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Foreward  
The present volume contains plenary lectures, abstracts and papers of young authors 
competing for the ,,Rastko Stojanović’’ award at the 7th International Congress of 
Serbian Society of Mechanics. The objectives of this Congress, to be held at in 
Sremski Karlovci during the period 24th -26th June 2019, are to review and discuss 
some of the latest trends in various fields of theoretical and applied mechanics as 
well as it aims to bring together the scientific communities of theoretical and applied 
mechanics in an effort to facilitate the exchange of ideas on topics of mutual 
interests, and to serve as a platform for establishing links between research groups 
with complementary activities.  

We are happy to report that the number of accepted papers to be presented at the 7th 
Congress is 119. In addition, among them, 8 invited plenary lectures were presented 
by the authors from Italy,China, Greece, Croatia,Hungary and Serbia. Also, we have  
4 invited speakers for Mini-Simposia. Accepted papers were grouped in the 
following sections General Mechanics, Fluid Mechanics, Mechanics of Solid Bodies, 
Control and Robotics, and  Interdisciplinary and Multidisciplinary  Areas. Also, the 
three Minisymposia were organized with following topics: Nonlinear Dynamics, 
Bioengineering,Turbulence, Waves and diffusion in complex media and  
Biomechanics and Mathematical Biology. 

The Editors would like to express their thanks to all participants of  the  7th Congress 
of Mechanics.First, to the authors of the papers whose quality work is the essence of 
this  event. Next, to  of the papers whosethe distinguished invited lecturers who 
kindly accepted the invitation to come to Congress and helped make it success. We 
owe great thanks to the reviewers of the papers, to the members of the Scientific and 
Organizing Committee.  Also, special  thanks to the organizers of the Mini-symposia 
on Nonlinear Dynamics, Bioengineering,Turbulence, Waves and diffusion in 
complex media and  Biomechanics and Mathematical Biology. The support of the 
members of Steering Committee of Serbian Society of Mechanics in organizing this 
event is also appreciated. Finally, special thanks are also due to those organizations 
which supported financially this Congress: Serbian Society of Mechanics, Ministry 
of Education, Science and Technological Development of the Republic of Serbia,  
Faculty of  Mechanical Engineering, University of Belgrade, Belgrade and Serbian 
Academy of Sciences and Arts- Branch in Novi Sad, Provincial Secretariat for 
Higher Education and Scientific Research. 

It is our great pleasure to welcome  you with us at the 7th Congress International 
Congress of Serbian Society of Mechanics. We would like to wish all participants of 
this Congress  a warm welcome to our country, our Serbian Society of Mechanics 
and Venue Congress place at the Karlovci Gymnasium, Sremski Karlovci, Serbia. 

  
Sremski Karlovci, June, 2019                                                               The Editors    

                       Mihailo  Lazarević,  Srboljub Simić
 Damir Madjarević,Ivana Atanasovska 

                                                                                                  Anđelka Hedrih,Bojan Jeremić 
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Aleksandar Stojkecić, Historical  notes - Sremski Karlovci   

 Prof.Mihailo P. Lazarević, the President of Serbian Society of Mechanics ,Welcome 
address 
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11:15 - 13:00  Parallel Sessions 
 

Session G1  S1 M4 C1 
Hall Classroom 1 Classroom 2 Classroom 24 Classroom 25 

11:15 G1a S1a M4a C1a 
11:35 G1b S1b M4b C1b 
11:55 G1c S1c M4c C1c 
12:15 G1d S1d M4d C1d 
12:35 G1e S1e M4e C1e 
12:55  S1f M4f  
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13:10 - 14:40 Lunch  (Restaurant Bermet) 
 
 
Plenary Lecture (Congress hall ) 
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Session G2 S2 M4 M1 M1 
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17:30 G2a S2a M4g M1p* 17:30 

17:50 G2b S2b M4h M1a 18:00 

18:10 G2c S2c M4i M1b 18:20 

18:30 G2d S2d M4j M1c 18:40 

18:50 G2e S2e M4k M1d 19:00 

19:10  S2f M4l M1e 19:20 
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TUESDAY, June 25, 2019 
 
Plenary Lectures (Congress hall ) 
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9:00 - 9:45      P-4  Peter Van 
                       CONTINUUM MECHANICS AND NONEQUILIBRIUM  
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9:45 - 10:30  P-6  Dušan. Zorica  
                     HEREDITARINESS AND NON-LOCALITY IN 
                      WAVE PROPAGATION MODELLING 
 
10:30 - 10:50 Coffee Break  (Main Hall) 
 
10:50 - 13:00  Parallel Sessions 
 

Session G3 M1 M2 M3 M3 
Hall Classroom 1 Classroom 2 Classroom 24 Classroom 

25 
 

10:50 G3a M1f M2a M3a 10:50 
11:10 G3b M1g M2b M3b 11:20 
11:30 G3c M1h M2c M3c 11:40 
11:50  M1i M2d M3d 12:00 
12:10  M1j M2e M3e 12:20 
12:30  M1k M2f   

    
 
12:50 - 14:15 Lunch  (Restaurant Bermet) 
 
 
Plenary Lecture (Congress hall) 
Chairman: Dušan   Zorica   
 
14:15 - 15:00    P-07  N. Zorić  

INTEGRATION AND IDENTIFICATION OF ACTIVE 
VIBRATION CONTROL SYSTEM FOR SMART FLEXIBLE 
STRUCTURES 
 

15:00 - 15:20     Coffee Break (Main Hall) 
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15:20 - 17:20  Parallel Sessions 
                                                                 
              
Session S3 M1 M2 M3 
Hall Classroom 1 Classroom 2 Classroom 24 Classroom 25 
15:20 S3a M1l M2g M3f 
15:40 S3b M1m M2h M3g 
16:00 S3c M1n M2i M3h 
16:20 S3d M1o M2j M3i 
16:40 S3e              M1r M2k M3j 
17:00 S3f    

 
 
17:00 - 18:00 Round table: HARMONIZATION AND MODERNIZATION OF 

THE CURRICULUM IN ENGINEERING MECHANICS  
17:00-17:15 Katica R. (Stevanović) Hedrih, Academisian LJUBOMIR KLERIĆ 
(June 29, 1844- January 21, 1910); Dedicated to Jubilee 175 years from birthday  
 
 
18:00 - 19:00 General Assembly Meeting of Serbian Society of Mechanics  
                          (Congress Hall )  
 
19:00-19:30       Wine tasting ( winery “Bajilo”) 
 
20:00  - 22:30 Gala Dinner (Restaurant  Pasent ) 
 
 

WEDNESDAY, June 26, 2019 
 
Plenary Lecture (Congress  Hall) 
 
