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Preface 
 
 
In 2013 the Strength of Materials Laboratory from POLITEHNICA University of Timisoara 

reaches its 90th anniversary. The Strength of Materials Laboratory was opened in 1923 in the 

presence of King FERDINAND and Prime Minister I. C. BRATIANU. The lab was equipped 

with the support of the Rector of Politehnica School from Timisoara professor Traian 

LALESCU and Strength of Materials professor C. C. TEODORESCU. First tests with students 

were held in 1923, and the first student “Laboratory notebook” was published in 1924. In 1931 

the laboratory was visited by King CAROL the Second and Prime Minister Nicolae IORGA. 

Over the years the Laboratory has developed considerably and now represents one of the main 

facilities in the West part of Romania for materials testing, experimental and numerical stress 

analysis.  

To celebrate this anniversary POLITEHNICA University of Timisoara, Fundatia 

POLITEHNICA and Romanian Association on Experimental Stress Analysis (ARTENS) 

organized the 14th Symposium on Experimental Stress Analysis and Materials Testing in 

Timisoara from 23 to 25 May 2013. The conference which was attended by scientists from 12 

countries (Austria, Belgium, Finland, Germany, Italy, Poland, Romania, Serbia, Slovakia, 

Slovenia, Spain, UK)  represents a forum for latest researches on experimental and numerical 

stress analysis aspects, material testing, fracture, fatigue, biomechanics, vibration and noise 

fields. The conference program consists in one plenary session and 11 paralel sessions. This 

volume represents a collection of papers presented at the conference. The proceedings are 

structured on five parts: Experimental Stress Analysis and Materials Testing, Analytical and 

Numerical Stress Analysis, Biomechanical Applications, Civil Engineering Applications, and 

Mechanical Behavior of Cellular Materials. 

The Editor would like to thank the members of the Local Organizing Committee and 

International Scientific Committee for help and support, which were essential to the success of 

the conference. Also the support of our sponsors is greatly acknowledged. 

 
Editor 
Prof. Liviu MARSAVINA 
Timișoara, December 2013   
 
 
 
 

  



Committees 
 
 

Local Organizing Committee 
 
Prof. Viorel Aurel SERBAN – 
RECTOR of UPT 
 
Prof. Tiberiu Dimitrie BABEU  
Prof. Liviu BERETEU 
Prof. Gheorghe DRAGANESCU 
Prof. Ion DUMITRU 
Dr. Anghel CERNESCU 
Prof. Nicolae FAUR 
Dr. Mihai HLUSCU 
Prof. Liviu MARSAVINA 
Dr. Radu NEGRU 
Dr. Marcela SAVA 
Dr. Dana SILAGHI-PERJU  
Prof. Mirela TOTH TASCAU 
Prof. Pavel TRIPA 
 
 

International Scientific Committee 
 
Prof. Holm ALTENBACH - Germany 
Prof. Costică ATANASIU – Romania 
Prof. Dumitru BALEANU – Turkey 
Prof. Cristina BORTUN – Romania 
Prof. Dan Mihai CONSTANTINESCU – Romania 
Prof. Francesca COSMI – Italy 
Prof. Ioan CURTU –  Romania 
Prof. Geert DeSCHUTTER – Belgium  
Dr. Mircea Cristian DUDESCU – Romania 
Prof. Igor EMRI – Slovenia 
Prof. Lluis GIL – Spain 
Prof. Anton HADAR – Romania 
Prof. Mihail HARDAU – Romania 
Prof. Werner HUFENBACH – Germany 
Prof. Ji-Huan HE - China 
Prof. Nicolae ILIESCU – Romania 
Prof. Ivelin IVANOV – Bulgaria 
Dr. Jaroslav KOVACIK – Slovakia 
Prof. Nuno MAIA – Portugal 
Prof. Vasile NĂSTĂSESCU – Romania  
Prof. Stefan Dan PASTRAMĂ - Romania 
Prof. Ioan PĂSTRAV - Romania 
Prof. Gerald PINTER – Austria 
Prof. Guy PLUVINAGE – France 
Dr. Marko RAKIN – Serbia 
Prof. Tomasz SADOWSKI – Poland 
Prof. Marin SANDU - Romania 
Prof. Alexander SEDMAK – Serbia 
Prof. Vadim SILBERSCHMIDT – United Kingdom  

  



Sponsors 
 
 

□ AQUATIM S.A.  

