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Application of pre-heating in the reduction of residual stress in the repair welds
of steel pipes
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the study application of pre-heating on the repair welds in the steel pipes and analysis of
Received 05 September 2017 thermo-elastic-plastic molding of this process was investigated using finite element method. In order to
Accepted 31 October 2017 verify the model, experimental data for repair welding of carbon steel pipe, obtained by deep hole

Available Online 01 December 2017 drilling method, were utilized. Good agreement was observed between the finite element and

Keywords: experimental data. The results indicated that the developed computational method is an effective tool to

Preheat predict the residual stress of pipes in the repair welded. The present finite element model was developed

Residual stresses in repair welded carbon steel and stainless steel pipes to consider the effect of preheating. It was

Repair welding observed that by increasing the preheating temperature in the repair welded pipes, tensile axial residual

FEM analysis stresses on the inner surface and outer surface of the carbon steel and stainless steel pipes decreased 35
and 50 percent respectively, but the compressive axial residual stresses on the outer surface have small
variation. Moreover, by increasing the preheating temperature tensile hoop residual stresses on the outer
surface on the stainless steel side and tensile hoop residual stresses on the inner surface on the carbon
steel side decreased, but only a small variation was observed on the compressive hoop residual stresses.
In general, there is no significant effect on the magnitude and distribution of hoop residual stresses on
the inner surface of the stainless steel pipe. Also, high preheating temperatures will have wider
distribution of axial residual stresses.
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Table 1 Parameters of the repair welding process.
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Fig. 2 Location of strain gauges
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Fig. 1 Schematic view of the specimen used in this experiment
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Fig. 3 Material properties of A106-B carbon steel and A240 TP 304 stainless steel [13,19]
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Fig. 4 Half of the finite element meshes for the repair welded pipe
T ME a5 Jue sl oolatul b edigel dan 10 sgaome yledl o a5 )ls 00 ot gl (gly Sgame ledl GanaSis chai 4 JSCi

Outer Surface

60 -
m
40 FEM
20 m Experiment (HD}

Hoop residual stresses (MPa)

-120 Z (mm)

Fig. 6 Hoop residual stresses on the outer surface of the pipe in the :
axial direction Fig. 5 Double ellipsoid heat source configuration [4]
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Table 2 Preheating temperatures used in FE analysis.
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Fig. 8 Axial residual stress on the inner surface of the repaired pipe
with different preheating temperatures
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Fig. 11 Hoop residual stresses on the outer surface of the repaired pipe
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Fig. 14 Hoop residual stresses on the outer surface of the repaired
stainless steel pipe with different preheating temperatures
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Fig. 12 Axial residual stresses on the outer surface of the repaired
stainless steel pipe with different preheating temperatures
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Fig. 13 Axial residual stresses on the inner surface of the repaired
stainless steel pipe with different preheating temperatures
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