Chairman: HongGuang Sun 
 
9:00 - 9:45    P-5  G. Karanasiou, D. Fotiadis 

IN SILICO CLINICAL TRIALS: MULTISCALE MODELS AND 
STENT INDUSTRY TRANSFORMATION 
 

9:45 - 10:30  P-8   Bojan Medjo  et al.  
                      MICROMECHANICAL CRITERIA OF STEEL WELDMENTS  
                     DUCTILE FRACTURE 
 
10:30 - 12:10 Parallel Sessions                     
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12:10 - 12:35     Coffee Break  (Main Hall) 
 
12:35 - 12:55    B. Popkonstatinović,N.Mladenović, M.Stojićević, Faculty of Mech. 
Eng.,  
                          Belgrade , Presentation book ESCAPEMENT DYNAMICS AND  
                           HOROLOGICAL ERRORS, (Congress Hall) 
 
13:00 – 15:00  Parallel Sessions 

 

Session F1 S5 M2 M5 
Hall Classroom 1 Classroom 2 Classroom 24 Classroom 25 

13:00 F1a S5a M2r M5d 

13:20 F1b S5b M2s M5e 

13:40 F1c S5c M2t M5f 

14:00   M2u  

14:20   M2v  

14:40   M2z  

 
 
 
15:00  Closing Ceremony  (Congress hall) 

Session I1 S4 M2 M5 M5 
Hall Classroom 1 Classroom 2 Classroom 24 Classroom 25  

10:30 I1a S4a M2l M5a 10:30 

10:50 I1b S4b M2m M5b 11:00 

11:10 I1c S4c M2n M5c 11:20 

11:30 I1d S4d M2o   

11:50 I1e S4e M2p   
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F1a:  Iva I. Guranov, Snežana S. Milićev, Nevena D. Stevanović 
PRESSURE DISTRIBUTION IN MICROTUBES WITH VARIABLE CROSS 
SECTION 
 
F1b:  Kristina Kostadinović Vranešević, Anina Glumac, Ulf Winkelmann  
PRESSURE FIELD ANALYSES OF A LOW-RISE BUILDING MODEL 
SURROUNDED BY NEIGHBOURING BUILDINGS IN URBAN AREAS 
 
F1c: J. Sobot, I. Kostić, O. Kostić  
CFD EVALUATION OF TRANSONIC FLOW ANALYSIS AROUND JET 
TRAINER AIRCRAFT  
 
 
Control and Robotics (C)  
 
C1  Chairs: Sreten Stojanović,Jelena Vidaković  

 
C1.a:  Sreten B. Stojanović, Milos M. Stevanović, Milan S. Stojanović,Dragutin LJ. 
Debeljković 
FINITE-TIME STABILITY OF CONTINUOUS-TIME SYSTEMS WITH 
INTERVAL TIME-VARYING DELAY  
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C1b: Miloš M. Živanović 
CONTINUOUSLY DIFFERENTIABLE VELOCITY CONTROL OF A 
MECHANICAL SYSTEM BASED ON SECOND-ORDER DECOMPOSITION 
PRINCIPLE 
 
C1c:  Petar D. Mandić, Mihailo P. Lazarević, Tomislav B. Šekara, Marko Č. 
Bošković,     Guido Maione  
ROBUST CONTROL OF ROBOT MANIPULATORS USING FRACTIONAL 
ORDER LAG COMPENSATOR 
 
C1d: Petar D. Mandić, Mihailo P. Lazarević  
FRACTIONAL ORDER VISCOUS FRICTION MODEL IN ROBOTIC JOINTS    

C1e:   Jelena Z. Vidaković, Vladimir M. Kvrgić, Mihailo P. Lazarević, Zoran Z. 
Dimić 
DEVELOPMENT OF THE ALGORITHMS FOR SMOOTHING OF 
TRAJECTORIES OF A ROLL AND A PITCH AXIS OF A CENTRIFUGE 
MOTION SIMULATOR  

 
 
Interdisciplinary Areas (I) 
 
 
I1 Chairs:   Miodrag Zigić, Predrag  Elek  
 
I1a: Miodrag Zigić, Nenad Grahovac, Lothar Heinrich 
FOUR COMPARTMENT PHARMACOKINETIC MODEL FOR TRANSDERMAL 
DRUG TRANSPORT 
 
11b: Milica M. Glavšić, Predrag M. Elek 
NUMERICAL ANALYSIS OF MINE BLAST ACTION ON A VEHICLE  
 
I1c: J. Sobot, M. Jovanović 
ANALYSIS OF THE IMPACT OF AILERON DEFLECTION ON AIRCRAFT 
SPIN 
 
I1d: O. Ristić, D. Ristić 
NUMERICAL CALCULATION OF GRID FINS IN SUBSONIC FLIGHT EGIME 
 
I1e: Nemanja D. Zorić, Radoslav D. Radulović, Vladimir M. Jazarević  
DEVELOPMENT OF SMALL ELECTRIC FIXED-WING vtol uav 
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M1     Minisymposium – Nonlinear  dynamics   
             Organizers: Katica R. (Stevanović) Hedrih, Ivana Atanasovska  
              Mathematical Institute SASA, Belgrade 
 
M1_1    Chairs: Katica R. (Stevanović) Hedrih, Ivana Atanasovska 
 
 M1p*: Alexander N. Prokopenya (Invited lecture) 
DYNAMICS OF A BLOCK ON A HORIZONTAL ROUGH PLANE WITH 
VARIABLE COEFFICIENT OF FRICTION 
 
 
 M1a:  Katica R. (Stevanović) Hedrih 
DYNAMICS OF A ROLLING HEAVY BALL ALONG CURVILINEAR TRACE 
IN VERTICAL PLANE 
 
 M1b: Georgios Vasileiou 
CAN A MODIFIED MATHIEU - DUFFING OSCILLATOR SIMULATE THE 
DYNAMIC TRANSMISSION ERROR OF A GEAR PAIR? 
 
