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EDITORIAL BY THE ESIS 

PRESIDENT  

The last meeting of the 
ESIS Executive Committee 
(ExCo) took place on March 
6, 2015 in Rome. Recall 
that the Committee 
consists of myself as 
President, Francesco 
Iacoviello and Aleksandar 
Sedmak, the two Vice 
Presidents, Bamber 
Blackman, Secretary, 
Giuseppe Ferro, Treasurer, 
Valery Shlyannikov, 
Publications Manager, Zhiliang Zhang, Liaison to 
other organizations, and Per Ståhle, Blogger.  An 
excellent meeting took place.  

At this meeting, we considered having 
Elsevier’s Procedia as the publication platform 
for future ECF meetings, as well as National and 
Technical Committee meetings.  It will be called 
Procedia Structural Integrity.  We are in the 
process of signing a three year agreement.  We 
have committed to three issues per year with a 
minimum of twenty papers per issue.  

The ExCo reinstated TC13 on Education and 

mailto:banks@eng.tau.ac.il
mailto:iacoviello@unicas.it
mailto:asedmak@mas.bg.ac.rs
mailto:ferro@polito.it
mailto:b.blackman@imperial.ac.uk
mailto:shlyannikov@mail.ru
mailto:Zhiliang.zhang@ntnu.no
mailto:per.stahle@solid.lth.se


 
Newsletter #56-2015 

2 

Training with Co-Chairs Petro Yasniy and Liviu 
Marsavina.  A committee has been formed; 
anyone interested in joining this committee may 
contact either of the Co-Chairs.  The next 
summer school will be held on September 24 
and 25, 2015, at Ternopil National Technical 
University in the Ukraine on the topic of: 
Damage and Integrity of Structures.  Some 
support has been made available for the event.    

TC5 on Dynamics of Fracture and Structural 
Transformations has been reactivated.  I would 
like to thank Hugh MacGillivray for his excellent 
contribution over many years as the TC Chair.  
The new Chair is Yuri Petrov.  A committee has 
been formed which had its first meeting.  
Anyone interested in joining the TC should 
contact Yuri. 

ESIS continues to produce special journal 
issues resulting from ECF and TC meetings.  You 
may find the titles and journals inside this issue.  
Recall that we are associated with the following 
journals: Engineering Failure Analysis, 
Engineering Fracture Mechanics and 
International Journal of Fatigue.  We can see 
from these many volumes the excellent activity 
of our members.  I would like to thank them, as 
well as all of the authors, for their important 
contribution to ESIS in furthering our knowledge 
of structural integrity. 

Since our last Newsletter, our blogger, Per 
Ståhle, has posted reviews of two additional 
papers: 

• B.T. Lu. Further study on crack growth 
model of buried pipelines exposed to 
concentrated carbonate-bicarbonate solution.  
Eng. Fract. Mech. 131 (2014) 296-314. 

• T.T. Nguyen, J. Yvonnet, Q.-Z. Zhu, M. 
Bornert, C. Chateau.  A phase field method to 
simulate crack nucleation and propagation in 
strongly heterogeneous materials from direct 
imaging of their microstructure.  Eng. Fract. 
Mech. 139 (2015) 18-39. Please take a look and 
make a contribution to our blog: 
http://imechanica.org/node/9794  

Please note: the next ECF conference will 
take place in Catania, Sicily, from June 20 to 
June 24, 2016.  The ExCo supported Francesco 
Iacoviello’s proposal to video record the plenary 
sessions at ECF21.  These videos will be put on 
youtube.  In addition, as at ECF20 in Trondheim, 
the ExCo will provide about 20,000 € to partially 
support young scientists at ECF21.  This should 
enable outstanding students and young 
investigators to attend the conference.  Some 
support money may be provided for 
investigators from countries with financial or 
political difficulties.  Watch the ECF21 web site 
for application instructions http://www.ecf21.eu   

I would like to wish you all a rewarding 
summer. 

 

Leslie Banks-Sills 

3 Elsevier journals are affiliated 
with ESIS 
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Special Issues 2014-15 

Journal Title Source Editor Status 

Int J Fatigue Fatigue Crack Paths 
2012 

4th Int. Conf. on Crack 
Paths (CP 2012) / TC3 

A. Carpinteri, 
L.P. Pook,   
L. Susmel,   
S. Vantadori 

IJF 58, January 2014 

Eng Fract 
Mech 

Special Issue on 
Multiaxial Fracture 
2013 

 A. Spagnoli EFM 123, 2014 

Eng Fract 
Mech 

Macrofracture analysis 
and testing 

ECF 19 R. Goldstein,  
V. Shlyannikov 

EFM 129, Oct. 2014 

Eng Fract 
Mech 

Microstructural effects 
on macroscopic 
fracture properties 

ECF 19 R. Goldstein,  
V. Shlyannikov 

EFM 130, Nov. 2014 

Int J Fatigue Fatigue Mechanism 
and Structural 
Integrity: Advances 
and Applications 

ECF 19 Y. Murakami, 
V. Shlyannikov 

EFA 76, July 2015 

Eng Failure 
Anal 

Failure analysis of 
structure components 
undergone stress 
corrosion, fatigue and 
neutron irradiation 

ECF 19 R. Goldstein,  
V. Shlyannikov 

EFA 47B, Jan. 2015 

Int J Fatigue Multiaxial Fatigue 
2013 

ICMFF10 A. Carpinteri,  
T. Itoh,  
T. Palin-Luc,  
M. Sakane,  
L. Susmel 

IJF 67, 2014 

Eng Fract 
Mech 

Multiaxial Fracture 
2013 

ICMFF10 A. Fatemi,  
L.P. Pook,   
A. Spagnoli,  
S.-T. Tu 

EFM 123, June 2014 

Eng Fract 
Mech 

Modelling of ductile 
fracture and 
applications 

ECF20 Zh.Zhang, 
B.Skalleurd, 
E.Østby 

submission of papers 
started 

Eng Fract 
Mech 

Nanoscale fracture ECF20 J.He, 
Ch.Thaulow, 
T.Sumigawa, 
Zh. Zhang 

submission of papers 
started 

Int J Fatigue Fatigue at all scales ECF20 B.Skalleurd, 
A.Wormsen, 
I.Lotsberg, G. 
Härkegård 

submission of papers 
started  

Eng Failure 
Anal 

Recent case studies in 
Engineering Failure 
Analysis 

ECF20 Zh.Zhang, 
E.Østby, 
B.Skalleurd 

submission of papers 
started 

Int J Fatigue  TC24 S.Beretta and 
M.Carboni 

submission of papers 
started 
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National Committees  

Russia 

In 2014 the Russian Group of Fracture 
participated actively in the 20th ECF Conference 
organized by ESIS in Trondheim (Norway). 
During the Conference and after, preliminary 
work was performed aimed at renewal of the 
ESIS TC 5 on Fracture Dynamics. Recently the 
first meeting of this TC (Chairman - Prof. Yuri 
Petrov (St-Petersburg State University, Russia), 
Vice Chairman - Prof. Vadim Silberschmidt 
(Loughborough  University, UK),  Secretary -  
Dr. Vladimir Bratov (St. Petersburg State 
University, Russia) was organized during ICM12 
conference in Karlsruhe, Germany on 11th of 
May 2015. The meeting was attended by several 
ESIS/TC5 members. Detailed information about 
TC5 Current State will be published in the ESIS 
Newsletter separately. 