□ ASOCIAȚIA ROMÂNĂ DE TENSOMETRIE 

□ CONTINENTAL AUTOMOTIVE ROMANIA S.R.L.  

□ FUNDAȚIA POLITEHNICA TIMIȘOARA 

□ INICAD S.R.L.  

□ KATHREIN S.A.  

□ MICRONIX PLUS S.R.L.  

□ PRIMĂRIA MUNICIPIULUI TIMIŞOARA  

□ REGIA AUTONOMĂ DE TRANSPORT TIMIŞOARA  

□ SELFMED CLINIQUE S.R.L. 

□ SPECTROMAS S.R.L.  

□ STANDARD SERVICE 2000 S.R.L. 

□ UNIVERSITATEA POLITEHNICA din TIMIȘOARA 

□ ZOPPAS INDUSTRIES ROMANIA S.R.L 

 



Table of Contents

Preface, Committees and Sponsors

Chapter 1: Experimental Stress Analysis and Materials Testing

Apparatus for Measuring Dynamic Bulk Compliance of Time-Dependant Materials
A. Oseli and I. Emri 3

Novel Testing Device for the Experimental Stress Concentration Analysis of Multilayer
Textile Composites under In-Plane Compressive Load
B. Grüber, W. Hufenbach, R. Gottwald, M. Lepper, N. Modler and B. Zhou 7

Cyclic Loading of Polyetheretherketone at High Tensile Stress Levels
M. Berer, Z. Major, G. Pinter, D.M. Constantinescu and L. Marsavina 12

Considerations on the Necessity of Determining Principal Stresses and Directions for
Analysis of Material Durability under Multiaxial Fatigue
I. Dumitru, L. Kun, M. Sava and M. Hluscu 17

Steels as Materials for Sonotrode Tools
J. Kováčik and Š. Emmer 21

Fatigue Response of the Hybrid Joints Obtained by Hot Spot Welding and Bonding
Techniques
T. Sadowski, M. Kneć and P. Golewski 25

Flexural Properties of Polyamides: Influence of Strain Rate, Friction and Moulding-
Induced Anisotropy
D.A. Serban, T. Voiconi, L. Marsavina and V.V. Silberschmidt 29

Measurement of Thermoplastics Tensile Proprieties Using Digital Image Correlation
C. Dudescu, A. Botean, M. Hărdău and N. Bal 33

Evaluation of the Thermally Sprayed Cermet Coatings Adhesion by Scratch Test
I.D. Utu and V.A. Şerban 37

Deflection Determination of V-Beam Thermal Sensors Using Digital Image Correlation
R. Chiorean, C. Dudescu, M. Pustan and M. Hărdău 41

State of Stress Determination in a Water Drinker by Numerical and Experimental Methods
I.A. Chereche, C. Dudescu, G.D. Lakatos, I. Vidican and M. Bejan 45

Mechanical Behaviour of Nickel Based Amorphous Alloys during Tensile Test at Different
Strain Rates
F.M. Cornea, C. Codrean, D. Buzdugan and V.A. Şerban 50

Measurement and Analysis of Noise Generated in a Tram Rail Wheel Contact
A.C. Ungureanu, L. Bereteu, A. Tocarciuc, R. Nagy and D. Simoiu 54

A Comparison of Composite Bars against Metallic Bars from the Mass per Unit Length
Point of View
C.M. Miritoiu, D. Bolcu, M.M. Stanescu, R. Vîlcu and D. Ilincioiu 58

