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Non-local space-fractional model for complex planar bar-type structures analysis
Szajek K.*, Sumelka W.

Poznan University of Technology (PUT)
Faculty of Civil and Transport Engineering
Division of Computer Aided Design
ul. Piotrowo 5, 60-965 Poznafi, Poland
e-mail: krzysztof.szajek @put.poznan.pl
web page: http://www.put.poznan.pl

KEYWORDS: non-local models, fractional calculus, fractional mechanics, space-fractional truss, discrete
model, statics analysis

Modern mechanical systems, widely deployed across diverse engineering and technological applications, in-
creasingly integrate nanoelectromechanical systems (NEMS) and microelectromechanical systems (MEMS).
At these characteristic length scales, the inherently discrete and atomistic nature of matter does not fit the clas-
sical theories of continuum mechanics, which assume purely local constitutive behavior. They are therefore
inadequate for precise modeling and predictive analysis in these applications.

A wide range of nonlocal phenomenological models have been developed to capture size-dependent and scale-
related effects, including integral-type theories, general nonlocal theories, strain-gradient theories, and microp-
olar theories, among others. However, in the present work the analysis is conducted within the framework of
the Fractional Continuum Mechanics (FCM) model [1].

The primary objective of the present study is to quantify changes in the global structural response resulting from
microstructural modifications in selected members. It has been demonstrated that the microstructure governs
the nonlocal behavior of the material [3] modeled using the fractional model. Consequently, the parameters
of this model can be adjusted to represent microstructural alterations. In this work, various configurations of
fractional order of material o and characteristic length scale ¢ for individual structural members are examined,
with particular emphasis on their influence on the global response and the emergence of unexpected asym-
metry. Additionally, due to the complex and computationally demanding nature of the numerical solution of
fractional calculus cite szajek-2019, a multilevel framework is proposed that employs fractional bar reduction
as a surrogate model [4].

The proposed procedure was assessed using full-scale models of truss-like structures that explicitly account
for local effects. The findings unambiguously demonstrate the impact of microstructural characteristics on the
global structural response, including the emergence of asymmetric deformation in geometrically symmetric
models under symmetric loading and boundary conditions.

ACKNOWLEDGEMENT:
The scientific work was created using the infrastructure of the Poznari Supercomputing and Networking Center.

This research was funded in whole by the National Science Center, Poland, grant number 2023/51/B/ST8/01062.

[1] Sumelka, W., "Thermoelasticity in the Framework of the Fractional Continuum Mechanics, Journal of
Thermal Stresses, Vol., 37/61, pp. 678-706, 2014.

[2] Szajek K., Sumelka W., Identification of mechanical properties of 1D deteriorated non-local bodies,
Structural and Multidisciplinary Optimization, Vol., 59/1, pp. 185-200, 2019.

[3] Szajek K., Sumelka W., Discrete mass-spring structure identification in nonlocal continuum space-
fractional model, The European Physical Journal Plus, Vol., 134 (9), pp. 448, 2019.

[4] Szajek K., Sumelka W., Surrogate model for statics of fractional thin bar element and its equivalence
with mass-spring metamaterial, Scientific Reports, Vol., 15/1, pp.39114, 2025.

1ID120 Session TS1 34



