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EDITORIAL BY THE ESIS 

PRESIDENT 

We are now in the New 
Year after a wonderful ECF 
19 which took place in 
Kazan last summer. There 
were 360 participants 
from 43 countries. The 
organization was excellent 
and I wish to thank 
Professors  

Robert Goldstein, 
Nikolay Makhutov, 
Nikita Morozov,  
Valery Shlynnikov,  

as well as the local organizing team.

It is anticipated that there will be three 
special issues of papers presented at ECF 19 in
our Elsevier journals: Engineering Fracture 
Mechanics, Engineering Failure Analysis and the 
International Journal of Fatigue.  There were 
many interesting invited and presented lectures.  
In addition, there were excellent social and 
cultural programs. 

Please recall that ECF 20 will take place in 
Trondheim, Norway in the summer of 2014, 
chaired by Professor Zhiliang Zhang.  He is 
planning a Summer School before the 
conference. During ECF 19, the ESIS Council 
voted to have ECF 21 in 
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2016. The organizer will be Professor Francesco 
Iacoviello.   

We now have a registered office in the UK.  I 
would like to thank our Secretary, Professor 
James Marrow, for his effort in that 

Our blog in which Professor Wolfgang Brocks 
reviews different papers from Engineering 
Fracture Mechanics continues to receive 
attention.  You can reach the blog through our 
web site at 

www.structuralintegrity.eu  

or from the direct link  

www.imechanica.org/blog/23810

Wolfgang has reviewed four papers and over 
10,000 people have looked at the reviews.  
There have been a number of interesting 
responses.  I would like to encourage you to 
read and respond to these interesting pieces.

ESIS publishes Special Issues in the three 
Elsevier journals that we support:  Engineering 
Fracture Mechanics, International Journal of 
Fatigue, and Engineering Failure Analysis.  The 
newest Special Issues include: 

1. A. Carpinteri, L. Pook and A. Spagnoli 
(eds) Multiaxial Fracture (ICMFF9 Multiaxial 
Fatigue), Engineering Fracture Mechanics, Vol. 
78, Issue 8 (2011). 

2. E. Macha and D. Rozumek (eds.) 
Physical and Phenomenological Approaches to 
Fatigue Damage (TC3), International Journal of 
Fatigue, Vol. 39 (2012). 

3. W. Brocks and H. Yuan (eds) Cracks in 
Microstructures and Engineering Components 
(ECF 18), Engineering Fracture Mechanics, Vol. 
95 (2012). 

We expect the following Special Issues to 
appear in the near future: 

1. H.J. Christ (ed), Recent Progress in the 
understanding of Fatigue Crack Propagation 
(ECF 18), International Journal of Fatigue.

2. B.R.K. Blackman and J.G. Williams 
(eds), Fracture of Polymers, Composites and 
Adhesives (6th International ESIS TC 4 
Conference), Engineering Fracture M

3. H. Klingelhöffer (ed), Thermomechanical 
Fatigue (2nd International Workshop on 
Thermomechanical Fatigue TC 11), International 
Journal of Fatigue. 

Moreover, there are other Special Issues in 
preparation.  These journals and the Special 
Issues are important to ESIS, so please continue 
publishing your articles in them.  Your support 
as efficient and critical reviewers is also very 
much appreciated. 

At ECF 19 we had a meeting with TC
as well as other ESIS members who were 
interested in an initiative to obtain European 
Commission funds from COST to support our 
activities. As an outcome of that meeting, 
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as efficient and critical reviewers is also very 

At ECF 19 we had a meeting with TC-chairs, 
as well as other ESIS members who were 

iative to obtain European 
COST to support our 

As an outcome of that meeting, 

Professors Liviu Marsavina and Aleksandar 
Sedmak may organize a Fracture 
Mechanics Summer School this year. I would like 
to suggest that TC-chairs who wish to start an 
Action with COST for support of TC activities
should contact Professors Liviu Marsavina and 
Antonio Martin Meizoso for further information.

You are encouraged to look at the ESIS 
website for news and to join one of our TCs 
(Technical Committees) that is close to your 
area of expertise.  The TCs hold very interesting 
small and medium sized meetings between the 
ECF conferences, where there is a great 
opportunity for detailed discussion and 
networking.  If you are interested in starting 
new TC on a new topic, please contact me.

Finally, nominations are now open for the 
ESIS Awards, which will be presented at ECF 20.
Nominations may be sent to the Chairperson of 
the Awards Committee (Professor Zhiliang 
Zhang) at any time but not later th
30, 2013 (i.e. six months before ECF 20 which 
will begin on June 30, 2014).  Nominations may 
be made by any member of ESIS and should be 
accompanied by a CV, as well as a supporting 
letter with the names of the person proposing 
the nominee and seconder.  Please note that no 
member may propose or second someone from 
their own country.  The members of the Awards 
Committee appear elsewhere in the Newsletter.  
Further information on the awards may be found 
on the ESIS website. 

Best regards for 2013.
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Dear colleagues,  

We had a very 
successful conference, 
ECF19, in Kazan last year, 
and you will find a report 
on it in the present issue, 
together with the minutes 
of the Council Meeting held 
during the conference.  The 
number of ESIS members 
has been roughly constant 
over the last years. There 
are still several European countries, however, 
that do not reach the “critical” number of ten 
members required to claim a voting right in the 
Council, namely Belgium, Croatia, Denmark, 
Finland, France, Greece, Netherlands, Norway, 
Portugal, Slovakia. Participating in an ESIS 
conference and becoming an ESIS member 
should be looked at jointly as it is this Society 
which guarantees and takes care of high 
standard and well organised conferences every 
two years. Do not just take along what E
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do for ESIS. Becoming a member should be the 
least! 

The Newsletter is the means to present ESIS 
as a vivid society. I hence encourage you once 
again to submit contributions by your own 
initiative, whether it is on problems of fracture 
mechanics, history of ESIS, national activities 
etc. There will be no information on ESIS 
matters unless you submit it. 

If you are editing a special issue of one of the 
three Elsevier Journals, keep me informed on 
the actual status regularly. 

If you are a TC Chairperson, keep me 
informed on recent activities of your TC, report
of precious meetings, announcements of future 
meetings. 

If you are a national representative, keep me 
informed on any activities of your national 
that is related to ESIS. 

And you will find everything in your next 
Newsletter! 

It is a tradition that ESIS awardees are 
invited to present a scientific paper. 
Goldstein was awarded with the Honorary 
Membership at ECF 18 in Dresden, and 
Carpinteri has been awarded as ESIS Fellow 
ECF 19 in Kazan. You will find their
present Newsletter. 

Wolfgang Brocks

 

 

 

ESIS Website
 

www.structuralintegrity.eu

 
- become a member of ESIS 

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 the other ESIS Members
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19TH EUROPEAN CONFERENCE ON 

FRACTURE 

Conference Report

The 19th European Conference on Fracture 
(ECF19) took place in Kazan, Russia, from 
August 26 to August 31, 2012

 The conferences of this series are the main 
scientific conferences of ESIS organized every 
two years.  For the first time, Russia was 
selected to host the ECF conference.  ECF19 was 
organized by the Kazan Scientific Center of the 
Russian Academy of Scienc
conference was chaired by Professor Robert 
Goldstein from the A.Yu. Ishlinsky Institute for 
Problems in Mechanics, RAS (the Executive 
Chaired), Professor Nikolay Makhutov from the 
A.A. Blagonravov Institute of Mechanical 
Engineering, RAS and Professor Nikita Morozov 
from the St. Petersburg State University. The 
work of the Local Organizing Group in Kazan was 
coordinated by Professor Valery Shlyannikov, 
Director Academenergo of the Kazan Scientific 
Center of the RAS. 

Traditionally ECF conferenc
specialists not only from European countries but 
also from those around 
over 360 delegates from 43 countries worldwide 
participated in the conference.  The Technical 
Program included 370 papers (2
lectures, 277 oral presentations and 66 posters). 

 

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 

www.structuralintegrity.eu
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The Plenary Lectures were given by Wolfgang 
Brocks (Germany), Alberto Carpinteri (Italy), 
Vladimir Fortov and Gennady Kanel (Russia), 
Irina Goryacheva and Elena Torskaya (Russia), 
Bhushan Karihaloo (UK), Georgy Karzov and 
Boris Margolin (Russia), Otmar Kolednik 
(Austria), Meinhard Kuna (Germany), Toshihiko 
Kuwabara (Japan), Nikolay Makhutov (Russia), 
Antonio Martin Meizoso (Spain), Xanthippi 
Markenscoff (USA) and Cristian Dascalu (USA, 
France), Yukitaka Murakami (Japan), Volodymyr 
Panasyuk and Hryhorii Nykyforchyn (Ukraine), 
Victor Panin (Russia), Yury Petrov (Russia), 
Andre Pineau (France), Reinhard Pippan 
(Austria), Jaroslav Pokluda (Czech Republic), 
Nicola Pugno (Italy), Krishnaswamy Ravi
Chandar (USA), Jesus Toribio (Spain), Dov 
Sherman (Israel), Andrey Shanyavskiy (Russia)
Siegfried Schmauder (Germany), Karl
Schwalbe (Germany), Shouwen Yu (China).  It 
may be noted that the large number of Plenary 
Lectures promoted the conference success, 
showed the state of the art, and served as 
elements of a scientific school for m
young participants. 

The main ideas of the Plenary Lectures were 
developed and arranged by oral presentations

and posters. Every day six parallel sessions took 
place.  The papers were focused on the
topics: 

- advanced crack models and f
criteria; 

- micromechanisms of fracture and fatigue;
- physical mesomechanics of fracture;
- multiaxial/mixed mode fatigue and 

fracture; 
- multicyclic loading and multiscale fracture;
- fatigue of materials, components and 

structures; 
- dynamic fracture; 
- fracture processes under the action of 

physical fields and chemically active 
media; 

- new methods and equipment for fracture 
testing; 

- computational fracture mechanics;
- acoustic and other forms of energy 

emission from fracture phenomena;
- fracture mechanics applications;
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Though the conference was mainly focused 

on the problems of fracture mechanics and its 
engineering applications, the papers related to 
physics of the phenomena and new 
technique attracted undoubted attention.

Methods of atomistic modeling

of inelastic deformation and 
are developed and used already more than ten 
years. In case of appropriate statement of the 
problem these methods lead to unique 
information on elementary mechanisms of the 
phenomena. Results of molecular dynamic 
modeling of crack propagat
mechanisms of amorphous materials fracture 
(L.-H. Kieu), deformation of carbon nanotubes 
(S. Korobeynikov), ultraspeed fracture under the 
action of femtosecond laser pulses (N. 
Inogamov) and other studies within this
framework have been
conference. 

Since molecular dynamics considers 
objects on a submicroscale and processes of 
durations less than one nanosecond, the 
problems of correlationing the results of 
atomistic modeling and 
very actual. In this respect
speed deformation and fracture resistance of 
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experiments at rates of plastic deformation 
104 s-1 and more, an anomalous (although 
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thus to experimentally 
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resistance to deformation and fracture 
approaches the possible 
determination of the ideal strength discussed in 
papers by J. Pokluda and M. Cerny becomes 
topical. 

Progress in nanotechnologies leads to 
problems of strength and fracture of micro
nanoscale components. In this connection 
ingenious methods for 
these scales are developed (R. Pippan).

Improvement of experimental techniques 
provides impressive results 
scales. Extensive and very interesting 
experimental information on localis
plastic deformation and fracture were presented 
by K. Ravi-Chandar. 
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For the first time at an ECF Conference, the 
problems of scientific ethics were discussed.  
The discussion was related to the interrelation of 
the author-reviewer-editor triad, the system of 
ranking scientists, the role of modern 
information technologies in the processes of 
scientific studies and the preparation of scientific 
publications.  The Plenary Lecture of this subject 
was delivered by Prof. K.-H. Schwalbe.

The Book of Abstracts and the CD
Proceedings of all presentations were given to 
the participants.  Selected papers will be 
published in special issues of the following 
scientific journals: Engineering Failure Analysis, 
Engineering Fracture Mechanics and 
International Journal of Fatigue. 

The scientific part of the conference was 
accompanied by the interesting and well 
organized cultural program which promoted a 
friendly environment of the event.  The 
participants were greatly impressed by the 
excursions to historical memorials of thousand
year Kazan and a boat trip on the great Russian 
river Volga. 

Meetings of the ESIS Council 
Executive Committee were held during the 
conference.  The ECF20 conference venue 
(Trondheim, Norway) was confirmed for 2014 
and Italy was selected to host ECF21 in 2016.

An ESIS Fellowship was awarded to Prof. 
Andrea Carpinteri for his outstanding 
contributions to the fracture mechanics of 
engineering materials and structures and his 
service to the Society, Prof. Otmar Kolednik for 
his outstanding contributions to experimental 
and non-linear fracture mechanics and his 
service to the Society, Prof. Hryhorii Nykyforchin 
for his outstanding contributions to corrosion 
fracture mechanics of structural materials and 
his service to the Society. 

ESIS and ECF19 organizers express their 
appreciation and gratitude to the Government of 
the Republic of Tatarstan and the sponsors 
(Russian Foundation for Basic Research, Russian 
Academy of Sciences, Chevron Neftegas Inc., 
FSUE CRISM “Prometey”, Special Materials 
Corp., LLC “NIKIET”) for financial support 
contributed to the success of the conference.

Robert Goldstein
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Mini-Symposium “Structural 

Assessment of NPP Equipment with 

Regard to Degradation and Failure of 

Materials” 

The Mini-Symposium was organized to cover 
three areas: 

 -  Mechanisms of material degradation u
operation of NPP equipment

 -  Multi-scale modeling of material fracture; 
 - Methods for prediction of material 

properties and structural integrity 
assessment. 

The event was organized by George Karzov 
and Boris Margolin, the Ce
Institute of Structural Materials «Prometey», St. 
Petersburg.  

Highlighting the above areas as part of a 
separate Mini-Symposium is primarily due to the 
fact that the integrity of nuclear reactor 
components is estimated specifically. Unlike 
most structures where the properties of 
materials change only slightly with time, the 
structural materials used in
show a strong degradation under long
neutron irradiation and high temperatures. The 
critical events controlling the int
lifetime of different reactor components are 
determined by different potential fracture 
mechanisms of the material degrading during 
the NPP operation. 