M1c: M. Minglibayev, A. Prokopenya, O. Baisbayeva 
EVOLUTION EQUATIONS OF TRANSLATIONAL-ROTATIONAL MOTION 
OF A TRIAXIAL BODY WITH CONSTANT DYNAMICAL SHAPE AND 
VARIABLE SIZE IN A NON-STATIONARY CENTRAL GRAVITATIONAL 
FIELD 
 
 M1d: Ljubinko B. Kevac, Mirjana M. Filipović, Živko D. Stikić 
CONSTRUCTIVE STABILITY (INSTABILITY) OF THE SYSTEM 
 
M1e: Marina Trajković-Milenković, Otto T. Bruhns 
LOGARITHMIC RATE IMPLEMENTATION IN NUMERICAL ANALYSIS OF 
FINITE MONOTONIC AND SMALL CYCLIC ELASTOPLASTIC 
DEFORMATIONS 
 
 
M1_2    Chairs: Alexander Prokopenya, Mirjana Filipović 
 
 M1f:  Stevan R. Maćešić, Željko D. Čupić, Milorad M. Anđelković, Ana D. 
Stanojević, Vladimir M. Marković, Ljiljana Z. Kolar-Anić 
REACTION PATHWAYS IN A MODEL WITH TWO SOURCES OF THE 
REACTANT 
 
 M1g: Ana Ivanović-Šašić, Željko Čupić, Stevan Maćešić, Ljiljana Kolar-Anić 
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POSSIBLE DYNAMIC STATES OF THE ACID SOLUTION OF IODIDE AND 
HYDROGEN PEROXIDE 
 
 M1h: Sreten Stojanović, Milos M. Stevanovic, Milan S. Stojanovic, Dragutin LJ. 
Debeljkovic 
FINITE-TIME STABILITY OF DISCRETE-TIME SYSTEMS WITH INTERVAL 
TIME-VARYING DELAY 
 
 M1i: R. Radulović, B. Jeremić, A. Obradović 
REALIZATION OF THE BRACHISTOCHRONIC MOTION OF A 
NONHOLONOMIC VARIABLE MASS MECHANICAL SYSTEM BY IDEAL 
HOLONOMIC CONSTRAINT 
 
 
M1j: Mirjana M. Filipović 
MATHEMATICAL MODEL OF VIBRATORY CONVEYORS MECHANISM 
FOR GRANULAR MATERIAL 
 
 M1k: Jelena M. Djoković, Ružica R. Nikolić, Saša M. Kalinović, ANALYSIS OF 
BEHAVIOR OF THE INTERFACE CRACK THAT IS APPROACHING THE 
THREE-MATERIAL JOINT 
 
 
M1_3  Chairs: Ivana Atanasovska, Jelena Đoković 
 
 M1l: Ivana D. Atanasovska, Dejan B. Momcilovic, Snezana D. Vulović 
THE INFLUENCE OF GROOVES ON THE BEHAVIOR OF STEEL TUBE 
SHOCK ABSORBERS 
 
M1m: Danilo Karličić, Milan Cajić, Sondipon Adhikari 
BIFURCATION ANALYSIS OF BASE EXCITED HARMONIC OSCILATOR 
WITH NONLINEAR ENERGY SINK 
 
 M1n: Branislav Milenković 
MULTIFACTOR ANALYSIS OF DYNAMICS OF THE SLIDER-CRANK 
MECHANISM 
 
 M1o: Đorđe Jovanović  
SCIENTIFIC CALCULATION: EXAMPLE OF GRAPHIC REPRESENTATION 
FOR MAIN FRACTIONAL ORDER MODES OF FRACTIONAL TYPE FORCED 
VIBRATIONS USING CONVOLUTIONAL INTEGRAL – student work  
 
M1r: Stepa M. Paunović 
HOLOGRAPHY IN PHOTOELASTICITY – AN OVERVIEW AND A BRIEF 
REVIEW OF PROF. VLATKO BRČIĆ’S CONTRIBUTION TO THIS FIELD  
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     M2     Minisymposium -  Bionegineering 
       Organizer: Nenad  Filipović,Faculty of Eng., 
                       Univer. of Kragujevac, BioIRC,Kragujevac 
 
M2_1     Chairs:   Nenad  Filipović, Gordana Jovičić 
M2a: Aleksandar Milovanović, Igor Saveljić, Nenad Filipović, Slobodan Savić 

3D RECONSTRUCTION AND NUMERICAL CALCULATION OF 
FRACTIONAL FLOW RESERVE IN ATHEROSCLEROTIC CORONARY 
ARTERIES  

 
M2b: Igor Saveljić, Dalibor Nikolić, Tijana Djukić,Nenad Filipović 

NUMERICAL MODEL OF THE BIO MOLECURAL PARAMETERS TRANSFER 
THROUGH THE CORONARY ARTERY WALL 

M2c: Gordana Jovičić, Smiljana Djorović, Arso Vukicević, Nenad Djordjević, 
Nenad Filipović 
INTEGRITY ASSESSMENT of HUMAN MANDIBLE BY USING FAILURE 
CRITERIA 
 
M2d:  Dejan A. Milenković, Ana D. Amić, Zoran S. Marković, Žiko B. Milanović 
STRUCTURE AND REACTIVITY OF FOLIC ACID  
 
M2e: Dejan Milenković, Dušan S. Dimić, Jasmina M. Dimitrić-Marković, Zoran S. 
Marković 
THE MECHANISTIC STUDY OF THE HYDROGEN ATOM ABSTRACTION 
BETWEEN OCTOPAMINE/NOREPINEPHRINE AND DPPH 
 
M2f: Dalibor Nikolić, Igor Saveljić,Nenad Filipović 
COMBINING NUMERICAL METHODS AND PARAMETRIC OPTIMIZATION 
OF STENT DESIGN 
 
 
M2_2     Chairs:    Miljan Milošević,J elena Đorović 
 
M2g: Jelena R. Đorović, Svetlana R. Jeremić, Zoran S. Marković, Dušan Dimić, 
Marijana Stanojević-Pirković 
ASSESSMENT THE POTENTIAL OF 1,2,4-TRIHYDROXYXANTHONE TO 
INHIBIT P-GLYCOPROTEIN  

M2h:Jelena R. Đorović, Dejan A. Milenković, Ljubinka G. Joksović, Milan D. 
Joksović, Zoran S. Marković  
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PROTEIN-LIGAND INTERACTIONS BETWEEN SELECTED TRIAZOLE 
COMPOUND AND FAD-LINKED SULFHYDRYL OXIDASE ALR  
 
M2i:Bogdan Milićević, Raffaella Santagiuliana, Miljan Milošević, Vladimir Simić , 
Bernhard Schrefler, Miloš Kojić 
COMPUTATIONAL PROCEDURE FOR COUPLING OF TUMOR GROWTH 
AND DRUG DISTRIBUTION MODEL 
 
M2j: Miljan Milošević, Dusica Stojanović, Vladimir Simić, Bogdan Milićević, 
Andjela Radisavljević, Petar Uskoković, Miloš Kojić 
NUMERICAL MODELS FOR DRUG RELEASE FROM DRUG-LOADED 
NANOFIBERS 
 
M2k: Miloš Radović, Arso Vukićević, Alen Zabotti, Vera Milić, Salvatore De Vita, 
Nenad Filipović  
DEEP LEARNING BASED APPROACH FOR THE ASSESSMENT OF 
PRIMARY SJÖGREN’S SYNDROME FROM SALIVARY GLAND 
ULTRASONOGRAPHY IMAGES 

