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Executive Summary

This research will develop and demonstrate an innovative integrated computational materials
engineering (ICME) approach for materials-related welding process optimization that mitigates
ductility dip cracking (DDC) in welded structures of Ni-based alloys for nuclear applications. The
project addresses the NRC programmatic mission objectives related to aging/degradation of
plant components and advanced materials, manufacturing, and construction for nuclear builds.
The proposed ICME approach utilizes the concepts of mitigating DDC by refining the weld metal
microstructure through recrystallization and promoting grain boundary tortuosity through carbide
precipitation. The effect of recrystallization is accounted for by finite element analysis (FEA)
modeling of the local thermo-mechanical behavior in multipass welds. The carbides behavior is
quantified utilizing thermodynamic and kinetic models. A specially developed computational
design of experiment (CDoE) software module combines the FEA and carbide behavior models
and performs DoE simulations with varying process parameters to identify optimal welding
conditions for mitigating DDC. The ICME approach will be validated and demonstrated by
manufacturing and characterization of highly restrained Ni-based welds, using optimized
process parameters for avoiding DDC, and by computational modeling of existing welds with
DDC. This ICME approach will provide a powerful tool for materials selection and welding
process optimization to prevent DDC and save millions of dollars in repair and rework costs for
aging reactor maintenance and new reactor construction. The primary expected outcome of this
research is the increased safety and security of nuclear power facilities due to better avoidance
of DDC, a cracking phenomenon which represents a vulnerability both in terms of radioactive
containment and affordability in the construction and maintenance of nuclear reactors.
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