42" Danubia Adria Symposium

on Advances in Experimental Mechanics

Split, Croatia  22.-25.09.2026.

Book of Abstracts

ISBN 978-953-7539-26-9




Published by

Croatian Society of Mechanics

Head Oftice
Croatian Society of Mechanics
Ivana Ludiéa 5, HR-10000 Zagreb, Croatia

http://www.csm.hr

Editors:

Prof. Lovre Krstulovi¢-Opara
Assoc.Prof. Zvonimir Tomicevi¢
Assist.Prof. Petra Bagavac
Alen Grebo

Dr.sc. Andrija Zaplatié



=%
4 42nd\
s DAS///;/

'I-!/

CSM < o cEey
cnmmu summ ur HEEHﬁHIES E F )

OOOOOOO

OFTICAL EXTENSOMETERS & DOC 5YSTE

Technical Organizer:

PerfectMeetings.hr



SCIENTIFIC COMMITTEE

President: Prof. Vladimir MILOVANOVIC (University of Kragujevac, Serbia)
Secretary: Prof. Stefan Dan PASTRAMA (University Politehnica of Bucharest, Romania)
Austria:
Prof. Josef EBERHARDSTEINER (TU Wien)
Prof. Florian GRUN (University of Loeben)
Prof. Bernhard PICHLER (TU Wien)
Croatia:
Prof. Lovre KRSTULOVIC-OPARA (University of Split)
Prof. Damir SEMENSKI (University of Zagreb)
Assoc.Prof Zvonimir TOMICEVIC (University of Zagreb)
Czech Republic:
Dr. Karel DOUBRAVA (Czech Technical University of Prague)
Prof. Radim HALAMA (Technical University of Ostrava)
Germany:
Prof.Dr.Ing. Matthias BARTHOLMAI (Federal Institute for Materials Research and Testing)
Dr.Ing. Thomas LEHMANN (Chemnitz University of Technology)
Greece:
Prof. Stavros K. KOURKOULIS (National Technical University of Athens)
Dr. Ermioni D. PASIOU (Hellenic Ministry of Culture)
Hungary:
Prof. Rita KISS (Budapest University of Technology and Economics)
Assoc.Prof. Attila KOSSA (Budapest University of Technology and Economics)
Italy:
Prof. Francesca COSMI (University of Trieste)
Prof. Mario GUAGLIANO (Politecnico di Milano)
Poland:
Prof. Zbigniew L. KOWALEWSKI (Polish Academy of Sciences, IPPT, Warsaw)

Prof. Pawet PYRZANOWSKI (Warsaw University of Technology)



Romania:
Prof. Dan Mihat CONSTANTINESCU (University Politechnica of Bucharest)
Prof. Dr. Adrian PASCU (“Lucian Blaga” University of Sibiu)
Prof. Stefan Dan PASTRAMA (University Politechnica of Bucharest)
Serbia:
Prof. Nenad KOLAREVIC (University of Belgrade)
Assist. Prof. Vladimir MILOVANOVIC (University of Kragujevac)
Prof. Miroslav ZIVKOVIC (University of Kragujevac)
Slovakia:
Ing. PhD FrantisSek NOVY (University of Zilina)
Prof. Eva TILLOVA
Slovenia:
Prof. Igor EMRI (University of Ljubljana)
Dr. Anatoly NIKONOYV (University of Ijubljana)