Chapter 2: Analytical and Numerical Stress Analysis

Effect of Exploitation Conditions and Flaw Geometry on the Load Carrying Capacity of
Casing Pipes for Oil Drilling Rigs
M. Rakin, B. Medjo, M. Arsić, Ž. Šarkoćević and A. Sedmak 65

Estimation of Thermal Stress Intensity Factor in a Strip with Various Property Gradations
Subjected to Thermal Shock
T. Sadowski, D. Pietras and I. Ivanov 71

Structural Solutions for Ship Hull Plates Strengthening, under Blast Loads
I. Chirica and E.F. Beznea 76

A Special Pipe Support Analysis
C. Ilinca and S. Vasilescu 80

A Strength Calculation of a Nozzle Using Comparative Methods
S. Vasilescu and C. Ilinca 84



b Proceedings of the 14th Symposium on Experimental Stress Analysis and
Materials Testing

Buckling Behaviour of the Delaminated Sandwich Plates under Combined Loads
E.F. Beznea and I. Chirica 88

Theoretical Meso-Model of Al2O3/ZrO2 Ceramic Response under Compression
T. Sadowski and L. Marsavina 92

Cracked Pre-Stressed Elastic Composite Subjected by Sliding Forces I. Mathematical
Modelling
E.M. Craciun, I. Nicolae, B. Radoiu, G. Carlig and L. Mateescu 96

Creep Behaviour of a Thermoresistant Steel Working under Thermal Loads
M. Hluscu and P. Tripa 100

Fatigue Calculation of a Car Component Subjected to Random Vibrations
C. Razvan and I. Lupea 104

Mathematical Aspects Regarding Cracks Behaviour in Wood Composites
E.M. Craciun, T. Sadowski, L. Marsavina and A. Rabaea 108

Stress Analysis of Hyperbaric Chambers of Different Geometries
S. Petronic, U. Tatić, S. Sedmak, A. Djeric and Z. Komnenic 112

Stress and Displacements Analysis for Drilling Mast Elements Made of Rectangular Pipe
under the Action of the Wind as a Hurricane
L.S. Stanciu and I. Popa 116

Stress and Displacements Analysis for Drilling Mast Elements Made of Rectangular Pipe:
The Overload Test Case
I. Popa and L.S. Stanciu 120

The Effect of the Secondary Bending Moment on the Fracture Strength Evaluation of the
Laser Welded Joints from a Web Core Sandwich Structure
A. Cernescu, J. Romanoff and H. Remes 124

Study of Multiple Holes Influence on Theoretical Stress Concentration Coefficient in Case
of Cylindrical Vessels
N. Faur, S.V. Galatanu and M. Hluscu 129

Synthesis and Analysis of the Bellows Actuators
V.S. Jişa and D. Mândru 133

Correlation between Numerical and Experimental Analysis Using Model Updating
Techniques
P. Rosu, M. Mihaila, R. Canarache and E. Dascotte 137

Chapter 3: Biomechanical Applications

Ocular Thermography: Investigation on some Pathologies
A. Corvi and S. Matteoli 143

Modeling and Finite Element Analysis of the Human Knee Joint Affected by Osteoarthritis
D. Tarnita, M. Catana and D.N. Tarnita 147

Calculation of Maximum Tensile and Shear Forces in Restorative Materials Using Finite
Element Method
M. Milosevic, U. Tatić, S. Sedmak, J. Perović and V. Miletić 151

Evaluation of Rearfoot Deformity Based on Instrumented Motion Analysis. Talus Valgus
Case Study
D.I. Stoia, M. Toth-Taşcău, C. Vigaru and O. Pasca 155

Influence of Acetabular Liner Design on Periprosthetic Pressures during Daily Activities
M. Krepelka and M. Toth-Taşcău 159

Influence of the Sampling Rate on the Measurements of the Upper Limb Movements
M. Toth-Taşcău, D.I. Stoia and F. Bălănean 163

