
Dubrovnik, Croatia, May 24-27, 2016 

16th International Conference on 
New Trends i n Fatigue and 

Fracture 
Book of Abstracts 

Edited by 
Zeljko Bozic 

F S B 
University of Zagreb 
Faculty of Mechanical Engineering and Naval Architecture 

Zagreb, 2016 



Prof. Dr. Zeljko Bozic 
University of Zagreb 
Faculty of Mechanical Engineering and Naval Architecture 
Department of Aeronautical Engineering 
Ivana Lucica 5, HR-10002 Zagreb, Croatia 
e-mail; zeljko.bozicOfsb.l ir 

A CIP catalogue record for this book is available in the Online Catalogue of the National and 
University Library in Zagreb as 000933617. 

ISBN 978-953-7738-39-6 
© Faculty of Mechanical Engineering and Naval Architecture, 

Zagreb, Croatia, 2016. 
Executive Editor: Milan Vrdoljak 
Cover Design: Mario Lesar 
Print: ITG, d.o.o., Zagreb, Croatia 



Conference Chair 
Zeljko Bozic (Croatia) 

Conference Vice Chair 
Moussa Nai't Abdclaziz (France) NT2F Chairman 

Organizing Committee 
Marijan Andric 
Brigita Brekalo Secretary 
Marina Franulovic 
Pejo Konjatic 
Lovre Krstulovic-Opara 
Marijana Majic Renjo 
Marijo Mlikota 

Alen-Pilip Prskalo 
Ivica Skozrit 
Jadran Sundrica 
Milan Vrdoljak 
Kresimir Vuckovic 
Hinko Wolf 

Scientific Committee 
Moussa Nait Abdelaziz (France) 
Abdelkrim Aid (Algeria) 
Donka Angelova (Bulgaria) 
Majid R. Ayatollahi (Iran) 
Leslie Banks-Sills (Israel) 
Sergio Baragetti (Italy) 
Robert Basan (Croatia) 
Taoufik Boukharouba (Algeria) 
Zeljko Bozic (Croatia) 
Katia Casavola (Italy) 
Marko Canadija (Croatia) 
Lidija Curkovic (Croatia) 
Zeljko Domazct (Croatia) 
G. M. Domingucz Almaraz (Mexico) 
Osman Gcncel (Turkey) 
Grzegorz Glinka (Canada) 
Vatroslav Gnibisir (Croatia) 
Nenad Gubeljak (Slovenia) 
Mohammed Hadj Meliani (Algeria) 
Alojz Ivankovic (Ireland) 
Neil James (UK) 
Takayuki Kitamura (Japan) 
Drazan Kozak (Croatia) 
Ivica Kozar (Croatia) 
Herbert Mang (Austria) 
Liviu Marshavina (Romania) 
Yury Matvienko (Russia) 
Edoardo Mazza (Switzerland) 

Ne^ar Merah (Saudi Arabia) 
Ljubica Milovic (Serbia) 
Peter Monka (Slovakia) 
Katarina Monkova (Slovakia) 
Josko Ozbolt (Germany) 
Carmine Pappalcttcre (Italy) 
Josko Parunov (Croatia) 
Miroslav Piska (Czech Republic) 
Guy Pluvinage (France) 
Jarostav Polak (Czech Republic) 
Marko Rakin (Serbia) 
Krishnaswamy Ravi-Chandar (USA) 
Luis Rcis (Portugal) 
Robert Ritchie (USA) 
Ashok Saxena (USA) 
Siegfried Schmauder (Germany) 
Aieksandar Scdmak (Serbia) 
Hiiseyin Schitoglu (USA) 
Ivo Senjanovic (Croatia) 
Cetin Morris Sonsino (Germany) 
Zdenko Tonkovic (Croatia) 
La-szlo Toth (Hungary) 
Viggo Tvergaard (Denmark) 
A. K. Vasudevan (USA) 
Michael Vormwald (Germany) 
Toshimitsu Yokobori (Japan) 
Zhiliang Zhang (Norway) 
Ircna Zmak (Croatia) 

Conference Venue 
Centre for Advanced Academic Studies 
Don Frana Bulica 4, 20000 Dubrovnik, Croatia 
May 24-27, 2016 
h t t p : / / n t 2 f 1 6 . f sb . hr 



xvii 

A HYBRJD NONLOCAL-LOCAL MESHLESS APPROACH FOR DYNAMIC CRACK 
PROPAGATION 
Arman Shojaei, Mirco Zaccariotto, Ugo Galvanetto 185 