Therefore, for NPP equipment integrity to be 
estimated, first of all, it is necessary to know 
how to predict the change in the properties of 
materials during long-term operation (60 years 
and over), i.e. to know how to take into account 
the time factor. It is evident that such 
information cannot be obtained from direct 
experiments under conditions 
operating ones. Besides, there is the problem of 
transferability of the test results for small
specimens to large-scale NPP equipment 
components, i.e. it is necessary to know how to 
take into account the scale factor.

Some examples can b
pressure vessel (RPV) of WWER type the critical 
event is determined by the material 
embrittlement under neutron irradiation that can 
result in the initiation of
propagation under non-
temperature fields caused by a thermal shock in 
case of emergency core cooling. For RPV 
integrity to be estimated it is necessary to 
predict the resistance to 
based on the results of testing small
surveillance specimens (
the scale factor).   

The pressure vessel internals (PVI) of WWER 
reactors are subjected to neutron irradiation 
1000 times higher than the RPV. In spite of the 
fact that the internals are made of austenic 
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steel, which shows excellent ductility and 
corrosion resistance in unirradiated condition, 
the PVI elements subjected to very intense 
neutron irradiation can failure by highly specific 
mechanisms. Besides, the PVI elements are 
subjected to irradiation-induced swelling and 
creep that enhance material embrittlement
well as the possibility of an inadmissible form 
change.  

The fast reactor (FR) components operate at 
such high temperatures that thermal creep 
occurs. The critical event for such components is 
fracture under creep and irradiation for lo
term cyclic and static loading. For fracture to be 
predicted during long-term operation under the 
specified conditions, short-term in
of-pile tests only can be conducted, i.e. it is 
necessary to take into account the time factor. 

Thus, the integrity estimation of components 
of nuclear reactors cannot rely only on 
traditional fracture mechanics approaches using 
the results of testing specimens under conditions 
close to operating conditions. Therefore, apart 
from the use of traditional method
local approach has been developed recently. It 
permits studies of the material degradation and 
damage processes at different scale levels and 
enables formulation of fracture criteria in terms 
of continuum mechanics. 

A number of reports prese
conference were devoted to investigations 
have contributed significantly to the lo
approach. First of all, these include
presentations given by George Karzov and Boris 
Margolin, as well as those by André Pineau and 
Siegfried Schmauder. The report of George 
Karzov and Boris Margolin is devoted to the local 
approach development as applied to the 
formulation of criteria for brittle and ductile 
fracture, as well as fracture under creep taking 
into account material degradation under 
irradiation and thermal ageing. The report has 
also shown how theoretical and analytical 
models became the basis for the development of 
current normative documents for the integrity 
and lifetime estimation of the NPP equipment 
components. In particular, relying on a set of 
experimental investigations and modeling of 
fracture processes within the local approach, 
Standards of Concern “Rosenergoatom” were 
developed for the integrity and lifetime 
assessment of slow and fast neutron reactors. 
Besides, the report shows that modelling of the 
material damage and degradation mechanisms 
allows for formulation of requirements for new 
materials with higher fracture resistance to be 
developed.  

A new view of brittle transgranular fracture 
and the effect of intergranular impu
fracture has been presented in the report by 
André Pineau. This work allows a more adequate 
account into the effect of impurities on the 
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brittle fracture resistance of materials during 
long-term operation of nuclear reactor elements.

The report presented by Siegfried Schmauder 
highlights the analysis of crack extension with 
different fracture mechanisms at all scale levels 
starting with microcrack initiation and finishing 
by unstable macrocrack growth.

In addition, among the presentation
promoting the local approach 
reports of V. Shvetsova, A. Sorokin (Russia), S. 
Kotrechko (Ukraine) and G. Hutter (Germany). 
Moreover, a number of papers 
the development of new methods of structural 
integrity calculations, in particular, the paper by 
V. Kharchenko (Ukraine) that considers the 
methodical features of calculating fracture 
mechanics parameters under complex thermal
force loading typical of the emergency cooling of 
RPVs, as well as the paper by K.
(Netherlands) on the development of integrity 
and lifetime calculation methods as applied to 
NPP components under high temperatures.

Of great interest are the reports presented by 
B. Gurovich, E. Kuleshova and D. Erak (NRC 
«Kurchatov Institute») on the study 
in the material micro- and nano
as fracture mechanisms under neutron 
irradiation and thermal aging. Such 
investigations give a higher
of microstructural and phase change kinetics in a 
material and, therefore, a higher
prediction of material properties during RPV 
operation. With such predictions the lifetime 
estimation of a structure can be made with less 
uncertainty.  

To sum up, modern nuclear power 
engineering promotes fundamental science not 
only in the field of nuclear physics but in the 
field of strength, fracture mechanics and 
materials science. In addition
safety of NPPs to be provided
of regulatory documents based on recent 
achievements in the above areas 
priority issue. 

Mini-Symposium “Acoustic and Other 

Forms of Energy Emissions from 

Fracture Phenomena

In the framework of 
Symposium on “Acoustic and Other Forms of 
Energy Emissions from Fracture Phenomena”
was organized by Professors Alberto Carpinteri 
and Giuseppe Lacidogna. 

The subject of the Mini
based on the characterization of 
of energy emitted during the failure of ductile 
and brittle materials. This is an open and 
debated argument in the scientific literature. 
Some research activity has been already 
conducted on this subject based on the signals 
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B.Z. Margolin 

Acoustic and Other 

Forms of Energy Emissions from 

Fracture Phenomena” 

In the framework of ECF 19 a Mini-
Symposium on “Acoustic and Other Forms of 
Energy Emissions from Fracture Phenomena” 
was organized by Professors Alberto Carpinteri 

 
The subject of the Mini-Symposium was 
sed on the characterization of different forms 
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captured by acoustic emission measurement 
systems. On the other hand, there are not yet 
many studies on the emission of electroma
charge, and very recently piezonuclear neutron 
emissions from very brittle rocks and concrete 
specimens in compression have been 
discovered. 

The contributions presented at the Workshop 
may be separated into two differen
first focuses on acoustic, electric and 
electromagnetic emission, the second explores 
piezonuclear reactions and neutron radiation.

Acoustic, Electric and Electromagnetic 
Emission 

I. Picas, E. Martínez-González, D. Casellas 
and J. Romeu use fracture and Acoustic Emission 
(AE) tests to obtain data associated with
damaging mechanisms which take 
microstructure. The results of their investigation 
permits definition of the stresses at which a 
crack nucleates and propagation processes start 
to occur in two tool steels with very different 
microstructural properties, providing very helpful 
information in understanding 
mechanisms in these materials. 

E.A. Devyatkin, I.V. Simonov, A.A. Sirotin, 
Yu.K. Bivin and K.Yu. Osipenko studied
characteristics of the electric field emitted by 
vibration or fracture of thin glass and 
polyethylene fibers. The use of the AE method in 
thin fibers meets technical difficulties, e.g., the 
transducer cannot be fixed to the specimen. The 
method based on recording perturbatio
electromagnetic radiation (EMR) du
has the advantage that it is contactless, and 
allows one to simply prepare the specimens 
according to standard techniques. 

F. Accornero, S. Invernizzi, G. Lacidogna and 
A. Carpinteri describe the use of
technique for the preservation of mural painting 
heritage. The aim of the work is to reveal the 
damage evolution in the support of the 
decorated surfaces of the Renaissance Complex 
“Sacri Monti di Varallo” (Piedmont, Italy), and to 
utilize the collected data coming from the “in 
situ” monitoring in order to preserve the 
artworks from seismic risk. The results of the 
monitoring show that the frescos degradation 
may be mainly related to the diffusion of 
moisture in the mortar substrate. 

H. E. Goodman and P. Connolly of the 
Chevron Energy Technology Company, Houston, 
Texas (USA) − saying that since the early 
1990’s, Chevron has maintained a strategy to 
develop technologies that enable the building of 
3D rock mechanical earth volumes from 
acoustics dominated data sets −
their work acoustics based rock mechanics 
concepts, describe Chevron’s acoustics based 
rock property prediction technique, and present 
field application case histories fo
business units worldwide, including deepwater 
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Gulf of Mexico, North Sea, offshore West Africa 
and Asia. 

Piezonuclear Reactions and Neutron 
Radiation 

G. Lacidogna, O. Borla and A. Carpinteri 
describe compression tests on Carrara marble 
specimens. The external and fracture surfaces 
belonging to these crushed specimens were 
analyzed by X-ray Photoelectron Spectroscopy 
(XPS). A decrease in O, Ca, Mg and an increase 
in C content were observed on the fracture 
surfaces with respect to 
evidence emerging from the XPS analyses 
represent a confirmation that anomalous nuclear 
reactions, starting from O, Ca and Mg, and 
involving the production of C and He have 
occurred at the laboratory scale.

A. Manuello, R. Sandrone, S. Guastella, O. 
Borla, G. Lacidogna and A. Carpinteri discuss 
neutron emissions measured during laboratory 
compression tests of magnetite specimens, 
loaded up to failure under monotonic 
displacement control, and of basaltic rocks 
during cyclic loading tests. Energy Dispersive X
Ray Spectroscopy (EDS) analyses were 
conducted to recognize possible direct evidence
of low energy nuclear reactions (piezonuclear 
reactions) on fracture surfaces. The obtained 
results confirm similar evidence
observed on Luserna stone (granite) and confirm 
that piezonuclear reactions take place in iron
rich materials. 

G. Lacidogna, O. Borla, G. Niccolini and A. 
Carpinteri show experimental evidence and 
confirmation that energy emission of different 
forms occurs from solid
particular, acoustic, electromagnetic and neutron 
emissions were measured during original 
laboratory compression tests on rock specimens 
loaded up to failure. The aim was to find a time 
correlation between these 
of energy emissions from rocks under 
compression. The analysis carried out by the 
authors demonstrates how the stress state in 
the specimens firstly involves the generation of 
micro-cracks accompanied by AE vibrations. 
Then electromagnetic 
considering the different average propagation 
velocities of these two signals, and finally 
neutron emission events are observed at the 
time of catastrophic failure of the specimens. 
Applications of these monitoring techniques to 
earthquake forecasting seem to be possible.

S. Invernizzi, O. Borla, G. Lacidogna, A. 
Manuello and A. Carpinteri describe an 
investigation on piezonuclear neutron emissions 
from ductile materials, like steel, subjected to 
different laboratory tests. Steel b
uniform tensile loading, as well as notched 
specimen subjected to the Charpy test,
uniform compression tests we
Some positive evidence of neutron emission are 
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reported, which depend on the loading condition, 
the size and the brittleness of the specimen, but 
also on the amount of dissipated energy during 
damage. 

O. Borla, G. Lacidogna, A. Zanini and A. 
Carpinteri provide improved analyses 
those already known in literature– 
hypothesis that the Earth’s crust, in addition to 
cosmic rays, is a relevant source of neutron flux 
variations. The study starts from recent 
experimental data acquired at the “Testa Grigia” 
Laboratory of Plateau Rosa, Cervinia (Italy). The 
phenomenon of neutron emission seems to take 
place several days before a significant seismic 
activity occurs in the monitored areas. 
Moreover, taking into account the demonstrated 
close connections between acoustic, 
electromagnetic emissions and seismic activity, 
it will be possible to set up an alarm system
combines AE, EM and neutron sensors for the 
prediction and diagnosis of earthquakes.

Prof. Alberto Carpinteri, during his Closing 
Lecture provided the salient r
piezonuclear reaction research that have already 
appeared in authoritative international 
experimental physics and experimental 
mechanics journals. 

In particular, he explained how piezonuclear 
reactions are fissions of nonradioactive, 
relatively light elements (iron or lighter) that 
split without a concomitant generation of 
gamma radiation or radioactive wastes but give 
rise to neutron emissions. As evoked by the 
Greek root of the word, they are caused by 
pressure waves, in both liquids and solids.

The earliest experiences in liquids were 
carried out at the National Research Council in 
Rome by exposing aqueous soluti
salts to ultrasound, whereas the initia
experiments in solids were performed at the 
Politecnico di Torino, in collaboration with INFN 
(National Institute of Nuclear Physics) and 
INRIM (National Metrology Research Institute) 
researchers, using granite or basaltic rocks 
loaded in compression up to brittle failure.

The salient results provide direct and indirect 
evidence of the occurrence of piezonuclear 
reactions. Indirect evidence includes the neutron 
emissions that have been detected in a regular 
and reproducible fashion using different types o
detectors. It should be noted that, as a function 
of different parameters, including specimen size 
scale, the highest intensity emissions were 
recorded at the time of crushing failure with 
neutron counts exceeding the background value 
by one or two orders of magnitude. Direct 
evidence of piezonuclear reactions was obtained 
through a brand-new spectroscopic technique, 
EDS, which, by comparing a statistically 
significant number of  points lying on the outer 
surface and the fracture faces of the specimen, 
and aiming directly on the only two iron ores 
present – Phengite and Biotite –
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ascertain that iron, on average, was locally 
reduced by 25% and was replaced with atoms of 
aluminium (atomic number =13, half that of 
iron), silicon (atomic number =14
magnesium (atomic number =12). Thus, the 
split was symmetrical in the case of aluminium, 
asymmetrical in the other instances. If these 
reactions can take place in a laboratory, where 
pressure and temperature conditions are much 
lower and, especially, the masses at play are 
much smaller than those found in the deep 
layers of the earth’s crust, they are bound to 
take place on a much larger scale within the 
latter, triggered by fracturing and crushing 
phenomena of seismic and tectonic origin.

On the other hand, as pointed out in recent 
studies, neutron fluxes up to a thousand times 
the natural background level may be detected 
before and during earthquakes, including 
medium magnitude ones. It may be surprising to 
learn from the literature that p
reactions of the type we have described as 
having taken place almost instantaneously in 
granite specimens are deemed to have occurred 
in comparable proportions during the formation 
and through most of the activity of the tectonic 
plaques (from 3.8 through 2.5 billion years ago). 
In particular, it has been ascertained that the 
iron content in the earth’s crust has decreased 
from 8% to 4% by mass, while at the same time 
aluminium has increased from 4% to 8%. The 
location of all the major reserves 
along the main fault planes (the perimeters of 
the tectonic plates) surely bears witness to the 
aforementioned considerations. 

