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Welcome  Address 

Dear colleagues and students, 

On behalf of the Organizing Committee, it is our great pleasure to welcome you to the 4th South 
East European Conference (SEECCM2017) in Kragujevac, Serbia. 

The main objective of the SEECCM2017 is to summarize recent achievements in computational 
methods and their applications to industrial, technological and biomedical processes by bringing 
together leading scientists from all over the world and researchers from the South-East European 
(SEE) region. This goal is particularly important for the development in this field and motivation of 
young researchers and students in the SEE region. 
The first SEECCM conference was held in 2006 in Kragujevac, Serbia and during this conference the 
Serbian Society for Computational Mechanics (SSCM) was founded. On the 10th-year anniversary of 
the SSCM we are happy to have new SEECCM conference in the same city. The previous three 
SEECCM conferences were successful and had a profound impact on the goals of the regional and 
the world community of scientists to invent and apply computational methods in the continuously 
increasing demands in science, technology and medicine. Today, Computational Mechanics is a very 
developed and integrative field which uses fundamental scientific laws and computer methods to 
study, predict and simulate material, engineering, physical, chemical and biomedical processes. 
Computer simulations are indispensable in testing hypotheses and assembling information in a 
quantitative context. 

We have received more than 60 full papers and abstracts which were carefully reviewed before 
acceptance and we are thankful for such positive response. The topics of the papers fall into the area 
of: Solid Mechanics, Fracture Mechanics, Fluid Mechanics, Coupled Problems, Multiscale Modeling, 
Biomechanics, Nanomedicine, Cardiovascular Mechanics, Tissue Engineering, Dental Mechanics, 
Musculoskeletal Mechanics, Sport Biomechanics, Cellular and Molecular Mechanics, Medical Image 
Computing, Computational Chemistry, Medical Image Computing. The abstracts are included in this 
booklet, and some papers will be published in the Journal of the Serbian Society for Computational 
Mechanics, Vol. 11, Issue 1 – Special Issue – Proceedings of the 4th SEECCM, 2017. 
We are delighted to announce the keynote speakers: 

BURCZYNSKI Tadeusz | Institute of Fundamental Technological Research | Poland 

ĐORĐEVIĆ Nenad | Brunel University London | UK 
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FERRARI Mauro | Houston Methodist Research Institute | USA 

FOTIADIS Dimitrios | University of Ioannina | Greece 

HELLMICH Christian | Institute for Mechanics of Materials and Structures | Austria 

IBRAHIMBEGOVIĆ Adnan | University of Technology Compiègne | France 

JEREMIĆ Boris | University of California at Davis | USA 

KLEIN Erik | Slovak Technical University | Slovakia 
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MATTHIES Hermann | Braunschweig University of Technology | Germany 

PEREGO Umberto | Polytechnic University of Milan | Italy 

SCHREFLER Bernhard | University of Padova | Italy 

We are thankful to the supporting organizations: Serbian Society for Computational Mechanics (the 
organizer) and our partners: Faculty of Engineering University of Kragujevac, Bioengineering R&D 
Center BIOIRC; and ECCOMASS and Serbian Academy of Sciences and Arts as auspice organizations. 
Also, we are thankful to the Organizing Committee and collaborators of BIOIRC and Faculty of 
Engineering for extraordinary efforts in solving many tasks regarding Conference preparation and 
support of the authors. We are grateful to the members of the Program and Scientific Committee for 
their dedication and support. 

On behalf of the Organizing Committee we wish you a pleasant stay in the City of Kragujevac – in the 
heart of Serbia, and hope that you will be satisfied with the Conference achievements and enjoy 
Kragujevac’s hospitality. 

Conference Chairs: 
Miloš Kojić, Manolis Papadrakakis and Nenad Filipović 
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Program  at  a  Glance 

Monday 03 July 2017

08:00 - 09:00 Registration 

09:00 - 09:30 Opening Ceremony 

09:30 - 10:00 Keynote speaker – Prof. Christian Hellmich 

10:00 - 10:30 Coffee Break 

10:30 - 11:00 Keynote speaker – Prof. Umberto Perego 

11:00 - 12:30 
Session M.1 

Biomechanics 

12:30 - 14:00 Session M.2 
Mechanics 

Session M.3 
Data Mining 

14:00 - 15:00 Buffet Lunch 

15:00 - 15:30 Keynote speaker – Prof. Bernhard Schrefler 

15:30 - 16:00 Keynote speaker – Prof. Hermann Matthies 

16:00 - 16:30 Coffee Break 

16:30 - 17:00 Keynote speaker – Prof. Mauro Ferarri 

17:00 - 17:30 Keynote speaker – Prof. Boris Jeremić 

17:30 - 18:00 Keynote speaker – Prof. Adnan Ibrahimbegović 

18:00 – 19:30 
Session M.4 

Finite Element Modelling 

20:00 – 24:00 Cultural Program and Gala Dinner 
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Tuesday 04 July 2017