Stress Distribution in an Artificial Cruciate Ligament during the Gait Cycle
L. Bogdan, C.S. Nes, A. Enkelhardt, N. Faur, C. Sticlaru and J.M. Pătraşcu 167

Stress State Evaluation in Complete Denture by Electrical Resistance Strain Gage
A. Cernescu, N. Faur and C. Bortun 171

Clinical Outcomes after Chevron Procedure are Better than Pedobarographic Results
R. Prejbeanu, D. Vermesan, H. Haragus, S. Vermesan and D.I. Stoia 177

Troughing after Scarf Osteotomy Leads to Minimal Gait Alterations
H. Haragus, R. Prejbeanu, D. Vermesan, C. Bogdan and M. Toth-Taşcău 181



Key Engineering Materials Vol. 601 c

First Metatarsophalangeal Arthrodesis Modifies Plantar Pressures Distribution
D. Vermesan, R. Prejbeanu, H. Haragus, M. Toth-Taşcău and D.I. Stoia 185

Determination of Young's Modulus of Hydroxyapatite Doped with Magnesium by Vibration
Method
O. Suciu, L. Bereteu, G. Drăgănescu and T. Ioanovici 189

Virtual Geometric Model of the Human Lower Limb
L. Rusu, M. Toth-Taşcău and C. Toader-Pasti 193

Chapter 4: Civil Engineering Applications

Vibrated Concrete vs. Self-Compacting Concrete: Comparison of Fracture Mechanics
Properties
S. Korte, V. Boel, W. de Corte and G. De Schutter 199

Bending Performance of Concrete Beams Strengthened with Textile Reinforced Mortar
TRM
L. Gil, C. Escrig and E. Bernat-Maso 203

Dynamic Testing of a Reinforced Concrete Road Bridge
C.L. Ghindea, I.R. Racanel and R. Cruciat 207

Calibration of a Wooden Floor Calculation Model Based on the Experimentally Determined
Dynamic Characteristics
C. Gavriloaia, C. Corduban, D. Isopescu, N. Taranu and M. Budescu 211

Experimental Case Studies on Clay Fired Bricks Compressive Strength
O. Suciu, R. Cruciat and C.L. Ghindea 215

Experimental Testing of a Base Isolated Model in Laboratory Conditions
R. Cruciat and C.L. Ghindea 219

Influence of Cracks on Chloride Penetration in Mortar Specimens Subjected to Cyclic
Treatment
C. Sosdean, L. Marsavina and G. De Schutter 223

Mechanical and Dynamic Characteristics of Laminated Glass Sheets Used for Staircases
C.L. Ghindea, D. Cretu, R. Cruciat and O. Bogdan 227

On-Site Experimental Testing to Study the Vibration of Composite Floors
C.L. Ghindea, D. Cretu, M. Popescu, R. Cruciat and E. Tulei 231

Chapter 5: Mechanical Behavior of Cellular Materials

Uniaxial Compression Tests of Metallic Foams: A Recipe
J. Kováčik, L. Marsavina, A. Adamčíková, F. Simančík, R. Florek, M. Nosko, P. Tobolka, P.
Minár, N. Mináriková, J. Jerz and E. Linul 237

Evaluation of Thermal Stresses in Sandwich Panels with Chiral Cellular Cores
S. Sorohan, D.M. Constantinescu, M. Sandu and A. Sandu 242

Energy - Absorption and Efficiency Diagrams of Rigid PUR Foams
E. Linul, D.A. Serban, T. Voiconi, L. Marsavina and T. Sadowski 246

Analysis of Deformation Bands in Polyurethane Foams
D.A. Apostol, D.M. Constantinescu, L. Marsavina and E. Linul 250

Experimental Determination of Mechanical Properties of Aluminium Foams Using Digital
Image Correlation
T. Voiconi, E. Linul, L. Marsavina, J. Kováčik and M. Kneć 254