Low, medium and high cycle fatigue 187 
METHODOLOGY FOR DETERMINING THE REGION OF STABILIZATION OF 

LOW-CYCLE FATIGUE 
Vujadin Aleksic, Bojnna Alekisc, Ljubica Milomc 189 

ANALYSIS OF CYCLIC STRESS-STEIAIN AND STRAIN-LIFE FATIGUE PARAM
ETERS AND BEHAVIOUR OF HIGH-ALLOY STEELS 
Robert Basan, Tea Marohnic 191 

IMPORTANCE OF STATISTICS IN EVALUATING MEASUREMENTS FOR COM
PRESSOR BLADES CYCLIC STRENGTH 
Mirko Butkovic, Marina Tevcic, Branislav OrSic 193 

EFFECT OF MEAN STRESS AND STRESS AMPLITUDE ON UNIAXIAL RATCH
ETING OF AA2124T851 
Radim Halama. Alexandras Markopoulos, FrantiSek Fojtik, Martin Pusek 195 

GRAIN SIZE AND AUSTENITE STABILITY IN FATIGUE OF A REVERSION-
TREATED 301LN TYPE STAINLESS STEEL 
Antti Jdrvenpdd, Matias Jaskari, Leo Pentti Karjalainen 197 

EFFECT OF CYCLIC HARDENING RULE ON FATIGUE LIFETIME OF ELBOWS 
UNDER SEVERE SEISMIC LOADING 
Jong-Sung Kim 199 

FATIGUE BEHAVIOUR OF DUCTILE CLOSED-CELL ALUMINIUM ALLOY FOAMS 
Emanoil Linul, Dan Andrei ^erban, Liviu Mar^avina, Jaroslav Kovacik 201 

THE CHARACTERISATION OF ISOTHERMAL LCF BEHAVIOUR OF A P91 
CHROME STEEL USING COTTRELL'S STRESS PARTITION METHOD AND 
A UNIFIED VISCO-PLASTIC MATERIAL MODEL 
J. P. Rouse, S. T. Kyaw, J. Lu, W. Sun, C. J. Hyde 203 

Models, cr i teria and methods in fracture mechanics 205 
PAINT-BAKE EFFECT ON THE PLASTICITY AND FRACTURE OF ALUMINUM 

6451 SHEETS 
Rami Abi Akl, Dirk Mohr 207 

^ A NEW THREE DIMENSIONAL STRETCHING FINITE ELEMENT METHOD 
FOR SURFACED CRACK PROPAGATION 
Habib Benzaama, Mohamed Bentoumi, Abdeiiah Benzaama 209 

CHARACTERIZATION OF AGGREGATES FRAGMENTATION USING THE CAL
CULATION OF FRACTAL DIMENSION 
Aidjia Bouzeboudja, Bachir Melbouci, Houria Bouzeboudja 211 

IDENTIFICATION OF BRITTLE FRACTURE AND RESIDUAL STRESS PARAM
ETERS BY INDENTATION TESTS AND BACK-ANALYSIS 
Vladimir Buljak, Giuseppe Cocchetti, Aram Comaggia, Giulio Maier 213 

COMPARISON OF FRACTURE BEHAVIOUR OF STANDARD SENB AND NON
STANDARD PRNB SPECIMENS 
Darko Damjanovic. Drazan Kozak. Nenad Gubeljak, Jozef Predan, Primoz Stefane, 
Sergej Hloch 215 

A DUGDALE-BARENBLATT CRACK BETWEEN DISSIMILAR MEDIA 



16th International Conference on New Trends in Fatigue and Fracture (NT2F16) 

May 24-27, 2016, Dubrovnik, Croatia 

METHODOLOGY FOR DETERMINING THE REGION OF STABILIZATION OF 
LOW-CYCLE FATIGUE 

V. Aleksic', B. Aleksic^ Lj. Milovic^'*, 
^Institute for testing of materials-IMS Institute, Bulevar vojvode Misica 43, HOOO Belgrade, Serbia 

University of Belgrade, Faculty of Technology and Metallurgy. Karnegijeva 4, ! 1120 Belgrade, Serbia 

Abstract: In present paper, the behaviour of high-strength low-alloyed (HSLA) steel under conditions 
of low-cycle fatigue (LCF) has been experimentally tested and analyzed. Based on the ex
perimental results obtained in the programme EXCEL, characteristic regions of low-cycle 
fatigue of steel NIONIKRAL 70 (NN-70) have been determined, the most important being 
the region of stable behaviour of materials, so-called "the region of stabilization". From this 
region, on the basis of pre-defined requirements, characteristic stabilized hysteresis have 
been isolated for each strain level, based on which the Indicators of low-cycle fatigue of 
steel NN-70 have been identified. 