During 2014 four Special Issues of Elsevier 
journals with selected papers of the 19th ECF 
held in Kazan (Russia) in 2012 were finalized. 
Two issues were published in Engineering 
Fracture Mechanics, one in International Journal 
of Fatigue and one in Engineering Failure 
Analysis. 

Now we are preparing: 

- Special Section on Fracture Mechanics (with 
397  papers) for the 11th All-Russian 
Congress on Theoretical and Applied 
Mechanics which will be held in Kazan in 
August 20-24, 2015; 

- 5th All-Russian Conference “Safety and 
Reliability of Technical Systems” which will 
be held in Krasnoyarsk in October 12-15, 2015 
(http://conf.ict.nsc.ru/SSTS-2015/ru).  

 

Robert Goldstein 

 

Italy 

Third IJFatigue & FFEMS Joint 
Workshop: Characterisation of Crack 
Tip Fields 
 

After very successful workshops on the 
characterisation of crack tip fields have been 
held in Forni di Sopra, Udine, Italy in March 
2011 and Málaga, Andalusia, Spain in April 
2013, the Italian Group of Fracture organized in 
Urbino, 20th to 22nd April, 2015, the Third 
IJFatigue & FFEMS Joint Workshop: 
Characterisation of Crack Tip Fields. More 

than fifty researchers from twelve different 
countries participated in very intense sessions. 
 

 
 
In the IGF “tradition”, all the presentations were 
videorecorded and are now available on the IGF 
channel in the iTunesU portal (Beyond campus 
section). In addition, the July 2015 issue of the 
IGF Journal “Frattura ed Integrità Strutturale” 
(Fracture and Structural Integrity) will be 
partially focussed on the topic of the workshop. 
It will be a very special issue: for the first time, 
some papers will be published with audioslides 
and with videos embedded in the manuscript. 
The guest editors of the issue will be L. Susmel 
(University of Sheffield, UK), F. Iacoviello 
(University of Cassino and Southern Lazio, 
Italy), M. N. James (University of Plymouth, UK) 
and Y. Hong (Institute of Mechanics, CAS, 
China). 

 

First International Workshop on 
Challenges in Multiaxial Fatigue 

The Italian Group of Fracture (IGF) organized 
in Urbino, 22th to 24th April, 2015, the First 
International Workshop on Challenges in 
Multiaxial Fatigue aimed to gather together 
those researchers systematically working on 
multiaxial fatigue, to revisit and perhaps revise 
those ideas and concepts which have been 
proposed and validated so far.  More than forty  

http://conf.ict.nsc.ru/SSTS-2015/ru
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researchers from ten different countries 
participated in very interesting sessions and 
according to the IGF “tradition”, all the 
presentations have been videorecorded. These 
presentations are now available on the IGF 
channel in the iTunesU portal (Beyond campus 
section). In addition, the July 2015 issue of the 
IGF Journal “Frattura ed Integrità Strutturale” 
(Fracture and Structural Integrity) will be 
partially focussed on the topic of the workshop. 
It will be a very special issue: for the first time, 
some papers will be published with audioslides 
and with videos embedded in the manuscript. 
The guest editors of the issue will be A. Fatemi 
(University of Toledo, USA), D. F. Socie 
(University of Illinois, USA), L. Susmel 
(University of Sheffield, UK), F. Berto (University 
of Padova, Italy). 

 

Francesco Iacoviello 

 

 

TECHNICAL COMMITTEES 

TC 2: Micromechanisms 

10th Meeting of ESIS-TC2 on 
Micromechanisms 

13th−14th April in Leoben, Austria 

 

The anniversary 10th meeting of the re-
established Technical Committee TC2 on 
Micromechanisms of the European Structural 
Integrity Society (ESIS) was held 13th−14th April 
2015 at the Montanuniversität Leoben, Austria. 
The meeting was organized by the Vice-
Chairman of TC2, Otmar Kolednik (Erich Schmid 

Institute of Materials Science of the Austrian 
Academy of Sciences), with the help of the 
Chairman of TC2, Jaroslav Pokluda (Brno 
University of Technology), and the Secretary of 
TC2, James Marrow (University of Oxford). 

 

 

 

All of the 55 pre-registered participants from 
12 European countries arrived at the meeting; 
most participants came from the Czech Republic 
(15), Austria (11), Germany (7), and Russia (5). 
Approximately 20 additional scientists working in 
Leoben attended single sessions of the 
conference. The program of the meeting was 
very dense, comprising 37 oral lectures and one 
invited keynote lecture.  

 

 

 

The meeting was opened by the Chancellor of 
the Montanuniversität Leoben, Wilfried 
Eichlseder. Subsequently, Reinhard Pippan gave 
a short survey of the scientific work at Erich 
Schmid Institute, the host institute of the 
meeting. The scientific program started with two 
sessions in the area of fatigue, chaired by 
Reinhard Pippan and Jaroslav Polak (Institute of 
Physics of Materials, Brno). A session on 
modeling and new materials was chaired by 
James Marrow, followed by a session on nano-
sized materials & atomistic modelling, chaired by 
Stan Veprek. On Monday evening, the 
discussions continued during a nice conference 
dinner in the traditional Arkadenhof brewery 
restaurant. 
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The program on Tuesday started with the 
invited keynote lecture, which was given by Stan 
Veprek (Technical University of Munich) on the 
mechanisms of plastic deformation and hardness 
enhancement in superhard nano-composites. 
The two following sessions dealt with 
micromechanisms of fracture in ceramic 
materials; these sessions were chaired by 
Jaroslav Pokluda and Michal Kotoul (Brno 
University of Technology). A session on metal 
fracture was chaired by Solveig Melin (Lund 
University), and the final session on welds & 
dynamic fracture was chaired by Andrey 
Shanyavskiy (State Center for Civil Aviation 
Flight Safety, Moscow). 

 

 

 

In total, the delegates enjoyed a very 
successful meeting on the micro- and nano-
mechanisms of fatigue and fracture with many 
interesting presentations and fruitful discussions. 
Jaroslav Pokluda, who has re-established TC2 
after a long dormant period, announced that the 
next TC2-meeting will be held in June 2016, in 
form of a special session of the 8th International 
Conference on Materials Structure & 
Micromechanics of Fracture (MSMF8) in Brno.  