09:00 - 10:30 
Session T.1 

Computational Biology 

Session T.2 
Computational Chemistry 

(part I) 

10:30 - 11:00 Keynote speaker – Prof. Dimitrios Fotiadis 

11:00 - 11:30 Coffee Break 

11:30 - 12:00 Keynote speaker – Prof. Erik Klein 

12:00 - 14:00 
Session T.3 

Computational Chemistry 
(part II) 

14:00 - 15:00 Buffet Lunch 

15:00 - 15:30 Keynote speaker – Prof. Tadeusz Burczyński 

15:30 - 16:00 Keynote speaker – Prof. Nenad Đorđević 

16:00 - 16:30 Coffee Break 

16:30 - 18:30 Session T.4 
Numerical Methods 

18:30 - 19:00 Closing Ceremony 

Computational Chemistry 

Mechanics 

Biomechanics 

Numerical Methods 

Data Mining 

Computational Biology 

Finite Element Modelling 
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Technical  Program 



10 

MONDAY, 03 JULY 2017 

M.1.1 - Interactive Software for Tracking Motion of Otoconia Particles in the Semicircular Canals of the Inner Ear
Tijana Đukić, Igor Saveljić, Nenad Filipović 

M.1.2 - Simulation of Aerosol Particle Flow Through Dry Powder Inhaler Aerolizer®
Tijana Šušteršič, Aleksandra Vulović, Sandra Cvijić, Svetlana Ibrić, Nenad Filipović 

M.1.3 - Finite Element Analysis of Femur During Gait Cycle
Aleksandra Vulović, Tijana Šušteršič, Nenad Filipović 

M.1.4 - Finite Element Analysis of Patient-Specific Bicuspid Aortic Valve
Smiljana Đorović, Aleksandar Milosavljević, Lazar Velicki, Nenad Filipović 

M.1.5 - Modelling Semicircular Canals Using DPD Method
Milica Nikolić, Nenad Filipović 

M.1.6 - Virtual Surgery and Numerical Analysis of Dissected Aorta
Igor Saveljić, Nenad Filipović, Lazar Velicki 

M.1.7 - Optimal selection of Morphometric Parameters for the Creation of Parametric Model of the Human
Mandible Coronoid Process 
Jelena Mitić, Miloš Madić, Nikola Vitković, Miodrag Manić, Miroslav Trajanović 

M.1.8 – Biomechanical Analysis of Jumping Using Force Plate Measurments and Numerical Simulation
Radivoje Radaković, Nikola Mijailović, Aleksandar Peulić, Nataša Petrović-Zdravković, Aleksandra 
Nikolić, Vladislava Stojić, Nenad Filipović 

08:00 - 09:00 Registration 

09:00 - 09:30 Opening Ceremony 

09:30 - 10:00 

Keynote speaker: 
“Engineering Mechanics for Medicine and Biology: News on the “Cement Line” in 

Osteonal Bone.” 

Prof. Christian Hellmich 
Institute for Mechanics of Materials and Structures, Austria 

10:00 - 10:30 Coffee Break 

10:30 - 11:00 

Keynote speaker: 
“Simulation of fracture and delamination in layered shells due to blade cutting” 

Prof. Umberto Perego 
Polytechnic University of Milan, Italy 

Session M.1 - 11:00-12:30 
B iomechanics 
Chair: Velibor Isailović 
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M.2.1 - Simulation of Fracture and Delamination in Layered Shells Due to Blade Cutting
Federica Confalonieri, Umberto Perego 

M.2.2 - Theory of Ambient Vibration Energy Harvester with Piezoelement
Livija Cvetićanin, D. Cvetićanin 

M.2.3 - Lifetime Prediction of Cardiovascular Stent Based on Fatigue to Fracture Approach

Gordana Jovičić, Arso Vukicević, Dalibor Nikolić, Nenad Filipović 

M.2.4 - Analysis of Loads and Deformation of Valve Plate in Contact with Cylinder Block at Axial Piston Pump for
Water Hydraulics 
Nenad Todić, Snežana Vulović, Miroslav Živković, Slobodan Savić, Vesna Ranković 

M.3.1 - Automatic Main Pulmonary Artery Identification on Chest CT using Supervised Machine Learning
Daniel A. Moses, Laughlin Dawes, Claude Sammut, Tatjana Zrimec 