Table of Contents

INVESTIGATION OF COLUMN BUCKLING AS A LIMITING FACTOR OF A NOVEL TAPLE
SPRING-BASED WINCH FOR USV OPERATIONS 1

A BENCHMARK CASE FOR PREDICTING COMPLETE FRF OUT OF INCOMPLETE. DATA3

FRAGMENTED EPISTYLES RESTORED WITH THREADED TITANIUM BARS: SEEKING
FOR PRE-FAILURE INDICES 5

HIGH TEMPERATURE OXIDATION BEHAVIOUR OF MAR-M247 IN RELATION TO ITS
INITIAL MICROSTRUCTURE 7

LEFFECT OF VARIOUS SURFACE PRE-PROCESSING ON COLDSPRAYED 316L. COATINGS
USING NITROGEN 9

SECONDARY ALUMINIUM ALLOYS ENABLING SUSTAINABLLE ELECTRIC MOBILITY. 11

CHARACTERISATION OF SELF-HARDENING ALZN10SISMG ALLOYS FOR ELECTRIC
VEHICLE COMPONENTS 13

EXPERIMENTAL STUDY OF PHASE COMPOSITION, HYDROGENATION BEHAVIOR
AND MECHANICAL PROPERTILES OF CAST MG-LI ALLOYS 15

MECHANOCHEMICAL SYNTHESIS AND CHARACTERIZATION OF Mg-Fe
NANOCOMPOSITES 17

HYDROGEN EMBRITTLEMENT IN TIG AND LASER WELDS OF S960MC 19

EFFECT OF WEAR ON NANOTRIBOLOGICAL MEASUREMENTS OF ALD-DEPOSITED
TiO2 THIN FILMS 21

METHODOLOGICAL OVERFITTING OF ELASTIC-PLASTIC SURROGATE MODELS 23
OPTIMIZING FIBRILLAR ADHESION: A SURROGATE-BASED APPROACH 25

THREE-POINT CYCLIC BENDING OF NYLON CORDS REINFORCED RUBBER BELTS -
PART 1: EXPERIMENTAL STUDIES 27

THRELE-POINT CYCLIC BENDING OF NYLON CORDS REINFORCED RUBBER BELTS -
PART 2: EXPERIMENTAL RESULTS 29

EFFECT OF BUILD ORIENTATION ON THE TENSILE AND COMPRESSIVE PROPERTIES
OF FFF-PRINTED NYLON 12CF 31

HETEROGENEOUS BIAXIAL TESTING OF SHEET METALS: PLASTICITY, DUCTILE
DAMAGLE AND FRACTURE 33

REDUCTION OF GEOMETRIC STRESS CONCENTRATION BY INTRODUCING
SECONDARY NOTCHES IN A FLAT TENSILE SPECIMEN 35

ANALYSES ON PRECISE TEMPERATURE COMPENSATION FOR STRAIN GAGES 37

PREDICTION OF FATIGUL LIFE IN SLM 316L STAINLESS STEEL: THE IMPACT OF
RATCHETING AND BUILD ORIENTATION 39

EFFECT OF PLATFORM DEFORMATION ON THE RESIDUAL STRESS OF Ti6Al4V
SPECIMENS MANUFACTURED BY PBF-LM TECHNOLOGY 41

EXPERIMENTAL AND NUMERICAL ANALYSIS OF THERMOMECHANICAL BEHAVIOUR
IN LENS ADDITIVE MANUFACTURING 43

INFLUENCE OF 3D PRINTING ORIENTATION ON THE FATIGUE LIFLE OF SL.M-
MANUFACTURED MS1 MARAGING STEEL 45



COMPARISON OF STEADY STATE CREEP BEHAVIOR OF ALSI7ZMG PREPARED BY
SELECTIVE LASER MELTING FOR TWO LAYER THICKNESSES 47

COMPARISON OF MECHANICAL PROPERTILES OF COLLAGEN BLENDS IN DIFFERENT
DEFORMATION STATES 49

INVESTIGATION OF HUMAN BALANCING ON A BALANCE BOARD UNDER VARYING
BOARD RADII AND SUPPORT OFFSET VALULES 51

ONE-DIMENSIONAL BLOOD FLOW ANALYSIS IN AN ARTERIAL TREE WITH FEMORAL
ARTERY STENOSIS 53

INTEGRATED NUMERICAL-EXPERIMENTAL EVALUATION OF AN INNOVATIVE
LOCKING PLATE SYSTEM FOR PAUWELS TYPE III FEMORAL NECK FRACTURES 55

THE INFLUENCE OF THE HAIR COLLECTION SITE ON ITS MECHANICAL PROPERTIES
- PRELIMINARY STUDILES 57

IMMUNE RESPONSE OF THE HUMAN BODY TO MAGNLESIUM BIODEGRADABLE
IMPLANTS 59

STUDY ON THE EFFECT OF RESIDUAL STRESS ON THE FRACTURLE BEHAVIOR OF
ADDITIVE MANUFACTURED ALLOYS 62

APPLICATION OF OPTICAL 3D SCANNING IN THE EVALUATION OF DUCTILITY
PARAMETLERS OBTAINED FROM TENSILE TESTS 64

NEW GENERATION OF DAMPING ELEMENTS FOR VIBRATION MITIGATION 66

THE EFFECT OF VIBRATION ON FIBRE ORIENTATION AND MECHANICAL
PROPERTILS OF MAGNETICALLY TREATED FIBRE REINFORCED CONCRETE 68

