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Abstract

The complexity of many problems in computational mechanics calls for reliable programming
codes and accurate simulation systems. Typically, simulation responses strongly depend on ma-
terial and model parameters, where one distinguishes between backward and forward models.
Providing reliable information for the material/model parameters, enables us to calibrate the
forward model (e.g., a system of PDEs). Markov chain Monte Carlo methods are efficient com-
putational techniques to estimate the posterior density of the parameters. In the present study,
we employ Bayesian inversion for several mechanical problems and study its applicability to en-
hance the model accuracy. Seven different boundary value problems in coupled multi-field (and
multi-physics) systems are presented. To provide a comprehensive study, both rate-dependent
and rate-independent equations are considered. Moreover, open source codes are provided,
constituting a convenient platform for future developments for, e.g., multi-field coupled prob-
lems. The developed package is written in MATLAB and provides useful information about
mechanical model problems and the backward Bayesian inversion setting.
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Table 1: The overview of the Bayesian inversion codes.

\ Code \ description
MH.m the Metropolis-Hastings techniques
AMH.m the adaptive Metropolis
MH DR.m the delayed rejection Metropolis
DRAM.m the delayed rejection adaptive Metropolis technique
EnKF.m the EnKF-MCMC method
check_bound.m adjust the proposals according to the given upper/lower bounds
covupd.m adaptation of covariance function
prior.m the generation of the uniform prior distribution
EES.m the computation of square error

1. Overview software package

Bayesian inversion is a robust, simple, and efficient computational technique to pro-
vide reliable information about the model parameters and uncertainties. The mechanical
models given in this work constitute relevant model problems that can be further con-
sidered in further works. The provided codes can be introduced/discussed in academic
classes and can be extended to two- or three-dimensional settings. Moreover, the given
examples have been considered in recent fundamental and applied studies. Of course,
there are still several open questions in these fields, and we hope that the codes provided
herein can be a starting point for further researches

In this documentation, we present an overview of the codes and discuss their per-
formance as the forward and backward models. Here, we strive to provide a compre-
hensive package to review the common MCMC techniques. Table (1| shows the MCMC
codes including their description. We should note that in all examples the function
forwardmodel .m is the forward model and considers the response of the model problem
to the given candidates. An overview of the mechanical codes is given in Table [2]

We observed that for the problems with one unknown, all MCMC techniques worked
efficiently. Similar results have been achieved for a two-dimensional probabilistic problem,
in case that the parameters do not correlate (heat problem). For more complicated
examples, MH, AMH, and DR were not effective; therefore, DRAM and EnKF have been
employed. Due to the more efficient proposal adaptation when using the Kalman filter,
the acceptance rate is noticeably higher compared to DRAM. EnKF works well for phase-
field problems, including brittle and ductile fracture. The obtained results for fatigue
fracture were not as good as for other examples, likely due to the high correlation of the
critical fracture and fatigue parameters.



Table 2: The overview of the one-dimensional mechanical codes.

’ Code \ example \ description

elasticity_1D.m Example 1 | the main script to infer £
linelast.m Example 1 | computation of the elasticity
heat_1D.m Example 2 | the main script to infer x and K
EP_1D.m Example 3 | the main script to infer £/, H, and oy
Global stiffness_Initial cal.m | Example 3 | calculation of the stiffness matrix

force vector in elastoplastic deformation
brittle_1D.m Example 4 | the main script to infer £ and G.
elasticity PDE.m Example 4 | elasticity equation in brittle fracture
phase field PDE.m Example 4 | phase-field equation in brittle fracture
ductile 1D.m Example 5 | the main script to infer F, oy, wy, and H
elasticity_PDE.m Example 5 | elasticity equation in ductile fracture
plasticity PDE.m Example 5 | plasticity equation in ductile fracture
phase_field PDE.m Example 5 | phase-field equation in ductile fracture
thermoelastic_1D.m Example 6 | the main script to infer G, F, K, and «
elasticity PDE.m Example 6 | elasticity equation in thermoelastic fracture
plasticity_thermal.m Example 6 | thermal equation in thermoelastic fracture
phase_field PDE.m Example 6 | phase-field equation in thermoelastic fracture
fatigue 1D.m Example 7 | the main script to infer £, k, G, and ~,
elasticity PDE.m Example 7 | elasticity equation in fatigue failure
phase_field PDE.m Example 7 | phase-field equation in fatigue failure
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