 

Otmar Kolednik  

 

 

 

 

 
TC 10: Environmentally Assisted Cracking 

 

 
ESIS TC 10 Workshop on Environmentally 

Assisted Cracking & Hydrogen 
Embrittlement 

Zamora, Spain, 27-29 April 2015 
 

CHAIRS 
Prof. Dr. Jesús Toribio 
University of Salamanca, Spain 
E-mail: toribio@usal.es 
 

Prof. Dr. Hrihoriy Nykyforchyn 
Karpenko Institute, Ukraine 
E-mail: nykyfor@ipm.lviv.ua 
 
INTERNATIONAL ADVISORY COMMITEE 
Dr. Wolfgang Dietzel 
Helmholtz-Zentrum Geesthacht, Germany 
E-mail: wolfgang.dietzel@hzg.de 
 

Dr. Giovanna Gabetta 
Eni DOT (Development, Operation, Technology), 
Italy 
E-mail: Giovanna.Gabetta@eni.com 
 

Dr. Mimoun Elboujdaini 
Blade Energy Partners, USA 
E-mail: Melboujd@blade-energy.com 
 
LOCAL ORGANIZING COMMITTEE 
Prof. Dr. Jesús Toribio 
University of Salamanca, Spain 
E-mail: toribio@usal.es 
 

Dr. Beatriz González 
University of Salamanca, Spain 
E-mail: bgonzalez@usal.es 
 

Dr. Juan-Carlos Matos 
University of Salamanca, Spain 
E-mail: jcmatos@usal.es  
 
VENUE 
AC Marriot Hotel Zamora 
Avda. Príncipe de Asturias 43 
49029 Zamora 
Spain 
 
PARALLEL EVENT 
Spanish Conference on Fracture & Structural 
Integrity [32nd Edition] [32 SCFSI] 
[International Edition]  
Conference Hall, Zamora Higher Technical 
School Zamora, Spain, 27-29 April 2015 

 
 
 
 
 
 

mailto:toribio@usal.es
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mailto:Giovanna.Gabetta@eni.com
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University of Salamanca: 797 Years 
 

1. History of ESIS TC 10 Committee 

The ESIS TC 10 Committee on 
Environmentally Assisted Cracking (EAC) was 
established by ESIS (European Structural 
Integrity Society) in 1991. Four years later, 
following an initiative by the members of the 
Karpenko Physico-Mechanical Institute (KPMI) of 
the National Academy of Sciences of Ukraine 
(NASU), a Sub-committee on Hydrogen 
Degradation was launched. The main objective 
of ESIS TC10 is to merge scientific research 
experience in the areas of fracture mechanics 
and structural integrity as a method of failure 
assessment, with the practice in the field of 
environmental degradation/corrosion of 
materials. From the very beginning, the work 
has been strongly devoted to the development 
of fracture mechanics test and evaluation 
techniques and procedures and to their 
application to problems of environmentally 
assisted cracking.  

Dr. Wolfgang Dietzel was the Chairman of the 
Committee since the beginning and Dr. 
Giovanna Gabetta became co-chair since 1996. 
Prof. Hryhoriy Nikyforchyn has been the 
Chairman of the Sub-Committee on Hydrogen 
Degradation from the 90’s. Starting at the ESIS 
Council Meeting during the ECF 18 in Dresden in 
August/September 2010, the ESIS TC 10 
Committee Chairmanship was handed to Prof. 
Jesús Toribio (University of Salamanca, Spain). 

In recent years, TC 10 started to take up new 
EAC related tasks for which the open and 
versatile structure of the group appears ideally 
suited. Knowledge management and the solution 
of complex technical problems are new 
challenges that need to be addressed, and the 
formation of new networks will play an 
important role in the future. To this aim, TC 10 
and its Chairman Professor Jesús Toribio actively 
took part in the organization of the 1st 
MULTILATERAL WORKSHOP ON FRACTURE AND 

STRUCTURAL INTEGRITY RELATED ISSUES, held in 
Catania, Italy, in September 2014. 

EUROPEAN STRUCTURAL INTEGRITY SOCIETY 
(ESIS) 

UNIVERSITY OF SALAMANCA (USAL) 

FRACTURE & STRUCTURAL INTEGRITY RG (FSIRG) 

 

 

Fracture & Structural integrity Research 
Group (FSIRG) of the University of 

Salamanca (USAL) 

 ESIS TC-10 Workshop 

ENVIRONMENTALLY 
ASSISTED CRACKING 

& 

HYDROGEN 
EMBRITTLEMENT 

Zamora, Spain, 27-29 April 2015  

 

 

FractUSal 2015 
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2. History of the Spanish Fracture Group 
(SFG) 

The Spanish Fracture Group (SFG) was 
established in 1984, following an initiative by 
Profs. Manuel Elices and Manuel Fuentes. In the 
present time it brings together important 
research groups from academia and industry 
whose centers are scattered throughout Spain. 
Engineers, materials scientists, mathematicians, 
physicists, chemists, working in the field of 
fracture mechanics and structural integrity of 
engineering materials, gather together every 
year at a three-day scientific meeting for 
discussion and presentation of their latest 
research, as well as exchange of ideas. The 
works are published in the proceedings of the 
meeting: the Spanish Journal of Fracture and 
Structural Integrity (Anales de Mecánica de la 
Fractura).  

In the series of conferences promoted by 
the SFG, the topics deal with many aspects of 
the field: analytical, numerical & experimental 
approaches on a variety of materials and 
structures, including case studies and reports of 
real engineering applications in many different 
fields such as aeronautical, civil, mechanical, 
railways, process engineering, etc.  

 
3. Description of the Two Scientific Events 

This year 2015, the Fracture and Structural 
Integrity Research Group (FSIRG) of the 
University of Salamanca (USAL, the oldest 
university in Spain), leaded by Prof. Jesús 
Toribio organized the 32nd Spanish Conference 
on Fracture and Structural Integrity (32 SCFSI) 
[32º Encuentro del Grupo Español de Fractura 
(32 GEF)], FractUsal2015, at the Zamora 
Higher Technical School located in the 
Engineering Campus Viriato of the University of 
Salamanca. It is an international edition and, as 
a joint parallel event, the ESIS TC-10 Committee 
(chaired by Prof. Jesús Toribio) organized an 
ESIS TC10 Workshop with attendance of 
important international scientists on the 
scientific topics of Environmentally Assisted 
Cracking and Hydrogen Embrittlement. 

The Proceedings of the Conference are 
published in electronic format (Anales de 
Mecánica de la Fractura, Vol. 32). FractUsal2015 
and ESIS TC10 Workshop have counted with the 
participation of many relevant international 
speakers, as follows: very impressive Plenary 
Lectures by Professor Ryuichiro Ebara 
(University of Fukuoka, Japan), Professor 
Masahiro Endo (University of Fukuoka, Japan), 
Professor Masahiro Goto (Oita University, 
Japan), Professor Masao Sakane (Ritsumeikan 
University, Kyoto, Japan), Professor Kenichi 
Takai (Sophia University, Tokyo, Japan), 
Keynote Lectures by Professor Akihide Saimoto 
(Nagasaki University, Japan), Professor Guy 
Pluvinage (Metz University, France), Professor 

Giovanni Meneghetti (University of Padova, 
Italy), Doctor Giovanna Gabetta (Eni DOT, 
Italy), Professor Gabriella Bolzon (Politecnico di 
Milano, Italy), Invited Talks by Professor Yury 
Matvienko (Russian Academy of Sciences, 
Moscow, Russia), Professor Valery Shlyannikov 
(Russian Academy of Sciences, Kazan, Russia), 
Doctor Mohamed Hadj-Meliani (Chlef University, 
Algeria) and Doctor Angel-María Irisarri 
(TECNALIA, San Sebastián, Spain). 
 
