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Abstract: 
 
Structural systems can often be composed of large regions that are characterized as linear, 
with isolated connected regions that contain nonlinearities, representing mechanical joints or 
other localized nonlinearities. The development of reduced-order models for such structural 
systems can provide computationally efficient simulations and enable advanced engineering 
design. In this work, systems with isolated nonlinearities can be reduced to a linear system 
with an appropriately determined traction at the boundary of the isolated nonlinear region, 
where this added force, defined as the deviatoric force, describes the effect of the 
nonlinearities on the otherwise linear structure. This talk will introduce this reduction 
framework and utilize a neural network architecture that learns this deviatoric force from 
high-fidelity simulations of the original nonlinear system together with sparse measurements 
of the system dynamics. Thus, the neural network learns the nonlinearities directly. The neural 
networks are trained in an unsupervised manner without having to rely on force 
measurements and instead are optimized to minimize the residual of the Euler-Lagrange 
equations of motion. Several examples will be shown to demonstrate the approach. 
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