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Abstract: 

Structural design is traditionally performed with a pre-specified material in mind, creating a structural 
configuration that meets performance requirements in the context of that material. With recent advances in 
materials by design, one begins to wonder if the material itself could be designed in concert with the 
structure. In other words, given a target performance, the design optimization would simultaneously 
consider the structure and the material. The key step in this optimization will be to define an objective 
function that includes both the material (such as microstructural descriptors) and the structure (such as 
geometry and boundary conditions). While such an objective function might be formulated explicitly with 
multi-scale models, typically for real structures and materials this approach would be computationally 
infeasible. Surrogate functions, which are a simplified representation of the material, provide a much more 
efficient alternative. However, these surrogate functions can lead to a number of challenges. If the material 
is represented by a large number of microstructural parameters, then the high dimensionality of the 
surrogate function requires many samples in order to be built. Furthermore, some micro-scale behavior, 
such as sudden damage or failure, can lead to discontinuous surrogate functions, which makes it difficult 
to interpolate or collocate the results. This seminar will describe a number of approaches to building 
surrogates, including cases in which the micro-scale model provides key response values and/or gradients 
of key response values. 
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