EXPERIMENTAL DETERMINATION OF MECHANICAL VIBRATION CONTRIBUTION
TO TORQUE FLUCTUATIONS IN SAVONIUS WIND TURBINES 70

QUASI-STATIC TENSILE BEHAVIOR OF AN ADVANCED MAGNESIUM ALLOY 72

DVC-BASED ANALYSIS OF THE MECHANICAL RESPONSE OF AN APM FOAM ELEMENT
UNDER COMPRESSIVE LOADING 74

DVC-BASED MAPPING OF NOMINAL TO AS-MANUFACTURED LATTICE GEOMETRIES
76

EXPERIMENTAL MECHANICAL CHARACTERISATION OF MODERN METAMATERIALS
AT DIFFERENT STRAIN RATES 78

3D DIC MEASUREMENTS IN IN-SI'TU TRACK-BRIDGLE INTERACTION TESTS 80

QUANTITATIVE DIGITAL IMAGLE CORRELATION FOR FATIGUE DAMAGE
ASSESSMENT IN DEGRADED 10CrMo9-10 STEEFL 82

MULTISCALL DIC MONITORING OF BIAXIAL WINDMILL EXPERIMENT 86
MODEL SELECTION FOR ENERGY DISSIPATION MECHANISMS 88
PARAMETER IDENTIFICATION OF A MECHANICAL SYSTEM 90

FINITE FELEMENT MESH AND STEP SIZE SENSITIVITY IN PHASE-FIELD DAMAGE
MODELING 92

COMPARISON OF ADDITIVELY MANUFACTURED COMPOSITES REINFORCED WITH
BASALT AND CARBON CONTINUOUS FIBRES SUBJECTED TO COMPRESSION 94

THE METHODOLGY FOR DETERMINNING TIME- AND TEMPERATURE- DEPENDENT
PROPERTIES OF ELASTOMERS 96



LARGE LATEX BALLOON INFLATION AS A BENCHMARK EXPERIMENT FOR
EQUIBIAXIAL HYPERELASTIC MATERIAL CHARACTERIZATION 98

VALIDATION OF NON-HOMOGENEOUS EQUIBIAXIAL TENSILE MEASUREMENTS BY

INFLATION OF THIN-WALLED BALLOONS 100
EXPERIMENTAL AND NUMERICAL ANALYSIS OF LOADING SPEED ON THE SNAP-
THROUGH BEHAVIOUR OF SOFT SHELLS 102

EXPERIMENTAL INVESTIGATION OF THE VISCOELASTIC DEFORMATION OF
UNVULCANIZED RUBBER FOLLOWING AN EXTRUSION PROCESS USING AI OPTICAL
DEFORMATION ANALYSIS 104

INCOMPRESSIBLE HYPERELASTIC MODEL SELECTION USING 1D CONVOLUTIONAL
NEURAL NETWORKS 106

NANOINDENTATION-PROBED MICROELASTICITY AND HARDNLESS IN ALKALI-
ACTIVATED SLAG-FLY ASH PASTES 108

CENTRAL FALLING WEIGHT DELECTOMETER TESTING ON A TEMPERATURE-
MONITORED CONCRETE PAVEMENT SLAB 110

COMPARATIVE EVALUATION OF CONCRETE COVER AND CARBONATION DEPTH
MEASUREMENTS ON A DETERIORATED REINFORCED CONCRETE STRUCTURE 112

3D PRINT OF CEMENT-BASED MATERIALS FOR TRANSPORTATION INFRASTRUCTURE
114

FIRE PROTECTION SYSTEMS FOR CFRP-STRENGTHENED CONCRETE MEMBERS
UNDER ELEVATED TEMPERATURES 116

EXPERIMENTAL VERIFICATION OF THE WORKABILITY TIME OF UHPC 118

DEGRADATION OF ELASTIC MODULUS IN CONCRETE DURING CYCLIC
COMPRESSION TESTING 120

LOW-COST VELOCITY MEASUREMENT METHOD OF EXPLOSION-ACCELERATED
FRAGMENTS 122
NUMERICAL STUDY OF VELOCITY OF EXPLOSION-ACCELERATED FRAGMENTS 124

