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Foreword

This book collects the 47 abstracts of the scienti�c works presented at the WECM'23 � 2 nd Workshop

on Experimental and Computational Mechanics , held in Pisa, Italy, from 20 to 22 September 2023.

The overall programme included

ˆ 4 Keynote Lectures;

ˆ 34 Oral Presentations;

ˆ 9 Posters.

All submitted abstracts were reviewed under the responsibility of the Scienti�c Committee.

WECM'23 was organised in the wake of the WECM'22 � 1 st Workshop on Experimental and Com-

putational Mechanics , held in Lublin, Poland, on 1 June 2022. Both events were organised under the

ten-year Agreement of Collaboration signed between the University of Pisa and Lublin University of

Technology for the years 2019�2029. WECM'23 received the patronage of the Department of Civil

and Industrial Engineering (DICI) of the University of Pisa, His Magni�cence the Rector of Lublin Uni-

versity of Technology (LUT) , and the Società Italiana di Scienza delle Costruzioni (SISCo) . The event

was funded by the University of Pisa (UniPI) . Further support was o�ered by the engineering company

AICE Consulting Srl .

The aim of WECM'23 was to gather researchers who use computational and/or experimental ap-

proaches in both Solid and Fluid Mechanics to foster mutual knowledge and promote collaboration

across disciplines. WECM'23 was specially addressed to young researchers � including MSc and PhD

students � hoping to make them grow in love for scienti�c research. The workshop had around 70 reg-

istered participants with a�liations in Italy (around 60%) and Poland (around 30%), besides Portugal,

Serbia, Ukraine, and the United Arab Emirates.

WECM'23 was also the occasion to hold the Final Meeting of the Italian-Polish project titled "Dam-

age Identi�cation in Advanced Composite Materials with Elastic Couplings" (DIACMEC). The DIACMEC

Project was funded by the Italian Ministry of Foreign A�airs and International Cooperation (MAECI)

and the Polish National Agency for Academic Exchange (NAWA) under the Executive Protocol "Canaletto"

for Scienti�c and Technological Cooperation between Italy and Poland for the years 2022�2023.

Pisa, 22 September 2023.

The Chairmen

Prof. Paolo S. Valvo Prof. Sylwester Samborski

University of Pisa, Italy Lublin University of Technology, Poland

iv



Scienti�c Committee

Prof. Maryam Abedi, University of Mazandaran, Babolsar, Iran

Prof. Riccardo Barsotti, University of Pisa, Italy

Prof. Stefano Bennati, University of Pisa, Italy

Prof. Jarosªaw Bienia±, Lublin University of Technology, Poland

Prof. Sini²a Biki¢, University of Novi Sad, Serbia

Prof. Simone Camarri, University of Pisa, Italy

Prof. Anita Catapano, Institut National Polytechnique de Bordeaux, France

Prof. Hubert D¦bski, Lublin University of Technology, Poland

Prof. Marcelo F. de Moura, University of Porto, Portugal

Prof. Daniele Fanteria, University of Pisa, Italy

Prof. Flavio Giannetti, University of Salerno, Italy

Prof. Ramazan-Ali Jafari-Talookolaei, Babol Noshirvani University of Technology, Iran

Prof. Luigi Lazzeri, University of Pisa, Italy

Prof. Marco Montemurro, Ecole Nationale Supérieure d'Arts et Métiers, Bordeaux, France

