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Summary
CRATE (Clustering-based Nonlinear Analysis of Materials) is a Python project (package
cratepy) developed in the context of computational mechanics (B. P. Ferreira, 2022) to aid
the design and development of new materials. Its main purpose is performing multi-scale
nonlinear analyses of heterogeneous materials through a suitable coupling between first-order
computational homogenization and clustering-based reduced-order modeling. This means that,
given a representative volume element of the material micro-structure and the corresponding
material phase properties, cratepy computes the material’s effective mechanical response
under a given loading by leveraging a so-called clustering-based reduced-order model (CROM).

Figure 1: Logo of CRATE (cratepy).

Statement of need
CRATE (Clustering-based Nonlinear Analysis of Materials) is a Python project (package
cratepy) developed in the field of computational mechanics and material science. To the best
of the authors’ knowledge, it is a first-of-its-kind open-source software that allows any material
development enthusiast to perform multi-scale analyses of materials by taking advantage of the
recent family of clustering-based reduced-order models (CROMs). Figure 2 provides a simple
illustration of a CRATE simulation. It is worth remarking that CRATE is supported by a rich
documentation that provides a conceptual overview of the project, clear installation instructions,
a step-by-step basic workflow description, and detailed guidelines for advanced customized
developments. Moreover, cratepy relies solely on a few well-established third-party Python
scientific computing packages, such as numpy (Harris et al., 2020) and scipy (Virtanen et al.,
2020), cratepy’s modules are extensively documented, and the automatically generated API
provides a complete and updated description of the underlying object-oriented implementation,
including LaTeX rendered formulae to improve comprehension.

cratepy is essentially a numerical tool for any application that requires material multi-scale
simulations. Given the intrinsic clustering-based reduced-order modeling approach (e.g., SCA
(Liu et al., 2016), ASCA (Ferreira B. P. et al., 2022)), CRATE is mostly useful in applications
where the computational cost of standard simulation methods is prohibitive, namely to solve
lower-scales in coupled hierarchical multi-scale simulations (e.g., B. P. Ferreira (2022)) and
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to generate large material response databases for data-driven frameworks based on machine
learning (e.g., Bessa et al. (2017)). CROMs achieve a striking balance between accuracy
and computational cost by first performing a clustering-based domain decomposition of the
material model and then solving the equilibrium problem formulated over the resulting reduced
model. In a similar scope, it is worth mentioning the projects fibergen (Ospald (2019)) and
FFTHomPy that, although not relying on a clustering-based reduced-order modeling approach,
implement homogenization methods to extract effective material parameters.

In the particular case of a research environment, cratepy is designed to easily accommodate
further developments, either by improving the already implemented methods or by including
new numerical models and techniques. It also provides all the fundamental means to perform
comparisons with alternative methods, both in terms of accuracy and computational cost. In a
teaching environment, cratepy is a readily available tool for demonstrative purposes and/or
academic work proposals in solid mechanics and material-related courses.

We hope that CRATE contributes effectively to the development of new materials and encour-
ages other researchers to share their own projects.

Figure 2: Schematic illustration of CRATE (cratepy) simulation.
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