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A micromechanics model has been constructed to study the mechanical behavior of
spray-on foam insulation (SOFT) for the external tank. The model was constructed using
finite elements representing the fundamental repeating unit of the SOFI microstructure.
The details of the micromechanics model were based on cell observations and measured
average cell dimensions discerned from photomicrographs. The unit cell model is an
elongated Kelvin model (fourteen-sided polyhedron with 8 hexagonal and six
quadrilateral faces), which will pack to a 100% density. The cell faces and cell edges are
modeled using three-dimensional 20-node brick elements. Only one-eighth of the cell is
modeled due to symmetry.

By exercising the model and correlating the results with the macro-mechanical foam
behavior obtained through material characterization testing, the intrinsic stiffness and
Poisson’s Ratio of the polymeric cell walls and edges are determined as a function of
temperature. The model is then exercised to study the unique and complex temperature-
dependent mechanical behavior as well as the fracture initiation and propagation at the
microscopic unit cell level.
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