Over even longer time spans we 
more complete picture encompassing all the 
most important elements: not
aluminium, silicon, and 
calcium, potassium, sodium, oxygen, nitrogen, 
carbon, and hydrogen. While alkaline earth 
elements convert into the alkali elements that 
immediately precede them by releasing a 
proton, the balance turns out just right if one 
considers the well-known, and still unexplained, 
3% increase in oxygen, the so
Oxidation Event, with the ensuing origin of life 
and formation of the oceans. It is also 
interesting to consider that a proportion of th
magnesium converted into carbon (atomic 
number = 6, half that of magnesium) and 
formed the earth’s early carbon dioxide and 
methane rich atmospheres. Maybe even more 
striking is the realization that cut and dry 
calculations will show how excess calcium t
into the water of the oceans while excess 
magnesium became the carbon of 
prototerrestrial atmospheres. Similarly, sodium 
chloride (sodium = 11, chlorine =
to originate from the fission of nickel (atomic 
number = 28). Iron and nickel ar
extinguished, especially in the oceans.
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If they were confirmed by other laboratories, 
these results would be a major scientific 
discovery, totally across-the-
interdisciplinary. Its importance lies in the fact 
that it accounts for many natural phenomena as 
yet unexplained. It is believed that this 
mechanism lends itself to the widest variety of 
applications: earthquake prediction, the study of 
carbon-related pollution, the acceleration of 
radioactive waste decay, and, ultimately, even 
the production of clean energy, appear 
altogether possible, if supported by appropriate 
scientific research. 

Alberto Carpinteri

 

Council Meeting 

The ECF Council met on 28th August at 
Kazan during the ECF19 conference.
president, Leslie Banks-Sills, 
meeting and thanked all the council members for 
coming, and the ECF organisers for providing the 
meeting room.  Voting members were 
established with 14 national delegates (Austria, 
Czech Republic, Germany, Italy, Israel, Poland, 
Romania, Serbia, Spain, Sweden, Switzerland, 
UK, Ukraine), 9 TC chairs (TC1, TC2, TC3, TC4, 
TC8, TC9, TC10, TC12, TC24), 2 ExCo vice
presidents and ExCo secretary.  The minutes of 
last meeting (Dresden, ECF18) were approved.

The president reported that ECF19 had been 
attended by 452 researchers from 43 counties; 
she thanked all the Russian team and 
congratulated them for the wonderful 
conference.   

Since the last Council meeting: 
• the ESIS-Elsevier agreement has

signed and revisions to the ESIS 
have been discussed and approved by 
Council via email;  

• ESIS was now registered in the UK; 
• All of the ECF proceedings

have been digitised and are available to 
ESIS members via the ESIS website; 

• ESIS has generated a number of 
issues in Elsevier journals (see publication 
activities, below);  

• Three new ESIS fellows have
elected; Alberto Carpintieri, Otmar 
Kolednik and Hryhoriy Nykyforchyn; 

• The ExCo had commissioned a 
audit with independent audito
audit for 2002-2006 have been completed 
satisfactorily and audits for 2006
2010-12 are in progress. 

Robert Goldstein reported that ECF19 had 
received about 500 abstracts; the ECF19 
organisors had provided significant financial 
support to some scientists, using funds obtained 
from the Government of Republic, Russian 
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Foundation for Basic Research, Russian 
of Sciences and about 10 companies. 
chairs would be advising in the selection of 
papers for special issues.
reported that preparations for 
started and gave details of some of the 
arrangements; the website is 

The council received proposals for 
from Italy (Italian Group on Fracture) and Serbia 
(Serbian Society for Structural Integrity and 
Life) for meetings in Sicily and Belgrade. 
close vote, the organi
awarded to Italy, and the Serbian group were 
thanked for their excellent presentation.
Francesco Iacoviello joined the Executive 
Committee as the chair for ECF21.

Giuseppe Ferro (ESIS Treasurer) reported 
that the ESIS deposit had incre
over the period since 2002.
presented the budget for the next 
income, based on a conservative estimate of 
Elsevier income and membership, and the 
payment that had been agreed with the ECF19 
organisers was matched by expenditure on 
support of TCs that generated special issues, 
meetings of the ExCo and its working groups, 
the expanding ESIS website and costs of ESIS 
registration and support for scientists to attend 
ESIS meetings. 

Two ESIS members had been chos
out an Audit on the Treasury for the years 2002 
until 2006.  They were Professors Donato Firrao 
and Ivo Dlouhy.  We would like to express our 
appreciation for their careful work.  The closing 
balance at the beginning of 2002 was 
84,257.21€. Income for the years 
2006 was 60,324.30
64,351.55€.  Hence, the balance be
2007 was 80,229.96€.
approved by the ESIS Council in Kazan.

Professors Donato Firrao and Ivo Dlouhy will 
continue to carry out an audit for 2007 until 
2010.  Professor Giuseeppe Ferro, our treasurer, 
is currently organizing the documents

Leslie Banks-Sills presented 
Committee for ECF20.  
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James Marrow 
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ESIS Awards Committee  

Zhiliang Zhang, Chairman 
1. Dietmar Klingbeil  
2. Francesco Iacoviello 
3. Andrzej Neimitz  
4. Aleksandar Sedmak  
5. Antonio Martin-Meizoso  
6. Hryhoriy Nykyforchyn  
7. Otmar Kolednik 
8. Vlad Ulmanu 
9. Andreas Brunner 
Members of the committee are not eligible for 

ESIS awards, following the revised ESIS 
statutes. 

 

ESIS Membership 

Country Total

Australia 1
Belgium 1
Brazil 1
Bulgaria 11
Canada 3
Croatia 1
Czech Republic 25
Finland 1
France 6
Germany 23
Greece 1
Israel 18
Italy 51
Japan 1
Netherlands 2
Norway 2
Poland 30
Portugal 1
Romania 47
Russia 20
Serbia 65
Slovakia 1
Spain 69
Sweden 22
Switzerland 15
Ukraine 33
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Total 529

National Committee of 

The ESIS National committee of Croatia had 
an assembly meeting on December 6, 2012, and 
elected a new president, Professor Zdenko 
Tonkovic from University of Zagreb

http://www.fsb.unizg.hr/lnm/staff/tonkovic
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TECHNICAL COMMITTEES

TC 1: Elastic Plastic Fracture Mechanics

ESIS TC1 held an autumn meeting in 
Freiburg (Germany) on 5-6 December 2012. It 
was organized as a workshop on the 
Integrity of Weldments”. There were 48 
participants and 18 presentations given b
colleagues from 13 countries: 

Z. Zhang (Norway): Crack Tip Constraints in 
Weldments and their Effect on Ductile Crack 
Growth. 

A. Sedmak, B. Younise, M. Rakin, B. Med
N. Gubeljak (Serbia and Slovenia): Ductile 
Fracture Behaviour of the HSLA 
Joint. 

S.-H. Kim, J.-J. Han, Y.-J. Kim (South 
Korea): Mismatch Limit Load Solutions for 
Circumferential Cracked Pipes. 

J. Pilhagen, R. Sandström (Sweden): 
Compensating Uneven Fatigue Precrack Front in 
Linear Elastic Fracture Mechanic Testing.

D. van Gelderen, J. Booker, D.J. Smith 
(U.K.): The Combined Effects of Residual Stress 
and Warm Prestressing on Cleavage Fracture in 
Steels. 

W. Weber, L. Chen, U. Seidel, J. Koutnik 
(Germany, USA): Assessment of Partial 
Penetration and Full Thickness
Francis Runners by Fracture Mechanics 
Approach. 

A.C.F. Silva, D.F.O. Braga, M.A.V. de 
Figueiredo, P.M.G.P. Moreira (Portugal): FSW 
Most Influencing Welding Parameters and their 
Interaction with Mechanical Properties of 
Different Joint Types. 

J. García, C. Rodríguez, J. Belzunce, A. 
Fernández-Canteli (Spain): A Finite Element 
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W. Weber, L. Chen, U. Seidel, J. Koutnik 
(Germany, USA): Assessment of Partial 
Penetration and Full Thickness Welding in 

Runners by Fracture Mechanics 

A.C.F. Silva, D.F.O. Braga, M.A.V. de 
Figueiredo, P.M.G.P. Moreira (Portugal): FSW – 

Parameters and their 
Interaction with Mechanical Properties of 

guez, J. Belzunce, A. 
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Application for Simulation of Arc
Processes. 

L. Bertini, F. Frendo (Italy): Experimental 
Characterisation of Fatigue Resistance of Pipe
to-Plate Welded Joints under

I. Cerný (Czech Republic): Fatigue Crack 
Growth and Retardation Effects after 
Overloading Cycles in Welds of an X52
Pressure Pipeline Steel. 

T. Le Jolu, T.F. Morgeneyer, A.F. Gourgues 
(France): Effect of Welding Defects on Plastic 
Behaviour and Fatigue Lifetime of Friction Stir 
Welded Al-Cu-Li Alloy. 

P. Konjatic, D. Kozak, N. Gubeljak (Croatia 
and Slovenia): On the Structural Integrity 
Assessment of Heterogeneous

H.-J. Schindler (Switzerland): Engineering 
Fatigue Analysis of Welded 
Raisers. 

K. Nikbin (U.K.): Fracture Mechanics Based 
Treatment of Residual Stress in Welds.

G. Horne, D. Smith (U.K.): Determination of 
the Interaction between Primary and Secondary 
Stresses Using an Idealised Model.

R.A. Ainsworth (U.K.): Treatment of Primary 
and Secondary Stresses in Fracture Assessment 
with and without Elastic Follow

I. Varfolomeev, D. Siegele, S. Moroz, M. 
Brand, J. Baumgartner (Germany): 
Consideration of the Residual Stress Relief
Fatigue Assessment of Welded C

U. Zerbst (Germany): Fracture and Crack 
Propagation in Weldments 
Mechanics Perspective. 

The presentations are uploaded at the ESIS 
website. It was decided to publish the papers in 
a special issue of an Elsevier journal.
The next meeting is planned for late spring and will 
focus on crack closure effects and its description.

TC 10: Environmentally Assisted Cracking

Under the auspices of ESIS TC10 and 
organized by the Transport Technology 
Department of the Maritime Univer
Szczecin, the Conference "Wear Processes 2012" 
was held on 12-14 September 2012 in 
Świnoujście, Poland. The main topics of the 
Conference were fundamental problems of 
deterioration and wear of materials; simple and 
complex deterioration processes; 
degradation of materials; wear processes 
accelerated by hydrogen degradation and 
corrosion; modelling of wear processes, and 
cases of abnormally rapid wear. Participants 
from Germany, Russia, Spain, Ukraine and 
mainly from Poland attended the Conf

Application for Simulation of Arc Welding 

L. Bertini, F. Frendo (Italy): Experimental 
Characterisation of Fatigue Resistance of Pipe-

Plate Welded Joints under Torsion Loading. 
I. Cerný (Czech Republic): Fatigue Crack 

Growth and Retardation Effects after 
Overloading Cycles in Welds of an X52 High 

T. Le Jolu, T.F. Morgeneyer, A.F. Gourgues 
(France): Effect of Welding Defects on Plastic 

Lifetime of Friction Stir 

P. Konjatic, D. Kozak, N. Gubeljak (Croatia 
and Slovenia): On the Structural Integrity 
Assessment of Heterogeneous Welded Joints. 

J. Schindler (Switzerland): Engineering 
Fatigue Analysis of Welded Joints with Stress 

K. Nikbin (U.K.): Fracture Mechanics Based 
Treatment of Residual Stress in Welds. 

G. Horne, D. Smith (U.K.): Determination of 
the Interaction between Primary and Secondary 

Idealised Model. 
: Treatment of Primary 

and Secondary Stresses in Fracture Assessment 
Follow-Up. 

I. Varfolomeev, D. Siegele, S. Moroz, M. 
Brand, J. Baumgartner (Germany): 
Consideration of the Residual Stress Relief in 
Fatigue Assessment of Welded Components. 

U. Zerbst (Germany): Fracture and Crack 
Propagation in Weldments – A Fracture 

The presentations are uploaded at the ESIS 
It was decided to publish the papers in 

a special issue of an Elsevier journal. 
meeting is planned for late spring and will 

focus on crack closure effects and its description. 
Uwe Zerbst 

 

Environmentally Assisted Cracking 

Under the auspices of ESIS TC10 and 
organized by the Transport Technology 
Department of the Maritime University of 
Szczecin, the Conference "Wear Processes 2012" 

14 September 2012 in 
Świnoujście, Poland. The main topics of the 
Conference were fundamental problems of 
deterioration and wear of materials; simple and 
complex deterioration processes; hydrogen 
degradation of materials; wear processes 
accelerated by hydrogen degradation and 
corrosion; modelling of wear processes, and 
cases of abnormally rapid wear. Participants 
from Germany, Russia, Spain, Ukraine and 
mainly from Poland attended the Conference. 



  
Newsletter #51-2013 

A meeting of ESIS TC10 and its 
Subcommittee on "Hydrogen Degradation" was 
held in conjunction with this Conference. TC10 
Chairman Prof. J. Toribio, University of 
Salamanca, Spain, opened the meeting, which 
had the following agenda: 

1. Welcome (J. Toribio). 
2. Report on the Conference ECF19 in Kazan, 

Russia (J. Toribio). 
3. Information about the international 

project “Investigation of structural, 
mechanical and corrosion state of long
term exploited "hyperboloid Shukhov 
towers" objects” (H.M. Nykyforchyn)

4. 20 Years ESIS TC10 on Environmentally
Assisted Cracking - what was achieved, 
what remains to be done ? (W. Dietzel).

5. The future activity of ESIS TC10 
“Environmentally Assisted Cracking", and 
Subcommittee on "Hydrogen Degradation" 
(J. Toribio and H.M. Nykyforchyn).