4. Innovations at the Events 

The University of Salamanca, the oldest in 
Spain and one of the four oldest in Europe, is a 
combination of history and advance, a mixture 
of tradition and innovation. In this framework, 
many innovative approaches (unprecedented 
issues) were introduced in the wide history of 
the meetings of the Spanish Fracture Group. 
Among them, the most important may be 
summarized as follows: 

For the first time, it was an International 
Edition with participation of very prominent 
scientists from all around the world (Japan, 
Italy, Russia, France, Algeria, etc.) giving high-
level Plenary, Keynote and Invited 
Lectures. 

The classical name of Meeting of the 
Spanish Fracture Group (Encuentro del Grupo 
Español de Fractura) was changed to the more 
modern and convenient: Spanish Conference 
on Fracture and Structural Integrity 
(SCFSI) 

The traditional dates in which the meeting 
was usually held, two weeks before Easter, were 
shifted to the end of April, a very convenient 
period for Japanese scientists and others, so as 
to attract a wider international audience. 

  The duration of the standard presentations 
of scientific papers was shortened from the 
traditional allocated time of 20 min to the 
quicker and more dynamic time of 15 min, 
thereby asking authors to summarize their work. 

For the first time posters were eliminated 
from the scientific program, and a quite 
innovative session of scientific micro-
presentations (5 min. maximum) was 
scheduled, with an impressive response with 
regard to both presenters and audience. 

A new innovation introduced at the ESIS-
TC10 Workshop on Environmentally Assisted 
Cracking and Hydrogen Embrittlement and 32nd 
Spanish Conference on Fracture and Structural 
Integrity was the award for the best micro-
presentation. 

The number of Plenary Lectures was 
extended to five, including Opening Plenary 
Lecture and Closing Plenary Lecture. All of 
them showed an impressive scientific level and 
were given by very prominent Japanese 
Professors. 

With regard to social aspects of the events, 
the organizers are very happy for having 
received many complimentary comments about 
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the Conference Dinner in a typical Spanish 
Wine Cellar with a very special environment. 
 
5. Pictures of the events 
 

 
Professor Jesús Toribio during the opening 
ceremony of FractUsal2015 and ESIS TC10 

Workshop. 
 

 
Plenary Lecture by Professor Kenichi Takai, 

Sophia University, Tokyo, Japan. 

 

 

Plenary Lecture by Professor Masahiro Endo, 
University of Fukuoka, Japan. 

 

 
Plenary Lecture by Professor Masahiro Goto, Oita 

University, Japan. 
 

 
Plenary Lecture by Professor Ryuichiro Ebara, 

University of Fukuoka, Japan. 

 

6. Epilogue (In Memoriam) 
The two scientific conferences 

(FractUsal2015 and ESIS TC10 Workshop on 
Environmentally Assisted Cracking and Hydrogen 
Embrittlement) were specially dedicated to the 
memory of two excellent friends, both important 
scientists in the history and development of 
fracture mechanics and structural integrity in 
Europe: Prof. Keith Miller and Prof. Paulo 
Lazzarin. 

Prof. Keith Miller, whose enthusiastic and 
forward-looking action allowed the development 
of the European Structural Integrity Society 
(ESIS), formerly the European Group of Fracture 
(EGF), gave the Opening Plenary Lecture during 
the 12th Spanish Conference on Fracture (XII 
Encuentro del Grupo Español de Fractura, La 
Coruña, Spain, 1995) organized by Prof. Jesús 
Toribio. 

Prof. Paulo Lazzarin was a prominent 
scientist in the history of Italian fracture 
mechanics, and one of the founding fathers of 
the Italian Group of Fracture (IGF). Prof. Jesús 
Toribio enjoyed his company last time after 
receiving the ESIS Fellow Award during the 
Conference Dinner and Award Ceremony at the 
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European Conference on Fracture (ECF20) held 
in Trondheim. 

This report shows that history of the science 
of fracture mechanics and structural integrity, as 
human life itself, always flows and evolves, so 
that the dream of yesterday is the reality of 
today and the hope of a better tomorrow, 
thereby recalling the very beautiful words of the 
Spanish poet Antonio Machado: "hoy es siempre 
todavía", and, perhaps, T. S. Eliot's "and all is 
always now". 

 

 
Profs. Paulo Lazzarin, Jesús Toribio and Giovanni 

Meneghetti during the Conference Dinner and 
Award Ceremony at the European Conference on 

Fracture (ECF20) held in Trondheim. 

 

Jesús Toribio 

 

TC 11: High Temperature Mechanical 
Testing 

 
ESIS TC11 intends 
 
 
 To hold the next TC11 meeting on the 
17th of November 2015 at Swansea University, 
UK. 
 
 To hold a workshop on Temperature 
Measurement for Mechanical Testing on 17-
18 November 2015 at Swansea University, UK 
and 
 
 To hold the 3rd International TMF-
Workshop on 28-29 April 2016 at BAM, Berlin, 
Germany.  
 

Hellmuth Klingelhöffer 
 
 

 

TC 13: Education and Training 

After a short break the ESIS TC13 on 
Education and Training, which was eliminated by 
the ESIS Council decision in 2013, has been 
revitalized again. Professor Volodymyr 
Panasyuk, Head of Ukrainian National Group of 
ESIS, has sent a letter to Professor Leslie Banks-
Sills, ESIS President, where he pointed out the 
very important role of TC13 in the ESIS 
structure for education and training of young 
researchers in promoting their professional 
growth. 

After preliminary consultations with the 
ESIS President and former Chairman of TC13, 
Professor László Toth, Ukrainian National Group 
of ESIS has nominated the candidature of 
Professor Petro Yasniy (Rector of Ivan Pul’uj 
Ternopil National State Technical University, 
Ukraine) for the TC13 Chairman. 

This proposition was considered at the ESIS 
Executive Committee meeting (March 6, Rome, 
Italy) and the decision on the renewing TC13 
activity was approved. 

In accordance with ESIS regulations the Co-
chairmen of renewed TC 13 were elected 
(http://www.structuralintegrity.eu/esis/activity/t
c/44-esis-tc13): 
 Prof. Dr. Eng. Liviu MARSAVINA, Faculty 

of Mechanical Engineering Politehnica 
University of Timisoara, Romania, E-mail: 
lmarsavina@yahoo.com, 
msvina@mec.upt.ro; 

 Prof. Petro YASNIY, Ivan Pul’uj Ternopil 
National State Technical University, 
Ukraine, E-mail: yasniy@networkacad.net. 
 