Prof. Marco Paggi, IMT School for Advanced Studies, Lucca, Italy

Prof. Roberto Paroni, University of Pisa, Italy

Prof. Luciano Rosati, University of Naples �Federico II�, Italy

Prof. Rafaª Rusinek, Lublin University of Technology, Poland

Prof. Tomasz Sadowski, Lublin University of Technology, Poland

Prof. Maria Vittoria Salvetti, University of Pisa, Italy

Prof. Ciro Santus, University of Pisa, Italy

Prof. Jerzy Warmi«ski, Lublin University of Technology, Poland

v



Organising Committee

Dr. Roberto Alessi, University of Pisa, Italy

Dr. Matteo Brunetti, University of Udine, Italy

Dr. Nicola Dardano, University of Pisa, Italy

Dr. Katarzyna Falkowicz, Lublin University of Technology, Poland

Dr. Mariusz Kªonica, Lublin University of Technology, Poland

Dr. Marco Picchi Scardaoni, University of Pisa, Italy

Dr. Jakub Rzeczkowski, Lublin University of Technology, Poland

Dr. Jakub Skoczylas, Lublin University of Technology, Poland

Dr. Panayiotis Tsokanas, INEGI, Portugal

MSc. Eng. Paolo Fisicaro, University of Pisa, Italy

MSc. Eng. Izabela Korzec-Strzaªka, Lublin University of Technology, Poland

MSc. Eng. Mohammadreza Mohaseb Karimlou, University of Florence, Italy

BSc. Eng. Mattia Gasenge, University of Pisa, Italy

BSc. Eng. Monia Mannucci, University of Pisa, Italy

BSc. Eng. Carmine Russo, University of Pisa, Italy

vi



Best Paper Awards

Based on the evaluation carried out by a Selection Committee composed of

ˆ Prof. Simone Camarri, University of Pisa, Italy

ˆ Prof. Luigi Lazzeri, University of Pisa, Italy

ˆ Prof. Jerzy Warmi«ski, Lublin University of Technology, Poland (Chairman)

the following awards were attributed:

ˆ WECM'23 Best Paper Award in Experimental Solid Mechanics

C. Santus, L. Romanelli*, T. Grossi, P. Neri

Analysis on the determination of Chaboche and Bouc-Wen parameters for a quenched and tempered

steel

ˆ WECM'23 Best Paper Award in Computational Solid Mechanics

M. Coppedè*, R. Paroni, M. Picchi Scardaoni

Energy estimates for tape spring devices

ˆ WECM'23 Best Paper Award in Fluid Dynamics

J. Singh*, K. Capellini, B.M. Fanni, A. Mariotti, M.V. Salvetti, S. Celi

Numerical simulations to predict the onset of atherosclerotic plaques in carotid arteries

Best Poster Award

Based on the preferences expressed by the participants, the WECM'23 Best Poster Award was at-

tributed ex aequo to the following two posters presented at the workshop:

ˆ M. Gasenge*, C. Hoareau, L. Rouleau, J.-F. Deü, P.S. Valvo

Experimental characterization and theoretical modeling of damping properties in CFRP composite

structures

ˆ M. Szala*, E. Jonda, L. Šatka, M. Walczak

E�ect of mechanical properties on cavitation erosion resistance of composite coatings manufactured

via HVOF

vii



Websites

ˆ WECM'23

http://wecm23.ing.unipi.it/

ˆ WECM'22

https://wecm22.pollub.pl/

ˆ University of Pisa

https://www.unipi.it/

ˆ Department of Civil and Industrial Engineering

https://www.dici.unipi.it/

ˆ Lublin University of Technology

https://pollub.pl/

ˆ Faculty of Mechanical Engineering

https://wm.pollub.pl/

ˆ Italian Ministry of Foreign A�airs and International Cooperation

https://www.esteri.it/en/

ˆ Polish National Agency for Academic Exchange

https://nawa.gov.pl/en/nawa

ˆ Società Italiana di Scienza delle Costruzioni

https://www.sisco-scienzadellecostruzioni.org/

ˆ AICE Consulting Srl

https://www.aiceconsulting.it/

viii



WECM'23 � 2 nd Workshop on Experimental and Computational Me-
chanics

�Fatti non foste a viver come bruti,
ma per seguir virtute e canoscenza.�

�You were not made to live like brutes,
but to follow virtue and knowledge.�

Dante Alighieri
(Inferno, XXVI, 119�120)



Keynote Lecture 1

Wednesday 20 September 2023, 14:30 � 15:15



Numerical modelling and experimental veri�cation of gradual degradation of
2-phase ceramic and metal-ceramic composites under slow and high strain rates

Tomasz Sadowski 1,� , Daniel Pietras 1, Eligiusz Postek 2 , Roman Gieleta 3, Marcin Chmielewski 4

1Lublin University of Technology, Poland
2Polish Academy of Sciences, Poland

3Military University of Technology, Poland
4Šukasiewicz Research Network, Poland

� Presenting author: t.sadowski@pollub.pl

Keywords: 2-phase composites, damage modelling, experimental tests.

Gradual degradation of brittle composites exhibits di�erent mechanical responses under uniaxial
tension and uniaxial compression. In this paper, we analysed cracking processes and failure under
quasi-static loading of 2-phase ceramic (Al 2O3/ZrO 2) or Al2O3/SiC, subjected to tension and com-
pression. Constitutive modelling of 2-phase ceramic composites obeys the description of (1) elastic
deformations of initially porous material, (2) limited plasticity and (3) cracks initiation and propagation.

