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ABSTRACT 

 

The intense localized heating and cooling in the fabrication of welded joints leads 

to residual stresses and distortion which reduce the service life of the joint. The 

prediction and mitigation of residual stresses is as important task in the design and 

fabrication of the joint. Prediction of residual stresses requires solution to a non-linear 

transient thermo-elasto-plastic problem. The complicated physics of welding include 

material dependence on temperature, phase change, plasticity, filler metal addition and 

restraint.  

In this work thermo-mechanical analyses of various welded components namely a 

square corner joint, butt welded plates, a tee panel, bead on pipe and spiral welded pipe 

are presented. The materials used are mild steel and C-Mn steel. Weld bead is modelled 

as circular arc with the initial temperature of the filler metal is at its melting temperature.  

Double ellipsoidal heat flux density distribution is used to model the heat input and filler 

element additions are made by element birth-death method in a transient thermal solution 

based on enthalpy. Rate independent kinematic hardening is used to model the plastic 

behaviour and the thermal load is calculated with the reference temperature of the base 

metal is at ambient temperature and that of filler metal is at melting temperature. The 

mechanical strains elastic strains and plastic strains are omitted from the analyses when 

the temperature of the metal is at or above the melting temperature.  

Numerical solutions are obtained for temperature and residual stresses. Thermal 

histories at various locations of the welded components are measured with online 

thermocouple measurements and residual stresses at various locations of square corner 

joint and pipe are measured by X-ray diffraction. The comparison of computed thermal 

histories with experimental thermal histories yielded very good agreements. Experimental 

values of residual stresses are compared with the corresponding results of computed 

results. In bead on pipe welding both the hardening methods kinematic and isotropic 

hardening models resulted in almost identical values of residual stress distributions. 

Thermal histories and residual stresses of a typical spiral welded pipe are also presented. 

Further the effect of weld pass sequencing on residual stresses is investigated with weld 
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pass sequencing methods skip step, back step and normal weld pass sequencing methods. 

There is a good amount of reduction in the values of residual stresses and distortion with 

nonconventional weld pass sequencing methods with skip step weld pass sequencing 

offering least amount of residual stresses and distortion. 
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