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OBJECTIVES: 
1. Develop a robust thermodynamic framework that can describe the response of the class 
of materials that are being fashioned, connecting the microstructure to the continuum 
level response. 
2. Develop computational tools, through user defined subroutines, to utilize the models 
developed in the comprehensive finite element software ABAQUS 
 
ACCOMPLISHMENTS TO DATE: 
The development of constitutive models that can predict the behavior of materials, 
specifically metals, at high temperature requires a good understanding of the physical 
mechanisms that are particularly relevant at high temperatures that lead to behavior such 
as creep. We have developed a constitutive theory within a thermodynamic setting to 
describe the creep of single crystal super-alloys. The changes in the microstructure during 
the process are captured by the fact that the natural configuration of the body, namely the 
configuration that the body would attain on the removal of the external stimuli, evolves. 



This evolution is determined by the tendency of the body to undergo a process that 
maximizes the rate of dissipation. For the problems under consideration it is sufficient to 
assume that the elastic response is linearly elastic with cubic symmetry (it is possible to 
easily incorporate other types of symmetries). A form for the inelastic stored energy (the 
energy that is trapped within the dislocation networks) is introduced based on simple 
ideas related to the motion of the dislocations. The rate of dissipation is assumed to be 
proportional to the density of mobile dislocations and another term that takes into account 
the damage accumulation due to creep. A User Material Subroutine (UMAT) has been 
developed so that we can use the commercial software ABAQUS to solve boundary value 
problems in realistic and relevant geometries. The final goal of the proposed work is to 
develop a computer aided design that can be used to describe the response of materials at 
high temperatures. 
 
FUTURE WORK: 
1. Future work will involve testing the UMAT for different boundary value problems, 
including realistic geometries, for e.g. single crystal turbine blade geometries subject to 
thermal and mechanical loads. 
2. Develop an optimization program for the choices for the stored energy, rate of entropy 
production etc. (which in turn imply how the material ought to be engineered) based on a 
set of desired response characteristics that are used as the benchmark. This interactive 
optimization scheme will connect the models with the desired outcomes using the 
ABAQUS software, whereby the models can be systematically varied and their efficacy 
tested with respect to a desired response. 
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