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Introduction

For almost half a century, the Finite Element (FE) method has dominated the world
of computational solid mechanics (CSM); however, the Finite Volume (FV) method is
gradually gaining prominence within the field due to its attractively simple yet strongly
conservative nature, as well as the increasing popularity of OpenFOAM.

Nonlinearity in CSM analyses can come from a number of sources, such as plasticity,
viscoelasticity, contact, large strains, large rotations, fracture, nonlinear elasticity and
coupled multi-physics. Given the intrinsic ability of the FV method to deal with nonlinear
systems (fluids are inherently nonlinear), the application of the FV method to nonlinear
solid mechanics is a natural and straight-forward progression [1, 2, 3, 4]. The iterative
nature of the method deals with nonlinearity and coupling in a robust straightforward
way, making the method naturally well suited to the analysis of nonlinear CSM problems.

Methods

This work discusses and presents a number of approaches to tackling nonlinear solid me-
chanics problems. Starting from the governing equations and chosen constitutive relations,
a number of mathematical models (total/updated/deformed Lagrangian) are developed
and compared. The adopted cell-centred FV discretisation is outlined, with reflection on
standard FE procedures. To highlight the capabilities of the presented methods, several
numerical test cases displaying nonlinearity are outlined: Large Deflection of an Elastic
Cantilever Beam, Crushing of a Nonlinear Elasto-Plastic Pipe, Viscoelastic Relaxation and
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Creep Tests. Specific attention is given to the method accuracy, efficiency, and impressive
parallel performance.
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Figure 1: Examples of Nonlinear Analyses Performed with OpenFOAM

Conclusions

It has been shown that the FV method is both accurate and efficient in the analysis of a
number of nonlinear solid problems. Even though the FV method lacks the same consid-
erable development of the FE method within the realm of CSM, it has been demonstrated
to be a viable alternative for the analysis of many solid mechanics problems, in particular
those exhibiting nonlinearity.
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