INTRODUCTION

The present paper applies the procedure and formulation fundamental of the DBEM to a multiple-crack system. Its method of implementation is described.

The developed program can be used for the evaluation of the stress field of an arbitrary body with several arbitrarily shaped cracks. Some examples of numerical calculation show the high efficiency and good precision of this technique. The interaction of the cracks are studied for several structures.

THE D UAL BO UNDARY IN TEGRAL EQUAT I ONS

The DBEM is based on dual equations, that are the displacement and traction boundary integral equations. In the absence of body MUzrce, the boundary integral representation of the displacement components U i , at a point x' on the boundary r of a domain s is: ci j(x')uj(x') = JUi /x' ,x)tj(x)dr-JTij(x',x)u j (x)dr(x)

x' Er

(1) These consist of the equations which will be discretized. Denoting that EQc is the displacement integral equation on f 6 EQf+ the displacement integral equation on f+ ( f 1 + or f 2 + ); EQf-the traction integral equation on f-f 1 -or f 2 -) .

r r _!_t j(x') = n; (x') J Dijk (x' ,x)tk(x)dqx)-ni (x') JSijk(x' ,x)uk (x)df(x) x' Ef (2)
EQc: => cij(xc) ui(xc )= J U MU (xc,x) tj -fTij(xc,x) uj(x)df(x)+ (3) r e r e J Uij(xc, x) "L tj(x)df(x) -J T ij (xc ,x)Auj(x)df(x) rr rr l fL+ fL - J f EQfL + : ( L = 1 , 2 ) => 2 (uj(X )+uj(X ) ) = uij(x ,x) tj(x) re -JTu\/. ,�:,uj(x)df(x) + JUij(x f ,x)"Ltj(x)df(x) re rr -fTij(x fL ,x ) Auj(x)df(x)-JTij(x fL ,x) Auj(x)df(x) (4) r fL rfM with:
fr= fMUY +fa; ifL=l, M=2 and ifL=2, M=l

EQfL_: ( L= 1 , 2 ) : MU\ (ti (x fL+ ) +ti (x fL -) = nj(x fL -) J Dijk(x f , x) tk (x)df(x) 2 r c -nj(x fL -) JSijk (x fL ,x)uk(x)df(x) + nj(x fL -) f Dijk (x MUt ,xMU : tk (x) df(x) � r fL +nj(x MUu -) JDijk(x fL ,x) "L tk(x)df(x)
rfM n j (x fL -) Jim ( J Si j dx fL , x)Auk (x)df(x)-l3i j dx fL ) Auk (x))

E�O�-� E -n j (x fL -) j Si j k{x fL , x)Auk (x)df(x)

(5) lfM with fr= fn +fa; ifL=l, M=2 and ifL=2, M=l.

where i1u j = u j (x+) -u j (x-); I.t j (x) = t j (x+) + t j (x-); x+, x-stand for the points in upper lips of cracks and lower lips of cracks relatively with same co-ordinates.

The expressions of nucleus functions can be found in some relative reference.

TREATMENT OF IMPROPER INTEGRALS

The numerical implementation of the principal-value integrals that arise in above 

STRESS INTENSITY FACTORS EVAL U ATION

In present paper, the J-integral method is used to evaluate the stress intensity factors. If one considers two points P and P' syMUetric to the crack line and introduces thei=rl�: l d :�: �: ' l ion in the e 1 a l •:r i ":

'! l cr u � cr i , 1 l cr22 2 cr22 +cr22 cr22 2 cr22 cr22 I I II I all cr12 -cr12 cr12 crl2 +cr12 J u ! )=tJ u 1 � u '. ) J u ::] = t{ u 1 -u '. )
l u 2 l u 2 u 2 l u 2 u 2 + u 2 NUMERICAL RESULTS Following two other methods ( line 5 and 6 ) are somewhat better, especially the combined hybrid-stress and displacement finite element method through a optimal procedure ( line 6 ). Unfortunatly, it is also in large cost and the accuracy for the maximal stress intensity factor value in crack-tip A is not very high On other hand, by using present DBEM with only 232 degree of In the second case, we maintain the relative geometric position of the two cracks in such a way that b/a=1.8667 as in figure 2, but we change the vertical distance between two cracks, that is we change the ratio h/a. The results of calculation are shown in figure 4. It is evident that greater is the distance, smaller is the normalised stress intensity factors Its limit value is near to that of single crack.