Organisers of the Conference "Wear Processes 
2012" and the ESIC TC10 Meeting: J. Toribio, 

Jóźwiak, E. Łunarska, J. Chmiel, H.M. 
Nykyforchyn and W. Dietzel (from left).

Prof. Toribio reported about ECF19, which 
had been well organised by the Kazan Scientific 
Centre of the Russian Academy of Sciences. 
Main attention he paid to the presentations in 
the field of structural integrity under the effects 
of aggressive environments. Three plenary 
lectures were devoted to hydrogen effects: Y. 
Murakami (Japan) “Hydrogen embrittlement: the 
microscopic mechanism in fatigue and fracture”, 
J. Toribio (Spain) “Materials and environmental 
circumstance: and all is always now”, V.V. 
Panasyuk and H.M. Nykyforchyn (Ukraine) 
“Properties degradation of pipeline ste
by long-term service in hydrogen enriched 
environments”. The majority of papers in the 
field of environmentally assisted cracking, EAC, 
were grouped in the Section “Fracture processes 
under the action of physical fields and chemically 
active media”, other papers were presented in 
sections which were devoted to special kinds of 
loading, structural strength etc. Detailed 
information especially about the presentations 
made by the Ukrainian delegation at ECF19 may 
also be found in the journal "Physic
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Mechanics of Materials", No 5, 2012, pp. 127
129 (in Ukrainian language).

Prof. Nykyforchyn informed 
about the project “Investigation of structural, 
mechanical and corrosion state of long
exploited `hyperboloid Shukhov tower
objects”, performed by the Karpenko Physico
Mechanical Institute of the NAS of Ukraine in 
cooperation with Munich Technical University 
under the frame of the German
Government Program in Science and Technology 
Cooperation. In his constructions
the 19th century the great Russian engineer 
V.G. Shukhov had invented and used lattice 
metal shells in the form of hanging and arch
shaped overhead covers and hyperboloid towers. 
Many of these constructions served at that time 
and are in service even today, and the 
`Shukhov tower´ is recognized as one of the 
greatest achievements of engineering in 
architecture. However, about 100 years after 
their construction some of these towers need 
restoration, and the main problem is corrosion. 
The task of Karpenko Institute consists in 
investigating the technical state of some of 
these constructions located in the Ukraine and in 
developing recommendations for their 
restoration and corrosion protection. This 
problem definitely falls into the frame of the 
TC10 activities and needs international efforts 
for solving it. 

Dr. Dietzel, former TC10 Chairman, 
presented - this time especially for the Polish 
participants - the history of TC10, starting in 
1990 with a first Workshop on "Environmentally 
Assisted Cracking" initiated by the GKSS 
Research Centre in Geesthacht, Germany, and 
the foundation of the Sub
“Hydrogen Degradation” in 1995 following an 
initiative of the members of the Karpenko 
Institute.  

The organisation of a workshop devoted to 
EAC problems was discussed, and as possible 
places for holding it Salamanca in Spain and Lviv 
in the Ukraine were considered.

In 2013, members of TC10 will be co
organizing the following sessions/symposia at 
international conferences:

• "Embrittlement" (H.M. Nykyf
Toribio) 

• "Corrosion, Environmentally Assisted 
Cracking and Corrosion Fatigue" (W. 
Dietzel) both at the 13
Fracture (ICF13), June 16 
Beijing, China  

 http://www.icf13.org/
• "Characterization of the Mechanical Aspects 

of Corrosion and Environmental 
Degradation" (W. Dietzel), Int. 
EUROMAT 2013, September 8 
Seville, Spain.  

http://euromat2013.fems.eu/symposia_structure.html

Mechanics of Materials", No 5, 2012, pp. 127-
129 (in Ukrainian language). 
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exploited `hyperboloid Shukhov towers´ 
objects”, performed by the Karpenko Physico-
Mechanical Institute of the NAS of Ukraine in 
cooperation with Munich Technical University 
under the frame of the German-Ukrainian 
Government Program in Science and Technology 
Cooperation. In his constructions at the end of 
the 19th century the great Russian engineer 
V.G. Shukhov had invented and used lattice 
metal shells in the form of hanging and arch-
shaped overhead covers and hyperboloid towers. 

of these constructions served at that time 
vice even today, and the 

`Shukhov tower´ is recognized as one of the 
greatest achievements of engineering in 
architecture. However, about 100 years after 
their construction some of these towers need 
restoration, and the main problem is corrosion. 

of Karpenko Institute consists in 
investigating the technical state of some of 
these constructions located in the Ukraine and in 
developing recommendations for their 
restoration and corrosion protection. This 
problem definitely falls into the frame of the 
TC10 activities and needs international efforts 

Dr. Dietzel, former TC10 Chairman, 
this time especially for the Polish 

the history of TC10, starting in 
1990 with a first Workshop on "Environmentally 

ing" initiated by the GKSS 
Research Centre in Geesthacht, Germany, and 
the foundation of the Sub-committee on 
“Hydrogen Degradation” in 1995 following an 
initiative of the members of the Karpenko 

The organisation of a workshop devoted to 
oblems was discussed, and as possible 

places for holding it Salamanca in Spain and Lviv 
in the Ukraine were considered. 

In 2013, members of TC10 will be co-
organizing the following sessions/symposia at 
international conferences: 

"Embrittlement" (H.M. Nykyforchyn, J. 

"Corrosion, Environmentally Assisted 
Cracking and Corrosion Fatigue" (W. 

both at the 13th Int. Conf. on 
Fracture (ICF13), June 16 - 21, 2013, 

http://www.icf13.org/  
"Characterization of the Mechanical Aspects 
of Corrosion and Environmental 
Degradation" (W. Dietzel), Int. Conf. 
EUROMAT 2013, September 8 - 13, 2013, 

.eu/symposia_structure.html  
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• “Environmentally Assisted Cracking” (J. 
Toribio), Int. Conf. on Fracture and Damage 
Mechanics, FDM 2013, September 17
2013, Sardinia, Italy 
http://fdm.engineeringconferences.net/new/

H.M. Nykyforchyn

TC 24: Integrity of Railway Structures

On 25th November 2012, a regular TC24 
meeting was hosted by TWI in Cambridge. The 
focus of the meeting was to present the results 
of the WOLAXIM project ending in December 
2012. The meeting has given the opportunity to 
discuss the latest results about the effects of 
corrosion on durability of axles, new detection 
methods for the axle surface damage and a new 
phased-array boreprobe together with advances 
in software for reliability assessment. 

The list of presentations (available on 
http://esistc24.mecc.polimi.it) include:

TWI 
Overview of the WOLAXIM 
European Project

Roy Archer 
(Technical Manager 
Rail - Level 3, UK)  

Defect detection within 
corroded axle body 
surfaces  

S. Beretta and A. Lo 
Conte (PoliMI, Italy)  

Development of models 
for life prediction under 
corrosion-fatigue

J. Rudlin and D. 
Panggabean (TWI)  

Inspection of Axles on 
Moving Vehicles

S. Gollwitzer (RCP, 
Germany) 

STRUREL in WOLAXIM 
Project 

D. Panggabean 
(TWI, UK)  

Assessment of corrosion 
on rail axles 

T. Heckel, U. Voelz 
and M.Kreutzbruck 
(BAM, Germany)  

Design of a rotating 
phased arraysystem for 
the inspection of hollow 
axles 

TC24 has also taken care, mainly in the 
person of Prof. U. Zerbst (BAM, Germany), of a 
paper onto ‘state-of-the-art’ research and open 
problems onto damage tolerance of railway 
axles:  

U. Zerbst et al. (2012) “Safe life and damage 
tolerance aspects of railway axles 
Eng. Fract. Mech., in press. 

Stefano Beretta

 

13 

“Environmentally Assisted Cracking” (J. 
Toribio), Int. Conf. on Fracture and Damage 
Mechanics, FDM 2013, September 17-19, 

http://fdm.engineeringconferences.net/new/ 

J. Toribio 

H.M. Nykyforchyn 

 

Integrity of Railway Structures 

On 25th November 2012, a regular TC24 
in Cambridge. The 

focus of the meeting was to present the results 
of the WOLAXIM project ending in December 

the opportunity to 
discuss the latest results about the effects of 
corrosion on durability of axles, new detection 

ds for the axle surface damage and a new 
array boreprobe together with advances 

in software for reliability assessment.  

The list of presentations (available on 
) include: 

Overview of the WOLAXIM 
European Project 

Defect detection within 
corroded axle body 

Development of models 
for life prediction under 

fatigue 

Inspection of Axles on 
Moving Vehicles 

STRUREL in WOLAXIM 

Assessment of corrosion 

Design of a rotating 
arraysystem for 

the inspection of hollow 

TC24 has also taken care, mainly in the 
person of Prof. U. Zerbst (BAM, Germany), of a 

art’ research and open 
problems onto damage tolerance of railway 

U. Zerbst et al. (2012) “Safe life and damage 
tolerance aspects of railway axles – A review”, 

Stefano Beretta 

Obituary 

Dr. Bilal Dogan

March 14, 1956 - October 24, 2012

Dr. Bilal Dogan was a native of Turkey and 
received his early education at the Middle East 
Technical University in Ankara. He received his 
PhD in Metallurgical Engineering at Manchester 
University in England and subsequently moved 
to Ottawa, Ontario in Canada as a Post
Fellow at the National Research 
Canada. In 1986, he moved to GKSS as the 
Head of the Section on High Temperature 
Materials Research. He set up the high 
temperature test laboratory from scratch. Bilal 
was particularly involved in the cracking 
behavior of Titanium Aluminides and
contributed to the activities of the VAMAS 
Committee on creep crack propagation. After 
spending 20 + years at GKSS, he moved to the 
Electric Power Research Institute in Charlotte
Virginia, in 2007 as a Project Manager. He 
organized an international group of experts in 
the field of creep-fatigue and teamed up with 
ASTM for developing two new standards, E
and E 2760. Under his leadership, EPRI provided 
financial and logistical support for the recently 
concluded and very successful round
verify the standard E 2714. The round
validate E 2760 is also under way.

Bilal had a special knack for quickly forming 
lasting friendships and was known for his 
warmth and hospitality and his very easy 
welcoming manner toward everyone he cam
contact with. His friends are spread over several 
continents; he found time for everyone and was 
always there to assist them when they needed 
help.  The funeral services 
November 9, 2012 at Wa
Germany. 

 

 

 

 

 

Dr. Bilal Dogan 

October 24, 2012 

Dr. Bilal Dogan was a native of Turkey and 
early education at the Middle East 

Technical University in Ankara. He received his 
PhD in Metallurgical Engineering at Manchester 
University in England and subsequently moved 
to Ottawa, Ontario in Canada as a Post-doctoral 
Fellow at the National Research Council of 
Canada. In 1986, he moved to GKSS as the 
Head of the Section on High Temperature 
Materials Research. He set up the high 
temperature test laboratory from scratch. Bilal 
was particularly involved in the cracking 
behavior of Titanium Aluminides and his results 
contributed to the activities of the VAMAS 
Committee on creep crack propagation. After 
spending 20 + years at GKSS, he moved to the 
Electric Power Research Institute in Charlotte, 

in 2007 as a Project Manager. He 
tional group of experts in 

fatigue and teamed up with 
ASTM for developing two new standards, E 2714 

2760. Under his leadership, EPRI provided 
financial and logistical support for the recently 
concluded and very successful round-robin to 
verify the standard E 2714. The round-robin to 

2760 is also under way. 

Bilal had a special knack for quickly forming 
lasting friendships and was known for his 
warmth and hospitality and his very easy 
welcoming manner toward everyone he came in 
contact with. His friends are spread over several 
continents; he found time for everyone and was 
always there to assist them when they needed 
help.  The funeral services were held on 
November 9, 2012 at Waldfriedhof, Geesthacht, 

Karl-Heinz Schwalbe 
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CALENDAR OF TC MEETINGS

TC 4 15th-17th May, 2013 Committee Meeting

TC 4 September 2013 Committee Meeting

TC 4 May 2014 Committee Meeting

TC 4 
September 14th-18th, 
2014 

7th Int. ESIS TC4 conference

TC 10 
September 8th-13th, 
2013 

Characteris
Mechanical Aspects of 
Corrosio
Degradation (Symp.

TC 11 April 18th–19th, 2013 

2nd 
Assurance in Mechanical 
Testing Laboratories (
Workshop II

ECF 20 

www.ecf20.no 

In the first week of July 2014 (30
July 2014) the Twentieth European Conference 
on Fracture (ECF20) will be held at Norwegian 
University of Science and Technology (NTNU), 
Trondheim, the technological capital of 
Like the preceding conferences, ECF20
on all aspects and all scales of fracture and 
fatigue of engineering materials, components 
and structures, from basics to future trends, 
with special emphasis on multi
approaches, and applications to energy
materials and challenging environments. Unlike 
all the proceeding conferences, we plan to have 
a Summer School on Fracture Modeling and 
Assessment, two days before the conference 
(28th-29th June 2014), a Young Scientist session 
and a panel discussion about how to teach 
fracture mechanics in the future.  

Deadline for submission of abstracts: 

04 October 2013. 

Zhiliang Zhang
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CALENDAR OF TC MEETINGS & ACTIVITIES 

Committee Meeting Les Diaberets, 
Switzerland 

b.blackman@imperial.ac.uk

lesdiablerets@eurotel
victoria.ch

Committee Meeting Les Diaberets, 
Switzerland 

b.blackman@imperial.ac.uk

lesdiablerets@eurotel
victoria.ch

Committee Meeting 
Les Diaberets, 
Switzerland 

b.blackman@imperial.ac.uk

lesdiablerets@eurotel
victoria.ch

Int. ESIS TC4 conference   

Characterisation of the 
Mechanical Aspects of 
Corrosion and Environmental 
Degradation (Symp. D2-IV) 

EUROMAT 2013, 
Seville, Spain 

http://euromat2013.fems.e
u/pdf/D2_IV.pdf

 Int. Workshop on Quality 
Assurance in Mechanical 
Testing Laboratories (QAMTL-
Workshop II) 

Rolls Royce, Derby, 
UK 

 

www.htmtc.com

 

 

week of July 2014 (30th June - 4th 
July 2014) the Twentieth European Conference 
on Fracture (ECF20) will be held at Norwegian 
University of Science and Technology (NTNU), 

technological capital of Norway. 
Like the preceding conferences, ECF20 will focus 
on all aspects and all scales of fracture and 
fatigue of engineering materials, components 
and structures, from basics to future trends, 
with special emphasis on multi-scale 
approaches, and applications to energy, 

ronments. Unlike 
conferences, we plan to have 

Fracture Modeling and 
, two days before the conference 

June 2014), a Young Scientist session 
and a panel discussion about how to teach 

Deadline for submission of abstracts:  

Zhiliang Zhang 

ECF 21

http://www.gruppofrattura.it/ecf21bid/

The Italian Group of Fracture,

 www.gruppofrattura.it

will organize the ECF21 in Catania (Italy
June 19-24, 2016.  

