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Abstract. In view of their low capture cross-section for thermal neutrons and their adequate 

mechanical properties, zirconium alloys are employed for primary structural elements in nuclear power 

reactors. During normal operating conditions, the structural elements undergo continuous dimensional 

changes whose quantification is of importance for the purposes of plant life management. This has 

motivated a multitude of engineering models for describing steady-state creep in zirconium with 
varying degrees of complexity. The simplest models rely on purely phenomenological descriptions 

while the more sophisticated models rely on multiscale continuum descriptions explicitly accounting 

for the microscopic physical processes producing deformation. In all cases, however, the creep rate is 

invariably assumed to be additively composed of a thermal creep rate produced solely by stress, an 

irradiation growth rate produced solely by radiation, and an irradiation creep rate produced by stress 

and radiation concomitantly. In this presentation we expound a rigorous constitutive framework for 

coarse-grained zirconium alloys under irradiation that exposes the essential structure of constitutive 
laws conducing to additive creep rates. The framework combines a two-scale description with internal 

variables. Thus, the structure of local constitutive laws within individual grains follows a 

thermodynamical formulation accounting for point defects nucleated by radiation and for deformation 
produced by dislocation glide and climb, while the structure of the overall constitutive relations for the 

polycrystalline aggregate follows homogenization. Consequently, the resulting description is 

thermodynamically consistent and conforms to the generalized standard material model. A special 
class of constitutive laws is generated by means of convex dissipation potentials reproducing mean-

field reaction rate theory. The relations are nonlinear and reflect an inherent coupling between 

irradiation creep and growth; however, they admit partial linearization even for moderate stress levels. 

Against this perspective, we assess recent criticisms contra additive creep rates motivated by the 

understanding that irradiation creep and growth emanate the same microscopic physical processes and 

should therefore exhibit strong coupling. The presentation concludes with a discussion of some 

implications for mechanistic creep models of common use and the application to Embalse pressure 

tubes. 
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