During this time the TC13 Co-chairmen 
were held the organizational work on formation 
of the committee. The invitation to the 
membership of TC13 was sent to the recognized 
scientists who have experience of teaching and 
supervising of the doctoral studies. The following 
scientists gave their consent to be a member of 
TC13: 
 Žilvinas BAZARAS, Professor, Department 

of Transport Engineering Kaunas University 
of Technology, Kaunas, Lithuania +370 616 
50071, E-mail: zilvinas.bazaras@ktu.lt 

 Andrea CARPINTERI, Professor (Dr Ing 
Mr), Full Professor of Structural Mechanics 
(Structures, Materials, Fatigue and 
Fracture) Department of Civil Engineering, 
University of Parma, Parma, Italy, E-mail:  
andrea.carpinteri@unipr.it 

 Nenad GUBELJAK, Professor, Doctor, 
Head of Laboratory for Machine Parts and 
Structures, Faculty of Mechanical 
Engineering, University of Maribor, Maribor, 
Slovenia; E-mail: nenad.gubeljak@um.si 

 Jerzy KALETA, Ph.D., D.Sc., Eng., Prof. of 
WrUT, Head of Mechanics and Materials 
Science and Engineering Department 

http://www.structuralintegrity.eu/esis/activity/tc/44-esis-tc13
http://www.structuralintegrity.eu/esis/activity/tc/44-esis-tc13
mailto:lmarsavina@yahoo.com
mailto:msvina@mec.upt.ro
mailto:yasniy@networkacad.net
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Faculty of Mechanical Engineering, Wroclaw 
University of Technology, Wroclaw, Poland, 
Tel.:(0048)-71-320-2766; E-mail: 
jerzy.kaleta@pwr.edu.pl 

 Yuri LAPUSTA, Professor, IP / IFMA / 
Université Blaise Pascal, Clermont-Ferrand, 
France; E-mail: yuri.lapusta@ifma.fr 

 Hryhoriy NYKYFORCHYN, Professor, Head 
of the ESIS TC10 Subcommittee, Professor, 
Head of Department of Karpenko Physico-
Mechanical Institute of National Academy of 
Sciences of Ukraine; E-mail: 
nykyfor@ipm.lviv.ua 

 Volodymyr PANASYUK, Professor, Head 
of Ukrainian National Group of ESIS, 
Professor, Honorary director of Karpenko 
Physico-Mechanical Institute of National 
Academy of Sciences of Ukraine; E-mail: 
panasyuk@ipm.lviv.ua 

 Reinhard PIPPAN, Professor, Institute of 
Materials Science, Leoben, Austria; E-mail: 
reinhard.pippan@oeaw.ac.at 

 Guy PLUVINAGE, Professor, LaBPS - École 
Nationale d'Ingénieurs de Metz, 1 route 
d'Ars Laquenexy, CS 65820, 57078 Metz, 
France; E-mail: pluvinage@cegetel.net 

 László TÓTH, Professor, Dr., Scientific 
Advisor, Bay Zoltán Nonprofit Ltd. for 
Applied Research Institute for Logistics and 
Production Engineering (BAY-LOGI); E-mail: 
laszlo.toth@bayzoltan.hu 

 Aleksandar SEDMAK, Full Professor, 
University of Belgrade, Serbia, E-mail: 
asedmak@mas.bg.ac.rs 
 
The main task of TC13 is the organisation of 

the Summer Schools on Fracture Mechanics 
under ESIS auspices. In the near future, the 
following such schools are planned: 
 September 24 – 25, 2015: Polish-

Ukrainian-German Summer School of 
Fracture Mechanics (Ternopil, Ukraine); 

 June 20-24, 2016: International Fracture 
Mechanics Summer School (Catania, 
Italy). 
Now TC13 is preparing the 14-th Polish-

Ukrainian-German Summer School of 
Fracture Mechanics “Damage and Integrity 
of Structures”, that will be held at Ivan Pul’uj 
Ternopil National State Technical University 
under organizational and financial support of 
ESIS. The Programme of this school is given 
below. 

 
14th Polish-Ukrainian-German  

Summer School on Fracture Mechanics 
“Damage and Integrity of Structures” 
24-25 September 2015, Ternopil, Ukraine 
 
CHAIRS 
Volodymyr PANASYUK, Professor, Head of 

the Ukrainian National Group of ESIS, Professor, 
Honorary director of G.V. Karpenko Physical-

mechanical institute of the National Academy of 
Sciences of Ukraine 

Wlodzimierz KASPRZAK, Professor Institute 
of Control and Computation Engineering Warsaw 
University of Technology, Poland 

  
INTERNATIONAL ADVISORY 

COMMITTEE 
Prof. Petro YASNIY, Ternopil Ivan Pul’uj 

State Technical University, Ukraine 
Prof. Dr. Eng. Liviu MARSAVINA, Faculty of 

Mechanical Engineering Politehnica University of 
Timisoara, Romania 

Jerzy KALETA, Ph.D., D.Sc., Eng., Prof. of 
WrUT, Head of Mechanics and Materials Science 
and Engineering Department Faculty of 
Mechanical Engineering, Wroclaw University of 
Technology, Poland 

Hryhoriy NYKYFORCHYN, Professor, Head of 
the ESIS TC10 Subcommittee, Professor, Head 
of Department of G.V. Karpenko Physical-
mechanical institute of the  National Academy of 
Sciences of Ukraine 

László TÓTH, Professor, Dr., Scientific 
Advisor, Bay Zoltán Nonprofit Ltd. for Applied 
Research Institute for Logistics and Production 
Engineering, Hungary 

 

PROGRAMME 
 

24 September, 2015 

8.30-
8.45 

The registration of participants 

8.45-
9.00 

Opening Ceremony: 
welcome addresses and introduction 

remarks 

P.Yasniy, 
V.Panasyuk, 

W.Kasprzak, 
L.Tóth, 

J.Kaleta, 

L.Marsavina  

9.00-

11.00 

P.Yasniy Basic approaches of 

fracture mechanics 

Ternopil Ivan 

Pul’uj National 
Technical 

University 
(Ukraine) 

11.00-
11.15 

Coffee break 

11.15-
13.15 

P.Yasniy Basic concepts and 
mechanisms of fatigue 

Ternopil Ivan 
Pul’uj National 

Technical 
University 
(Ukraine) 

13.15-
14.00 

Lunch 

14.00-
16.00 

O.Yasniy Exercise session: The 
calculations of residual 

lifetime of structural 
elements under cyclic 

loading considering the 
scatter of cyclic crack 

growth resistance 
characteristics 

Ternopil Ivan 
Pul’uj National 

Technical 
University 

(Ukraine) 

16.00-

18.00 

Banquet 

25 September, 2015 

8.30-
10.30 

L. Tóth Semi non-destructive 
material characterization 

for ageing monitoring of 
operating components 

Bay Zoltán 
Nonprofit Ltd. 

for Applied 
Research 

Institute for 
Logistics and 

Production 
Engineering 

(Hungary) 

mailto:laszlo.toth@bayzoltan.hu
mailto:asedmak@mas.bg.ac.rs
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10.30-

10.45 

Coffee break 

10.45-

12.45 

H.Nyky-

forchyn 

The main regularities 

and methods of 
evaluation of dissipated 

damaging in steels 
caused by its long-term 

service 

Karpenko 

Physico-
Mechanical 

Institute of the 
NAS of 

Ukraine 

12.45-

13.45 

Lunch 

13.45-
15.45 

A.Kra-
sowskii 

Application of fracture 
mechanics  methodology  

to the structural 
integrity assessment of 

some industrial objects 

Pisarenko 
Institute for 

Problems of 
Strength of 

the NAS of 
Ukraine 

15.45-
16.00 

Coffee break 

16.00-
18.00 

J. Kaleta Design, manufacturing, 
modelling, monitoring 
and testing of high-

pressure composite 
vessels for hydrogen 

storage 

Wroclaw 
University of 

Technology  (P

oland) 

18.00-

19.00 

Closing Ceremony: 

summary and discussion  
on new status of Summer Schools 

Yasniy P., 

Marsavina L., 
NykyforchynH. 