CHAPTER 1:  

 

Experimental Stress Analysis and Materials 

Testing 



APPARATUS FOR MEASURING DYNAMIC BULK COMPLIANCE OF 
TIME-DEPENDANT MATERIALS 

Alen Oseli1,a, Igor Emri2,b 
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Slovenia 
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Abstract. This paper describes a novel apparatus for measuring dynamic bulk compliance ∗  of 

time-dependant materials. System can measure dynamic bulk compliance at room temperature, at 

pressures up to 100 ± 1,5 bar and frequencies from 100 Hz to 1000 Hz. Functionality of the 

apparatus is demonstrated by performing measurements of dynamic bulk compliance for two 

different materials, i.e.,  polyvinyl acetate (PVAc) and thermoplastic polyurethane (TPU). 

Measurements were conducted at room temperature, atmospheric pressure and frequencies from 

100 Hz to 1000 Hz. 

Introduction 

The use of polymers as engineering materials has significantly increased in the past decades. 

Their rapid expansion is the result of better general, economic and environmental suitability, with 

which they can complement and/or substitute conventional materials. During the production phase 

and later on in utilization they are exposed to different environmental conditions (i.e., different 

temperatures, pressures and humidity) that affect their volumetric behavior. Therefore, 

understanding of the volumetric response is important in numerous engineering processes (e.g. high 

pressure injection molding) [1] and applications (e.g. noise and vibration reduction applications) 

[2]. 

Numerous researchers have measured uniaxial and shear response on many polymeric systems 

over the last few decades. Disproportionately little attention has been given to measuring bulk 

response of these systems, since commonly used assumptions of time or frequency independence of 

the volumetric properties served analysts well. However, increasing demands for higher material 

performance at elevated pressures and temperatures do not allow such simplification. Recent 

research findings addressing volumetric behavior pointed out the potential need for more careful 

characterization of time-dependant or dynamic bulk response [3]. 

For this reason, a novel measuring system for investigation of bulk behavior of time-dependant 

materials under harmonic loadings was developed on the basis of the research works of McKinney 

and Belcher, 1963 [4]; Deng and Knauss, 1997 [3]  and Sane and Knauss, 2001 [5]. The newly 

developed measuring system can simultaneously measure real (storage) component ′  and 

imaginary (loss) ′′  component of the dynamic bulk compliance, ∗ , which is unknown for 

most of the time-dependant materials. 

This paper presents the measuring capabilities and additional/optional upgrades of one of the few 

experimental setups that are worldwide available for the characterization of viscoelastic bulk 

characteristics under harmonic excitation. 

Experimental methodology 

Measuring principle. Measurement of dynamic bulk compliance ∗  takes place in the cavity of 

a pressure chamber, filled with an incompressible medium (oil), where there is uniform hydrostatic 
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pressure. Sinusoidal signal in the form of AC voltage at respective frequency excites a piezoelectric 

disk (transducer), which acts as an actuator and causes compression waves that travel through the 

transmitting medium and a polymeric sample. A second piezoelectric disk, which acts as a pressure 

sensor, perceives compression waves in the form of amplitude and phase (phase is shifted due to 

measurements of time-dependant materials) [3], Fig 1.  

 

Figure 1: Schematic of pressure chambers cavity and associated parts [3] 

Both piezoelectric disks are mechanically coupled with sum of compliances (compressibilities) 

of the sample, transmitting medium, actuator, sensor, elements in the cavity and cavity itself. Ratio 

between driving voltage  for the first piezoelectric disk, and the output voltage  from the 

second piezoelectric disk is given as the sum of piezoelectric disk constants (actuator and sensor) 

and the sum of several compliances in the complex form [3-5]: 

 
∗
= C∗ + D∗ ∗ − ,          (1) 

where  is adiabatic volumetric compliance (compressibility) of transmitting medium, ∗ 
complex dynamic bulk compliance of sample and  volume of sample. C∗ and D∗ are complex 

constances, that are defined through internal calibration at each temperature, hydrostatic pressure, 

frequency and calibration sample with known compliance (compressibility). 

