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Due to the difficulty in solving exactly the interacting multiple cracks 
problem, besides indirect methods, many approximate direct methods have been 
presented. A simple treatment has been given by Kachanov [1,2]. Other variant 
methods have been presented by several investigators, such as Horri and 
Nemat-Nasser [3] and Benveniste et al. [4]. 

Recently, we also presented a very accurate and efficient method for solving 
the interacting multiple cracks problem [5]. The method uses a superposition 
technique which replaces a configuration of N cracks by means of N different 
problems, each involving an isolated crack which is represented as a certain 
distribution of dislocations. 

In solving multiple cracks problems for the strong crack interactions, crack 
surfaces that are not always open even under remote tension loading, some crack 
surfaces may contact or even partially contact. This kind of complicated multiple 
cracks problem has not been treated before. A treatment of this phenomena is 
presented now. 

The basic formulae of an isolated crack in its local coordinate system (with 
the origin at the crack midpoint and the real axis along the crack) are developed 
first. 

An open crack represented as a distribution of complex dislocations has both 
Type I and Type II dislocations as before. The complex dislocation density 
function b = b, + ib n is expressed as a Chebyshev polynomial series: 

1 

b(s)_i( k + l)~.(l_r2)-iT.(s/a ) 
g o 

where a is half crack length and the series coefficients a,, are complex unknowns 
to be determined. 

Then the complex potentials for the crack in the local system can be 
expressed as 

(1) 
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• (z) = ~(z) - rci (k + 1) a-, z - s 

[z :,.~0°t'a ~ a  z -) ~ a  z 1 

A contact sliding crack (without friction), is represented as a distribution of 
Type II dislocations. The dislocation density function ba is expressed as series of 
an open crack, but with real series coefficients. The complex potentials for the 
crack can also be expressed as series. 

A partial contact crack is represented as a distribution of complex disloca- 
tions with both Type I and Type II dislocations. The two types of dislocations are 
considered separately. The Type II dislocation density b u and the complex 
potentials reduced by it are treated as a contact crack. Assuming that Le (c,a),-a 
< c < a is the open part of the crack, the Type I dislocation density b, on this part 
is expressed as 

b,(s) i( k + l)k~.,(l_rZ)-½T,,(r) 
II o 

where s = 1/2[(a-c)r+a+c], ~,, are real series coefficients to be determined. The 
complex potentials for this Type I dislocations distribution are expressed as 

• (z) = ~(z) = rti(k + 1) ac z - s 

= 2 1) ' /4¢-  1 
m - 0  

(2) 

(3) 

(4) 

where ~=(2z-a-c)/(a-c). 

For a partial contact crack, the contact length should be determined. The 
normal traction usually should vanish at the point from open to contact zone. It 
seems reasonable to eliminate the Type I stress intensity factor at the point. This 
provides an auxiliary condition for the determination of contact length. An 
interation procedure can be used for the determination. Then stresses at any point 
due to a single crack can be expanded as series. 

A multiple N cracks problem can be replaced by N individual crack 
problems, each involving only one isolated crack but loaded by unknown 
tractions, induced by all cracks and remote loadings. On the basis of superposi- 
tion technique and the traction conditions on crack surfaces, governing equations 
for the multiple crack problem can be developed, and it can be solved by a 
boundary collocation method. 
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The crack surface conditions are different: for open cracks, both normal and 
shear tractions are free; for contact sliding cracks (without friction), shear 
tractions are free; for partial contact cracks (without friction), shear tractions are 
free, normal tractions are free only on open parts. 

For a solid with multiple cracks under remote loadings, perhaps some crack 
surfaces are open while some others are in contact or partial contact. For crack 
conditions not known in advance, all crack surfaces are considered to be open 
first, and we solved the multiple cracks problem using the traction free conditions 
for open cracks as before. When it was solved, we calculated the stress intensity 
factors and crack surface displacements of all cracks. If the Type I stress intensity 
factors and normal displacement discontinuities on crack surfaces of all cracks are 
positive, it means all cracks are indeed open in this condition, and the problem is 
solved. On the other hand, if the Type I stress intensity factors at two tips of a 
crack and the normal displacement discontinuity on the crack upper and lower 
surfaces are negative, then the crack may be a contact one; however, if the Type I 
stress intensity factors at one tip of a crack are positive but negative at another tip, 
and the normal displacement discontinuity on the partial crack surfaces are 
negative, then the crack may be a partial contact one. According to the calculated 
crack states, we reassumed crack conditions. Then the multiple cracks problem 
was resolved. One must determine if crack states conditions are reasonable or 
not, such as cracks surfaces should not interpenetrate and the normal tractions on 
contact cracks and on contact parts of  partial contact cracks should be negative. If 
reasonable, then the problem is solved. Otherwise, the assumption of crack 
conditions must be changed until a reasonble result is reached. An example is 
given to show the process. A solid with two cracks under remote tension is 
shown in Fig. 1. The half length of the two equal cracks are a s .  

First, assuming the surfaces of the two cracks are open we solve the two 
cracks problem. The stress intensity factors of the cracks are given in Table 1. 
One can find that the Type I stress intensity factor at one tip of Crack 2 is 
negative. Then, assuming Crack 2 is a partial contact one, we solved it again. 
The stress intensity factors are also shown in Table 1. The crack surface 
displacements and stress on the crack lines of the two cracks are shown in Figs. 2 
and 3, respectively. For the open Crack 1: on the crack surfaces, the normal and 
shear tractions are zero (not shown in the figure); the normal traction at the crack 
out tips and the normal surface discontinuity is positive. For the partial contact 
Crack 2: on the open part of the crack surface, the normal and shear tractions are 
zero (not shown in the figure), and the normal displacement discontinuity is 
positive; on the contact part of the crack surfaces, the shear traction and normal 
displacement discontinuity are zero (not shown in the figures), and normal 
traction is negative; at the crack tip out the open part, the normal traction is 
positive; on the point from open to contact, the normmal traction is zero. This 
shows that the assumption of the two crack surface conditions is now correct, that 
is Crack 1 is an open one and Crack 2 is a partial contact one. The two cracks 
problem is then solved. 
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Table 1. The stress intensity factors assuming different crack surface conditions 

Crack 1 open Crack 2 open 
Tip A Tip B Tip C Tip D 

ki/~o\/~ 0.7519860 0.6977221 -0,1034726 0.2157531 
kii/vox/a 0.4229397 0.4059399 0.1793005 0.2876698 

Crack 1 open Crack 2 partialcontact 
Tip A Tip B Tip C [ T ipD 

ki/aov~ 0.7541385 0,6814508 t 0.2235882 
kn/vox/a 0.4198995 0.4162709 0.1817527 0.2923557 

Figure i. 

C rack 2 
- I p  

Two e~ual cracks under remote tension. 
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Figure 2. Crack l surface disolacement and stresses in the crack plane. 
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Figure 3. Crack 2 surface displacement and stresses in the crack plane. 
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