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Abstract: 

Lattice materials in form of a network of bonds with connecting nodes are common in 3D printing 
metamaterials. When it is subjected to a mechanical load, the force passes through the network by the node-
node forces, the effective material behavior depends on both the stiffness of each bond and the lattice structure. 
The recently developed singum model transfers the singular force network to a fully connected continuum 
particle system by Voronoi partitioning of the lattice. The singum stress and strain are defined as the average 
stress and displacement gradient, which are expressed in terms of the force and displacement. Given a 
variation of the singum strain, the tangential stiffness is obtained from the relationship of the singum stress-
strain variations. When a pre-stress exists in the lattice, the stiffness tensor significantly changes due to the 
effect of the configurational stress. The anisotropy and asymmetry of the stiffness tensor for some unique 
lattice structures are demonstrated. Therefore, nonlinear elastic behavior of the lattice material can be solved 
by the boundary value problem with the effective stiffness of the singum continuum. The singum model has 
been applied to effective thermoelastic behavior of granular, cellular, and crystal lattices. The case study of a 
thin wall tube filled with a granular lattice demonstrates the novel material design and discovery for zero 
thermal expansion coefficient, tailorable stiffness and buckling resistance for space application. The singum 
model has been extended to flow problems of 2D physical networks, such as electric, pipeline, and 
transportation networks. The singum potential, flow, and potential gradient are defined and its application to 
routing and scheduling services is demonstrated. 
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