Catania is the second largest city in Sicily by 
population and spreads out over the Plain of 
Catania, between the Ionian Sea and 
of Etna. The surrounding countryside, which the 
volcanic eruptions have made very fertile, is 
mainly given up to the cultivation of citrus fruit. 
Catania has a new international airport 
(inaugurated in 2007), with dozens of daily 
national flights (from/to Rome, Naples, Venice
etc.), as well as dozens of international flights 
(from/to Paris, London, Frankfurt, Brussels, 
Amsterdam, Budapest, etc.). The Conference 
will be held in two very near hotels on the 
seaside of the Acireale beach. The Chairm
be Giuseppe Ferro, Donato Firrao, Francesco 
Iacoviello and Luca Susmel.

 

b.blackman@imperial.ac.uk 

lesdiablerets@eurotel-
victoria.ch 

b.blackman@imperial.ac.uk 

lesdiablerets@eurotel-
victoria.ch 

b.blackman@imperial.ac.uk 

lesdiablerets@eurotel-
victoria.ch 

 

http://euromat2013.fems.e
u/pdf/D2_IV.pdf 

www.htmtc.com 

ECF 21 

 
http://www.gruppofrattura.it/ecf21bid/ 

Italian Group of Fracture, 

www.gruppofrattura.it  

will organize the ECF21 in Catania (Italy), 

Catania is the second largest city in Sicily by 
population and spreads out over the Plain of 
Catania, between the Ionian Sea and the slopes 
of Etna. The surrounding countryside, which the 
volcanic eruptions have made very fertile, is 
mainly given up to the cultivation of citrus fruit. 
Catania has a new international airport 
(inaugurated in 2007), with dozens of daily 

s (from/to Rome, Naples, Venice, 
as well as dozens of international flights 

(from/to Paris, London, Frankfurt, Brussels, 
Amsterdam, Budapest, etc.). The Conference 
will be held in two very near hotels on the 
seaside of the Acireale beach. The Chairmen will 
be Giuseppe Ferro, Donato Firrao, Francesco 
Iacoviello and Luca Susmel. 

Francesco Iacoviello 
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13th Int. ASTM/ESIS Symp
Fatigue and Fracture

November 13-15, 2013  

Jacksonville, Florida 

Abstracts Deadlin: March 15, 2013

Fatigue and fracture continue to be a concern 
in many areas of the industrial world. The 
prediction and prevention of fatigue failure is 
critical to safe and economic operation of 
machines in the aerospace and terrestrial 
transportation sectors, power generation, and a 
range of manufacturing industries.
fundamental work is being conducted to 
incorporate more understanding of material 
characteristics on fatigue and fracture behavior 
modeling, e.g., the White House Office of 
Science and Technology Policy, Materials 
Genome Initiative.  This thrust is stretching the 
limits of the current fatigue and fracture models 
and methods to be more robust, faster, 
adaptable, and accurate. 
 

13th Int. Conf. on Fracture

May 26-31, 2013 

Beijing, China 

www.icf13.org     

 

CALENDAR OF CONFERENCES

March 10th-14th, 2013 8th Int. Conf. on Fracture 
Mechanics of Concrete and 
Concrete Structures 
(FraMCoS-8

April 18th–19th, 2013 2nd Int. Workshop on Quality 
Assurance in Mechanical 
Testing Laboratories (
Workshop II
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ASTM/ESIS Symp. on 
Fatigue and Fracture 

: March 15, 2013  

continue to be a concern 
in many areas of the industrial world. The 
prediction and prevention of fatigue failure is 
critical to safe and economic operation of 
machines in the aerospace and terrestrial 
transportation sectors, power generation, and a 

f manufacturing industries.  New, 
fundamental work is being conducted to 
incorporate more understanding of material 
characteristics on fatigue and fracture behavior 
modeling, e.g., the White House Office of 
Science and Technology Policy, Materials 

This thrust is stretching the 
limits of the current fatigue and fracture models 
and methods to be more robust, faster, 

This symposium is intended to provide a 
forum for researchers from academic, industrial 
and government sectors to share, discuss, and 
debate the latest improvements in experimental 
and analytical understanding of fatigue and 
fracture. Broad, international participation is 
sought to make this a powerful forum to identify 
recent advances in fatigue and fra
propel the community to develop more accurate 
models and experimental methods to predict 
and characterize a materials fatigue and fracture 
behavior. 

Areas of particular interest include:

• Residual stress effects on fatigue and 
fracture models and 

• Probabilistic methods for fatigue and 
fracture prediction 

• Verification and validation of fatigue and 
fracture models 

• Advanced experimental techniques that 
stretch the current fatigue and fracture 
standards 

• Improvements in the state
predicting usable fatigue life

on Fracture 

 

31, 2013  

 

 

14th Int. Conf. on Fracture

May 7-12, 2017

Rhodes, Greece 

Executive Chair: 

Professor Emmanuel Gdoutos 
egdoutos@civil.duth.ge

Technical Programme Co

Prof. James Marrow, 
james.marrow@materials.ox.ac.uk

 International Steering Committee: 

Professor D M R Taplin
coliemore@hotmail.com

CALENDAR OF CONFERENCES & WORKSHOPS

8th Int. Conf. on Fracture 
Mechanics of Concrete and 

Structures 
8) 

Toledo, Spain http://www.framcos8.org

Int. Workshop on Quality 
Assurance in Mechanical 
Testing Laboratories (QAMTL-
Workshop II) 

Rolls Royce, Derby, 
UK 

 

www.htmtc.com

This symposium is intended to provide a 
forum for researchers from academic, industrial 

nt sectors to share, discuss, and 
debate the latest improvements in experimental 
and analytical understanding of fatigue and 
fracture. Broad, international participation is 
sought to make this a powerful forum to identify 
recent advances in fatigue and fracture and 
propel the community to develop more accurate 
models and experimental methods to predict 
and characterize a materials fatigue and fracture 

Areas of particular interest include: 

Residual stress effects on fatigue and 
fracture models and experiments 
Probabilistic methods for fatigue and 

 
Verification and validation of fatigue and 

Advanced experimental techniques that 
stretch the current fatigue and fracture 

Improvements in the state-of-the-art for 
predicting usable fatigue life  

on Fracture 

 

12, 2017 

Rhodes, Greece  

Executive Chair:  

Professor Emmanuel Gdoutos  
egdoutos@civil.duth.ge 

Technical Programme Co-Chair:  

Prof. James Marrow,  
james.marrow@materials.ox.ac.uk 

International Steering Committee:  

Professor D M R Taplin   
coliemore@hotmail.com 

& WORKSHOPS 

http://www.framcos8.org  

www.htmtc.com 
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May 15th – 17th , 2013 2nd Int. Workshop on Physics 
Based Modeling of Material 
Properties & Experimental 
Observations (PBMM)

May 22nd -23rd, 2013 13th Int. Spring Meeting, 
Fatigue Behaviour: From 
Specimen to Structure

May 26th –31st, 2013 13th Int. Conf. on Fracture 
(ICF13) 

May 28th - 29th, 2013 12th Int. Conf. on Engineering 
Structural Integrity 
Assessment (

May 29th-31st, 2013 V Int. Conf. on Computational 
Methods in Marine Engineering 
(MARINE 2013

June 3rd-7th, 2013 Aeronautical Fatigue and 
Structural Integrity (

June 12th-14th, 2013 
 

4th Int. Conf. on
Methods in Structural 
Dynamics and Earthquake 
Engineering (
2013) 

June 16th-20th, 2013 11th Int. Conf. on Structural 
Safety and Reliability 
(ICOSSAR 2013

July 1st–3rd, 2013    XXII IGF Nat. Meeting (Nat. 
ICF Interquadr. Conf.) 

July 1st–3rd, 2013    7th Int. Conf. on Materials 
Structure & Micromechanics of 
Fracture (MSMF 7)      

September 8th-11th, 
2013 

3rd Int. Conf. on Material 
Modelling (ICMM3)

September 9th-13th, 
2013 

EUROMAT 2013

September 9th-13th, 
2013 

7th Int. Conf. on Low Cycle 
Fatigue (LCF7

September 17th-19th, 
2013 

Int. Conf. on Fracture and 
Damage Mechanics (FDM 
2013) 

September 25th-27th, 
2013 

Intelligent Materials

November 13th-15th, 
2013 

13th Int. ASTM/ESIS Symp. on 
Fatigue and Fracture 
Mechanics 

March 2nd-7th, 2014 11th Int. Fatigue Congress

June 30th–July 4th, 2014 20th Europ. Conf. on Fracture 
(ECF20) 

June 19th-24th, 2016 21st Europ. Conf. on Fracture 
(ECF21) 
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Int. Workshop on Physics 
Based Modeling of Material 
Properties & Experimental 
Observations (PBMM) 

Antalya, Turkey http://eeoren.etu.edu.tr

Int. Spring Meeting, 
Fatigue Behaviour: From 
Specimen to Structure 

Paris, France http://www.sf2m.asso.fr/JIP201
3/JIP2013.htm

e-mail: 

Int. Conf. on Fracture Beijing, China http://www.icf13.org

Int. Conf. on Engineering 
Structural Integrity 
Assessment (ESIA 12) 

Manchester, UK www.fesi.org.uk

e-mail: 

V Int. Conf. on Computational 
Methods in Marine Engineering 
MARINE 2013), 

Hamburg, Germany http://congress.cimne.com/mari
ne2013 

Aeronautical Fatigue and 
Structural Integrity (ICAF) 

Jerusalem, Israel e-mail: 

Int. Conf. on Computational 
Methods in Structural 
Dynamics and Earthquake 
Engineering (COMPDYN 

Island of Kos, Greece 
 

http://www.compdyn2013.org

Int. Conf. on Structural 
Safety and Reliability 
ICOSSAR 2013) 

Columbia University, 
New York City, USA 

www.civil.columbia.edu/icossar2
013 

XXII IGF Nat. Meeting (Nat. 
CF Interquadr. Conf.)  

Rome, Italy www.gruppofrattura.it

7th Int. Conf. on Materials 
Structure & Micromechanics of 
Fracture (MSMF 7)       

Brno, Czech Republic http://msmf.fme.vutbr.cz

3rd Int. Conf. on Material 
Modelling (ICMM3) 

Warsaw, Poland http://icmm3.ippt.gov.pl

EUROMAT 2013 Sevilla, Spain http://euromat2013.fems.eu

Int. Conf. on Low Cycle 
LCF7) 

Aachen, Germany www.lcf7.de

Int. Conf. on Fracture and 
Damage Mechanics (FDM 

Sardinia, Italy http://fdm.engineeringconference
s.net/new/

Intelligent Materials Kiel, Germany www.intelligent

13th Int. ASTM/ESIS Symp. on 
Fatigue and Fracture 

Jacksonville, Florida  

11th Int. Fatigue Congress Melbourne, Australia http://wired.ivvy.com/event/IFC1
4/  

20th Europ. Conf. on Fracture Trondheim, Norway http://www.ecf20.no

21st Europ. Conf. on Fracture Catania, Italy http://www.gruppofrattura.it/ecf2
1bid/  

http://eeoren.etu.edu.tr  

http://www.sf2m.asso.fr/JIP201
3/JIP2013.htm  

mail: sfmm@wanadoo.fr  

http://www.icf13.org  

www.fesi.org.uk  

mail: fesi@fesi.org.uk  

http://congress.cimne.com/mari
 

mail: abrot@iai.co.il 

http://www.compdyn2013.org. 

www.civil.columbia.edu/icossar2

www.gruppofrattura.it 

http://msmf.fme.vutbr.cz  

http://icmm3.ippt.gov.pl 

http://euromat2013.fems.eu 

www.lcf7.de  

http://fdm.engineeringconference
s.net/new/ 

www.intelligent-materials.de  

http://wired.ivvy.com/event/IFC1

http://www.ecf20.no  

http://www.gruppofrattura.it/ecf2
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THE C-S CRITERION FOR METALLIC 
 

Dept. of Civil-Environmental Engineering and Architecture, University of Parma,

Parco Area delle Scienze 181/A 

 

Introduction 

Actual time-varying loadings are often 
multiaxial in nature, but the life of metallic 
structures is generally estimated through 
uniaxial fatigue test parameters since multiaxial 
experimental tests are expensive [1
fatigue criteria reduce a given multiaxial stress 
state to an equivalent uniaxial stress condition.

For high-cycle fatigue regime, some criteria 
proposed in the past decades employ the critical 
plane concept, that is, fatigue failure assessment 
is carried out in the plane where amplitude or 
value of some stress components or a 
combination of them exhibits a maximum [5
As is well-known, the principal stress directions 
significantly influence the fatigue f
position and, therefore, some Authors have 
connected the critical plane orientation with that 
of the principal stress directions [9, 10].  Since 
such directions under fatigue loading are often 
function of time, the critical plane orientation 
should be determined by relying on averaged 
principal stress directions (defined through 
suitable weight functions [11-14]). 

The multiaxial high-cycle fatigue criterion 
known as the C-S (Carpinteri-Spagnoli) critical 
plane criterion [15], initially propose
smooth metallic structures under constant
amplitude cyclic loading, has been then modified 
for examining different cases.  First of all, a 
simplified weighting procedure to determine 
averaged principal stress axes has been 
adopted, and the non-zero normal mean stress 
effect on fatigue limit has been taken into 
account [16, 17].  Moreover, extensions of the 
C-S criterion to notched metallic structures 
subjected to constant-amplitude cyclic loading 
(by applying the critical point method) [18] and 
to smooth components subjected to random 
loading [19] have been published.  A new 
formulation of the criterion for smooth structural 
components under random loading, based on a 
frequency-domain approach and on a spectral 
fatigue damage law, is in progress.

