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Abstract 

Recent advances in computing have made the simulation of nonlinear soil-structure interaction 

(NLSSI) including soil, structural and foundation-soil interface nonlinearities, much more 

feasible. The Facility Risk Group at Idaho National Laboratory has been developing an open-

source software, MASTODON (Coleman et al., 2017), to perform NLSSI simulations. 

MASTODON uses the finite-element method and is highly parallelizable for very large-scale 

problems.  

This talk provides a step-by-step procedure on modeling and simulation of NLSSI problems 

using MASTODON. A representative pressurized water reactor building is considered for the 

purpose of this demonstration. The numerical model of the containment and the internal structure 

are idealized as stick-mass models and the model parameters are obtained from an example in 

the SASSI2000 user manual (Ostadan, 2006). The stick mass model is connected to a circular 

basemat which is in contact with the soil underneath. For this demonstration, the response of 

both the structure and the soil are assumed to be linear elastic. The only nonlinearity in this 

model arises from the geometrically nonlinear effects caused by the soil-structure interaction. 

Two different contact types are considered for this demonstration: (i) tied contact, and (ii) thin-

layer contact between the soil and structure. Tied contact is modeled by the basemat and soil 

sharing nodes at the contacting surface. Thin-layer contact is modeled by placing a thin layer of 

nonlinear soil, using the ISoil material model (Numanoglu, 2018) implemented in MASTODON, 

the properties of which, are chosen such that the stress-strain hysteretic behavior of the thin soil 

layer approximates that of a Coulomb friction model.  
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Figure 1. Stick-mass model of a nuclear power plant attached to a circular basemat, which is in 
contact with the soil underneath [reprinted from Bolisetti et al. (2015)]. 

The demonstration will also include SSI simulation of the same structure with seismic base 

isolation. MASTODON includes verified and validated numerical models for simulating lead-

rubber bearings and friction-pendulum bearings developed by Manish et al (2015a) and Manish et 

al (2015b), respectively, and these models will be employed in the demonstration. 
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