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YIELD LOAD SOLUTIONS FOR X-SHAPED WELDMENT

WITH PRESENT MECHANICAL HETEROGENEITY
Kozak, D.; Kljajin, M. & Ivandić, Ž.

Abstract: A welded joint is a critical part of any welded component with respect to defects, geometry, misalignments and mechanical anisotropy. Different defect assessment procedures (f. i. R6 or EFAM ETM-MM) demand an estimation of the plastic yield load. This paper includes the limit load solutions for the single edged fracture toughness specimen subjected to bending with present X-shaped weld groove geometry and materials dissimilarity. Finite element (FE) studies were performed for the characteristic case, when the weld joint centre located crack propagates from overmatch (OM) to undermatch (UM) region. The corresponding fully plastic yield load solutions were obtained directly from the FE analysis for the conditions of the plane strain and plane stress as well. 
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1. Introduction

A welded joint is heterogeneous both in deformation properties and microstructure. The former causes a variation of strain and hence driving force, and the latter causes a variation of fracture properties across the weld. EFAM ETM-MM 96 (Schwalbe et al, 1997) is one of the most used documents for assessing the significance of crack-like defects in joints with mechanical heterogeneity (strength mismatch). It includes a number of yield load solutions for homogeneous materials FY and mismatch yield load solutions FYM for a few characteristic configurations as well. Overmatching reduces the strain in the weld metal as compared to the base metal and due to this shielding effect it is more used in the welding practice. However, an increasing use of high strength steels (HSS) forces the fabricator to select a consumable with lower strength to comply with the toughness requirements. Therefore, a lot of efforts are devoted to describe the fracture behaviour of strength mis-matched weld joints (Kolednik, 2000). It is needed to bear in mind that in all performed analyses weld metal was always homogeneous, either strength overmatched or strength undermatched related to the base metal (Kim and Schwalbe, 2001). Gubeljak shown in its investigation that by welding of high strength low-alloyed (HSLA) steels it has sense to produce globally OM welded joint with the UM metal in the root (Gubeljak, 1999). He analysed also the inhomogeneous multipass weld joint with half OM- and half UM weld metal (Gubeljak et al, 2003). This welding procedure is usually used for repair welding or for weld joints where possible cold hydrogen assisted cracking can appear. In this paper very similar geometry of the single edged SE (B) fracture toughness specimen subjected to bending was used with the same materials as in the aforementioned paper. The goal was to estimate the yield load for such mismatched component, what is not an easy task, due to a variety of possible plastic deformation patterns which in turn depend on the portion of the single metals in the welded joint as well as on the position and the geometry of the crack in the weldment. 
2. FINITE ELEMENT LIMIT ANALYSES
Due to symmetry, only one half of the SE (B) specimen was considered (BxW=25x25 mm), as is shown in Fig. 1. The heights of the single weld metal regions were almost the same (overmatched region has the height of 11,4 mm related to the 13,6 mm of undermatched region). The crack was located in the centre of the specimen, completely in the strength overmatch metal advancing to the undermatched region. Its length was a0=11,2 mm with the distance of only 0,2 mm from the fusion line. The groove angle of X-shaped butt welded joint was idealised as 10º. The width of the welded joint root was assumed as 2H = 10 mm. Heat affected zone is not modelled as particular material. Mismatch factor M, defined as the ratio of yield strengths of weld metal and base metal (M=Rp0.2,WM/Rp0.2,BM) has the value of 1,19 in the OM region and 0,86 in the UM region, respectively. The yield strength of the base metal was Rp0,2BM=545 MPa. Materials were modelled as isotropic linear elastic and ideally elastic plastic which obey non-hardening J2 flow theory. Such assumption of non-hardening plasticity reduces the complexity of the problem, but still can provide qualitative information. 
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Fig. 1 One half of the SE (B) fracture toughness specimen

Limit analyses of the plane FE model of welded joint shown in Fig. 2 were performed. The number of isoparametric eight-noded elements in a typical FE mesh was about 3600 with more than 10000 nodes. The crack tip elements are modelled as non-singular, with the first row of elements sized by 50 m. The mesh density was very fine in the regions where material changes and where the steep stress gradients may be expected. The loading was given as the pressure distributed on the very narrow area, what corresponds to the contact area between the specimen and the rollers. The equilibrium stress and strain fields are computed after each increment of pressure. Both plane strain and plane stress conditions could be considered.
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Fig. 2 FE mesh of the one half of the SE (B) specimen

3. results and discussion
The yield load or the plastic limit load is considered as the maximum load, which the component consisting of a non-hardening material can carry. At plastic limit load, the yield condition is satisfied in the whole net section of the component. 

Plastic yield load solutions of mismatched components can be obtained today assuming the component is wholly made of either base material or weld material properties. Such mismatch yield load solution for SE (B) specimen is providing in (Kim and Schwalbe, 2001). Thus, the plane strain yield load for an all-base plate (simple butt welded joint, not X-shaped!), assuming the crack in the middle of the specimen is defined as:
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where:
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If we suppose that weld metal has the same strength as the base metal, we can calculate yield load value using Eq. (1):
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The plane strain yield load in the case that the specimen is all made from overmatch material leads to the equations:

[image: image6.wmf]2

1

1

YB

YM

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

=

y

y

y

y

C

B

A

F

F





(3)

where:
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If we insert our data in the equations above, we obtain:
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The yield load for the all-overmatch specimen will be:
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Finally, we can assume also that all specimen is made from undermatch material, what can be described by next expressions:
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where:
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If we insert our data in the equations above, we obtain:
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The yield load for the all-undermatch specimen will be:
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According to the fact that suitable equation for the case, when the welded joint is heterogeneous does not exist, we must determinate limit load value using finite element analysis. The procedure includes load increasing with very fine increment to the moment, when the yielding zone would spread through the whole specimen’s ligament. In that moment corresponding load value is worth noting. 
On the Figs. 3 and 4 the von Mises equivalent stress field is presented. The stress contours in the legend correspond to the yield strengths of particular materials. Yielding zone in the OM region is expectedly less than the same in the UM region. 
Regarding the similar portion of the overmatch metal to the undermatch metal in the welded joint, it could be expected the limit load value closest to the all-base metal solution. However, the UM region is somewhat bigger, so the limit load value tends to the undermatch solution. In our case it amounts to the value of FY= 33,5 kN.
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Fig. 3 Equivalent stress distribution by yielding load
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Fig. 4 Enlarged spreading of yielding zone through the ligament
4. ConclusionS
The effect of heterogeneity of the welded joint on the yielding load value FY has been investigated in the case of SE (B) fracture toughness specimen cracked in the middle. However, it should be analysed all ranges of important parameters: mismatch factor M, slenderness of the weld joint (W-a)/H and a/W ratio to be able to derive an analytical expression for the yield load in the case of welded joint with materials dissimilarity. 
Because of very small distance between the crack tip and the fusion line, the most important influence on the limit load value has the material in the direction of crack propagation.
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