 
M2_3     Chairs:   Tijana Djukić, Miljan Milošević 
 
M2l:Smiljana M. Djorović, Igor B. Saveljić, Nenad D. Filipović, 
COMPUTATIONAL MODELLING OF CAROTID ARTERY AND SIMULATION 
OF PLAQUE PROGRESSION 
 
M2m: Tijana Djukić, Miloš Radović, Danijela Cvetković, Nenad Filipović  
NUMERICAL SIMULATION OF THE INFLUENCE OF THE 
ELECTROMAGNETIC FIELD ON CANCER CELL LINES 
 
 
M2n: Vladimir Simić, Miljan Milošević, Bogdan Milićević, Miloš Kojić 
APPLICATION OF THE CSFE FINITE ELEMENT IN LIVER MODEL WITH 
TUMORS  
 
M2o:Žiko B. Milanović, Edina H. Avdović, Srećko R. Trifunović, Svetlana R. 
Jeremić, Zoran S. Marković 
INVESTIGATION INTERACTION BETWEEN A PALLADIUM (II) 
COMPLEXES WITH A COUMARIN LIGANDS AND SUBSTANCE P-
RECEPTOR  
 
M2p: Žiko B. Milanović, Edina H. Avdović, Srećko R. Trifunović, Zoran S. 

Marković 
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MOLECULAR DOCKING AND MOLECULAR DYNAMIC INVESTIGATION 
OF INTERACTIONS BETWEEN THYROID HORMONE RECEPTOR ALPHA 
(TR-ALPHA) AND NEW COUMARINE DERIVATIVES 
 
 
M2_4     Chairs:   Žarko Milošević,Nenad Filipović 
 
M2r: Ana Vulović, Milašinović Danko, Dragan Sekulić, Aleksandar Tomić, Nenad 

Filipović 
NUMERICAL ANALYSIS OF BLOOD FLOW IN FEMORAL ARTERIES - 
PATIENT SPECIFIC CASE 
 
M2s: Vladimir Geroski, Milos Kojić, Miljan Milošević,Vladiimir Simić, Bogdan 
Milićević, Nenad Filipović 
COUPLED ELECTROPHYSIOLOGICAL AND MECHANICAL FINITE 
ELEMENT MODEL OF THE HEART WALL 
  
M2t: Žarko Milošević, Dalibor Nikolić, Ana Vulović, Nenad Filipović 
HOLOGRAM AND AUGMENTED REALITY BIOMECHANICAL MODELS OF 
A VIRTUAL BALANCE PHYSIOTHERAPIST  
 
M2u: Aleksandra Vulovć, Nenad Filipović 
EFFECT OF THE FEMORAL BONE MATERIAL PROPERTIES ON THE 
NUMERICAL SIMULATION RESULTS 
 
M2v:Tijana Šušteršič, Gorkem Muttalip Simsek, Nihal Engin Vrana, Nenad 

Filipović 
COMPUTATIONAL MODELLING OF CORROSION PROCESS IN MEDICAL 
IMPLANT SURFACES 

M2z: Marko N. Živanović, Dalibor D. Nikolić, Nenad D. Filipović  
USE OF POLYETHYLENE GLYCOL AND POLYCAPROLACTONE IN 3D-
BIOPRINT SCAFFOLD PRODUCTION 
 
 
 
M3     Minisymposium – Turbulence   
             Organizer: Đorđe Čantrak ,University of Belgrade,  
                                 Faculty of Mech. Eng. 
 
M3_1  Chairs:   Aleksandar Ćoćić, Dejan Cvetinović  
 
M3a: Andrea Ianiro, (Invited lecture) 
SOME THOUGHTS ON THE MEANINGFULNESS OF INSTANTANEOUS 
HEAT TRANSFER MAPS IN TURBULENT FLOWS      
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M3b: Đorđe M. Novković, Jela M. Burazer, Aleksandar S. Ćoćić, Milan R. Lečić, 
IMPLEMENTATION OF HAMBA k-ε TURBULENCE MODEL IN OPENFOAM 
SOFTWARE    
 
M3c: Milan M. Raković, Aleksandar S. Ćoćić, Milan R. Lečić,  
NUMERICAL STUDY ON AERODYNAMIC DRAG REDUCTION OF A 
TRACTOR-TRAILER MODEL 
 
M3d: Jelena Svorcan, Marija Baltić, Toni Ivanov, Ognjen Peković, Milica Milić,  
NUMERICAL EVALUATION OF AERODYNAMIC LOADS AND 
PERFORMANCES OF VERTICAL-AXIS WIND TURBINE ROTOR 
 
M3e:  Dejan B. Ilić, Djordje S. Čantrak, Novica Z. Janković, Milan Pajić,  
EXPERIMENTAL INVESTIGATIONS OF THE FLOW UNIFORMITY AND JET 
DEVELOPMENT ON THE FREE JET CALIBRATION WIND TUNNEL   
 
 
M3_2 Chairs:   Jelena Svorcan, Dejan Ilić 
 
M3f:  Dejan Cvetinović, Rastko Jovanović, Jiří Vejražka, Jaroslav Tihon, Kazuyoshi 
Nakabe, Kazuya Tatsumi,  
MATHEMATICAL MODELLING OF VORTEX STRUCTURES OF THE 
TURBULENT AXISYMMETRIC AIR JET MODIFIED BY LOW-AMPLITUDE 
OSCILLATIONS    
 
M3g: Suzana Lj. Linić, Bojana M. Radojković, Marko D. Ristić, Ivana V. Vasović, 
ONE METHOD FOR ORDERING TURBULENCE MEASURING PLACES 
APPLIED TO FREE-CONVECTION FLOW AROUND THERMAL PLANT 
COAL MILL     
 
M3h: Mohammad Sakib Hasan, Jelena Svorcan, Aleksandar Simonović, David 
Daou, Bojan Perić,  
CFD ANALYSIS OF A HIGH ALTITUDE LONG ENDURANCE UAV WING  
 
M3i: Bojan Perić, Aleksandar Simonović, Aleksandar Kovačević, Dragoljub 
Tanović, Miloš Vorkapić,  
NUMERICAL ANALYSIS OF AERODYNAMIC PERFORMANCE OF 
OFFSHORE WIND TURBINE  
M3j:  Jelena T. Ilić, Novica Z. Janković, Slavica S. Ristić, Đorđe S. Čantrak,  
UNCERTAINTY ANALYSIS OF 3D LDA SYSTEM    
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M4:    Mini-symposium- Waves and diffusion in complex media 
         Organizers:  Milan Cajić, Danilo Karličić,  MI SASA,Belgrade 
          Zhuojia Fu, College of Mech. and Materials, Hohai University, Nanjing,China 
 