Keywords: HSLA steel, LCF, the region of stabilization, stabilized hysteresis 

1. Introduction 
Steel, NN-70, selected in this study to investigate the experimental behaviour affected by fa
tigue loading, among other things, is used in shipbuilding and for manufacture of pressure 
vessels as well. The experiment was conducted using smooth round specimens made of steel 
NN-70 as parent metal (PM). When selecting stabilized hysteresis as a representative of all of 
stabilized hysteresis for one strain level, and for the further processing of low-cycle fatigue 
test results, the recommendations of standards [1, 2] have been used as well as the methodol
ogy based on which linearity of the stabilization regions of low-cycle fatigue was numerically 
determined [3]. 

2. Numerical determination of the region of stabilization 
Most of the materials, at low-cycle fatigue and at a certain level regulated strain, achieve a 
so-called stabilized condition. It is a condition when the height of the hysteresis loop 
expressed through a range of force of loading or stress slightly changes. Fig. I. 

1 - Adjustment of tearing machine; 
2 - Adaptation of tearing macliine, tools and specimen; 
3 - Crack formation up to threshold of NOT; 
4 - Stabilized slate; 
5 - Force drop of 25 % (ISO 12106:2003(E)) [1]; 
6 - Force drop of 50 % (ASTM E 606-04) [2]; 
7 - Force drop to F=0; 
8 - Stoppage of tearing machine; 
9 - Height of hysteresis loop; 
Nain - Test start up. F=inai; 
Nfs - Beginning of stabilization;; 
NpNDi - threshold of NOT; 
Ni, - End of stabilization; N,, . . - force drop of xx %; 
Npn™. - force-drop assessmeni of an operater; 
Ned - Test termination. 

Fig. 1. Regions of low-cycle fatigue 
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The most common methods for determination of the number of cycles to crack initiation, Nf, 
are defined by the standards [I , 2]. New methods [3] for determination of the beginning and 
end of the crack initiation and establishment of linearity of stabilization regions are based on 
experimental data, by arbitrary selection of three cycles on the basis of which we can estab
lish linearity that we maintain by filtering the data in the programme EXCEL, toward the be
ginning and end of the test. In this way we determine the initial, Nps, and final, N^s, cycle of 
stabilization, i.e. the beginning and end of the crack initiation, Fig. 1. Stabilized hysteresis, 
Nsi, is located in the middle of the region 9 , Fig. 1, and is determined by the formula, 
N„-Np3+(N,,-Np,)/2. 
This method of determination of the stabilized hysteresis, Nsi , is called "Method of the mid
dle stabilization" [3]. In a similar way, we can establish a cycle of appearance of a crack of I 
mm^ surface area [4], which can be identified by the NDT methods, which is called the 
"threshold NDT method" [3], and then the cycle of stabilized hysteresis, Ns2, which is located 
in the middle of the region 3, Fig. 1, so that Ns2 = Nps+(NpNDT-Nps)/2. This procedure was ap
plied to other specimens as well, i.e. other strain levels, As/2=0.35, 0.50, 0.60, 0.70 i 0.80. 
After processing of registered data from all stabilized hysteresis of interest obtained using the 
methodology described, the curves of low-cycle fatigue for steel NN-70 are defined: 

I. Cyclic stress-strain curves, Ae ^ Aa ^ f 
2 2E [iK 

1 Aa 
221378 2 

1 
1,946.2 2 ; 

1 Aa 
221378 2 

2. Basic curves of low-cycle fatigue, —^^f^*>+f^' -^^i 
2 g f r f 

1 Aa'^ 
U87.2 2 ; 

and 

f o r N ^ : ^ = 0 . 0 0 5 1 0 5 • N7°°" + 0 .061 2 • N ^ " ^ " • — = 0 . 0 0 5 1 1 7 - N^^"^* + 0 . 0 8 8 1 • N ;^ 2 ' ' 2 ' ' 

3. Conclusions 
The results of experimental investigation have given us important information about the un
derstanding of fatigue behaviour of HSLA steel, NN-70, and the newly applied methods and 
recommendations of standards as well have enabled the precise determination of characteris
tic stabilized hysteresis for each strain level. From certain characteristic stabilized hysteresis, 
based on defined criteria, the data necessary for determination of the equations of characteris
tic curves of low-cycle fatigue have been collected, which show the difference between the 
values of exponents and coefficients defined by presented methodology depending on the 
method applied for the determination of stabilized hysteresis. 
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