M.3.2 - Framework for creation of customized shape of the shoe insole
Suzana Petrović Savić, Zoran Jovanović, Goran Devedžić 

M.3.3 - Multiscale Microstructural Optimization of Carbon Nanotube/Polymer Structures using Genetic
Algorithms 
Maria Tavlaki, Odysseas Kokkinos, Vissarion Papadopoulos, Manolis Papadrakakis 

M.3.4 - Analysis of Layer Recurrent Network to Estimate Nondimensional Velocity of the Dissociated Gas
Vesna Ranković, Slobodan Savić, Nenad S. Todić 

M.3.5 - Prediction of Second Primary Tumors in Patients with Oral Squamous Cell Carcinoma
Bojana Anđelković Ćirković, Daniela Elena Costea, Nenad Filipović 

Session M.2 - 12:30-13:10 
Mechanics 
Chair: Milica Nikolić 

Session M.3 – 13:10-14:00 
Data Mining 
Chair: Bojana Anđelković Ćirković 

14:00 - 15:00 Buffet Lunch 

15:00 - 15:30 

Keynote speaker: 
“A multiphase porous media model for transport oncophysics” 

Prof. Bernhard Schrefler 
University of Padova, Italy 

15:30 - 16:00 

Keynote speaker: 
“Computational models and Data – a Possible Fusion” 

Prof. Hermann Matthies 
Braunschweig University of Technology, Germany 

16:00 - 16:30 Coffee Break 
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M.4.1 - Finite Element Modelling of Rotary Transfer Machines
Alberto Martini, Marco Troncossi, Nicolò Vincenzi 

M.4.2 - Investigating Low Velocity Impact on Biocomposites by MAT_54 Shell Modeling
Felipe Vannucchi de Camargo, Ana Pavlović 

M.4.3 - Finite Element Modeling in Palletized Products Under Transportation
João Pedro Teixeira Peixoto de Queiroz, Antonio Carlos de Figueiredo Silveira, Felipe Vannucchi de 
Camargo 

M.4.4 - Elastic Post-Buckling Analysis of Rectangular Imperfect Plates Using the Semi-Analytical Finite Strip
Method 
Aleksandar Borković, Saša Kovačević, Dragan D. Milašinović, Gligor Radenković 

M.4.5 - Comparing Design Solutions by Harmonic Analysis in the Case of a Surface Finishing Machine
Ana Pavlović, Cristiano Fragassa, Francesco Ubertini, Giuseppe Lucisano 

M.4.6 - Finite Element Simulation of Turbulent Flow Using k ω−  Model and Rans Equations
Aleksandar Nikolić, Nenad Filipović, Marko Topalović, Miroslav Živković 

M.4.7 - Finite Element Modeling of Benign Paroxysmal Positional Vertigo Disease
Žarko Milošević, Velibor Isailović, Igor Saveljić, Dalibor Nikolić, Vladislava Stojić, Nebojša Zdravković, 
Dušan Pavlović, Nenad Filipović 

M.4.8 - Geometry Optimization of Nitinol Stent Design and Effects on Mechanical Performance: Finite Element
Analysis 
Dalibor Nikolić, Nenad Filipović 

M.4.9 - Computational Fluid Dynamics (CFD) Modeling of the Fluid Flow Through Porous Structures
Varun Sharma 

16:30 - 17:00 

Keynote speaker: 
“Engineering Cancer Nanomedicines” 

Prof. Mauro Ferrari 
Houston Methodist Research Institute, USA 

17:00 - 17:30 

Keynote speaker: 
“Stochastic Elastic-Plastic Finite Element Method, Recent Advances and Developments” 

Prof. Boris Jeremić 
University of California at Davis, USA 

17:30 - 18:00 

Keynote speaker: 
“Coupled Probability-Multiscale-Mechanics Method for Heterogeneous Composites: 

Formulation, Computations and Probability-Based Explanation of Size Effect” 
Prof. Adnan Ibrahimbegović 

University of Technology Compiègne, France 

Session M.4 - 18:00-19:30 
Finite Element Modelling 
Chair: Aleksandra Vulović 



13 

20:00 - 24:00 Cultural Program and Gala Dinner 
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TUESDAY, 04 JULY 2017 

T.1.1 - Mean-Field Approximation of Two Coupled Populations of Excitable Units Modeled by FitzHugh-Nagumo
Elements 
Kristina Todorović, Igor Franović, Nebojša Vasović, Srđan Kostić 

T.1.2 - microRNA Based Methodology for Early Cancer Detection
Marko Živanović, Danijela Cvetković, Nenad Filipović 