M4_1  Chairs: Trifce Sandev, Zhuojia Fu 
 

M4a:  Zhuojia Fu, Liwen Yang, Qiang Xi   
SELF-REGULARIZATION SINGULAR BOUNDARY METHOD FOR WAVE 
PROPAGATION ANALYSIS UNDER HOMOGENEOUS SOLID CONTAINING 
MULTIPLE INCLUSIONS    

M4b:Ji Lin, Yongxing Hong, Alexander H.-D. Cheng,  
A LOCALIZED MESHLESS SCHEME COMBINED WITH ASELF-
CORRECTING PREDICTION MODEL TO SIMULATE THERMAL FIELD IN 
PIPE COOLING CONCRETE STRUCTURE   

M4c:Aleksandar Tomović, Slaviša Šalinić, Aleksandar Obradović, Mihailo 
Lazarević, Zoran Mitrović,  
THE EXACT NATURAL FREQUENCY SOLUTION OF A FREE AXIAL-
BENDING VIBRATION PROBLEM 
 
M4d:Qiang Xi, Zhuojia Fu, Nikola Spasojević, Dušan Zorica,  
FRACTIONAL HEAT CONDUCTION EQUATION ON BOUNDED TWO-
DIMENSIONAL DOMAIN  

M4e: Milan Cajić, Stepa Paunović, Danilo Karličić, Sondipon Adhikari,  
BAND STRUCTURE OF FRACTIONALLY DAMPED PHONONIC CRYSTALS    
 
M4f: Marija Stamenković Atanasov, Vladimir Stojanović,  
FORCED VIBRATION OF THE UNDAMPED ROTATING NANOBEAM   
 
 
 
M4_2  Chairs: Ji Lin, Milan Cajić 
 
M4g:  Trifce Sandev, Alexander Lomin, Ljupco Kocarev, 
DIFFUSION AND RANDOM SEARCHES ON COMB STRUCTURES   
 
M4h: Qiang Xi, Zhuojia Fu,  
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INVERSE CAUCHY PROBLEMS OF STEADY HEAT CONDUCTION IN 3D 
FUNCTIONALLY GRADED MATERIALS BY A SEMI-ANALYTICAL 
BOUNDARY COLLOCATION SOLVER  
 
M4i:Dongbao Zhou, Yong Zhang, Hongguang Sun,  
APPLICATION OF TIME FRACTIONAL MOBILE-IMMOBILE MODEL IN 
SIMULATING NON-FICKIAN TRANSPORT IN SELF-AFFINE FRACTURES 
OF A NON-UNIFORM AFG CANTILEVER BEAM WITH A TIP BODY 
 
M4j:Danilo Karličić, Milan Cajić, Stepa Paunović, Sondipon Adhikari,  
DYNAMICS OF NONLINEAR VISCO-ELASTIC METASURFACE WITH 
BOUC-WEN HYSTERESIS     
 
M4k:Stepa Paunović, Milan Cajić, Danilo Karličić, 
INFLUENCE OF THE ATTACHED MASSES ON THE DYNAMIC RESPONSE 
OF A CANTILEVER BEAM UNDER AN IMPULSE SUPPORT MOVEMENT 
 
M4l:Nikola Nešić, Milan Cajić, Danilo Karličić,  
FRACTIONALLY DAMPED NONLINEAR PARAMETRIC VIBRATION OF A 
FUNCTIONALLY GRADED NONLOCAL BEAM  
 

 
M5 Biomechanics and Mathematical Biology 
(Organizers: Andjelka Hedrih, MI SASA, Belgrade,  
                       Ricardo Ruiz Baier,MI, Oxford University, UK) 
 
 
M5_1       Chairs: Ljiljana Z. Kolar-Anić, Ricardo Ruiz Baier  
 
M5a: Ricardo Ruiz Baier, Alessio Gizzi, Alessandro Loppini  
MODELLING CARDIAC BIOMECHANICS USING STRESS-ASSISTED 
DIFFUSION AND THERMO-ELECTRIC EFFECTS          

M5b: Jochen Mau, 
THEORY OF FUNCTIONAL AGING IN HIERARCHICAL DYNAMICS   
 
 
 
M5c:  Ivana D. Atanasovska, Dušan Šarac, Nenad Mitrović  
THE FINITE ELEMENT ANALYSIS OF DENTAL IMPLANT INFLUENCE ON 
STRAIN STATE IN JAWBONE   

M5_2    Chairs: Jochen Mau, Ivana Atanasovska 
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M5d: Željko D. Čupić, Ljiljana Z. Kolar-Anić, Stevan R. Maćešić, Johannes W. 
Dietrich  
ANALYSIS OF COMPLEX STOICHIOMETRIC NETWORKS – hpt AXIS  
 
M5e: Ljiljana Z. Kolar-Anić, Željko D. Čupić, Ana Stanojević, Johannes W. Dietrich  
ON THE MODELLING OF COMPLEX NONLINEAR PROCESS: THYROID 
HORMONE SYNTESIS  
 
M5f: Andjelka N. Hedrih, Katica (Stevanović) Hedrih, 
FRACTIONAL ORDER FORCED OSCILLATORY MODES OF ELEMENTS OF 
THE MITOTIC SPINDLE  
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Abstract 
  

The purpose of this paper was analyzing the performance of the linear tetrahedral finite 
element. As 4-node tetrahedrons are low-order elements that have a very stiff behavior with a 
constant strain field in bending problem analysis, this paper presents the Strain Smoothed 
Element Method [1], which gives considerably better performances of the linear elements 
comparing to standard formulation, without introducing significant changes in FEM. Taking 
constant strains of the adjacent elements into consideration, using this method the linear strain 
field is created in the observed element, which achieves greater precision and hence lowering the 
discontinuity of the stress on the borders between elements. 

In the second part of the paper, numerical examples that encompass two plane stress 
problems were used to examine the performances of the linear tetrahedral element, which has 
already been implemented within the program package PAK, in comparison with the 
performances of the element with a corrected strain field, shown in [1]. As mentioned problems 
that we encounter in modeling with linear elements are overcome in practice with higher order 
approximation, performance of tetrahedral element with parabolic interpolation of the 
displacement field is also analyzed with numerical examples. The comparatively presented results 
obtained from the program packages PAK and Nastran display great agreement of these two 
software packages and significantly bigger precision of elements with a corrected strain field 
compared to the constant strain element. Upon comparing the parabolic and corrected elements, a 
better behavior was observed in the parabolic element. However, as this is an element that has 
greater number of degrees of freedom, the obtained results are fully justified. 