 
Future activity and plans of TC13 will be 

discussed and accepted at ECF 21 (June 20-24, 
2016, Catania, Italy). 

The Co-chairmen of TC13 are grateful to 
Professor Leslie Banks-Sills, ESIS President for 
her organizational and advisory support. They 
also would like to thank all scientists who gave 
their kind consent to be a member of TC13. 
 

Liviu Marsavina 
Petro Yasniy 
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CALENDAR OF TC MEETINGS & ACTIVITIES 

TC4 
September 30-
October 2, 2015 

TC4 meeting 
Les Diablerets, 
Switzerland 

b.blackman@imperial.ac.uk 

 

CALENDAR OF CONFERENCES & WORKSHOPS 

September 1-4, 2015 1st International Congress on 
Structural Integrity 

Funchal, Madeira, 
Portugal 

 

September 15-18, 2015 XV Polish Conference on 
Fracture Mechanics  

Kielce, Poland http://www.fracture.tu.kielce.pl/  

September 16-18, 2015 The 5th International 
Conference on Crack Paths (CP 

2015) 

Ferrara, Italy http://www.cp2015.unipr.it/  

June 19-24, 2016 21st European Conference of 
Fracture (ECF21) 

Catania, Italy http://www.ecf21.eu/ 

June 18-23, 2017 ICF14-Fourteenth International 
Conference on Fracture 

Rhodes, Greece  

August 26-31, 2018 22nd European Conference of 
Fracture (ECF22) 

Belgrade (Serbia)  

   

 

 

 

  

 

ESIS Website 
 

www.structuralintegrity.eu  

 
- become a member of ESIS and 

take advantage of all the 
"Members Only" resources on 
this Web site 

 

- register automatically as a 
Member and pay the fee by 
PayPal system 

 
- obtain your username and 

password for accessing the 

private area for downloading 
EGF-ESIS books and Procedures 

 
- exchange new ideas, 

advancements and documents 
with other ESIS Members 

 
 

 

Advantages of being an ESIS 
member 

    

 participation in TC activities and 

access to TC documents; 
 

 full on-line access to ESIS 

procedures;  
 

 
 full on-line access to former EGF-

ESIS books; 

 
 support for ESIS activity. 
 

how to renew?  
see page 22 or 

www.structuralintegrity.eu   

 

http://www.fracture.tu.kielce.pl/
http://www.cp2015.unipr.it/
http://www.structuralintegrity.eu/
http://www.structuralintegrity.eu/


 
Newsletter #56-2015 

Cohesive Zone Modelling of 

Elastic-Plastic Fatigue Crack Propagation 

 

Huang Yuan 

 

yuan.huang@tsinghua.edu.cn 

School of Aerospace Engineering, Tsinghua University,  

Beijing 100084, PR China 

Abstract  

Limited life design is a keen topic in modern 
industrial product development. For instance, 
many parts of a gas turbine engine just 
possesses several hundreds loading cycles as 
design fatigue life containing cracks. Under such 
loading conditions, fatigue crack growth is 
generally elastic-plastic and needs more 
accurate computational methodology than the 
Paris’ law. In the past decade numerous 
cohesive zone models were proposed and 
investigated for predicting elastic-plastic fatigue 
crack growth. However, most cohesive zone 
models were used to reproduce fatigue crack 
growth with vanishingly small scale yielding and 
failed to predict low cycle fatigue crack growth 
with the finite plastic zone. A cyclic cohesive 
zone model for severe plastic fatigue crack 
growth has to be developed and verified. 
Especially, the damage accumulation in the 
cohesive model has to enable to consider both 
monotonic damage as well as cyclic damage 
mechanisms simultaneously. In the present 
paper a systematic review of the cyclic cohesive 
zone model for elastic-plastic fatigue crack 
growth is presented.  

Keywords: Cyclic cohesive zone model; 
constraint effects; accumulative damage 
evolution; elastic-plastic fatigue crack growth; 
elastoplastic rupture 

 

1. Introduction  

In modern aero engine and gas turbine 
development the life limited parts (LLP) play 
generally the key role in both performance 
design and safety analysis. The structure 
reliability, especially for the LLP, is based on 
both fatigue life assessment for the whole 
structure and detailed fatigue crack propagation 
analysis, i.e. the damage tolerant design. The 
latter is of importance for definition of the 
machine safety inspection. Most engineering 
estimates of fatigue crack growth rely on the 
Paris’ law under the assumption that the plastic 
behavior of the material around the crack tip will 
not affect the crack growth process [1]. 
However, for low cycle fatigue problems, the 

material is locally plastic, especially around 
cracks. The material plasticity will change the 
fatigue performance and the fatigue crack 
growth can no longer be described by the Paris’-
like models, if the crack growth rate becomes 
large, e.g. da/dN>10-3 mm/cycle, or if the 
maximum stress intensity factor approaches the 
fracture toughness of the material. Under this 
circumstance predicting elastic-plastic fatigue 
crack growth life becomes an open issue.  

Cohesive zone modeling provides 
alternative way to assess fatigue cracks in 
ductile materials under elastic-plastic loading 
conditions [2-9]. Establishing a physical sound 
cyclic cohesive zone model (CCZM) for the 
plastic fatigue crack life prediction is under 
intensive investigation in the past decades. A 
significant issue is in establishing damage 
evolution equations for different cyclic loading 
configurations and damage mechanisms, 
especially for elastic-plastic crack growth. 
Obviously, the loading-unloading path associated 
with the material stiffness degradation plays an 
important role in cyclic cohesive zone modeling. 
Additionally, interactions of fatigue crack growth 
and rupture damage mechanism of the material 
around the crack need detailed experimental 
evidences.  

In the present paper, different cohesive 
zone models developed in the past decades are 
reviewed briefly and their applicability for 
predicting elastic-plastic fatigue crack growth is 
critically discussed. Experiments of mode I and 
mixed-mode fatigue cracks are performed to 
verify the cohesive zone model. Much emphasis 
is put on examining the performance of CCZMs 
with plastic unloading. After model parameter 
identification from the CT specimens, the 
cohesive zone model is applied for predicting 
mixed-mode fatigue crack growth in the CTS 
specimens. 

 

2. Cohesive zone models for rupture 

In rupture the material degradation process 
is assumed to be monotonic. Material ahead of 
the crack tip is under monotonically strain-
controlled loading condition. Elastic unloading as 
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well as cyclic loading history do not affect 
rupture explicitly. The fracture criterion or 
damage modeling just has to consider material 
degradation as a function of the total stress and 
the total plastic strain.  