A comparison is made hereafter between 
some experimental data [20] and theoretical 
results evaluated by applying both the original 
C-S criterion and the modified one.  Additional 
comparisons are going to be published [21].

 

Critical Plane Determination 
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varying loadings are often 
multiaxial in nature, but the life of metallic 
structures is generally estimated through 
uniaxial fatigue test parameters since multiaxial 
experimental tests are expensive [1-4].  Several 
fatigue criteria reduce a given multiaxial stress 
state to an equivalent uniaxial stress condition. 

cycle fatigue regime, some criteria 
proposed in the past decades employ the critical 

, that is, fatigue failure assessment 
is carried out in the plane where amplitude or 
value of some stress components or a 
combination of them exhibits a maximum [5-8].  

known, the principal stress directions 
significantly influence the fatigue fracture plane 
position and, therefore, some Authors have 
connected the critical plane orientation with that 
of the principal stress directions [9, 10].  Since 
such directions under fatigue loading are often 
function of time, the critical plane orientation 
should be determined by relying on averaged 
principal stress directions (defined through 

 

cycle fatigue criterion 
Spagnoli) critical 

plane criterion [15], initially proposed for 
smooth metallic structures under constant-
amplitude cyclic loading, has been then modified 
for examining different cases.  First of all, a 
simplified weighting procedure to determine 
averaged principal stress axes has been 

ormal mean stress 
effect on fatigue limit has been taken into 
account [16, 17].  Moreover, extensions of the 

S criterion to notched metallic structures 
amplitude cyclic loading 

(by applying the critical point method) [18] and 
oth components subjected to random 

loading [19] have been published.  A new 
formulation of the criterion for smooth structural 
components under random loading, based on a 

domain approach and on a spectral 
fatigue damage law, is in progress. 

parison is made hereafter between 
some experimental data [20] and theoretical 
results evaluated by applying both the original 

S criterion and the modified one.  Additional 
comparisons are going to be published [21]. 

 

As was proposed by Brown and Miller [22], 
the evolution of a fatigue crack can be separated 
in two stages: (i) Stage 1, when a crack initiates 
(usually on the external surface of a structural 
component) in a shear slip plane (Mode II, 
fatigue crack initiation plan
the crack grows in a plane perpendicular to the 
maximum principal stress direction (Mode I, final 
fatigue fracture plane). 

The procedure to evaluate the critical plane 
orientation considers both me
and Stage 2). The fatigue fracture plane 
orientation is linked with the averaged principal 
stress directions determined by employing 
appropriate weight functions (see Refs [11, 15] 
for the original C-S criterion, and Refs [16, 17] 
for the modified C-S criterion).  Then, the
plane is correlated to the fatigue fracture plane 
through an off-angle δ (Ref.

averaged principal stress direction 
normal w  to the critical plane (where 

belongs to the principal plane 

The stress vector S

vector N  and the shear stress vector 
on the critical plane can be expressed as follows 
(Fig. 1b): 

= ⋅
w

S σ w  ( )= ⋅ wN w S w

In the case of multiaxial constant
cyclic loading, the direction of the normal stress 
vector ( )tN  is time-invariant and, hence, its 

mean value mN  and amplitude 

worked out.  On the other hand, the mean value 
mC  and amplitude aC  of the shear stress vector 

( )tC  are not uniquely defined due to the time
varying direction of ( )tC

path during a loading cycle.  The procedure by 
Papadopoulos [23] can be adopted to compute 

mC  and aC . 
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In the original formulation of the C
(Ref. [15]), the multiaxial fatigue limit condition 
is expressed by the following quadratic 
combination of the maximum normal stress 
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( aC ) acting on the critical plane:
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roposed by Brown and Miller [22], 
the evolution of a fatigue crack can be separated 
in two stages: (i) Stage 1, when a crack initiates 
(usually on the external surface of a structural 
component) in a shear slip plane (Mode II, 
fatigue crack initiation plane); (ii) Stage 2, when 
the crack grows in a plane perpendicular to the 
maximum principal stress direction (Mode I, final 

The procedure to evaluate the critical plane 
orientation considers both mechanisms (Stage 1 

fatigue fracture plane 
orientation is linked with the averaged principal 
stress directions determined by employing 
appropriate weight functions (see Refs [11, 15] 

S criterion, and Refs [16, 17] 
S criterion).  Then, the critical 

plane is correlated to the fatigue fracture plane 
(Ref. [15]) formed by the 

averaged principal stress direction 1̂  with the 
to the critical plane (where w  

belongs to the principal plane ˆ1̂3  in Fig. 1a). 

wS , the normal stress 

and the shear stress vector C  acting 
on the critical plane can be expressed as follows 

( )wN w S w  = −wC S N  (11) 

In the case of multiaxial constant-amplitude 
cyclic loading, the direction of the normal stress 

invariant and, hence, its 

and amplitude aN  can be easily 

worked out.  On the other hand, the mean value 
of the shear stress vector 

are not uniquely defined due to the time-
( )t , which draws a closed 

path during a loading cycle.  The procedure by 
Papadopoulos [23] can be adopted to compute 

Original and Modified Formulations  for 

In the original formulation of the C-S criterion 
(Ref. [15]), the multiaxial fatigue limit condition 
is expressed by the following quadratic 
combination of the maximum normal stress 

and the shear stress amplitude 

) acting on the critical plane: 
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 are the normal stress 

fatigue limit for fully reversed normal stress and 
shear stress fatigue limit for fully reversed shear 
stress, respectively. 

Since the effect of a tensile mean normal 
stress superimposed upon an alternating normal 
stress strongly decreases the fatigue strength of 
metals, the multiaxial fatigue limit condition in 
Eq.(2)  has been modified as follows [16, 17]:
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where the parameter ,a eqN  accounts for the 

effect of the mean normal stress: 

σ
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u

N
N N  

with σu  = ultimate tensile strength 

stress can be used instead of the ultimate tensile 
strength in the case of elastic-plastic materials)
Equation (4) takes into account the linear 
relationship (proposed by Goodman [24]) 
between normal stress amplitude and mean 
normal stress. 

The original C-S criterion (Eq. (2) and weight 
function in Refs [11, 15]) and the modified one 
(Eq. (3) and weight function in Refs [16, 17]) 
are applied to some experimental data of high
cycle fatigue tests related to metallic smooth
cylindrical specimens subjected to in
out-of-phase bending and torsion [20]:

σ σ ω σ
τ τ ω β τ

= +

= − +
, ,( ) sin( )

( ) sin( )
l l a l m

a m

t t

t t  

where l means longitudinal, and the other 
stress components are equal to zero
experimental tests, β (phase angle) is equal to 
0° (in-phase), 30°, 60° or 90° (out
and the mean stresses are equal to zero.  
Different values of the stress amplitude ratio 

,σ τ= l a ar  are examined. The 

properties of the tested materials are reported in 
Table 1. 

The shear stress amplitude 
a

C

maximum normal stress maxN  acting on the 

critical plane is plotted in Fig. 2a to 2d.  
According to the original C-S criterion, fatigue 
failure occurs if the points with coordinates (

maxN , aC ) lie out of the ellipse with semi

equal to σ −, 1af
 and τ −,af 1

 (see Eq. (2)).  By 

plotting the shear stress amplitude 

the equivalent normal stress amplitude 

acting on the critical plane [17] (Fig. 
fatigue failure occurs according to the modified 
C-S criterion if the points with coordinates (
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metals, the multiaxial fatigue limit condition in 
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stress can be used instead of the ultimate tensile 
plastic materials).  

Equation (4) takes into account the linear 
relationship (proposed by Goodman [24]) 
between normal stress amplitude and mean 

S criterion (Eq. (2) and weight 
function in Refs [11, 15]) and the modified one 
(Eq. (3) and weight function in Refs [16, 17]) 

e experimental data of high-
cycle fatigue tests related to metallic smooth 

specimens subjected to in-phase or 
phase bending and torsion [20]: 

(5) 

means longitudinal, and the other 
equal to zero. In such 

(phase angle) is equal to 
phase), 30°, 60° or 90° (out-of-phase), 

and the mean stresses are equal to zero.  
Different values of the stress amplitude ratio 

The mechanical 

properties of the tested materials are reported in 

a
C  against the 

acting on the 

critical plane is plotted in Fig. 2a to 2d.  
S criterion, fatigue 

failure occurs if the points with coordinates (
) lie out of the ellipse with semi-axes 

(see Eq. (2)).  By 

plotting the shear stress amplitude aC  against 

the equivalent normal stress amplitude ,a eqN  

acting on the critical plane [17] (Fig. 2a’ to 2d’), 
fatigue failure occurs according to the modified 

S criterion if the points with coordinates ( ,a eqN

, aC ) lie out of the ellipse with semi

to ,σ −1af
 and ,τ −af 1

 (see Eq. (3)).

For different materials and loading conditions, 
Figure 2 shows the correlation between such 
theoretical ellipses and the test results related to 
fatigue strength at 0N

Note that an experimental data point on the 
theoretical ellipse means a perfect fatigue 
strength estimation by applying the above 
criteria.  The quality of the estimation 
determined by means of such criteria can be 
evaluated through an error index, 
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maximum values of such an error index by 
applying both the original and the modified 
criterion are reported in Table 1.

Additional comparisons between experimental 
data and theoretical results deduced by apply
both the original and the modified C
are going to be published (see Ref.[21]).
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Table 1  Static, fatigue properties for each examined material [20], and extreme values of the error 
index I obtained by applying the original and the modified C
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evaluations according to 
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Introduction 

Fracture of brittle materials by cracks 
formation and growth under thermal action is 
intensively studied (see, e.g. [1
problem is interesting, in particular, because of 
often observed damage and fracture of 
structural elements fabricated from ceramic 
materials and glasses at operation under an 
extremal thermomechanical loading. Multiple 
fracture is usually observed. A hierarchical 
ordered crack system (structure of cracks) in the 
form of a pattern or system of subparallel cracks 
of different sizes occurs in a loaded body (often 
on its surface). As a result a body region is 
unloaded from excessive thermoelastic stresses.

An analysis of thermomechanical fracture is 
aimed at searching for the conditions of initiation 
and growth of separate cracks, sequence of 
events leading to cracks system occurring and 
growth, conditions of cracks front stability, 
residual strength and longevity of dama
components, as well as, the methods for 
determining the thermal strength of materials 
and components under various loading history. A 
theoretical analysis of the appropriate problems 
of solid mechanics for bodies with cracks is 
rather complex. That is why as a rule the 
examples of simple stress distributions in the 
bodies of simple geometry are considered. 
Simplifying assumptions and approximate 
methods are used for solving the problems. In 
particular, this is related to experimental 
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Fracture of brittle materials by cracks 
formation and growth under thermal action is 
intensively studied (see, e.g. [1-6]). The 

interesting, in particular, because of 
often observed damage and fracture of 
structural elements fabricated from ceramic 
materials and glasses at operation under an 
extremal thermomechanical loading. Multiple 
fracture is usually observed. A hierarchical 

dered crack system (structure of cracks) in the 
form of a pattern or system of subparallel cracks 
of different sizes occurs in a loaded body (often 
on its surface). As a result a body region is 
unloaded from excessive thermoelastic stresses. 

thermomechanical fracture is 
aimed at searching for the conditions of initiation 
and growth of separate cracks, sequence of 
events leading to cracks system occurring and 
growth, conditions of cracks front stability, 
residual strength and longevity of damaged 
components, as well as, the methods for 
determining the thermal strength of materials 
and components under various loading history. A 
theoretical analysis of the appropriate problems 
of solid mechanics for bodies with cracks is 

why as a rule the 
examples of simple stress distributions in the 
bodies of simple geometry are considered. 
Simplifying assumptions and approximate 
methods are used for solving the problems. In 
particular, this is related to experimental 

methods which one u
thermostrength properties of materials and 
components. Majority of the methods are based 
on evaluation of the thermal stress level by the 
following semi-emperical formula

φα ∆
σ

µ
=

−(1 )

E TK
 

where α  is the thermal expansion 
coefficient, E is the Young modulus, 
Poisson ratio, ∆T is the temperature drop 
between the average body temperature and 
temperature in the region where the stresses 
are estimated, Kφ is the shape coefficient.

In this connection asymptotic methods, in 
which characteristic features of multiple fracture 
process are used, seem to be interesting. One of 
such methods is suggested in the given paper. 
The method is based on the evident effect 
inherent to the fracture p
formation of a system of subparallel cracks of 
different sizes. Indeed, only largest cracks 
growth is adjusted by the stress field in the scale 
of the whole body with these cracks. For other 
cracks in the hierarchy the following effec
place: the less are the crack length and the 
distance between them the less is the scale of 
local stress field having an influence on their 
growth. In other words, if an advanced process 
of multiple fracture occurs in a region damaged 
by initial cracks then thermomechanical 
processes in separate strips (beams) separated 
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methods which one uses to determine 
thermostrength properties of materials and 
components. Majority of the methods are based 
on evaluation of the thermal stress level by the 

emperical formula 

(1) 

he thermal expansion 
is the Young modulus, µ is the 

is the temperature drop 
between the average body temperature and 
temperature in the region where the stresses 

is the shape coefficient. 

In this connection asymptotic methods, in 
which characteristic features of multiple fracture 
process are used, seem to be interesting. One of 
such methods is suggested in the given paper. 
The method is based on the evident effect 
inherent to the fracture process accompanied by 
formation of a system of subparallel cracks of 
different sizes. Indeed, only largest cracks 
growth is adjusted by the stress field in the scale 
of the whole body with these cracks. For other 
cracks in the hierarchy the following effect takes 
place: the less are the crack length and the 
distance between them the less is the scale of 
local stress field having an influence on their 
growth. In other words, if an advanced process 
of multiple fracture occurs in a region damaged 

acks then thermomechanical 
processes in separate strips (beams) separated 
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by initial cracks became to be independent on 
the situation for the whole body. A temperature 
distribution in the body is not influenced by 
presence of cracks if a heat exchange on t
crack surfaces is small (this is typical for 
practical problems because of a small opening of 
the brittle fracture cracks.) 

