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1. Introduction
The J-integral concept was introduced for the evaluation of crack problems more thirty years ago, which showed the applications of the J-integral on cases beyond the limits of linear elastic fracture mechanics based on the K concept. The J-integral represents remote loading on the crack tip field and is the stress intensity factor, as does K for a linear elastic crack field. However, contour J-integral value becomes path-dependent and varies in the near-tip field during ductile crack extension. The J-integral converges to the same value, only when the integration contour is far from the crack tip. This is particularly evident after the crack initiation during the ductile crack growth [1]. 

There is not enough to determinate the value of J-integral to be able to describe the fracture behaviour fully, especially for materials with high ductility. It is necessary also to measure the crack growth during the test. This enables the drawing of the crack growth resistance curve (R curve), which may be considered as the material property just under J-controlled fracture [2]. 


In the case of excessive plasticity or significant crack growth, fracture toughness may depend on the size and geometry of the test specimen [3]. Sun et al indicated that different specimen geometry have the same far field J-integral resistance curves only under plane stress conditions [4]. Therefore, J-integral as a single parameter characterizes crack tip conditions only under small scale yielding (SSY). 
From all these reasons its validity has to be verified. 

In the present paper, the validity of the J-R curve obtained experimentally has been proven numerically in the case of the material with significant ductility.
2. Centre cracked tension (CCT) specimen testing
In order to reduce effect of constraint on stable crack growth, the fracture toughness specimen with the crack in the middle loaded to tension has been chosen.
Thinner specimen produce higher R-curves than thicker ones and that bending loads produce lower R-curves than tension, because greater thickness and bending mode loading result in higher constraint near the crack tip [3]. Therefore, we used in this investigation CCT specimens  made  of  high  ductile  stainless  steel 
X 5 CrNi 18 10, with yielding strength of Rp0,2=250 MPa and stress of 620 MPa by elongation of about 16% [5]. The ratio of initial crack length and width was about 0,3 (2a/W = 10/30). Single specimen method with loading-unloading technique needed for determination of compliance of material was applied. J-integral and crack growth obtained through measured compliance for characteristic stages of tests were calculated according to ASTM E 1152 [6]. From these data J-R resistance curve was drawn.
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Fig. 1  CCT specimen with 1/8 of  FE model
3. Verification of J-R resistance curve
The verification of the J-R resistance curve obtained by CCT specimen testing was conducted by finite element analysis (FEA). It is the question does the J-integral as a parameter describes the whole crack field uniquely?

Namely, the far field J-integral (the quantity determined in the experiment from the work done on the specimen) can be usually used as a parameter for correlating crack growth, but having in mind all restrictions by its use. 

Recent FE computations of J-integral using the commercial finite element codes shown that J-integral cannot be directly and accurately evaluated from the finite element results, as just ahead of the crack tip large stresses and strain gradients are expected. Here the J-integral calculations are performed on the solid FE model (Fig. 1) using ANSYS [7].

Analyzing the average J-integral value across three different paths (Fig. 2), it can be noted that its quantity is much lower for the near crack-tip (Path 1). Average value of the J-integral means the value obtained on the same path through thickness (the surface value has been added to the double value in the middle and this sum was divided by three). 

[image: image2.emf] 

Surface  

Path 2  

Path 3  

Crack length  

Middle of specimen  

Path  1  


Fig. 2  Three paths for the J-integral FE calculation

In other words, numerical investigations of the J-integral for a growing crack have shown that the near filed contour integral loses its path independence immediately after the onset of crack growth (in our investigation it is equal to 0,2 mm). The results for near-field and far-field J-integral according to crack extension are shown on Figure 3.
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Fig. 3  J-integral variation through different paths
It can be seen that values differ in almost 15 % for crack growth of about 0,5 mm indicating agreement with J-integral path dependence after crack initiation. 

Effects of size and geometry on the crack growth resistance have to be considered too in order to validate J-Resistance curve. Thin-walled structures represent a simpler situation: plane stress conditions prevail, generally characterized by the development of full shear fracture, the R curve is fairly independent of variables like specimen size and a/W ratio. According to [3] a valid J-R curve in the plane stress case can only be obtained up to about:
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where Δa* and b0 denote the crack growth at R-curve splitting (crack extension after initiation point) and starting ligament length, respectively. In our case this condition is fulfilled, because crack extension after initiation amounts about 4 mm [5]. Therefore J-R resistance curve for this case can be considered as independent on the specimen and crack geometry.
3. Conclusions
Generally speaking, after a certain amount of crack growth, the far-field J-integral loses its ability to unambiguously correlate crack growth. Near-field J-integral values show also significant path dependence, so the contours in the vicinity of the high stress and strains gradients should be avoided. A path-independent J-integral can be obtained by increasing the distance of the integration contour to the crack tip. Due to fact that existence of SSY in the case of significant plastic zones as here cannot be expected, obtained J-integral values should be taken very careful, especially after crack initiation. However, if the crack growth is mainly J-controlled, meaning that J-zone is predominant, the J-R curve may be considered as valid and as material property. 
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