As simulation of the fracture process, the 
cohesive zone model (CZM) is creating a new 
surface pair into the computational model to 
characterize material failure around the crack tip 
[10-14]. One of key advantages of the cohesive 
zone model is in separating the material 
deformation from material failure in 
computations. That is, material deformation in a 
cracked specimen is described by conventional 
continuum plasticity, whereas material damage 
is characterized by the cohesive zone model. For 
mode I cracks the cohesive zone forms directly 
ahead of the crack tip [15]. The fracture process 
zone is simplified into a strip ahead of the crack 
tip. The crack tip field is symmetric to the crack 
plane and only a half of the specimen has to be 
discretized. Obviously, the accuracy of the 
cohesive zone modeling is influenced by 
constitutive description of the cohesive zone.  

For general mixed mode cracks, however, 
the crack propagation has to be determined by 
an additional criterion to determine the direction 
of cracking. In finite element computations it 
can be realized by implementation of the CZM 
into the extended finite element method [6,7]. 
In metallic materials it has been confirmed that 
the crack propagation occurs generally under 
mode I loading condition, i.e. the maximum 
tangential stress criterion [16]. In this case the 
mixed-mode crack can be described by the 
normal traction-separation law. Most efforts of 
the cohesive zone modeling are in developing 
and verifying traction-separation laws for 
material failure in different specimens under 
different loading conditions.  

The form of the traction-separation law has 
been discussed for many years, after Yuan et al. 
firstly suggested a constant traction-separation 
law [10,10]. Scheider et al. [13,17] probed with 
most different function forms and studied 
influences on fracture process simulation. Krull 
and Yuan [18] tried to find more hints about the 
CZM with help of molecular dynamics and 
concluded the similarity between the exponential 
traction-separation law of the normal failure 
process in the nano-scale (Fig. 1). The MD 
simulation can reflect deformation and damage 
clearly. While the monotonic increasing phase of 
the traction-separation law describes the elastic 
continuum deformation in the material, the 
second phase represents the damage process. 

 

Figure 1. The cohesive traction-separation law 
predicted from molecular dynamics simulations 
[18] 

 

According to results of Scheider et al. 
[13,17] the crack propagation is essentially 
controlled by the cohesive energy and the 
maximum traction. The function form of the 
traction-separation law seems to be secondary. 
However, Yuan and Li [19] revealed recently 
that the initial stiffness of the traction-separation 
law can induce significant errors into simulation 
if it is assumed improperly. Furthermore, the 
cohesive energy is generally smaller than the J-
integral from FEM computation, caused by 
elastic unloading around the crack tip. The 
difference increases with plastification around 
the crack tip. Based on such observations 
determining parameters of the cohesive zone 
models needs special experiments. 

Constraint effects were discussed 
extensively in fracture mechanics community in 
the last century [20,21]. The key issue is 
quantification of the stress triaxiality in cracking. 
This remains a problem for cohesive zone 
modeling [22,23]. In fact Yuan et al. [10,11] 
observed in 1990’s that the fracture energy 
predicted from the 2D cohesive zone modeling in 
thin CT specimens of aluminum alloy changes 
quickly with crack initiation. Since the crack in 
the thin CT specimen initiates under normal 
fracture dominated by the plane strain condition 
and propagates towards plane stress state, the 
stress triaxiality decreases. For 3D cracks the 
stress triaxiality varies with the crack front. The 
3D cohesive zone model has to be able to 
correlate the cohesive energy with the stress 
triaxiality [24,25]. 
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Figure 2. Correlation between cohesive traction 
and stress triaxiality 

 

 

Figure 3. Crack front curves from a side-grooved 
CT specimen, experiment versus cohesive 
modelling 

 

From a side-grooved CT specimen of a steel 
S460, Li et al. [24] found that the tensile stress 
at a steady-state growing crack front is nearly a 
linear function of the stress triaxiality (Fig. 2). It 
implies that the cohesive traction grows 
proportionally to stress triaxiality. Furthermore, 
Li [25] observed that the cohesive energy 
decreases with η, which was practically known in 
fracture mechanics, and argued that the 
cohesive energy should be a decreasing function 
of η. Due to effects of plastic deformations, 
variations of the cohesive energy is not so 
strong as the J-integral. Combining both effects 
into the cohesive model, the crack propagation 
front in a side-grooved CT specimen can be 
predicted, as shown in Fig. 3 [24]. 

 

3. Cyclic Cohesive Zone Models 

In simulation of fatigue crack growth the 
cyclic cohesive zone model (CCZM) has to be 
able to consider both ductile failure and 
accumulative fatigue damage, which builds the 
significant difference from the conventional CZM 
for rupture. The CCZM should characterize 

different damage evolution mechanisms for 
fatigue crack growth in metallic materials: 
monotonic damage due to high plastic 
deformations and cyclic damage from repeated 
accumulative stress/strain cycles, that is, the 
damage can be decomposed into  

 

cm DDD        (1) 

 
where Dm denotes the damage under monotonic 
loading and Dc is introduced for fatigue damage 
and related to both inelastic deformations as 
well as loading cycles.  

The monotonic damage Dm exists in 
conventional cohesive zone model implicitly. The 
rupture under the monotonic loading condition is 
described by the cohesive law and Dm can be 
calculated from the cohesive law directly. For 
instance, one of the conventional cohesive laws 
for monotonic rupture reads [8] 
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where the normal traction Tn is assumed to be a 
piecewise function depending upon the normal 
separation δn, δ0 is a characteristic length of the 
cohesive zone, σmax,0 is the initial cohesive 
strength used to identify the peak value of the 
normal traction, δu denotes the maximum 
normal separation after which the normal 
traction vanishes. To represent the damage from 
the cohesive law, a simple linear damage 
evolution can be defined according to the 
softening in Eq. (2) which describes the ductile 
fracture mechanism phenomenologically, 
 

  (3) 
 
Above the Macaulay brackets〈•〉are used to 

signify the non-negative value of the damage 
increment. The Heaviside function H states that 
the damage initiates at the condition δn >δ0.  

The fatigue damage evolution equation 

suggested in [5] reasonably reflects the 

accumulative damage for ductile materials, 

which reads 

 

 (4) 
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With evolutions of both damage variables, 

Dm and Dc, the interaction of rupture and fatigue 

can be considered in the cohesive law, which is 

effectively the current degraded cohesive 

envelope, which can be expressed as 

(5) 

with  00    uс D  and 

)1(0max,max D  . Both monotonic and 

cyclic damage affect the cohesive strength and 

solve the problem in [5,6] with limitation of 

maximum loads in crack initiation and 

propagation simulation. 

Accounting for the ductility of the steel 

AISI304, the crack tip opening is inevitably 

accompanied by the plastic deformation, thus 

upon unloading the material separation cannot 

be fully recovered, the corresponding 

unloading/reloading equation takes the 

incremental form as 

 

 (6) 

 

with kn=σmax exp(1)/δ0. From the equation 

above the cohesive stiffness kn decreases with 

rising the damage, D. 

