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Abstract 

 
Part 1:  A finite element formulation for general polyhedra is presented for applications in 
nonlinear solid mechanics.  The polyhedra can have an arbitrary number of vertices or faces.  Shape 
functions are constructed using both harmonic and maximum entropy coordinates.  The shape 
functions exhibit the Kronecker-delta property at the nodes of the element, thus facilitating the 
imposition of displacement boundary conditions.  A consistent quadrature scheme is developed 
that ensures a stable finite element formulation.  Verification examples are presented. 
 
Part 2: Two fundamental sources of error in solid mechanics modeling are (1) the assumption of a 
separation-of-scales in homogenization theory and (2) the use of a macroscopic material model 
that represents the complex nonlinear processes occurring at the microscale.  These approximation 
errors may be particularly significant in welded regions of a structure and for additively 
manufactured metallic structures.  In order to quantify these approximation errors on macroscale 
quantities-of-interest, we adopt a multiscale a posteriori error-estimation framework.  The 
modeling error may be reduced by adapting the macroscale material model.    
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