I
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On the contrary, if the di stance ratio h/a is too small, there is also a relaxation of Engng .,33, 1269-1287, (1991) 2. Schnack, E.: "Optimisation of finite-element-algorithms of fracture mechanics", in Application of .Fracture Mechanics to Materials and Structure (ed. by Sih, G.C. et le), Martinus Nijhoff Publishers, 583-594, (1983) 

  Dual boundary element analysis of the multiple-cracked body H. Nguyen-Dang, A.-M. Yan & N. Moes Laboratory of Aerospace Techniques, LTAS-Fracture Mechanics, University of Liege, B-4000, Belgium In this paper, a development of the application of the Dual Boundary Element Method (DBEM) to multiple-cracked body has been made. The fundamental principle of the DBEM and its effective numerical implementation to the two dimensional problem in linear elasticity are presented. When the displacement integral equation is applied on ones of the crack surfaces and the traction integral equation on the others, general plane problem with several mixed-mode cracks can be solved with a single-region formulation. All crack surfaces are discretized with discontinuous quadratic boundary elements. The J-integral technique is used to evaluate the stress intensity factors. Several numerical examples of geometry with some edge and embedded cracks show the high accuracy and efficiency of the present method. Besides, by the present formulation, the. interaction of multiple cracks for several structures is studied. Application of present method to fatigue problem of multiple-cracked body is proposed.

�Figure l :

 l Figure l : Definition of external boundary and crack surfaces

  dual boundary integral equations can be carried out by the classical method of singularity subtraction which leads to the natural definition of ordinary MUxnite paMU¯ integrals. The original improper integral is transformed into the sum of a regular integral and an integral of the singular function. The former can be easily evaluated by method of Gauss, while the latter then evaluated anMUcytically. We use different method in the implementation of the improper integrals. To the outside boundary integral equations, normal riMUd body condition is used to calculate strong singular integrals related to T ij and coeMUwcient C i} singularity subtraction and analytic integration is utilized to weak singular integrals related to U ij • To the boundaries of cracks, usual rigid body condition cannot be used due to the degeneracy oflips of cracks. Fortunately, when the cuMU°ed cracks are usually modelled in piece-wise MUyat cracks, the improper integrals can be carried out effectively by direct analytic integration. A complete description and the formulas about these improper integrals are presented in Ref[I].

A

  :t is noted that cr i 1 •=cr 1 . + cr 11 and u i =u 1 + u ll ,Replacing in the Rice }-integral one IJ IJ I I obtains two components: where m E [I, II]. program of Dual Boundary Element Method (DBEM) has been developed. This programme can be used to analyse multiple-cracked body. The drawings of some results (such as mesh of boundary elements, distribution of Mises stress and deformation of cracked body) are carried out by means of linking to 'BACON SAMCEF', a finite element analysis system developed by The Laboratory of Aerospace Techniques (LTAS), University of Liege.
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  though the structure had been discretized extremely fine, because the equation system has about 2000 unknowns. In fact, these methods lead to an excessive estimation of stress intensity factor of mode I at crack-tip B. These poor results may suggest a wrong prediction for initiation of crack propagation at crack-tip B.

Figure 2 :

 2 Figure 2 : Rectangle plate with two no-collinear internal cracks (d 1 /a=24, d1/a=33.33, b/a=l.866, h/a=0.2)

Figure. 3 Figure 4 :

 34 Figure. 3 Stress intensity factors for diff erent horizontal distances between two cracks (h/a=0.2)when b/a is about 2, that is two cracks are placed about interlocked or the distance between the tip B of two cracks is lest, the stress intensity factors attain the maximal value for K1 at crack-tip B (about 1.526), while at external tip of cracks A, the value ofK1 is about same as that of a crack having a length of 4a.

  stress at the crack-tips B.CONCLUSIONSA development of the application of dual boundary element method to multiple cracked body is presented. The DBEM deals with two independent boundary integral equations; that is the usual displacement boundary integral equation and the traction boundary integral equation. For the piece-wise linear cracks, the effective treatment of singular integrals is direct analytic integration. Several cracked geometries are analysed with the present method. Accurate stress intensity factors are obtained with J-integral prodedure.Using DBEM, the interaction of multiple cracks is studied. It is noted by comparing with single crack that the interaction of cracks are different in different cases. Indeed, the variation of maximum stress intensity factors depends on the geometry of body, on the locations of cracks and on the way of.applied force. REFERENCE 1. Portela, A., Aliabadi, M.H. & Rooke, D.P.: "The dual boundary element method: effective implementation for crack problem", lnt. Journ. Num. Meth.

  Byexamination of the table 1, it appears that the results given by various method denoted in lines 2, 3, and 4 don't confirm the analytical solution denoted on line

Two internal no-collinear cracks problem

Now we consider the problem of a pair of no-collinear cracks placing in interior of a rectangle, see figure 2. To this interesting problem, Schnack, in Ref

[2]

, compare some results of stress intensity factors obtained by using various different numerical procedure of element finite method. In calculation of this problem by using the DBEM, a convergence study was carr ied out. Here the results of stress intensity factors, in table 1, are presented in case of 20 quadratic elements in outside boundary, 6 elements at each surface of cracks.

Table 1 .

 1 Stress MUtensity MUvctors for MU»o centre no-collinear cracks

	tip-B