 

4. Identification of CCZM and 
experimental verification 

As discussed in the previous sections, the 
CCZM consists of two damage evolution 
equations. The rupture should be cover by the 
CZM, while cyclic damage is accumulative and 
described by Equation (4). To identify the 
material model parameters of the cohesive zone 
model, two CT specimens of AISI 304 with 
slightly different initial crack lengths were tested 
at room temperature [26,27]. The crack initial 
loads were found based on the compliance 
method. The critical J-integral was calculated by 
using finite element method, in comparing with 
experiments. 

It is carried out that the cohesive strength 
σmax,0 =1330 MPa, the cohesive length δ0= 0.018 
mm and δu = 0.54 mm give the best prediction 
for the load-displacement curves of both 
specimens, as shown in Fig. 4. The 
corresponding cohesive energy Γ0 = 7.28×105 

J/m2 and the cohesive stiffness kn=2 × 105 
N/mm3. 

 

 
Figure 4. Experimental load-displacement curves 
and simulated results for determination of the 
monotonic cohesive model parameters 
 

 
Figure 5. Comparison between experiments and 
CZM simulations of the CT specimen with R = 
0.1. The upper and lower bound lines are plotted 
as proposed by Erdogan et al. [28] 

 
After identifying monotonic model 

parameters the cyclic model parameters need 

fatigue test results. The mode I fatigue crack 

growth was conducted on the CT specimen with 

two constant load amplitudes with the initial 

ΔK= 55 MPa m1/2 and ΔK = 75 MPa m1/2, 

respectively. The loading ratio R = 0.1. FEM 

computations show that dΣ = 30δ0 and 

σf/σmax,0= 0.35 give the best fit. 

Experimental and computational fatigue 

crack growth results from the CT specimen are 

summarized in Fig. 5. The figure contains only 
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stable crack growth. The crack nucleation 

containing initial crack initiation is excluded in 

computations. The upper and lower bound lines 

are plotted as proposed by Erdogan et al. [28]. 

Fatigue crack growth is accelerated as 

approaching the critical stress intensity factor 

ΔKc= (1-R)Kc. The simulation result is assembled 

by the two loading levels by using a single FEM 

model and gives a reasonable prediction for the 

experimental result especially at Regime III 

under the mode I condition. 

The computational results agree with 
experimental data in the whole regimes II and 
III, as shown in Fig. 5. Using a coarser mesh 
one may extend the computational results into 
the whole regime II without any problem. 
Especially, the CCZM provides reliable 
computational prediction very near to KC, so that 
the present CCZM builds a uniform model for 
both fatigue and fracture crack simulation. 

 

 
Figure 6. CTS specimen for the mixed-mode 
fatigue crack test and for XFEM computations 
using the cyclic cohesive zone model 
 

Differing from the mode I crack reported in 

the previous sections, the mixed-mode crack 

contains contributions from the shear stress 

around the crack tip. As shown in [6,7], the 

fatigue crack deflection angle of the CTS 

specimens changes relating to the loading angle, 

thus application of CCZM for mixed mode 

cracking has to include influence of the loading 

mixity. Xu and Yuan [6,7] proposed a XFEM 

CCZM approach based on the normal stress 

failure (Fig. 6), that is, the material fatigue is 

characterized by the normal stress only and the 

shear stress does not appear in the damage 

equation explicitly. The damage evolution is only 

driven by the normal traction with respect to the 

normal separation at the crack surface. Such 

consideration is consistent to the maximum 

tangential stress criterion and is also coincident 

with the experiment observations (Fig. 7). 

 

Figure 7. CTS specimen crack deflection angles 

from experiments, maximum tangential stress 

criterion (MTS), maximum energy release rate 

(MERR) as well as maximum principal stress 

(MPS) used in the XFEM computations 

Following this idea, the model parameters 

determined from the CT specimen under mode I 

condition can be applied to the CTS specimens 

and the crack direction is determined by the 

maximum tangential stress directly. With pre-

defined crack path, the mixed-mode crack 

propagation simulation can be done by using the 

conventional FEM. The corresponding stress 

intensity factors are calculated by using the 

virtual crack closure technique (VCCT). It is 

confirmed that the computational prediction 

agrees with experiments in Regime II. 

Figure 8 summarizes all experimental and 

computational results from the CTS as well as 

CT specimens of AISI304 investigated in the 

present work. Three base lines are used to 

bound the data in a narrow range following 

Erdogan model [28]. The computational 

predictions for the mixed-mode CTS specimens 

are based on the model parameters identified 

from the CT specimen. Special attention is 

devoted to fatigue crack growth in Regime III  
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Figure 8. Computational prediction of mixed-
mode fatigue crack growth in comparing with 
experiments of CTS and CT specimens 
 
where the maximum applied stress intensity 
factor approaches the fracture toughness of the 
material. The results confirm that the cohesive 
zone model can cover the whole fatigue crack 
growth regimes II and III under both mode I 
and mixed mode loading configurations. 
 
6. Conclusions 

The cohesive zone models have been 

investigated for many years. However, rare 

quantitative experimental verifications have 

been published. In the present work, a new 

cyclic cohesive zone model for both monotonic 

and cyclic fatigue crack growth is introduced for 

an austenitic stainless steel AISI 304. The major 

concern of the present work is attempting to 

establish a cohesive zone model to describe both 

low and high fatigue crack growth rates, 

especially fatigue cracks in the Regime III. 

For characterizing material degradation, a 

scalar damage variable is decomposed into 

monotonic damage as well as cyclic damage. 

Interactions of the monotonic damage and cyclic 

accumulative damage are considered in the 

damage evolutions. Both damage evolutions 

have been verified by experiments and can 

characterize material damage around the crack 

tip properly. 

Experimental tests performed in CT as CTS 

specimens of steels are performed for 

verification of the cohesive zone models. 

Detailed finite element computations confirm 

that the proposed cohesive zone model is able to 

describe both rupture and fatigue crack growth 

properly. The model gives a uniform 

characterization of Regime II and Regime III in 

the fatigue crack diagram. The mixed-mode 

fatigue crack simulation takes the advantage of 

the maximum tangential stress criterion and the 

cohesive zone model just considers normal 

failure in the computational prediction. The 

shear stress does not participate the material 

degradation explicitly in the cohesive zone 

modeling. The computational results agree with 

experimental data in whole fatigue diagram, just 

based on the model parameters identified from 

the CT specimens. 
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DRAFT UNIFIED PROCEDURE FOR DETERMINING THE FRACTURE BEHAVIOUR OF MATERIAL.  
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ESIS DRAFT CODE OF PRACTICE FOR THE DETERMINATION AND INTERPRETATION OF CYCLIC STRESS-
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D1-92 

FRACTURE CONTROL GUIDELINES FOR STRESS CORROSION CRACKING OF HIGH STRENGTH ALLOYS. 
 Responsible body: TC10 Committee on Environmental Assisted Cracking. 

D2-99 

FRACTURE TOUGHNESS OF CERAMICS USING THE SEVNB METHOD; ROUND ROBIN, TEST PROGRAMME. 
The ESIS TC6 and VAMAS TWA3 developed a test method and conducted a round robin for its validation. D2-99 presents a 
detailed documentation of this activity. The final form of the test method has appeared as P5-00. 

Responsible body: TC6 Committee on Ceramics. 
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