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The raw Finite Element (FE) tractions acting on the faces of an element generally do not (i) 
maintain the element in overall equilibrium, and are not (ii) codiffusive with adjacent elements. 
Recovery of tractions that do satisfy equilibrium in the sense of (i) and (ii) is necessary for the 
purposes of deriving a dual equilibrated solution. The equilibrated solution at element level has 
been traditionally used for error estimation purposes, as an input for solving a local problem at 
element level. However, that is not the only application used today. It has renewed our interest 
in the context of domain decomposition or topology optimization. It allows a two-level topology 
optimization framework in each element or cell (group of elements). Then a topology 
optimization problem can be solved in parallel, yielding with a reasonable computational cost, 
a trabecular-shaped structure with structural continuity. 
In this work we present an extension of the technique developed in [1] for the recovery of 
strongly equilibrating tractions on the faces of hexahedral elements using the nodal forces 
derived from a conforming model as data. That technique has been adapted to the cgFEM 
context in which the meshes are composed of hexahedrals, and connectivity can be 
preestablished, easing the implementation of the technique and reducing the computational 
burden. However, a specific treatment should be performed over the boundaries because of the 
mesh-geometry independence, which is the main characteristic of the cgFEM framework [2]. 
Appropriate decomposition of nodal forces are determined with the aid of graph theoretic 
concepts, and Maxwell force diagrams in 3D space. The nodal forces from each incident 
element are ordered in a sequence defined by a Hamiltonian circuit in an associated graph. Such 
forces form a closed polygon since the FE nodes are in equilibrium. By defining a pole point 
into the polygon it is possible to distribute the nodal forces into forces associated with the 
element faces, ensuring the force equilibrium between the adjacent element faces. Final traction 
distributions on a face are determined so that the equilibrated tractions are consistent with the 
FE tractions in a least squares sense, while maintaining the equilibrium. 
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