  
Key words: low-order elements, tetrahedral elements, stiffness behavior, strain smoothed element 
method, finite element method 
 
 
1. Introduction 

 
Due to the elementary formulation which refers to linear interpolation of the displacement 

field, linear tetrahedral elements belong to the category of low-order finite elements, so they 
represent introductory elements of the FEM concept. Also, a crucial advantage of these elements, 
in regard to other finite elements, is the possibility of automatic mesh generation in most software 
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packages that implement the finite element method, even for very complex geometries. Because 
of all of the above, these elements are very convenient for software implementation and structure 
analysis.  

On the other hand, the approximation of the displacement field with linear functions, which 
define constant strain and stress field within each element is the main disadvantage of using linear 
tetrahedral finite element. One example of the constraints in using these elements are bending 
problems in which modeling with low order elements leads to a discretization model which is 
stiffer than the real problem, so the resulting deformations are smaller than expected. This is 
partly caused by the constant stress field of these elements, which is linear in bending problems, 
so with a small number of low-order elements it isn’t possible to accurately approximate linear 
varying stress field of bending problem. Except overly stiff behavior, volumetric locking is also a 
known problem and it happens for materials whose Poisson’s ratio values are close to one half. 
The material then exhibits incompressible behavior, i.e. it doesn’t change its volume with the 
changing of stress. In the discretized model this is manifested as mesh locking – the inability of 
the mesh to be deformed. 

Listed limitations indicate that a large number of these elements is necessary for adequate 
approximation of nonlinear physical quantity field. Thus, a question regarding big strain and 
stress discontinuity on the borders between elements arises, which the displacement approach in 
FEM includes for a coarse mesh.  

In order to overcome these disadvantages, numerous numerical methods for increasing the 
accuracy of low-order elements’ coarse mesh have been proposed in literature for decades back 
[2]. Method that has been proven to be very efficient in FEM is the strain smoothing method 
[3,4], which without introducing crucial changes to the FEM concept leads to much better 
convergence behavior and accuracy of linear elements solutions. As early as 2000s a whole 
family of smoothing methods have been developed, which have significantly expanded the 
application domain of low order elements [3-8]. Method for smoothing strain field [1], which has 
proven to be very efficient in solving overly stiff behavior problem of linear tetrahedral elements, 
is presented in this paper. 

In the sections that follow, first of all the isoparametric formulation of linear tetrahedral 
elements is briefly presented. In section 3 the strain smoothing element method is described. At 
the end of the paper, numerical examples which include two plane stress problems showed 
abovementioned element disadvantages, that are comparatively presented in regard to the 
performance of the element with the corrected strain field.  

 
2. Linear tetrahedral finite element 
 

In this chapter, elementary equations of simplest 3D finite element, 4-node tetrahedron, will 
be presented. In literature it is often called the constant strain element, because the displacement 
field is interpolated with a linear polynomial function. Depending on the coordinate system, 
multiple formulation approaches have been developed [9,10], so the most efficient, isoparametric, 
formulation will be briefly presented.  

 
2.1 Isoparametric formulation of linear tetrahedral finite element  

 
Linear tetrahedral element is shown at Figure 1a in the Cartesian coordinate system. 

Geometry interpolation for 4-node tetrahedral element is in the form of:  
  4

1

1,2,3k
i k i

k

x h X i


   (1) 

 in which  ix r ,s,t  are the coordinates of tetrahedral element’s material points, k
iX  are 

coordinates of nodal point k  in global Cartesian coordinate system and  kh r,s,t  are 
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interpolation functions of nodal point k , where 1i   corresponds to axis x , 2i   to axis y  and 
3i   to axis z . 
Similar to the geometry interpolation, displacement of the linear tetrahedral element’s 

material points  iu r,s,t  is calculated as follow:  

 4

1

1,2,3k
i k i

k

u h U i


   (2) 

in which k
iU  is the displacement of node k  in direction of axis i  in global Cartesian coordinate 

system x, y,z . 

             
Figure 1. a) Linear tetrahedral element in global Cartesian coordinate system  b) Natural coordinate system 

of 4-node tetrahedral element 

Interpolation functions  , ,kh r s t  are defined in the natural coordinate system of the element, 

Figure 1b, whereby in case of the linear tetrahedral element they have the following form [9]:  
 1 2 3 41 , , иh r s t h r h s h t        (3) 

In each material point of the tetrahedral element we may define all of six strain components, 
whereby the strain tensor can be presented in the form of: 
  1 2 3 4 1 2 3 4 T        e BU B B B B U U U U  (4) 

in which U represents total displacement vector of element’s nodes, kU  is displacement vector of 
node k , and B  is matrix of derivatives of interpolation functions. 

Submatrices kB  of node k of the linear tetrahedral element are equal to: 
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Coefficients k kb ,c  and kd  are obtained by cycling permutation of index , , ,k l m n , i.e. -

klmn lmnk mnkl nklm   . 
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3. Strain smoothing element method 
 

Smoothed finite element method [3,4] represents an approach of smoothing strain field which 
is applied in standard finite element analysis primarily in order to improve performance of low-
order elements. Combining the technique of strain smoothing, which was originally applied for 
stabilization of nodal integration in the Galerkin’s mesh free method [11], and the finite element 
concept, a method which significantly improves characteristics and convergence behavior of low-
order elements was created. Domain discretization, i.e. mesh of elements, is created in a same 
manner as in the standard FEM, while the primary idea of this method is based in spatial 
averaging of the standard strain gradient field, or so-called smoothing functions. Thus, primary 
difference in comparison to the finite element method is the way of obtaining the stiffness matrix, 
which is not calculated by integration over the element, yet over the smoothing domain. This 
way, depending on the way of forming integration domains i.e. smoothing domains, several types 
of these methods have been formulated, i.e.: cell-based smoothed finite element method – CS-
FEM [3,4], node-based smoothed finite element method – NS-FEM [5], edge-based smoothed 
finite element method – ES-FEM [6,7], face-based smoothed finite element method – FS-FEM 
[8] and others.  

The first applications of strain smoothing in FEM occurred in 2006, when Liu et al. [3] 
recommended smoothing of the strain field of the 4-node quadrilateral element. He named the 
created method cell/element-based smoothed finite element method (SFEM or CS-FEM). Cell-
wise strain smoothing technique was applied in the standard formulation of these elements with 
the purpose of overcoming the limit related to the usage of highly distorted elements and the 
coordinate mapping from a Cartesian into a natural coordinate system. As presented in [3], in 
comparison to FEM, this method achieves much greater solution accuracy and, as there isn’t an 
element shape constraint, the method is much simpler and more robust then FEM. The only 
limitation of the method is material incompressibility, i.e. volumetric locking. After quadrilateral 
elements, this method was applied to general n - sided polygonal elements [12], with the purpose 
of reducing the sensitivity to volumetric locking. In 2012 Nguyen-Xuan et al. expanded this 
method to 8-noded hexahedral elements [13]. 