T.1.3 - Computer Driven Bioavailability Analysis of Some Important Compounds Found in Anticancer Herbs
Draško Tomić, Miroslav Puškarić, Zlatan Car 

T.1.4 - Modification of Polysaccharides with Phenols for Hydrogels Formation and Electrospinnig
Nikolina Popović, Olga Prodanović, Ivana Gađanski, Danijela Cvetković, Marko Živanović, Vladimir 
Pavlović, Nenad Filipović, Radivoje Prodanović 

T.2.1 - Theoretical Investigation of Antioxidative Activity of Caffeic Acid
Izudin Redžepović, Svetlana Marković, Jelena Tošović 

T.2.2 - QSAR Analysis of Antioxidant Properties of Polyphenols by OH-Related Molecular Descriptors
Nenad Raos, Ante Miličević 

T.2.3 - Antioxidant Activity of the Carboxylate Anions of the Selected Dihydroxybenzoic Acids
Jelena Đorović, Svetlana Jeremić, Edina Avdović, Ana Amić, Jasmina M. Dimitrić Marković 

T.2.4 - Thermodynamics of 2H+/2e- Free Radical Scavenging Mechanisms of 3-(4-Hydroxy-3-
Methoxyphenyl)Propanoic Acid 
Ana Amić, Zoran Marković, Jasmina Dimitrić Marković, Svetlana Jeremić, Bono Lučić, Dragan Amić 

Session T.1 - 09:00-09:40 
Computational Biology 
Chair: Marko Živanović 

Session T.2 - 09:40-10:30 
Computational Chemistry (part I) 
Chair: Dejan Milenković 
 

10:30 - 11:00 

Keynote speaker: 
“Computational Modeling of Long Bone Microstructure and Ultrasonic Evaluation of 

the Fracture Healing Process” 
Prof. Dimitrios Fotiadis 

University of Ioannina, Greece 

11:00 - 11:30 Coffee Break 

11:30 - 12:00 

Keynote speaker: 
“Theoretical Study of Primary Antioxidant Action Thermodynamics” 

Prof. Erik Klein 
Slovak Technical University, Slovakia 
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T.3.1 - Stability of Stoichiometric Networks with Conservation Constraints. The Case of Catalytic Carbonylation
Model 
Željko Čupić, Ljiljana Kolar-Anić, Stevan Maćešić, Katarina Novaković 

T.3.2 - Estimation of Antioxidative Capacity of Anthrarufin
Svetlana Jeremić, Zana Dolićanin, Jelena Đorović, Ana Amić, Marijana Stanojević Pirković, Zoran 
Marković 

T.3.3 - Comparative Study of Antioxidant Activities of Catechol, Protocatechuic Acid and 3,4-Dyhydroxypiridine
Žiko Milanović, Dejan Milenković, Zoran Marković 

T.3.4 - Computational Molecular Docking Studies of the Novel Coumarine Derivative Towards Ubiquinol-
Cytochrome C Reductase Binding Protein and Methylenetetrahydrofolate Reductase 
Edina Avdović, Srećko Trifunović, Dejan Milenković, Zana Dolićanin, Marijana Stanojević Pirković, Zoran 
Marković 

T.3.5 - Thermodynamic and Kinetic Aspects of the Electron-Transfer Reaction of Dopamine and its Metabolites
Towards Substituted Methylperoxy Radicals 
Dušan Dimić, Dejan Milenković, Dragan Amić, Jasmina Dimitrić Marković 

T.3.6 - Computational Molecular Docking Studies of Kaempferol-Procalcitonin Interaction
Marijana Stanojević Pirković, Svetlana Jeremić, Jasmina M. Dimitrić Marković, Dušan Dimić, Dragan 
Amić, Dejan Milenković 

T.3.7 - Protolytic and Tautomerization Reactions of Anthraquinone Dyes
Peter Poliak, Vladimir Lukeš 

T.3.8 - Study of the Structure, Prooxidative, and Cytotoxic Activity of Some Chelate Copper(II) Complexes
Vladimir P. Petrović, Marko N. Živanović, Dušica Simijonović, Jelena Đorović, Zorica D. Petrović, Snežana 
D. Marković

T.3.9 - The Influence of Water Molecule Coordination to a Metal Ion on Water-Nucleic Base Hydrogen Bonds
Jelena M. Andrić, Ivana M. Stanković, Snežana D. Zarić 

Session T.3 - 12:00-14:00 
Computational Chemistry (part II) 
Chair: Jelena Đorović 

