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Abstract – Single edge notch bend (SENB) fracture toughness specimen with geometric and material mismatch has been chosen to analyse the influence of assumption about stress state on the crack tip opening displacement CTOD (5). It was shown that plane strain finite element analysis is appropriate for the middle plane of the specimen. Also, plane stress assumption seems to be more valid for the free specimen's surface.

1
INTRODUCTION

Three-dimensional (3D) elastic-plastic finite element analyses of real fracture mechanics problems demand a lot of CPU time, especially when the crack extension should be taken into consideration. So, many analyses have been confined to thick side-grooved specimens in a plane strain state or very thin specimens in a plane stress state. However, thickness by most of cracked structures lies between these two extremes, so state of stress vary from plane stress near the surface of structure to plane strain in the mid-thickness. Very detailed investigations of three-dimensional effects near a crack tip in a ductile three-point bend specimen, Narasimhan and Rosakis ten years ago are performed [1]. Their observations indicate that the plane strain field prevails in the interior of the specimen very near the crack front. Rosakis and Ravi-Chandar are shown in [2] that for distances from the crack tip exceeding about half a specimen thickness B, plane-stress conditions are approached. Analysed specimens were supposed as homogeneous. However, the problem becomes more complex, if the specimen is composed from the heterogeneous welded joint with an irregular shape. Today, a lot of research is devoted to consider the effects of geometry and strength mismatch by finite element modelling [3,4,5]. In this paper, SENB specimen with heterogeneous X-welded joint different mechanical properties from the base metal has been used to assess the influence of stress state assumption on the crack tip opening displacement 5. 

2 THE FRACTURE TOUGHNESS SPECIMEN

Here is chosen the Bx2B SENB specimen (thickness B=36 mm) that consists X-shaped welded joint with crack in the middle through the whole thickness of specimen (Fig. 1). The weld width in the root is about 5 mm and on the face 28 mm. Initial crack length is equal 35,8 mm. The base metal of the specimen is HSLA steel with 712 MPa of yield strength and 846 MPa of ultimate strength. Two passes in the root of weld joint were performing by the electrode with 13% overmatch. The yield strength of the weld cap is 22% larger related to the base metal. During the testing force F, load line displacement LLD, CTOD (5), crack mouth opening displacement CMOD and crack extension Δa were recorded. 
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Figure 1 Bx2B SENB fracture toughness specimen

3 STRESS STATE MODELLING

Every section plane of the specimen is composing from the different percent of base metal regarding to the X-shape of welded joint. Therefore, the mid-thickness plane is just imaginary the plane of the specimen's symmetry. Assuming the plane strain state for the plane in the middle, Gubeljak et al in [6] obtained conservative finite element results, but on the safe side. However, aforementioned characteristic displacements are measuring on the surface side of the specimen. This plane i plane stress i WB800 Of the specimen, only ¼ of the specimen has been modelled by finite elements (Fig. 2). The finite element modelling enables the calculation of the stress components. Hence, it is possible to find out the magnitude of the stress triaxility parameter by Eq. 1. 


[image: image2.wmf]B

/2

base metal

weld cap

weld root

a

0

surface of

the specimen

middle of

the specimen


Figure 2 Finite element model of the ¼ of the specimen

The base metal of the specimen is HSLA steel with 712 MPa of yield strength and 846 MPa of ultimate strength. Two passes in the root of weld joint were performing by the electrode with 13% overmatch. The yield strength of the weld cap is 22% larger related to the base metal.
The finite element mesh consists of 28947 nodes and 6528 20-nodes elements. The first row of the elements around the crack front has the size of about 50 m. 

Standard finite element packages have not the option to calculate the local stress triaxility parameter directionally. So, for this purpose special code which is operating with stress components has to be written and implemented into ANSY 5.6 [7]. 

The variation of the stress triaxility parameter in the ligament of the specimen for the maximum load from experiment is presented in the Fig. 3. Two curves are depicting the changing of the stress triaxility. One is on the ligament's front (surface of specimen) and the other is on the ligament's back (mid-thickness section). 

It is evident that constraint effects are more in presence in the middle of the specimen. The surrounding material here limits the yielding near the crack tip. The peak of the stress triaxility parameter is some displaced from the crack tip, because similar behaviour shows the crack opening stress distribution. On the end of the ligament, the constraint effect is little increased. This is a consequence of the concentrated load acting. Hydrostatic stress is always less than effective stress, so we can say that out-of-plane constraint is not significant in this case. One can conclude that plane stress state is much closer to the reality, if two-dimensional finite element modelling is needed. 
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Figure 3 The stress triaxility parameter variation

4
CONCLUSIONS

The local stress triaxility as a measure of the out-of-plane constraint for heterogeneous fracture toughness specimen has been investigated. It is shown that effect of yielding constraint is more significant in the middle plane of the specimen than on the specimen's surfaces. However, hydrostatic stress for both analysed planes is less than equivalent stress. This could be understood as neglected effect of yielding constraint through the thickness in this case. Namely, according to the references, for the parameter of stress triaxility greater than 2,5, it is reasonable to suppose significant out-of-plane constraint and plane strain stress state. 
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