ASSESSING THE BALLISTIC DAMAGE AND STRUCTURAL INTEGRITY OF UHPFRC
SLABS AGAINST 7.62 x 39 mm AMMUNITION 126

A COMPARATIVE STUDY OF FRACTURE MECHANISMS: FATIGUL. VS. CHARPY IMPACT
TESTING 128

STRAIN-GAUGLE INVESTIGATION OF IMPACT LOADS IN A REMOTELY CONTROLLED
DEMOLITION ROBOT 130

HARDNESS EVALUATION METHOD OF HARDFACING METAL PLATES 132
ANALYSIS OF THE CAUSES OF DAMAGE TO THE PPE-STEEL SCREW CONNECTION 134
FREQUENCY RESPONSE ANALYSIS OF A GRANULAR DAMPING ELEMENT 136

DEVELOPMENT OF A SHAKER TEST RIG FOR DAMPING ELEMENT
CHARACTERISATION 138

YIELD SURFACE EVOLUTION IN LPBF SS3161: EFFECTS OF ORIENTATION AND PRE-
DEFORMATION 140

CHARACTERISTIC CURVE IDENTIFICATION FOR PIEZOELECTRIC AXIAL TAILSTOCK
EXCITATION IN TURNING 142



COMPOUNDING SPEED AND ITS ROLE IN THE THERMO-MECHANICAL PROPERTILS
OF PP/GF COMPOSITES 144

FATIGUE TESTS OF ASYMMETRIC RIVETED JOINTS IN COMPOSITES - PRELIMINARY
STUDY 146

MECHANICAL CHARACTERIZATION OF PLANT-STEM-REINFORCED LOAM
COMPOSITES: THIRD-ORDER BEAM THEORY FOR LARGE-DEFORMATION BENDING
AND TENSILE BEHAVIOR 148

UNIVERSAL CUBIC CAPACITY SYSTEM ADAPTED FOR THE TRANSPORT OF
PALLETIZED AND OVERSIZED LOADS UNDER A TARPAULIN COVER 150

MONITORING GRP TANK LOADS CAUSED BY A HEAVY VEHICLE 152

ROBOTIC HANDLING DURING THE ASSEMPLY OF PREFABRICATED WOODEN
PANELS 154

LEFFICIENCY ANALYSIS OF A SIX-AXIS ROBOT IN TIMBER JOINT MANUFACTURING 156

ADVANCED WAVELET AND FREQUENCY-DOMAIN SIGNAL PROCCESING FOR ACTIVE
INFRARED THERMOGRAPHY INSPECTION OF WIND TURBINE BLADES 158

QUASI-STATIC AND IMPACT COMPRESSIVE BEHAVIOUR OF ZE10 MAGNLESIUM
ALLOY AND ZE10/GRAPHENE NANOPLATELET NANOCOMPOSITES 160



'*‘5

I 42n d 42nd Danubia Adria Symposium on Advances in Experimental Mechanics
’ DAS ///III Split, Croatia 22. — 25.09.2026.
L

DEGRADATION OF ELASTIC MODULUS IN CONCRETE DURING
CYCLIC COMPRESSION TESTING

Vladimir MILOVANOVIC!, Vladimir DUNIC?, Milo§ PESIC?, Gordana JOVICIC*, Miroslav
ZIVKOVICS,

' 0000-0003-3071-4728 Faculty of Engineering, Sestre Janji¢ 6, Kragujevac, Serbia, E-mail:
vladicka@kg.ac.rs

2 0000-0003-1648-1745 Faculty of Engineering, Sestre Janji¢ 6, Kragujevac, Serbia, E-mail:
dunic(@kg.ac.rs

3 0000-0002-3405-5216 Institute for Information Technologies, Jovana Cviji¢a bb, Kragujevac, Serbia,
E-mail: milospesic@uni.kg.ac.rs

4 0000-0002-9799-5555 Faculty of Engineering, Sestre Janji¢ 6, Kragujevac, Serbia, E-mail:
gordana.jovicic@kg.ac.rs

5 0000-0002-0752-6289 Faculty of Engineering, Sestre Janji¢ 6, Kragujevac, Serbia, E-mail:
miroslav.zivkovic@kg.ac.rs

1. Introduction

Concrete is a heterogeneous quasi-brittle
material whose response under cyclic compressive
loading is characterized by nonlinear stress—strain
behavior, residual strain accumulation, and
progressive stiffness degradation. Previous studies
have shown that repeated compressive loading
produces stress—strain hysteresis loops, whose
shape reflects the development of irreversible
deformation and internal damage in concrete [1-3].
These effects are commonly associated with the
initiation and propagation of microcracks in the
cement matrix and at the aggregate—cement paste
interface.