14:00 - 15:00 Buffet Lunch 

15:00 - 15:30 

Keynotespeaker: 
“Computational Intelligent Design of 2D Nanostructures Based on Carbon” 

Prof. Tadeusz Burczyński 
Institute of Fundamental Technological Research, Poland 

15:30 - 16:00 

Keynote speaker: 
“Localization and Damage Induced Softening using Finite Element and Smooth Particle 

Hydrodynamics methods” 
Prof. Nenad Đorđević 

Brunel University London, UK 
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T.4.1 - Accuracy of Smeared Finite Element Model Improved by a Field of Correction Factors
Miljan Milošević, Miloš Kojić, Vladimir Simić 

T.4.2 - Convection–Diffusion Transport Model Using Composite Smeared Finite Element
Miloš Kojić, Miljan Milošević, Vladimir Simić, Nikola Kojić, Arturas Ziemys, Mauro Ferrari 

T.4.3 - Universal Service for Solving Systems of Linear Equations
Bogdan Milićević, Miloš Ivanović 

T.4.4 - Parameter Estimation Using HPC on the Cloud Based Optimization Service
Boban Stojanović, Miloš Ivanović, Višnja Simić, Filip Radovanović, Nikola Milivojević 

T.4.5 - Multi-Scale Computational Homogenization of Graphene Polymer Nanocomposites
Gerasimos Sotiropoulos, Vissarion Papadopoulos, Manolis Papadrakakis 

T.4.6 - Aerodynamic Heating of Ballistic Missile Fin Configuration During Supersonic Flight Conditions
Stevan Maksimović, Ognjen Ognjanović, M. Maksimović, I. Vasović 

T.4.7 - Thermo-Mechanical Numerical Analysis of Transformation-Induced Stress Relaxation During Pseudoelastic
Behavior of SMA 
Vladimir Dunić, Radovan Slavković, Elżbieta Pieczyska 

T.4.8 - Solving Contact Problems Using One-dimensional Finite Elements as Elastic Supports and Application in
Angioplasty and Stent Deployment Modeling 
Velibor Isailović, Nenad Filipović, Miloš Kojić 

T.4.9 - Bursting Oscillations on Multiple Time Scales: Quantitative Techniques for Two Types of Systems with
Cubic Nonlinearity 
Ivana Kovačić 

T.4.10 - Software Solution of Cupula’s Membrane Deformation Shew for Use in Clinical Praxis
Radun Vulović, Milica Nikolić, Nenad Filipović 

T.4.11 – Lifetime Predictions of the Car-Carrying Wagon’s Axle Guard
Vladimir Milovanović, Gordana Jovičić, Miroslav Živković 

16:00 - 16:30 Coffee Break 

Session T.4 - 16:30-18:30 
Numerical Methods 
Chair: Miljan Milošević 

18:30 - 19:00 Closing Ceremony 
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Vulović, Milica Nikolić, Nenad Filipović 
 

Human detects angular motion thanks to the excitation 
that is happening inside the semicircular canals (SCCs) 
of the inner ear. Afferent hair cells inside the SCCs are 
the ones that actually play the main role in detecting 
fluid flow inside those canals. 
The present work briefly presents the mechanical and 
mathematical model behind the cupula membrane 
deformation during head rotation. Numerical solutions 
of the full model and a thorough analytical study of the 
linearized model reveal the principal mechanisms of 
canalithiasis. 
Canalithiasis is a condition where small particles (small 
calcite particles, i.e. otoconias, syn. otoliths) disturb the 
flow in the SCCs. That can cause benign paroxysmal 
positional vertigo (top-shelf vertigo) and in our 
software we visualise the the membrane deformation 
for such conditions. 
 
T.4.11 - Lifetime Predictions of the Car-Carrying 
Wagon’s Axle Guard - Vladimir Milovanović, Gordana 
Jovičić, Miroslav Živković 

 
This study focuses on the estimation of lifetime wagon 
structure’s mechanical part. The mechanical part 
chosen for this investigation is an axle guard of running 
gear elements of the Hccrrs 2x2 axle car-carrying 
wagon. The observed axle guard is exposed to low cycle 
fatigue. Lifetime estimation procedure, based upon 
experimental and numerical methods has been 
introduced and applied. A complete cyclic 
characterization of the material is obtained, including 
new experimental ε–N fatigue curves for uniaxial 
tension–compression. The work has been developed 
using the experimental equipment and procedures 
available in Centre for engineering software and 
dynamic testing at Faculty of Engineering University of 
Kragujevac. According to the obtained experimental 
investigation and results performed by numerical 
calculations, the number of cycles until failure of axle 
guard is obtained. 
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75th  Birthday  of  Miloš  Kojić 
 

