and Montagut [13], Rubinstein and Choi [8].

Figure 12 shows an analogous comparison, for the case h/l = 2.0, with the results obtained
by [8] in the case of an infinite vertical stack of microcracks.

____________ ht=- ~
+---t

8
Figure lO. Two symmetrical microcracks.
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Figure 11. Numerical data from the proposed technique for the case h/l = 0.5, and comparison with other authors,
[8], [13] and [19].
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Figure 12. Results for the case h/l = 2.0 and comparison with other similar results [8].

-- present solution

Figures Il and 12 point out a good agreement of the numerical solution with some results
[8] but, in some cases, quite a significant difference from other solutions [13]. This is due to
some improvements of the present technique if compared with the pseudo-traction method
[12] as will be discussed in the concluding section. The difference with other authors is
significantly small: the maximum shielding effect is here evaluated as being 84 percent of
the unaffected value, while Rubinstein and Choi [8] give the estimate of 77 percent, which is
quite a good agreement for such strong interactions.

Figure 13 reveals that the phenomenon is qualitatively affected by the parameter di whereas
the vertical distance h produces only quantitative changes in the amount of shielding or
amplification.

0.8

-3

8/1

---- hIl=0.5
hIl= 1.0

- - - - hIl= 1.5

--- hIl=2.0

Figure 13. Diagrams for various vertical spacings.
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Figure 14. Three kinds of geometric distributions of microcracks: (a) 8 microcracks; (b) 18 microcracks; (c) 56
microcracks.

(c)

8. Interaction of the main crack with ordered distributions of microcracks

Different distributions of microcracks can be obtained as extensions ofthe previous elementary
case of two symmetrically disposed microcracks.

Three kinds of geometries are considered (Figure 14):

(a) with eight microcracks, parallel to the main crack and symmetric to it;
(b) with eighteen microcracks, disposed on three columns and six rows (three on each side

of the main crack);
(c) with fifty -six microcracks distributed on seven columns and four rows on each main crack

side.

The geometric parameters needed to describe each geometry, normalised by the microcrack
half-length, are the vertical, h, and horizontal, So, spacings between microcracks, and the
frontal distance d of a reference column from the main crack tipo Varying the two spacings,
more dense or more disperse distributions of microcracks are obtained, from which stronger
or weaker interactions are to be expected. As the parameter d changes, different values of
the SIF at the main crack tip are realised, amplified or shielded according to the value of the
parameter itself.

For each of the three kinds of geometries, various samples are obtained imposing the
sequence of values 0.5, LO, 1.5 and 2.0 to the parameter h/l. For each of these values, the
horizontal spacing So was given the dimensions of two, three and four times the microcrack
half-length. In this way the most disperse microcrack array was obtained for h/l = 2.0 and
So/l = 4.0, while the most strongly interacting array corresponds to the geometry defined by
h/l = 0.5 and So/l = 2.0. This set oftwelve geometries is considered for each ofthe three
kinds ofmicrocrack arrays (a), (b) and (c), Figure 14.

The distance d is given several values inside a range defined as the interval in which the
microcracks have any noticeable effect over the main crack, with a scanning step not higher
than 0.1 in dimensionless units, corresponding to 5 percent of the microcrack full-length.
This range depends on the number of microcracks composing the array, widening as the
microcracks are increased in their number. In this way the diagrams ](r!](10 - 1 versus d/l
are plotted, with a number of numerical simulations varying from 200 up to 350 for each
diagram.
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Figure 15. Diagrams for the 8 microcrack geometry, h/l = 0.5, h/l = 1.0.
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Figure 16. Diagrams for the 8 microcrack geometry, h/l = 1.5, h/l = 2.0.

Figures 15 and 16 present the twelve diagrams for the geometry with eight microcracks,
while Figures 17 and 18 present the same series for the 18 microcrack geometry.

Figures 19,20 and 21 refer to the 56 microcrack geometry and present analogous diagrams
for.zrespectively, horizontal spacings equal to two, three and four times the microcrack half-
length.

