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Nature and Origins of Weld Cracking at Elevated Temperatures
A major factor influencing the “weldability” of many high-performance alloys used in aerospace and
energy applications is the formation of cracks at high temperatures in the weld fusion and heat-affected
zones. Since the 1940’s, literally hundreds of fundamental and applied R&D studies have been
performed by the aerospace industry, academia and the government in an effort to understand the
mechanisms of elevated-temperature cracking (i.e., “hot cracking”) and, based on that understanding,
develop approaches for reducing or eliminating this significant problem, including the design of more
cracking-resistant alloys.
This research has stimulated the development of innovative weldability
testing tools and techniques to measure and comparatively evaluate alloy cracking susceptibility.
These studies have also extensively utilized advanced metallurgical characterization tools and
techniques, particularly analytical-electron microscopy, to better understand complex weld melting and
solidification phenomena, and high-temperature solid-state phase transformations that are fundamental
to the origins of this type of weld cracking. This presentation will discuss the metallurgical
mechanisms for weld fusion zone solidification cracking, weld heat-affected zone and fusion zone
liquation cracking, and solid-state cracking (e.g., reheat cracking). Specific examples of these cracking
forms in selected Fe and Ni-base superalloys, Al-base alloy, Mg-base alloys and Ti-base alloys will be
reviewed with a primary focus on explaining the metallurgical origins of cracking, and how that
understanding can be applied to explain relative cracking susceptibilities. Based on the understanding
of these cracking mechanisms, practical approaches for reducing or eliminating high-temperature
cracking will be presented.
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