This year (2017) we celebrate the 75th birthday of 
professor Miloš Kojić. Here are briefly presented his 
personal data and main scientific, professional and 
educational achievements. 
Professor Kojić grew up in the village of Zakuta near 
Kragujevac, where he finished primary school and then 
high school in the city of Kragujevac. He graduated in 
1964 from the Mechanical Engineering Department in 
Kragujevac (University of Belgrade), as the first in his 
generation, and completed MS studies at the Faculty of 
Natural Sciences of the University of Belgrade in 1969. 
He obtained his PhD degree in Mechanical Engineering 
from Rice University, Houston, in 1972. 
The professional career of professor Kojić started in 1964, as an assistant for Mechanics at Mech Eng 
Dept in Kragujevac, and ended by retiring as a full professor in 2007. He was teaching various 
courses in Mechanics and Computational Methods at the undergraduate and graduate level at the 
University of Kragujevac, and others, including Univ Sarajevo and Belgrade Metropolitan University.  
He is the author of more than 10 textbooks.  
He was a Visiting Scholar at Mech Eng Dept of MIT, a Research Scientist at Harvard School of Public 
Heath (10 years); a Research Engineer at ADINA R&D in Watertown, USA (4 years); and a Senior 
Scientist at Automobile Institute “Zastava” Kragujevac (1/3 of working time, 1975-1990). In 2006 he 
was elected as the first president of the Serbian Society for Computational Mechanics and the editor 
of the Journal of the Serbian Society for Computational Mechanics. From 2008 he serves as the 
director of the Bioengineering R&D Center BIOIRC, which he co-founded. From 2009 he serves as 
the Senior Member at Houston Methodist Research Institute. In 2009. he became a Corresponding 
Member of the Serbian Academy of Sciences and Arts. 
The main research interest of professor Kojić is computational mechanics and the Finite Element 
Method in particular. He has over 250 publications, among which are a large number (~150) of 
scientific papers published in world leading journals. In the first period of his career his research was 
focused on nonlinear material problems in FEM, where he introduced the effective-stress-function, 
later generalized to governing parameter method for stress integration. His achievements were 
reported in a number of papers and summarized in the book: M. Kojić and K. J. Bathe, Inelastic 
Analysis of Solids and Structures, Springer, 2005. From 1995 his research was mainly oriented to 
bioengineering problems, particularly related to modeling nonlinear behavior of biologic materials. 
Results were published in various journals and summarized in the book: M. Kojić, N. Filipović, B. 
Stojanović, N. Kojić, Computer Modeling in Bioengineering, J. Wiley and Sons, 2008. More recently, 
from 2009, professor Kojić has been focused on the development of methods and software for 
modeling convective-diffusive transport of particles and molecules within the capillary system and 
tissues, particularly related to cancer. Here, he is leading the development of novel computational 
methodology, resulting finally into smeared models for general biomedical applications. 
Professor Kojić is the founder and PI of the general-purpose FE program PAK (abbreviation in 
Serbian for Program for Structural Analysis), initiated in 1975. The PAK program is today composed 
of many moduli, including: structural analysis with geometrical and material nonlinearities (with 
large number of material models), fracture mechanics, field problems (fluid mechanics, heat 
transfer, flow through porous media), coupled problems (solid-fluid interaction, heat transfer and 
mechanics, flow through deformable porous media); biomechanics with tissue models, muscle 
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models, plaque growth models coupled with blood flow, convective-diffusive transport within 
capillary and tissue systems, multiscale hierarchical diffusion models, smeared models with 
composite finite element formulation. Based on the development of the computational 
methodology and PAK software (with modern pre-and post-processing) a large number of national 
and international (EU, USA) projects, as well as industrial, have been realized over the past several 
decades. Also, a significant number of MS and PhD theses (around 50) have been completed, and 
around 40 researchers are currently engaged in Kragujevac (University of Kragujevac – Faculty of 
Engineeing Sciences and Faculty of Sciences, and R&D Center BIOIRC) within several groups in the 
engineering and biomedical engineering fields. It can be said that a Serbian school of computational 
mechanics has been established in Kragujevac (currently with 15 professors and more than 30 
researchers). 
For his overall achievements in science, engineering, education and contribution to the Serbian 
society, a number of distinguished awards have been given to professor Kojić, including Diploma of 
the City of Kragujevac and Gold Medal of the Serbian Engineering Society. 
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Lifetime prediction of the car-carrying wagon’s axle guard 

Vladimir Milovanović1*, Gordana Jovičić2, Miroslav Živković3 

1 Faculty of Engineering, University of Kragujevac, 6 Sestre Janjic Street, 34000 Kragujevac 

e-mail: vladicka@kg.ac.rs, gjovicic.kg.ac.rs@gmail.com, miroslav.zivkovic@kg.ac.rs 

 

 

*corresponding author 

Abstract 

This study focuses on the estimation of lifetime wagon structure’s mechanical part. The 

mechanical part chosen for this investigation is an axle guard of running gear elements of the 

Hccrrs 2x2 axle car-carrying wagon. The observed axle guard is exposed to low cycle fatigue. 

