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Abstract
The objective of this research is the development of novel three dimensional Finite Volume(FV) algorithms for the solution of small strain, quasi-static, Computational Solid Mechanics(CSM) problems involving non-linear material behavior, speci�cally materials described by anelasto-visco-plastic constitutive relationship and a von-Mises yield criterion. The motivation is tocontribute the non-linear CSM capability to an integrated FV framework for the comprehensivesolution of the thermo-mechanical behaviour exhibited by the shape casting of metals.A study of novel two and three dimensional FV algorithms associated with CSM is presented. Thealgorithms employ a variety of two and three dimensional elements and are compared with thestandard Bubnov-Galerkin Finite Element Method, with regard to algorithmic procedure, linearsolvers, accuracy and computational cost. A variety of benchmark solid mechanics problemsinvolving elasto-plastic and elasto-visco-plastic material behaviour are studied. These includethe plane stress analysis of a perforated tensile strip of aluminium, the plane strain analysis ofa hollow metal cylinder and the three dimensional analysis of a hollow metal sphere.The control volume-unstructured mesh, vertex based, FV algorithm for CSM problems is inte-grated within a multi-physics FV framework PHYSICA, which includes cell-centred FV proce-dures for the solution of problems involving simultaneous heat transfer, solidi�cation and 
uid
ow. The thermo-mechanical coupling is described in detail. A variety of thermo-mechanicalbenchmark problems involving thermo-elasto-plastic and thermo-elasto-visco-plastic behaviourare studied, these include the quenching and the solidi�cation of an in�nite steel plate. Finally,the completely coupled capability of the FV framework PHYSICA is validated against experi-mental observations obtained from the gravity die casting of a hollow aluminium cylinder.
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