K[

~

.5 K[O-I

-~J4 -6 ~~'---+-====_~_
-2 2 6 811-0.5

h//=O.5

_K_I__ 1

~

K[O h//=l.O

~~f!-~===~ _
~~ -2 -0.5 2 6 811

--Sol/=2 --Soli =3 -- Soli =4

Figure 17. Diagrams for the 18 microcrack geometry, h/l = 0.5, h/l = 1.0.
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__ 80/1 =2 -- So/I =3 -- So/l =4

Figure 18. Diagrarns for the 18 rnicrocrack geornetry, li]] = 1.5, hll = 2.0.
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--~-0-=~~~~~~~-1~0~~~--~---~--~~-,3~~---~--~~~=10=:===---6/l

M-I.5

6/1

M=-'l,O

Figure 19. Fifty-six rnicrocrack array, Soll = 2.

9. Discussion of the numerical results

The comparison of the diagrams with the same vertical spacing h/l - for all three geome-
tries presented in Figure 14 - shows that the horizontal spacing has little inftuence on the
phenomenon.

The diagrams have a number of relative minimums and maximums coincident with the
number of columns, corresponding each maximum (minimum) to the position of the micro-

Figure 20. Fifty-six rnicrocrack array, Soll = 3.
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Figure 21. Fifty-six microcrack array, 50/1 = 4.

Figure 22. Angle between the horizontalline and a segmentjoining the main crack tip and the centre ofthe closest
microcrack.

crack array in which a single column has the main role in the amplification (shielding)
phenomenon. These peak values, in fact, change as the horizontal spacing is increased, but the
absolute variation of the values is hardly significant. As the columns of microcracks are more
dispersed (higher 50) the maximums get lower values, since the other microcrack columns
in front of the main crack tip are more distant and thus can give a weaker contribution in
amplifying the SIF of the main crack. In the same way, consistent variations of the maximum
shielding effects can be found. For example, in the eight microcrack geometry (Figures 15
and 16), for h/l = 1, when all the microcracks are located in front of the main crack (alI
the microcracks having amplifying effects) the maximum shielding effect is some 3 percent
weaker than in the other shielding position in which the first column of microcracks is located
in the wake region and thus cannot contribute to the amplification of the SIF at the main crack
tipo In any case, the infiuence of this parameter is of somewhat low importance.

Changing the vertical spacing h is of much greater effect. As the parameter h/ l increases,
both the amplification and shielding effects rapidly decrease in magnitude; the diagrams remain
asymmetric but the peak values are so quickly cut down that a vertical distance h equal to 2.5
times the microcrack half-length can be considered the limit for negligible interactions.

In each kind of geometry there is a 'neutral position'; identified by values of the front
distance d/l in the range [0.3,0.8], in which the SIF at the main crack tip is the same as that
for the undamaged material. Computing the angle between an horizontalline and a segment
joining the main crack tip and the centre of the closest microcrack (Figure 22) the values of
Table 1 are obtained for 50 / l = 3.

While the angle ip is about seventy degrees for the three sets of geometries having h/ l =
1.0,1.5 and 2.0, it is important to point out that strong interaction (h/l = 0.5) lowers this
angle to about fifty degrees.

Analogous considerations can be made for the position of relative maximum obtainable
for values ofthe parameter d/l in the range [1, 2]. Table 2 summarises the angles, as defined
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Table l. Angles corresponding to the neutral positions for So / l = 3

h/l 2 microcracks 8 microcracks 18 microcracks 56 microcracks

0.5 'P = 47° 'P = 51° 'P = 47° 'P = 50°
1.0 'P = 63° 'P = 69° 'P = 71 ° 'P = 72°
1.5 'P = 68° 'P = 72° 'P = 74° 'P = 71 °
2.0 'P = 68° 'P = 73° 'P = 75° 'P = 70°

Table 2. Angles corresponding to the maximum amplification for 50/1 = 3

h/l 2 microcracks 8 microcracks 18 microcracks 56 microcracks

0.5
1.0
1.5

2.0

'P = 27°
'P = 41 °
'P = 45°
'P = 47°

'P = 27°
'P = 45°
'P = 47°
'P = 48°

'P = 27°
'P = 42°
'P = 45°
'P = 45°

'P = 27"
'P = 45°
'P = 49°
'P = 47°

in Figure 22, for which the maximum amplification is found. As previously found for the
maximum shielding configurations, the strongest interactions are related to geometries char-
acterized by an angle for the maximum amplification which is substantially smaller than the
angle of the other geometries.