Lifetime estimation procedure, based upon experimental and numerical methods has been 

introduced and applied. A complete cyclic characterization of the material is obtained, including 

new experimental ε–N fatigue curves for uniaxial tension–compression. The work has been 

developed using the experimental equipment and procedures available in Centre for engineering 

software and dynamic testing at Faculty of Engineering University of Kragujevac. According to 

the obtained experimental investigation and results performed by numerical calculations, the 

number of cycles until failure of axle guard is obtained. 

Keywords: fatigue strength, ε–N method, lifetime estimate 

1. Introduction 

Fatigue analysis and lifetime evaluation are very important in design procedure to assure 

the safety and reliability of mechanical components. Many engineering components in different 

industries are operated in conditions in which they are subjected to low cycle fatigue at room 

and otherwise low or high temperatures. A significant number of papers have been devoted to 

finding a combined methodology for fatigue strength estimation of vital structural components 

made of different materials. 

This paper presents the combined methodology for lifetime estimation of the vital 

structural component of the Hccrrs 2x2 axle car-carrying wagon. Developed methodology is 

based upon the experimental definition of fatigue parameters, defining the numerical model, 

numerical calculation of strength in accordance to corresponding standards and estimation of 

lifetime according to performed experimental and numerical results.  
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2. Technical data of the axle guard of running gear elements of Hccrrs 2x2 axle car-

carrying wagon 

The running gear basically contains wheel sets, a carrying suspension spring and 

suspensions. Axle guards are an integral part of the wheel set of twin-axle wagons and their 

primary role is to protect a free passage of the wagon in the curve, i.e. they are used for 

longitudinal and transverse guiding of the wheel set. The carrying parts of the running gear 

elements of the Hccrrs 2x2 axle car-carrying wagon are made of the S355J0 steel grade, while 

the material of the axle guard is the S355J2+N steel. 

The primary role of the axle guards is to receive longitudinal forces in the processes of 

braking and accelerating and transverse forces in curves (especially when travelling through the 

"S" curve). When passing through the curve the role of the axle guard is to allow the axis 

rotation of the wheel set in relation to the longitudinal axis of the wagon. The structure of the 

axle guard significantly affects the ride quality of the wagon.  

The considered axle guard of running gear elements of the Hccrrs 2x2 axle car-carrying 

wagon is a reinforced axle guard with constant stiffness (linear characteristics). It is exposed to 

low cycle fatigue and must meet requirements for static and fatigue loads according to the UIC 

517 standard, point 3.1 and 3.2, Appendix L2 (Fig. 1.). 

 

Fig. 1. Rigidity of axle guard with constant stiffness (reinforced type) 

3. Fatigue material characterization 

This section describes a complete fatigue characterization of S355J2+N steel grade, carried 

out according to the internal procedures of the Centre for engineering software and dynamic 

testing at Faculty of Engineering University of Kragujevac, based on the ASTM E468-90 and 

ASTM E606-92 standards. 

Uniaxial tension–compression fatigue tests of the S355J2+N steel grade was done at room 

temperature ambient (23±5ºC) The material used in the test was S355J2+N steel grade with the 

monotonic mechanical properties (minimum yield stresses of 345 MPa, minimum tensile 

strength of 530 MPa, Young's modulus 2.1x105 MPa) for thicknesses above 16 mm.  

Uniaxial tension–compression fatigue tests were performed by applying a sinusoidal wave 

in a universal servo-hydraulic machine SHIMADZU Servopulser EV101K3-070-0A, with 100 

kN of axial maximum force. All specimens have finely polished to minimize surface roughness 
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effects. The tests were strain controlled by means of an SHIMADZU DYNASTRAIN TCK-1-

LH dynamic extensometer with a ±1 mm working range. 

The strain levels used to control the fatigue tests were chosen from the previously 

performed monotonic material characterization. The selection criteria were to obtain fatigue life 

cycles between 104 and 106 cycles. The uniaxial tension-compression test planning (loading 

ratio R=-1, i.e. mean strain amplitude εm=0%) is: five levels, three repetitions per level with a 

range of strain amplitude from 0.15% to 0.20%. The test frequency used in the characterization 

was in the range of 3–10 Hz, and the crack initiation criterion (failure criterion) was quick 

stiffness loss (load amplitude loss of about 10%). 