Modelling of polycrystalline ceramics at a mesoscopic level under mechanical loading is related
to the analysis of a set of grains, i.e. Representative Volume Element (RVE). The basic elements of
the defect structure inside polycrystals are micro- and meso-cracks, kinked and wing cracks. To get a
macroscopic response of the material one can calculate averaged values of stress and strain over the
RSE with the application of an analytical approach.

A high strain rate degradation process was illustrated for Al 2O3/ZrO 2 and Al 2O3/SiC composites,
which were subjected to short compressive impulses. The pulse duration was 10 -7 s. In the proposed
more advanced �nite elements formulation it was necessary to take into account the following data and
phenomena appearing inside of the RVE: (1) spatial distribution of the composite constituents, (2) system
of grain boundaries/binder interfaces modelled by interface elements, (3) rotation of brittle grains. The
gradual degradation of the Al 2O3 composite response due to pulse loading is presented in Fig. 1.

Figure 1: High strain rate degradation process of the Al 2O3 composite.

Acknowledgements: The results presented in this paper were obtained within the framework of
research grant No. UMO/2016/21/B/ST8/01027 and UMO 2019/33/B/ST8/01263 �nanced by the
National Science Centre, Poland.
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Session 1A � Mechanics of Materials

Wednesday 20 September 2023, 15:15 � 16:00



Comparison of two-phase ceramic composites fracture toughness obtained from
nanoindentation and scratch tests

Tomasz Sadowski 1, Kamil Šosiewicz 1,�

1Lublin University of Technology, Poland

� Presenting author: k.losiewicz@pollub.pl

Keywords: nanoindentation, scratch test, ceramic composites.

Fracture toughness is a parameter that corresponds to material's resistance to crack propagation.
This characteristic can be calculated in laboratory tests, e.g. bending of notched bars or indentation
test [1].

The objective of this study is to compare less frequently used scratch test to conventional methods
mentioned above.

This paper shows results of scratch tests with a use of Rockwell tip. Five types of ceramic composites
with composition ratios of 20, 40, 60, 80 wt% of Al 2O3 content were tested. To estimate the fracture
toughness a linear correlation to hardness and its changing trend along the scratch length was analysed.

Figure 1: NHT3 combined nanoindenter and scratch tester.

References

[1] Sadowski, T.; Šosiewicz, K.: Pop-in phenomenon at nanoindentation and fracture toughness of two-phase ceramic compos-
ites, Mater. Today: Proc., 78 (2), 270�273 (2023). DOI: 10.1016/j.matpr.2022.11.413
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Inclusion of a quartz sand protective layer in polymer matrix composites as a
strategy to improve environmental resistance and mechanical properties

Michaª Budka 1,� , Tomasz Sadowski 1, Przemysªaw Golewski 1

1Lublin University of Technology, Poland

� Presenting author: m.budka@pollub.pl

Keywords: polymer composites, protective layer, inclusion.

Fibre-reinforced composites with a polymer matrix due to low weight and high strength parameters
has found applications in many engineering �elds i.a. in civil engineering, automotive, aerospace engi-
neering. However, sensitivity to environmental factors pose challenges for long-term usability [1]. In this
study, we propose an innovative strategy to enhance the mechanical resistance of polymer compos-
ites by including a protective quartz sand layer [2]. The inclusion method was employed to introduce
�ne-grained quartz into the polymer composite matrix. The inclusion process was developed under
laboratory conditions in to achieve an even distribution of sand in the polymer matrix during the epoxy
resin matrix infusion process.

The results revealed that the inclusion of a protective sand layer have altered the material properties
of the composite. Microstructural analysis showed the distribution of sand in the composite matrix.
Mechanical corrosion test was also conducted on the composite with a protective layer of quartz sand
(Fig. 1). The addition of quartz layer in the structure of the composite led to changes in tensile strength.

The presented �ndings represent a signi�cant step towards the development of more durable and
resilient polymer composites. The results of the research will help in the development and design of
new protection systems.

Figure 1: Samples after mechanical erosion test.

Acknowledgements: This research was funded by the National Centre for Research and Develop-
ment of Poland grant number LIDER XIII 0135/L-13/2022.

References

[1] Ellyin, F.; Maser, R.: Environmental e�ects on the mechanical properties of glass-�ber epoxy composite tubular specimens,
Compos. Sci. Technol., 64 (12), 1863�1874 (2004). DOI: 10.1016/j.compscitech.2004.01.017

[2] Golewski, P.; Sadowski, T.: Technological and Strength Aspects of Layers Made of Di�erent Powders Laminated on a Polymer
Matrix Composite Substrate, Molecules, 27 (4), 1168 (2022). DOI: 10.3390/molecules27041168
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