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AbstractResidual stress is the stress that remains stored within a structure as a result of its manufacturinghistory. Often called a locked in stress, it remains when there is no applied load, in�uences theapplied load and changes the structure's expected response to stress. An example of this is thata tensile residual stress will add to an applied tensile load, increasing the maximum tensile stress.Conversely when a compressive load is applied, a tensile residual stress reduces the maximumcompressive stress. Residual stress develops in a part during all stages of manufacturing throughthe action of plastic deformation and thermal inhomogeneities. The �nal residual stress withina structure can be a combination of the residual stresses created through these stages.Processes that produce signi�cant residual stress in steels include quenching and tempering,rolling, bending and welding. Due to the highly localised thermal input at the weld point, weldingproduces the largest short range variation in residual stress �eld. In the immediate region of aweld, the residual stress is dominated by the residual stress from the welding processes: tensilestress in the weld region, becoming compressive further from the weld. Prior residual stress �eldscan in�uence the expansion and contraction and thus the �nal welded residual stress pro�le.Because residual stress acts on a scale that interacts with applied stresses, it becomes importantto know what residual stress is present within a component in order to know the �nal load actingon the structure. In many situations it is not possible to determine the residual stress withina component directly and an approximation, or best practice, residual stress pro�le must beused. This can be simple, for example considering the residual stress produced by bending, butthe residual stress pro�le produced in welding is a great deal more complex, depending on weldthickness, geometry, restraint, heat input and is di�cult to accurately predict. It is important tohave a highly accurate prediction of the residual stress when carrying out processes such as anEngineering Critical Assessment (ECA) since this will determine the integrity of a welded jointin its environment.An ECA uses a combination of the applied stress and the residual stress pro�les in order todetermine the likelihood of growth of a �aw at a particular point in the structure. The residualstress pro�les used to make these assessments are conservative and in the case of steel T-buttwelds are based on a very narrow range of heat inputs and welding processes. The typical residualstress pro�le is assumed to be highly tensile which means that an ECA on any �aws in the weldregion will indicate potential failure of the welded joint and repair is necessary.One of the factors that may a�ect the conservatism of these residual stress pro�les is the lack ofconsideration of the overall interaction of the residual stress �elds prior to welding. This workexperimentally measures the residual stress �elds in thick steel plate before and after welding, in



both restrained and unrestrained plate, and uses this to consider whether the residual stresses area result of welding or pre-welding processes and examines how these in�uence the �nal residualstress �eld. The work allows a new consideration of what residual stress �elds around highlyrestrained, thick section welds are: creating a basis for pre-existing residual stress �elds to beconsidered in conjunction with the welding residual stress in ECAs.
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