NS-FEM method, for which the stiffness matrix is calculated based on smoothing domains 
created using elements’ nodes, primarily was used on the mesh of polygonal elements [14]. Other 
than enabling the usage of n -sided polygonal elements, this method lowers the sensitivity of 
elements to volumetric locking. The method was later extended to linear tetrahedral elements [5], 
which achieved higher accuracy and convergence of the stress solution. The main disadvantages 
of this method compared to FEM are greater computational expenses, due to greater bandwidth of 
stiffness matrix. FS-FEM method has shown to be very effective in decreasing the sensitivity of 
3D elements to volumetric locking [8]. This method is a natural extension of the ES-FEM method 
for 2D problems. By applying this method to tetrahedral elements, much better performances are 
achieved compared to standard FEM, even in the domain of nonlinear analysis. Due to its 
simplicity, this method was applied even with visco-elastoplastic analysis of 3D problems [15]. 
But, as is the case with NS-FEM, the computational expenses here are also greater than with 
standard FEM. ES-FEM method is known in literature as the most effective method of strain 
smoothing. This method calculates the stiffness matrix along smoothing domains created based 
on element edges, and its primarily used for strain field smoothing in triangular elements [16]. 
Due to its simple formulation, this method was extended to quadrilateral, polygonal and 
tetrahedral finite elements [7]. Application of this method lowers the stiffness of the model 
created by using tetrahedral elements, i.e. as shown in [7] the method possesses a close-to-exact 
stiffness of the continuous system. 

 
3.1 New strain smoothing method for the 4-node tetrahedral element  
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In contrast to previously mentioned methods that construct a constant strain field in the 
created smoothing domains, in this chapter a tetrahedral element strain smoothing method [1], 
which forms a linear strain field inside the element by taking into account the constant strains of 
surrounding elements, will be presented. The other thing that makes this method very efficient is 
the fact that the smoothing domains are not created and that the linearity is achieved without 
introducing additional parameters and degrees of freedom. So, the domain discretization, 
interpolation function and degrees of freedom remain unchanged in comparison to the standard 
formulation of these elements. Based on the numerical examples analyzed in paper [1], it was 
shown that this method achieves better performances, even when compared to the edge based 
strain smoothing method, which is in literature known as the most efficient method. 

A linear tetrahedral element is observed, thk  edge and the adjacent elements that share this 
edge with the observed element, Figure 2. Let us note that the configuration of the elements along 
the common edge of the tetrahedral element is not unambiguously defined and is closely related 
to the generated mesh of finite elements. 

 
Figure 2. Position of the target element and adjacent elements that also contain the thk  edge  

Along each edge of the tetrahedron the strains are smoothed, and for the observed elements a 
strain vector is defined [1]:  
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e e e   (6) 

where kn  is the number of elements which share the common edge k  with the observed element 

(for the observed configuration 3kn  ), ee  and k
ie  represent strain vectors of the observed 

element and the thi  element that contains the thk  edge, аnd eV  and k
iV  represent their volumes, 

respectively. 
The main difference between smoothing method and standard finite element method is shown 

in the way of determining the elements’ stiffness matrix, which in target elements is calculated 
using the smoothing strain (6). For generating the elements’ stiffness matrix four integration 
points are considered, and their position in the natural coordinate system , ,r s t  is shown in Figure 
3. Smoothed strains are directly assigned to the Gauss integration points, so the following 
equations are true [1]: 
      

 

 

1 2 3 3 5 6

6
1 4 6

1

2 4 5

1 1

5 5

1 1

5 6

1

5

a e d e

b e k

k

c e

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ 

ˆ ˆ ˆ ˆ ˆ ˆ

ˆ ˆ ˆ ˆ



         

     

    



e e e e e e e e e e e e

e e e e e e e e

e e e e e e

  (7) 



M.M.Rafailović, M.M.Živković, J.M.Živković, M.Lj.Bojović, V.P.Milovanović, Correction of the strain field of linear 
tetrahedral finite element using strain smoothing method 

6 

 
Figure 3. Position of Gauss integration points of a tetrahedral element with a smoothed strain field  

We can notice that for the edge located on the boundary of the discretized domain, which belongs 

to only one element, strain field retains the standard form, i.e. k eˆ e e . Also, it is important to 
note that for determining the stiffness matrix of the element with a smoothed strain field only the 
element’s volume and corresponding matrices of derivatives interpolation functions, defined by 
equations (5), are necessary.  
 
4. Numerical examples 
 

This chapter presents the numerical analysis performed in order to check linear and 
tetrahedral elements with midside nodes, that are implemented in the software package PAK [17], 
and to compare their accuracy, i.e. convergence of solutions with those of the element with 
corrected strain field given in [1]. Stress-strain calculation was also performed using the software 
package Nastran, so the performance comparison of the elements implemented into these two 
software packages will be presented. Pre- and post-processing is done using the Femap 
environment [18]. 
 
4.1 Cook’s skew beam problem 
 

Cook’s skew beam problem is given in the literature as an example of bending the variable 
cross-section tapered beam clamped on the left edge, while the right edge is subjected to the 
distributed shearing force of total value P 1N . Dimensions and material properties of the skew 
beam corresponding to the plane stress conditions are shown in Figure 4а.  

         
Figure 4. a) Bending of the variable cross-section skew beam b) Cook’s skew beam problem finite element 

mesh for the case of 8N   elements along edges  
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In order to adequately present the plane stress state in xy  plane, half of the skew beam 

thickness is modeled with boundary condition 0zu   for the nodes of the beam’s central plane. 

Displacement along the x -axis is prevented, i.e. 0xu   for the nodes in zy  plane, as well as 

vertical displacement 0yu   for the central node of the FE model’s central plane, i.e. node 

located in the central line, in order to accurately model the strain of the clamped cross-section. 
This example is used for analysis of the convergence of the von Mises stress numerical 

solution at point A, for different mesh densities  2 4 8N N N , ,  . Along the skew beam 

thickness two rows of elements were used. Figure 4b shows the Cook’s skew beam problem finite 
element mesh.  

Tables 1 and 2 provide an overview of the numerical results obtained by software packages 
PAK and Nastran compared to the reference solution given in [1]. The error of obtained results is 

calculated in percentages using the relation 100ref f ref    , where the indices ref  and 

f refer to the reference and obtained numerical solution, respectively. Since there is continuity of 
displacements in finite element method implemented in PAK, and not of their derivatives, the 
stresses in the node A of the beam are calculated as the arithmetic mean of the stress value of all 
the elements that contain the observed node.  
 