On the contrary, the maximum shielding position is obtained always far a frontal distance
d/l equal to -0.6, corresponding, case by case, to the angles reported in Table 3. This fact
points out an outstanding consideration: amplification and shielding cannot be considered as
symmetrical phenomena, they are in some way different.

The diagrams of Figure 23 are obtained considering the absolute maximum and minimum
values of the SIF at the main crack tip for So/l = 2, varying h/l. It can be seen that the
maximum shielding is almost untouched by the number of microcracks, and can therefore be
considered a short-range effect. The maximum amplification, on the other hand, is significantly
altered by the number of microcracks so much that, for h/l = 2.0, the amplification due to
fìfty-six microcracks is almost twice the one due to two microcracks.

lO. Results and conclusions

The numerical technique proposed, based on displacement discontinuity boundary elements,
proved to be efficient to take into account the interactions between cracks, giving high precision
also in rather challenging cases. At the expense of reasonable computational efforts, many
generai cases were dealt with, for which the only requirement is a preliminary study on the

Table 3. Angles corresponding to the
maximum shielding far 50/1 = 3.

h/l 0.5
'P 140°

1.0 1.5 2.0
121° 112° 107°
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Figure 23. Maximum amplification and shielding as function of the vertical spacing and microcrack number for
Soli = 2.

mesh refinement for elementary cases. The results were found to be mesh-independent to a
satisfactory extent.

The boundary element technique herein proposed postulates that the displacements along
the crack are constant in certain intervals, being allowed a parabolic deformation near the
tips. The 'pseudo-traction method' [12] assumes instead that the stress acting on the crack
line can be considered as constant, which is a good approximation only for weakly interacting
cracks. When the distance between cracks is so short that a strong interaction is expected, then
the 'pseudo-traction method' looses precision, as shown by some comparisons. The present
boundary element method allows a detailed analysis up to very close distances.

The displacement discontinuity procedure outlined in Section 2 significantly differs from
other boundary element techniques. Some hybrid boundary element codes [20] require the
plate to be modelled as a finite plate of huge dimensions (not less than twenty-five times the
main crack length) by fictitious stress elements [17], while the crack could be modelled by
displacement discontinuity elements. This brings about a higher computational effort and a
lack of precision, particularly when strong interactions take place.

The pure displacement discontinuity procedure described in the present paper overcomes
these drawbacks, allowing analysis in infinite plates, as well as in finite plates, with a somewhat
higher precision.

Crack interaction is usually considered a short range phenomenon involving only a few of
the closest microcracks. This was found to be true to some extent only for shielding of the main
crack which seems to be almost unaffected by the number of microcracks (Figure 23). On the
contrary, the amplification of the SIF at the main crack tip is significantly altered by far located
microcracks. Thus amplification has to be considered a phenomenon characterised by a range
which is wider than the shielding range, as confirmed also by other authors through a double
layer potenti al technique [19]. In addition, the difference found in the angles for maximum
shielding or maximum amplification geometries underlines the asymmetry between the two
phenomena.
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Describing the position of the microcrack arrays which produce the maximum shielding or
amplification effects through a polar coordinate system, and in particular through the angle cp
(Figure 22) it was found that when the interaction is weak, the inc1ination cp is the same for all
three cases, while, when the interaction is stronger, the inc1ination is significantly different. A
deeper insight into the phenomenon is likely needed.

In some materials, like ceramics, damage is modelled by means of random microcrack
distributions [15, 21, 22] located in front of the main crack. Experimental investigations [1]
show that this process zone is quite long in front of the main crack tipo The results presented
in this paper go further in this direction, giving some reasons for taking into account distant
microcracks, the interaction of which has been found to be not negligible a priori.
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