Hence, the following approximate approach 
to an analysis of an advanced stage of multiple 
fracture at intensive thermal loads is 
the problem of the heat transfer is solved for the 
whole body while the crack growth is considered 
within the isolated beams separated in the body 
by parallel or subparallel cracks on the preceding 
stage of fracture. In this case the process of t
crack growth is assumed to be isothermal one. 
This approach is used latter on for solving some 
model problems. 

 

1. A beam model of thermal fracture

Let us consider a stress state of a thin beam
half-strip under the action of sharp cooling on 
the free edge at absence of heat exchange on 
lateral sides. As it was pointed out in the 
Introduction, this situation is related to a 
thermal shock at the boundary of a half
separated by parallel cracks oriented transverse 
to the boundary on a series of beams
attention to existence of a simple asymptotics of 
the stress state for a thin beam. Indeed, if a 
beam is very thin (its width tends to zero) then 
thermal deformations in transverse direction do 
not lead to occurring meaningful stresses in this
direction (σy ~ 0). So, one can neglect by the 
stresses σy if the temperature gradients along 
the beam length are small (temperature through 
the beam section is assumed to be constant). 
Now let us increase the beam width. For this aim 
we combine it from two half-beams of small 
width with the preceding thermal act
condition of deformations compatibility requires 
that the lateral beams surfaces were tight. 
Thermal deformations, εy, in each beam pevent 
this. Note, that deformations in the adjacent 
half-beams are symmetric relative to the median 
contact line at the accepted conditions. 
Compensation of displacements caused by these 
deformations leads to occurring transverse 
stresses. In the case of two half-beams (Fig. 1) 
one can write 

τ∆∆ = x
u

G
 

Fig. 1 

where ∆ ∆ε ∆ε~ ( ) ,u H  is the deformation 
increment on the interval ∆ ,x H  is the thickness 
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by initial cracks became to be independent on 
the situation for the whole body. A temperature 
distribution in the body is not influenced by 
presence of cracks if a heat exchange on the 
crack surfaces is small (this is typical for 
practical problems because of a small opening of 

Hence, the following approximate approach 
to an analysis of an advanced stage of multiple 
fracture at intensive thermal loads is possible: 
the problem of the heat transfer is solved for the 
whole body while the crack growth is considered 
within the isolated beams separated in the body 
by parallel or subparallel cracks on the preceding 
stage of fracture. In this case the process of the 
crack growth is assumed to be isothermal one. 
This approach is used latter on for solving some 
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Let us consider a stress state of a thin beam-
strip under the action of sharp cooling on 
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if the temperature gradients along 

the beam length are small (temperature through 
the beam section is assumed to be constant). 
Now let us increase the beam width. For this aim 
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width with the preceding thermal action. The 
condition of deformations compatibility requires 
that the lateral beams surfaces were tight. 

, in each beam pevent 
this. Note, that deformations in the adjacent 

beams are symmetric relative to the median 
t the accepted conditions. 

Compensation of displacements caused by these 
deformations leads to occurring transverse 

beams (Fig. 1) 

(2) 

 

is the deformation 
is the thickness 

of a half-beam, τ is the average stress in the 
section, G is the shear modulus.

After limit transition at (
G by E we obtain 

ε εσ α
µ

≈ =
+

( ) ; where
2(1 )y

EH d d dT
x

dx dx dx

Remind for comparison the formula for quasi
static thermal stresses yσ

ασ
µ

=
−
( )

(1 )y

E T x
 

As an example let us consider a thermal 
shock at the edge of a half
the beams of width 2H. The temperature field in 
case of a jump-type change of the surface 
temperature (the coefficient of heat exchange 
h→∞) is determined by the following formula [7]

∆  =  
 

erfc
2

x
T T

at
 

where α is the coefficient of thermal 
conductivity, ∆T is the temperature drop 
between the surface and a half
remote from the surface. Then

ε α∆
π

−
= −

2

4e
x

at
d T

dx at
 

According to Eqs (3) and (6)

α∆σ
µ π

= −
+

( , )
2(1 )y

EH T
x t e

at

The stress variation in a thin beam is given in 
Fig. 2. In the same 
solution (4) 

α∆σ
µ
 = −  −  

( , ) erfc
1 2

y

E T x
x t

Fig. 2 

is also presented for comparison. One can 
see that the stress variation in the beam is more 
gently sloping. The crack growth character at 
further fracture is influenced by this. The 
stresses ( , )y x tσ  decrease

the depth of the body. 

is the average stress in the 
is the shear modulus. 

After limit transition at (∆x)→0 and changing 

ε εσ α≈ =( ) ; where
EH d d dT

dx dx dx
(3) 

Remind for comparison the formula for quasi-

yσ  in a half-space [7] 

(4) 

As an example let us consider a thermal 
shock at the edge of a half-plane separated on 

width 2H. The temperature field in 
type change of the surface 

temperature (the coefficient of heat exchange 
) is determined by the following formula [7] 

 (5) 

is the coefficient of thermal 
is the temperature drop 

between the surface and a half-plane point 
remote from the surface. Then 

 (6) 

According to Eqs (3) and (6) 

α∆
π

−
2

4
x

at
EH T

x t e
at

 (7) 

The stress variation in a thin beam is given in 
 figure the quasistatic 

 
 
 

( , ) erfc
2

E T x

at
 (8) 

 

is also presented for comparison. One can 
see that the stress variation in the beam is more 
gently sloping. The crack growth character at 
further fracture is influenced by this. The 

decrease monotonically with 

depth of the body. The maximum stress 
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level at the free edge decreases and the size of 
the stressed region increases with increasing 
exposition time. Such stress picture corresponds 
to the known scheme of fracture processes [1
at the edge of a half-plane. At the first stage a 
set of short cracks is initiated. These cracks 
grow with the movement of the stress front in 
depth of the body. A part of them is arrested 
such that the amount of moving cracks 
decreases with their length increasing. 
Conditions of cracks retardation (or the 
conditions of the cracks front stability) are 
discussed, e.g. in [2, 3]. 

Let us show that the described above 
approach makes possible another asymptotic 
analysis of the multiple fracture. An elementary 
cell of the crack system at the advanced stage of 
the process can be separated as a beam with 
lateral sides being surfaces of subparallel cracks 
while a crack of smaller length grows along the 
middle plane of the beam. Then the growth of 
the system of parallel cracks can be consider
as the growth of individual cracks each of which 
propagates in the middle plane of its effective 
beam. 

Consider the conditions of the crack growth 
along a beam loaded by thermoelastic stresses 
given by Eq. (7) for the case h→
parallel cracks simultaneously grow in adjacent 
beams one can see from the conditions of 
deformations compatability that a neutral line, 
where transverse displacements are absent, 
exists between them. Let us identify this line 
location for each pair of adjacent cracks wi
lateral sides of effective beams. Thus, the 
following scheme can be used for evaluation of a 
crack limit equilibrium. A beam-half
crack on the middle plane is loaded by the 
stresses σ ( , )y x t  symmetrically on its surfac

while transverse displacements on the beam 
lateral sides are equal to zero (Fig. 3).

Fig. 3 

It is convenient to use the compliance 
method [8] for estimation of the stress intensity 
factor KI for the scheme. The elastic energy 
stored in a deformed beam of width 2

σ µ−
= ∫
ℓ

y

o

x t
U H dx

E

2 2( , )(1 )
 

According to the compliance method one can 
write for the symmetric loading 
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the free edge decreases and the size of 
the stressed region increases with increasing 
exposition time. Such stress picture corresponds 
to the known scheme of fracture processes [1-3] 
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depth of the body. A part of them is arrested 
such that the amount of moving cracks 
decreases with their length increasing. 
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conditions of the cracks front stability) are 
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while a crack of smaller length grows along the 
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the system of parallel cracks can be considered 
as the growth of individual cracks each of which 
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beams one can see from the conditions of 
deformations compatability that a neutral line, 
where transverse displacements are absent, 
exists between them. Let us identify this line 
location for each pair of adjacent cracks with the 
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following scheme can be used for evaluation of a 

half-strip with a 
crack on the middle plane is loaded by the 

symmetrically on its surfaces 

while transverse displacements on the beam 
lateral sides are equal to zero (Fig. 3). 

 

It is convenient to use the compliance 
method [8] for estimation of the stress intensity 

for the scheme. The elastic energy 
stored in a deformed beam of width 2H equals 

(9) 

According to the compliance method one can 

µ−= =
ℓ

2
I

II III

( )
; =

KdU
K K

d E

21

Hence, 

σ=I ( , )yK x t H  

Note, that this formula coincides by form with 
one given in [9] for the constant load 
σ = = consty q . By incorporating Eq. (7) we 

obtain 
23 2

4= =
/

where
x

at
I

H E T
K A e A

t a

One can see from Eq. (12) that 
nonmonotone function of time (
t = 0 and t→∞). 

Let us accept the evident assumption: crack 
growth occurs in a regime providing the maximal 
value of the stress intensity factor in its tip, i.e. 
in the regime being most favorable for 
dissipation of the beam elastic energy.

−  
= − = 
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=

2 2
3 /2 4

3 /2 3 /2
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4 2
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Denote by = ℓx  the crack length in the 
conditions of the limit equilibrium

=Imax IcK K  

where KIc is the critical stress intensity factor. 
Eqs (14), (15) lead to the interrelation between 
the effective beam width, 

=ℓ
3 /2

Ic

2AH a

K e
 

This simple relation, obtained for conditions 
of growth of a single crack within the series of 
parallel ones, enables to perform some 
estimates for the whole cracks ensemble. For 
this aim it is sufficient to assume that a beam of 
larger effective width can
several beams of smaller widths. Of course the 
estimates of the crack concentration (density) 
will be upper estimates since a part of elastic 
energy is released in vicinities of more large 
cracks on formation and growth the smaller 
ones. As an integral characteristic of a crack 
system in this approximation we will use an 
interrelation between the relative crack density 
(the ratio of amount of cracks with the length 
exceeding a certain value, 
amount of cracks) and the relative crack length 
(the ratio of the size, ℓ , to the maximal crack 
length, ℓmax ), in the system. Such form of 

representation was given, in particular, in [3].

According to set forth the 
density can be written as follows

= =II III; =K K 0  (10) 

(11) 

Note, that this formula coincides by form with 
one given in [9] for the constant load 

incorporating Eq. (7) we 

2 1

α∆
µ π

= =
+

where
( )

H E T
K A e A

t a
 (12) 

One can see from Eq. (12) that KI is 
nonmonotone function of time (KI equals zero at 

Let us accept the evident assumption: crack 
growth occurs in a regime providing the maximal 
value of the stress intensity factor in its tip, i.e. 
in the regime being most favorable for 
dissipation of the beam elastic energy. Then 

 
= − = 

 

2

3 /2 3 /2

1
0

4 2

2

x

dt at t

x

a

 (13) 

 (14) 

the crack length in the 
conditions of the limit equilibrium 

(15) 

is the critical stress intensity factor. 
Eqs (14), (15) lead to the interrelation between 
the effective beam width, H, and crack length 

(16) 

This simple relation, obtained for conditions 
of growth of a single crack within the series of 
parallel ones, enables to perform some 
estimates for the whole cracks ensemble. For 
this aim it is sufficient to assume that a beam of 
larger effective width can be combined from 
several beams of smaller widths. Of course the 
estimates of the crack concentration (density) 
will be upper estimates since a part of elastic 
energy is released in vicinities of more large 
cracks on formation and growth the smaller 

As an integral characteristic of a crack 
system in this approximation we will use an 
interrelation between the relative crack density 
(the ratio of amount of cracks with the length 
exceeding a certain value, ℓ , to the total 

of cracks) and the relative crack length 
ℓ , to the maximal crack 

), in the system. Such form of 

representation was given, in particular, in [3]. 

According to set forth the relative crack 
density can be written as follows 
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By incorporating Eq. (16) we obtain from Eq. 
(17) 

Σ

 > ≈ −  
 

ℓ ℓ

ℓ

1 /3

max

( )
1

n x

n
 

This result is given in Fig. 4. For the sake of 
comparison on the same figure are presented 
the data obtained  in [3] on the basis of 
numerical solution of the full elasticity problem 
on many cracks at the half-plane edge as well as 
the experimental data given in [10] for similar 
loading variant. One can see that the relation 
(18) in fact represents the estimate of the 
relative crack density in a large part of the crack 
length range. Note also, that thermal properties 
and other material parameters are accounted for 
in Eq. (18) only through the temperature 
distribution. Hence, the dependence (18) i
universal in that sense. 

Fig. 4 

Other forms of universal interrelations which 
give approximate description of an integral 
parameter of an hierarchical crack system at a 
thermal shock can be used in practical problems. 
For instance, one can compare the density of 
cracks with the length less than a certain size, 
, and the total amount of cracks. It follows from 
Eq. (18) that 

Σ

 > ≈  
 

ℓ ℓ

ℓ

1 /3

max

( )n x

n
 

The cracks of characteristic sizes, e.g. 
minimal and maximal cracks in the system can 
be compared also. By incorporating Eq. (16) we 
obtain that the ratio of distances between the 
adjacent maximal and minimal cracks equals 

 
≈  
 

ℓ

ℓ

2 /3

max max

min min

H

H
 

This relation can be used at evaluation of the 
maximal crack length having the results of 
measurement or evaluation of a distance 
between the small cracks. Assume, for instance, 
that Hmax is of order of the body size, 
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(17) 

By incorporating Eq. (16) we obtain from Eq. 