The degradation of stiffness can be interpreted
within the framework of damage mechanics, in
which the reduction in elastic modulus is related to
the evolution of a damage variable [4]. The aim of
this paper is to present a brief experimental analysis
of the cyclic compressive response of concrete, with
particular attention to hysteresis loops, energy
dissipation, residual deformation, and stiffness
degradation.

2. Experimental
programme

setup and  testing

Concrete specimens were tested under cyclic
compression using a MATEST servo-controlled
compression testing machine. The specimen was
placed between two steel compression platens, as
shown in Fig. 1. During the test, load, deformation,
time, axial strain, and lateral strain were

continuously recorded by the data acquisition
system.

v

Fig. 1. Concrete specimen during compression testing

The main parameters of the experimental setup
and testing programme are summarized in Table 1.

Table 1. Main parameters of the cyclic compression test
Parameter Value
MATEST servo-controlled
compression testing machine

Testing machine

Cross-sectional area,

22500 mm?

Ao
Axial gauge length, /o 50 mm
Lateral gauge length 50 mm

Control mode

Recorded data

Displacement control
Load, deformation, time,

axial and lateral strain

The stress and axial strain were calculated,
according to Eq. (1) and Eq. (2), as:
£
AO 9

o=

(M
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_ Al ) confirms progressive stiffness degradation of
£=7- @) concrete.

ZO
where F is the measured load, 4y is the initial cross-
sectional area of the specimen, A/ is the measured
deformation, and /y is the initial gauge length.

For a quantitative assessment of stiffness
degradation, the elastic modulus was evaluated for
each loading cycle using the slope of the
corresponding stress—strain response, according to
Eq. (3):

o-i max Gi min
Ei = . (3)
gi ,max - gi ,min
Based on the obtained modulus values, the damage
variable D; was calculated as a measure of elastic
modulus degradation, according to Eq. (4):

D=1-2tt, )

ref
where E; is the elastic modulus in the i-th loading
cycle, and E., is the reference modulus. The
reference modulus was taken as the maximum
stabilized modulus obtained during the initial
loading cycles.

3. Results and discussion

The experimentally obtained stress—strain
response of the concrete specimen under cyclic
compression is shown in Fig. 2. The diagram shows
the formation of hysteresis loops during loading and
unloading. The area enclosed by each loop
represents dissipated mechanical energy, which is
mainly associated with internal friction, microcrack
development, and progressive damage of the
concrete structure.
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Fig. 2. Stress—strain hysteresis loops

A gradual shift of the stress—strain loops towards
higher strain values indicates residual strain
accumulation after unloading. During cyclic
loading, the maximum axial strain increased up to
approximately 0.011, while the peak stress
decreased from about 48 MPa to about 38 MPa,
indicating material softening. The change in the
slope of the loading and unloading branches

The degradation of elastic modulus was further
evaluated through the damage variable D,
calculated using Eq. (4). The evolution of D; with
loading cycle number is shown in Fig.3.

0.35
0.3
0.25
0.2
0.15
0.1
0.05

0
1 2 3 4 5 6 7

Cycle number, i

D;

Damage variable,

Fig. 3. Evolution of damage variable Di during cyclic
compression

The obtained trend confirms that elastic modulus
degradation becomes more pronounced in the final
loading cycles, which is consistent with the
observed softening of the stress—strain response.

4. Conclusions

This paper presented a short experimental
analysis of the cyclic compressive response of
concrete. The stress—strain diagram showed
pronounced hysteresis loops, confirming energy
dissipation, residual strain accumulation and
material softening during loading and unloading.
The evolution of the damage variable Di confirmed
progressive degradation of the elastic modulus
during cyclic compression, with more intensive
damage accumulation in the final loading cycles.
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