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Introduction 

ÅWork funded by Industrial Members of TWI, as 

part of the Core Research Programme. 

ÅObjectives: 

ïMeasurement of residual stresses in clad pipe girth 

welds using various measurement techniques 

ïDevelopment and validation of FEA models with 

ABAQUS and SYSWELD for simulation of welding 

residual stresses in clad pipe girth welds. 

ïAssessment of the effects of heat input, material 

hardening models, yield stress, weld start/stop on 

welding residual stresses. 

ïProvision of recommendation for the consideration of 

residual stresses in engineering critical assessments of 

clad pipe girth welds. 
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Outline 

ÅExperiments 

ïWelding 

ïTensile tests, hardness tests 

ïTemperature measurements 

ïResidual stress measurements: Centre hole drilling 

(CHD), X-ray diff (XRD), Block removal, splitting and 

layering (BRSL) 

ÅModels 

ïSysweld, Abaqus 

ïKinematic and isotropic hardening 

ÅResults and comparison 

ÅConclusions 
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ÅX65 pipe clad with 

316L 

Å609.6mm OD and 

27.9mm wt (inc. 

2.5mm cladding) 

ÅAlloy 2209 filler 

ÅRoot pass: auto 

GMAW 

Å8 further passes: 

auto PGMAW 

 

Welding 
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Tensile Tests - 1 

Å Stress-strain curves for X65, modelled as linear 
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Tensile Test - 2 

Å Stress-strain curves for alloy 2209, modelled as linear 
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Temperature Measurements 

Å TCs opposite seam weld and start-stop locations 
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Residual Stress Measurements - 1 

ÅXRD, CHD and BRSL 
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Residual Stress Measurements - 2 

Å RS measured by CHD at inner and outer surface 
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Models - Abaqus 

Å 2D axi-symmetric and 3D models 
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Models - SysWeld 

Å 2D axi-symmetric model 
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Heat Source Calibration - 1 

Å Abaqus 2D axisymmetric model: triangular amplitude 
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Heat Source Calibration - 2 

Å Abaqus 2D axisymmetric model: triangular amplitude 
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Heat Source Calibration - 3 

ÅSysWeld 2D axisymmetric model 

Maximum temperature over time 
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Hest Source Calibration - 4 

Å SysWeld 2D axisymmetric model 
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RS Prediction ï Abaqus - 1 

Å2D kinematic hardening 

Axial stress 

Hoop stress 
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RS Prediction Abaqus - 2 

ÅThrough-wall axial stress distribution 
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RS Prediction ï Abaqus -3 

ÅThrough wall hoop stress distribution 
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RS Predictions ï Abaqus - 4 

ÅThrough-wall axial stress distribution 
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RS Predictions ï Abaqus - 5 

Å Through-wall hoop stress distribution 
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RS Predictions ï SysWeld -1 

ÅHoop stress 

Isotropic hardening kinematic hardening 
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RS Predictions ï Sysweld - 2 

Å Through-wall axial stress distribution 
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RS Predictions ï Sysweld - 3 

Å Through-wall hoop stress distribution 
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RS Predictions ï Sysweld - 4 

Å Through-wall axial stress distribution at centre of weld 
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RS Predictions ï Sysweld - 5 

Å Through-wall hoop stress distribution at centre of weld 
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RS Predictions ï Sysweld - 6 

Å Effect of heat input on through-wall axial stress distribution 
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RS Predictions ï Sysweld - 7 

Å Effect of heat input on through-wall hoop stress distribution 


