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Measured strains produced by the welding of a sleeve on to a pipe were examined for two sleeve-on-pipe configurations, with the only difference between the two configurations was the weld sizes.  Sleeve 1 had a leg length of 15 mm and Sleeve 2 had a 17 mm leg length.  The two sites chosen for the field work were located just downstream (east) of a mainline pump stations on the Enbridge Pipelines Inc. system in south-central Saskatchewan.  The station and sleeve locations are as listed in Table 1.

Table 1: Sleeve Locations

	Description And Weld Date
	Kilometer Post

	Upstream Boundary of Station
	761.971

	Sleeve 1 – 28/29 September 2004
	762.4199

	Sleeve 2 – 29/30 September 2004
	767.6204


Modeling focused primarily on Sleeve 2 to examine various loading conditions in the model to attempt to match measured strains with modeling results.

ANSYS 8.1 was used to create an axisymmetric model of the pipe and sleeve cross-sectional area using PLANE183 elements, allowing non-linear material properties to be modeled.  All FE models were axisymmetric, with the global Y-axis is the centre of curvature of the pipe and the Z-axis is the hoop direction.   Two geometries were considered, one with a 3.0 mm root gap, and one with no root gap.  

Figure 1 show the finite element models used in the analyses, showing the entire model with global coordinate axes on the left, with a detail of the areas of interest on the right.  The areas representing the sleeve are shown in red, with the weld shown in purple, the pipe shown in light blue, and, where applicable, the epoxy shown in pink.   The circumferential sleeve-on-pipe configuration with the assumed root gap is shown in the upper right in Figure 1, whereas the circumferential sleeve-on-pipe configuration with the end fillet weld geometry assuming no root gap is shown in the lower right of the figure. 

In the weld region, element edge lengths were set to approximately 0.25 mm.  Each model contained approximately 33000 elements.  Note that when no root gap was modeled, the sleeve was assumed to be of good fit on the pipe, with no slipping between the sleeve and the pipe
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Figure 1: Overall and Weld Detail Geometry of FE Models
All materials in the FE models were modeled using non-linear material models using a trilinear true stress-strain curve.  The pipe has a minimum yield strength of 359 MPa, while the sleeves are A516 Grade 70 steel with a minimum yield strength of 262 MPa.
The data from the field trials showed that the strains near the weld were influenced by the heat from welding and the resultant thermal strains as the weld contracts.  The inevitable action of weld stops/starts has a significant influence on the measured strains as the weld progresses around the pipe circumference.  The modeling of the strains in the weld area using an axisymmetric model has some limitations as the weld is assumed to have been deposited instantaneously, which is not the case for the actual welding process.  Modeling does however, show some promise in being able to examine the influence of variables such as root gap, pipe and sleeve thickness, operating conditions, and material selection.

Schedule

Laboratory trials of welding sleeves to pipeline sections are being planned for January 2005 to address some of the variables associated with sleeve welding.  Not being limited by the operator’s requirements to complete sleeve installation under specified conditions is expected to provide further data for model refinement and predicting stresses in the weld region. 