Mathematical model used to describe fatigue behaviour of the S355J2+N steel grade from 

uniaxial tension–compression fatigue tests, i.e. σ-N cyclic curve, are created by taking 

Ramberg–Osgood’s approach presented by equation (1). For description fatigue behaviour of 

the S355J2+N steel grade from uniaxial tension–compression fatigue tests, i.e. ε-N cyclic curve 

equation (2), as the sum of Basquin's and Manson-Coffin's, part was used. 
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Based on obtained experimental results and statistical analysis according to standard 

ASTM E739-91:2004, uniaxial tension–compression strain controlled mechanical properties of 

S355J2+N steel grade have been shown in Table 1.  

 

Uniaxial cyclic properties Value 

Cyclic strength coefficient, K' 1470.45 MPa 

Cyclic strain hardening exponent, n' 0.0234 

Cyclic yield strength, σy' 342.65 MPa 

Fatigue strength coefficient, σf' 575.25 MPa  

Fatigue strength exponent, b  -0.0656 

Fatigue ductility coefficient, εf' 0.0182 

Fatigue ductility exponent, c -0.2807 

Table 1. Uniaxial tension–compression strain controlled mechanical properties of S355J2+N 

steel grade 

According to experimentally obtained uniaxial tension–compression strain controlled 

mechanical properties of S355J2+N steel grade strain–life curve (log–log representation), have 

been determined and shown in Fig. 2. 
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Fig. 2. Strain–life curve from uniaxial tension–compression strain controlled fatigue test of 

S355J2+N steel grade 

4. Numerical calculation and lifetime estimation 

4.1 Description of FEM model 

The running gear elements of the Hccrrs 2x2 axle car-carrying wagon are modelled by 

using the Femap software with the NX Nastran solver, which is based on the finite element 

method. According to the design type, rectangular and triangular (four and three nodes, 

respectively) shell elements of appropriate thicknesses are used for creating a finite element 

mesh. The element length is approximately 40 mm. The 3D model of the running gear of the 

Hccrrs 2x2 axle car-carrying wagon with the axle guard is shown in Fig. 3. 

 

Fig. 3. 3D model of running gear of Hccrrs 2x2 axle car-carrying wagon with axle guard – 

finite element mesh 

4.2 Elastoplastic analysis of axle guard in the case of lateral displacement of 22 mm 

The most unfavorable load case in real conditions of exploitation was considered in the 

calculation of the fatigue strength of the axle guard. The most unfavorable load case is the case 
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when the wagon is loaded with maximum payload and passes through the curve with the 

minimum radius. The aim of the elastoplastic analysis of the axle guard is the determination of 

the plastic strain field. Number of cycles before damage can be determined based on the 

maximum value of the plastic strain. A scheme of the model loading in the case of the axle 

guard lateral displacement of 22 mm at the point of longitudinal force application, is shown in 

Fig. 4. 

 

Fig. 4. Scheme of model loading; maximum lateral displacement y=22 mm 

Based on the elastoplastic analysis the Von Mises equivalent stress field, the total strain 

field and plastic strain field were determined. The plastic strain field calculated using the 

elastoplastic analysis for the axle guard are shown in Fig.5. 

 

Fig. 5. The plastic strain field of axle guard – calculation results 

According to the values of the plastic deformation of the axle guard and obtained fatigue 

material properties of S355J2+N, the number of cycles to failure is determined. The results 

shown in Fig. 6, present dependence of the number of cycles and plastic strain. For the 

considered axle guard, the obtained fatigue life reaches 775007 cycles. The focus of this 

analysis was to predict lifetime of axle guard according to maximal value of plastic strain and 

obtained fatigue material properties of S355J2+N. 
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Fig. 7. Plastic strain-life curve of S355J2+N material obtained by calculation of axle guard 

4. Conclusions 

In this paper is presented the methodology for the evaluation of the structural integrity 

assessment of the axle guard of running gear elements of the Hccrrs 2x2 axle car-carrying 

wagon exposed to a low cycle fatigue. The methodology is based on experimental definition of 

fatigue parameters, a definition of the numerical model, numerical calculation of strength 

according to standards and estimation of fatigue strength by using experimental and numerical 

results. The developed methodology based on the application of numerical, theoretical, and 

experimental techniques of fatigue mechanics has proven to be a powerful tool for the 

prediction of the lifetime of structures exposed to dynamic loads. 
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