Stress [MPa] PAK 

 Linear element Parabolic element Corrected element 
N  [MPa] [%] [MPa] [%] [MPa] [%] 
2 0.0727 69.34 0.1853 21.85 0.1209 48.99 
4 0.1772 25.26 0.2297 3.12 0.2105 11.19 
8 0.2112 10.92 0.2278 3.92 0.2290 3.40 

Reference solution: 0.2371 
Table 1. Von Mises stress at point А obtained by software package PAK 

Stress [MPa] Nastran 
 Linear element Parabolic element Corrected element 

N  [MPa] [%] [MPa] [%] [MPa] [%] 
2 0.0727 69.34 0.2388 0.72 0.1209 48.99 
4 0.1772 25.26 0.2352 0.8 0.2105 11.19 
8 0.2112 10.92 0.2356 0.63 0.2290 3.40 

Reference solution: 0.2371 
Table 2. Von Mises stress at point А obtained by software package Nastran 

From the presented results, a significantly slower convergence of linear elements compared to 
parabolic elements can be noticed. Of course, by increasing the mesh density, linear elements 
converge to a reference solution. On the other hand, parabolic elements due to the linear strain 
and stress fields that are fully described by the bending problem, even in a case of very coarse 
mesh, have a significantly higher accuracy compared to linear elements.  

By comparing the linear element implemented in software package PAK and the corrected 
element presented in the paper [1], a significantly faster convergence of the corrected element can 
be noticed.  

For the same mesh density, the parabolic element achieves faster convergence compared to 
the corrected element. As the parabolic element uses greater number of degrees of freedom and 
higher-order interpolation functions, the results are completely justified. 

Observing the results obtained by using PAK and Nastran for the case of linear elements, 
these two software packages completely agree. Deviation of the numerical results obtained in 
these two software packages occurs in the case of parabolic elements. Namely, the software 
package Nastran calculates nodal stress values by extrapolation of values from integration points, 
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and therefore the extrapolated nodal values are higher. On the other hand, values obtained in the 
software package PAK represent the exact values obtained at the integration points.    

 
4.2 Block subjected to distributed force 
 

In this example, the block subjected to a distributed compression force that acts along the 
block’s right half of the upper edge of the total value P 1N  is analyzed. Dimensions and 
material properties of the block are shown in Figure 5а.   

              
Figure 5. a) Bending of the block subjected to distributed force b) Finite element mesh of the block for the 

case of 8N  elements along edges 

The bottom edge of the block is clamped, wherein for modeling of the plane stress state in xy  

plane, half of the block thickness is modeled with boundary condition 0zu   for the nodes at the 
central plane of the block. In order to accurately model the strain of the clamped cross-section, 
displacement outside the zx  plane is prevented, i.e. 0yu 

 
for the nodes of this cross section, as 

well as horizontal displacement 0xu   for the central node located in the FE model’s central 
line.  

This example is used for analysis of the convergence of the numerical solution of vertical 
displacement at point A, for different mesh densities  2 4 8N N N , ,  , whereby the mesh of 

discretized model of the block is shown in Figure 5b. Along the block thickness two rows of 
elements were used.  

Table 3 shows an overview of the numerical results of vertical displacement at point A 
obtained in PAK and Nastran using linear and tetrahedral elements with midside nodes, compared 
to the reference solution of the corrected element taken from [1]. The error of obtained results is 

calculated in percentages using the relation 100ref f refu u u  , where the indices ref  and 

f refer to the reference and obtained numerical solution, respectively. 
 

Displacement  
[× 10-8 m ] 

PAK-Nastran 

 Linear element Parabolic element Corrected element 
N  [m] [%] [m] [%] [m] [%] 
2 -6.4882 17.21 -7.993 1.98 -8.1969 4.59 
4 -7.4795 4.56 -7.9107 0.93 -7.8770 0.51 
8 -7.7654 0.91 -7.8949 0.73 -7.8431 0.07 

Reference solution: -7.8372 
Table 3. Vertical displacement at point А obtained by software packages PAK and Nastran 
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The error of linear element displacement in case of a very coarse mesh, 2N  , is as high as 
17,21%, while the corrected element displacement has the error of only 4,59%. Therefore, by 
using the element with corrected strain field, a very good agreement of the obtained results with 
the reference ones is noticed with a relatively coarse mesh, which shows the convenience of using 
this element in cases of displacement field nonlinearity. Comparing the parabolic and corrected 
elements for the same mesh density, the element with midside nodes has a slightly better 
convergence in case of very coarse mesh. Results obtained by the both software packages 
completely agree. 
 
5. Conclusion 

 
In order to overcome the existing problems in the standard formulation of linear tetrahedral 

elements, primarily the very stiff behavior and the discontinuity of stress at the element 
boundaries, the strain smoothing method, which has considerably better elements performance for 
the same mesh density without introducing additional parameters and degrees of freedom, is 
presented in the paper. Using the constant strain of the surrounding elements, the strain field is 
smoothed along the common edge, and a linear corrected field is formed in elements. In this way, 
by retaining the same interpolation functions, we obtain the less stiff element and therefore 
achieve significantly faster convergence. 

The abovementioned problems are shown by numerical analysis on concrete examples. Two 
plane stress problems were considered with the main goal to analyze the linear tetrahedral 
element performance already implemented in the software package PAK, and then to compare its 
convergence rate with the corrected element presented in [1]. As the smoothing method relates 
primarily to linear tetrahedral elements, the main goal was to compare performances of linear and 
corrected element.  Since the problems arising in the linear elements’ application are solved by 
the higher order approximation, i.e., by using tetrahedral elements with midside nodes, the 
performance of these elements was also analyzed.  

Very stiff behavior of elements with a constant strain field is confirmed by bending problem 
analysis. By smoothing the strain field using the method presented in this paper, improvement of 
the characteristics of the 4-node tetrahedral element in bending was noticed. Also, given the good 
agreement of the obtained results with the reference solution in case of a very coarse mesh of 
parabolic tetrahedral elements, the fact of the suitability of applying these elements in nonlinear 
physical quantity field problems is confirmed. 

As the goal in the finite element method is to formulate an element with good performances 
even in case of a very coarse mesh, it can be concluded that this problem is partially solved by the 
smoothing method presented in this paper. The obtained element is less stiff in bending problems 
and for the same mesh density achieves less stress discontinuity on the borders between elements 
due to the linear strain field. Considering the observed benefits of using the elements with 
corrected strain field in bending problems, a further research will primarily focus on 
implementation of the corrected element in the software package PAK and testing its performance 
on the concrete examples.  
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