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Abstract 
Welded microstructures of ’-strengthened, nickel-based alloys contain significant microstructural heterogeneities that can have a strong influence 

on the dislocation dynamics, resulting in very different  creep behavior compared to the base metal. Crystal plasticity based finite element method 

(CPFEM) has been widely used to incorporate the effect of microstructural heterogeneities on deformation at the polycrystalline scale and is being 

utilized in this work to model the creep behavior of the 740H welds. Current model development is focused on secondary creep considering 

dislocation climb, glide, and, anti-phase boundary shearing or Orowan looping. A dislocation-density based CPFEM model addressing these 

mechanisms is currently being implemented in MOOSE software that provides the ability to solve problems involving multiple physics 

concurrently and implicitly. The workability of the model is being verified with available Alloy-617 base metal secondary creep data. Short term 

creep tests at 600-800°C of cross weld and all weld metal samples from ASME-qualified welds in Alloy 740 will be used to determine input 

parameters for the model. Long term creep tests at 760°C on Alloy 740H welds will be used to validate the results of modeling and simulation. 

Polycrystalline creep model 

Results 
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 Lower stress and temperature, climb rate is higher – lower total creep strain/rate 

 Mobile dislocation evolution dominated by mobilization rather than multiplication 

 At higher temperature and stress levels, glide rates are significantly higher 

Longitudinal – top view 

Longitudinal – side view 

Transverse view 

 Combination of dislocation and diffusional mechanisms 

 Incorporate grain size, shape and orientation effect explicitly 

 Homogenized effect of sub-grain features, e.g. precipitate shape, size and 

volume fraction 

 Implementation of the model in Multi-Physics Object Oriented Simulation Environment software in progress.(MOOSE: mooseframework.org) 

 Developed an user-object based plug-n-play system in MOOSE to implement plasticity models efficiently. 

 Single crystal simulations performed to test coupled climb and glide (without APB shear and precipitate) models. 

 Transition from climb to glide dominated regime achievable by changing stress and temperature. 

Stress = -500 MPa 