Such method allows direct measurements of volume change under sinoidal hydrostatic pressure 

at the time of volumetric deformation of the polymeric sample. From the obtained results we can 

calculate real (storage) component ′  and imaginary (loss) ′′  component of the dynamic 

bulk compliance ∗ . However, the following assumptions must be taken into account: 

1. length of the cavity must be much smaller than the wave length of compression wave; this 

ensures that pressure is uniform (constant) inside the cavity; 

2. force transferred to the sample is essentially hydrostatic pressure; 

3. complex compliances (compressiblities) of piezoelectric disks, cavity, wires, sample and 

transmitting medium are additive (can be summed); 

4. transmitting medium by which the polymeric sample is excited is incompressible. 

Experimental setup. Experimental setup for measuring dynamic bulk compliance ∗  of time-

dependant materials can be divided in 3 major subsystems. These subsystems are hydraulic, 

electronic and thermal subsystem [3], Fig. 2. Each of these subsystems performs a specific function 

and is essential for the operation of apparatus and its measurement accuracy. 
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Figure 2: Components of experimental setup for measuring dynamic bulk compliance ∗  of 

time-dependant materials [3] 

Hydraulic subsystem is needed to supply transmitting medium into the pressure chamber and 

also to pressurize hydraulic subsystem. This subsystem should be absolutely sealed, since it should 

prevent leakage of transmitting medium. Upper limitation of the system for setting up the 

hydrostatic pressure is up to 700 bars.  

Electronic subsystem ensures generation of the signal, transmission, filtering and acquisition of 

the signal. Input signal for the first piezoelectric that acts as an actuator is generated by the function 

generator within the large frequency range from 0,001 to 100 kHz with the amplitude up to 5V. 

Output signal coming from the second piezoelectric that acts as the pressure sensor is sent to the 

charge amplifier (high pass filter with low cut-off frequency at 10 Hz), and further on to the lock-in 

amplifier that measures complex components of sinusoidal signal simultaneously at a given 

frequency. Obtained data is further sent to a personal computer. 

Thermal subsystem contains isolation chamber, which enables measurements at constant room 

temperature. Isolation chamber minimizes environmental temperature variations, and thus ensures 

constant hydrostatic pressure inside pressure chambers cavity during measurements. 

Procedure and materials. Apparatus is in the prototype state and can measure dynamic bulk 

compliance ∗  at the following boundary conditions: room temperature ± 1 °C, pressure range 

from 1 to 100 bar ± 1,5 bar and frequency range from 100 to 1000 Hz. Measurements were carried 

for two different materials, i.e., polyvinyl acetate (PVAc) and thermoplastic polyurethane (TPU). 

Results 

Figure 3 presents results of dynamic bulk storage ′  and loss ′′  compliances for two 

different materials; PVAc and TPU. Measurements were conducted at room temperature, 

atmospheric pressure and frequency range from 100 Hz to 1000 Hz.  Volume of the samples was 

0,0128 cm
3
. For both materials (PVAc and TPU) it is clear that storage and loss components of 

complex dynamic bulk compliance ∗  are constant within the whole frequency measuring 

range, and no transition is observed. Storage component ′  of TPU has higher value 

(approximately 1,1 GPa
-1

) than PVAc, which means TPU is more compressible. Loss components 
′′  for both materials are almost zero, which means that materials do not exhibit damping at 

particular boundary conditions. Maximum error of dynamic bulk storage compliance ′  for 

PVAc is 7% and for TPU 5,7 %. Maximum error of dynamic bulk loss compliance ′′  for both 

materials is greater than averaged value which indicates that we cannot precisely detect smaller 

values of dynamic bulk compliance components with the apparatus at the current state. 
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