(18) 

This result is given in Fig. 4. For the sake of 
comparison on the same figure are presented 
the data obtained  in [3] on the basis of 
numerical solution of the full elasticity problem 
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loading variant. One can see that the relation 
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relative crack density in a large part of the crack 
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and other material parameters are accounted for 
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distribution. Hence, the dependence (18) is 

 

Other forms of universal interrelations which 
give approximate description of an integral 
parameter of an hierarchical crack system at a 
thermal shock can be used in practical problems. 
For instance, one can compare the density of 

ss than a certain size, ℓ
, and the total amount of cracks. It follows from 

(19) 

The cracks of characteristic sizes, e.g. 
minimal and maximal cracks in the system can 
be compared also. By incorporating Eq. (16) we 
obtain that the ratio of distances between the 
adjacent maximal and minimal cracks equals  

(20) 

This relation can be used at evaluation of the 
maximal crack length having the results of 
measurement or evaluation of a distance 
between the small cracks. Assume, for instance, 

is of order of the body size, L. Estimate 

the value minℓ  from the condition of local 

strength as (ℓmin Ic~ /K

characteristic local strength. Then we obtain 
from Eq. (20) 
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Note, that transformations performed with 
Eqs (7) and (12)-(16) are in fact equivalent to 
construction of an envelope, i.e. construction of 
a function of one variable, x, by elimination of 
the parameter, t, considering the function of two 
variables. It is easily to see that Eq. (16) can be 
obtained if in Eq. (12) instead of the function 
σ ( , )y x t  one will use the envelope 

by Eq. (7) 

σ = − 2
( )y

a H
x A

e x  

Hence, one can conclude that an approximate 
quasi-static analysis of multiple fracture at a 
thermal shock can be performed within the 
model of crack system growth in time, in which 
the time parameter is eliminated, while all 
cracks are considered being in the state of the 
limit equilibrium under the
given by the envelope of the stress function in 
time. This approach can be extended for other 
variants of loading. 

 

2. Estimates for finite bodies of simple 
shapes 

As an example let us consider a scheme of 
disk fracture in case of the h
the external cylindrical surface while the edge 
sections of the disk are heat insulated. The 
problem is related to thermal fracture of high 
strength ceramics (e.g. [4

For the sake of convenience assume that the 
temperature distribution along the disk radius is 
quasi-steady and is described by parabolic or 
logarithmic functions [5] 

∆  = +  
 

( ) ; ~ 2
n

in

r
T r T T n

R

∆  = +  
 

( ) lnou

r
T r T T

R
 

where R is the disk radius, T
temperature of the disk center and its side 
surface, respectively. 

Quasi-steady distributions (23) and (24) can 
be considered as different envelopes of a 
nonstationary distribution and will be used later 
on in that sense. 

A system of radial cracks
according to the scheme given in Sect. 1, a set 
of wedgelike beams is formed at multiple 
fracture caused by tensile stresses at the disk 
surface. 

from the condition of local 

)σ ∗
min Ic~ /K

2

 where σ ∗  is 

characteristic local strength. Then we obtain 

3 /2

 (21) 

Note, that transformations performed with 
(16) are in fact equivalent to 

construction of an envelope, i.e. construction of 
a function of one variable, x, by elimination of 

, considering the function of two 
easily to see that Eq. (16) can be 

obtained if in Eq. (12) instead of the function 
one will use the envelope σ ( )y x  given 

 (22) 

Hence, one can conclude that an approximate 
static analysis of multiple fracture at a 

thermal shock can be performed within the 
model of crack system growth in time, in which 
the time parameter is eliminated, while all 
cracks are considered being in the state of the 
limit equilibrium under the action of stresses 
given by the envelope of the stress function in 
time. This approach can be extended for other 

2. Estimates for finite bodies of simple 

As an example let us consider a scheme of 
disk fracture in case of the heat flux directed to 
the external cylindrical surface while the edge 
sections of the disk are heat insulated. The 
problem is related to thermal fracture of high 
strength ceramics (e.g. [4-6]). 

For the sake of convenience assume that the 
ution along the disk radius is 

steady and is described by parabolic or 
 

( ) ; ~ 2T r T T n  (23) 

 
 
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 (24) 

where R is the disk radius, Tin and Tou are the 
temperature of the disk center and its side 

steady distributions (23) and (24) can 
be considered as different envelopes of a 
nonstationary distribution and will be used later 

A system of radial cracks separating, 
according to the scheme given in Sect. 1, a set 
of wedgelike beams is formed at multiple 
fracture caused by tensile stresses at the disk 
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Assume that the separated beams are thin. 
Then according to Eq. (2) we can write for a thin 
wedge shaped beam 

θ θ
ασ σ σ
µ

= ≈ =
+
( )

; ; ( )
2(1 )

o
r o

HEH r dT r
H r H

dr R R

where Ho is the beam width on the disk 
surface. 

By incorporating Eqs (23)-(25) we obtain the 
stresses θσ  for the parabolic distribution

θ
∆ ασ

µ
 =  +  2(1 )

n

oE TH n r

R R
 

and for the logarithmic distribution

θ
∆ ασ

µ
=

+2(1 )
oE TH

R
 

Note, that the structure of Eq. (27) is close to 
semi-empirical relation (1) being used in 
experimental practice of thermomechanical 
properties determination. 

Let the origin of coordinates is located
radial crack mouth on the outer disk generator. 
Then the condition of the limit equilibrium of the 
central radial crack in thin narrowing beam has 
the form (according to Eqs (11) and (15))

θσ=IcK H  

Hence, we obtain the following interrelation 
between Ho and the length of the crack being in 
the limit equilibrium, ℓ , 
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for the logarithmic one. 

The interrelation between the relative crack 
density and their relative length (similar to Eq. 
(17)) can be obtained from Eqs (28), (29)
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Finally, for the parabolic distribution
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and for the logarithmic one 
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Assume that the separated beams are thin. 
Then according to Eq. (2) we can write for a thin 

= ≈ =; ; ( )r o

EH r dT r
H r H

dr R R
(25) 

is the beam width on the disk 

(25) we obtain the 
for the parabolic distribution 

(26) 

logarithmic distribution 

(27) 

Note, that the structure of Eq. (27) is close to 
empirical relation (1) being used in 

experimental practice of thermomechanical 

Let the origin of coordinates is located in the 
radial crack mouth on the outer disk generator. 
Then the condition of the limit equilibrium of the 
central radial crack in thin narrowing beam has 
the form (according to Eqs (11) and (15)) 

(28) 

Hence, we obtain the following interrelation 
and the length of the crack being in 

(29) 

for the parabolic distribution and 

(30) 

The interrelation between the relative crack 
density and their relative length (similar to Eq. 
(17)) can be obtained from Eqs (28), (29) 

(31) 

Finally, for the parabolic distribution 

1 at 2  

1 at 1 (32) 

Σ

>  ≈ − 
 

ℓ ℓ
4 / 3

( )
1

n x

n R
 

The appropriate curves are given in Fig. 5 
where the experimental results for thin disks of 
infusible ceramic material (Zirconium carbide) 
obtained in [4] are also 
that the logarithmic temperature distribution 
provides better correlation with the experimental 
data as compared to the parabolic distribution. 
Perhaps, this is related to the conditions of heat
transfer at the outer cooled surface of t

results given by Eq. (33)
results given by Eq. (32)

o   experimental results for ZrC disks
(diameter ~ 5mm, thickness 1.5 

Fig.5 

 

3. To an estimate of the residual strength 
of a body with a system of many cracks

Abrupt cooling of the disks lateral surface is 
accompanied by growth of many radial cracks 
from the surface to the disk center, while abrupt 
heating at the lateral surface leads to initiation 
and growth of many cracks in from the central 
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The appropriate curves are given in Fig. 5 
where the experimental results for thin disks of 
infusible ceramic material (Zirconium carbide) 
obtained in [4] are also shown. One can see, 
that the logarithmic temperature distribution 
provides better correlation with the experimental 
data as compared to the parabolic distribution. 
Perhaps, this is related to the conditions of heat-
transfer at the outer cooled surface of the disks. 

 
results given by Eq. (33) 
results given by Eq. (32) 
experimental results for ZrC disks 

(diameter ~ 5mm, thickness 1.5 – 2mm) [4] 

3. To an estimate of the residual strength 
of a body with a system of many cracks 

the disks lateral surface is 
accompanied by growth of many radial cracks 
from the surface to the disk center, while abrupt 
heating at the lateral surface leads to initiation 
and growth of many cracks in from the central 
part of the disk. Experiments show that in the 
second case full disk fracture (its separation on 
parts) occurs more often while in the first case 
full fracture is a rare phenomenon. 

Let us show within the framework of the 
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as the crack moves to the central part of the 
disk. 

Now, consider similarly a system of cracks 
growing from the central part of the disk and 
analyze the stage of many cracks advance to the 
disk periphery. 

The stresses θσ  in a wedge shaped beam 

extending with the crack growth are equal to

θσ
  
 = −     

n

oH Bn r

R R
1  

where r is referenced from the disk center.

Now, if the crack grows along the wedge 
shaped beam longitudinal axis from its apex we 
obtain using Eq. (26) 
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Again →I 0K  at →ℓ R , while the function 

ℓI( / )K R  is nonmonotone; the maximal 

attained at ( = + ℓ( / ) 1 /2 (1 /2)R n

= ≈ℓ
max

1 / 2( / ) (1 /5) 0.48
IKR  at n = 2. Hence, the 

crack growth is unstable up to the length 
ℓ( / ) ~ 0.48R ; its retardation occurs only on the 

final part of the path, indeed, dK d R

at →ℓ R . The performed analysis confirmers the 
conclusion [4] (see also [6]) that in case of 
multiple fracture starting from the disk cent
(at its abrupt heating on the lateral surface) full 
fracture of the disk (because of cracks outcome 
on this surface) is more probable as compared 
to the case of the abrupt cooling on the lateral 
surface of the preliminary heated disk.

 

Conclusion 

Processes of multiple fracture often lead to 
formation of ordered crack systems (structures 
of fracture). In particular, such structures are 
observed in porous and layered materials 
(media), in zones of non-uniform stress state 
caused by stress concentrators. Experimental 
studies and modeling of the processes of 
ordered fracture in structural and natural 
materials have a long story. In this connection 
we would like to mention the review papers 
[11,12] and recent publications [13
some new results and relevant references are 
also given. 

In the given paper we considered another 
variant of multiple fracture which is 
characterized by an ordered crack system 
formation in the non-uniform stress field caused 
by a thermal shock. The performed analysis is 
based on an approach outlined by the authors in 
the preprint [17]. Note, that an interest to the 
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In the given paper we considered another 
variant of multiple fracture which is 
characterized by an ordered crack system 

uniform stress field caused 
by a thermal shock. The performed analysis is 

sed on an approach outlined by the authors in 
the preprint [17]. Note, that an interest to the 

problems of thermal fracture is strengthened 
now because of the tendency to create 
structures operating in the conditions of 
extremal thermomechanical loading an
develop new technologies providing their high 
resistance to thermal loading by using special 
gradient coatings. 

 

Appendix 

The obtained estimates of an influence of 
adjacent parallel cracks on the stress intensity 
factor at the tip of a crack of this c
can be compared with the data given in [18,19]. 
The stress intensity factors for two and three 
parallel cracks located transverse to the edge of 
a strip under tension and bending have been 
calculated by a numerical method and according 
to an approximate analytical estimate of the 
unloading zones near the cracks. The results are 
presented in the form of the ratio of the 
calculated values to the strength intensity factor 
for a single crack under the same loading 
conditions. A part of these results
variant of cracks having the same length is 
given in Fig. 6. It seems that the numerical 
results for the middle of three cracks of equal 
length correlates better to the above considered 
situation of an infinite system of equal parallel 
cracks. The results of estimates according to the 
suggested approach (Eq. (18) in the 
dimensionless form) are also given in the same 
figure (curve 1). One can see that curve 1 is 
essentially nearer to the numerical results for 
three cracks (curve 5) as compared 
estimates which give overestimated values of 
the stress intensity factor. The difference from 
the numerical solution does not exceed 10% if 
the ratio of the distance between the cracks to 
their length is varied in the range 0.5

Fig. 6 
Different estimates of the adjacent cracks 
influence on the stress intensity factor for a 
crack in a system of parallel cracks of equal 
length, a, and distance 2
other (1 – the obtained estimate for an 
infinite crack system; 2 
estimate [19]; 3 – the same for two cracks; 4 
– numerical results for two cracks [19]; 5 
the same for three cracks)
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ESIS RECOMMENDATIONS FOR STRESS CORROSION TESTING USING PRE
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Responsible body: TC6 Committee on Ceramics.
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ESIS PROCEDURE TO MEASURE AND CALCULATE MATERIAL PARAMETERS FOR THE LO CAL APPROACH 
TO FRACTURE USING NOTCHED TENSILE SPECIMENS.
Responsible body: TC8 Committee on Numerical Methods.

P7-00 
ESIS PROCEDURE FOR DYNAMIC TENSILE TESTS
Responsible body: TC5 Subcommittee on Dynamic Testing at Intermediate Strain rates.

P8-99D 
ESIS DRAFT CODE OF PRACTICE FOR THE DETERMINATION AND INTERPRETATI ON OF CYCLIC STRESS
STRAIN DATA.   
Responsible body: TC11 Committee on High Temperature Mechanical Testing.

P9-02D 
GUIDANCE ON LOCAL APPROACH OF RUPTURE OF METALLIC MATERIALS.
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P10-02 
A CODE OF PRACTICE FOR CONDUCTING NOTCHED BAR CREEP RUPTURE TES TS AND INTERPRETING 
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P11-02 
TECHNICAL RECOMMANDATIONS FOR THE EXTREME VALUE ANALYSIS OF DATA ON LARGE 
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D1-92 
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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
detailed documentation of this activity. The final form of the test method has appeared as P5
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For ESIS records purposes please give the numbers of the ESIS Technical 
n which you are most interested  

All ESIS Procedures and books are free for ESIS Members at 

Please return this form to:
ESIS Treasurer
Professor Giuseppe Ferro, 
Dept. of Structural Engineering,
Politecnico di Tor
Corso Duca degli Abruzzi 24 
10129 Torino, Italy
or complete the web membership 
form at www.structuralintegrity.eu

Application Form 
DECEMBER 2013 

All members will be registered as Individual Members and will receive the ESIS Newsletter, at least once a 

to the value of € 30 (Euros). 

and send the ESIS Newsletters to the address 

PLEASE REGARD THIS FORM AS AN OFFICIAL 
that on receipt of your payment you will receive an official receipt plus your ESIS 2010 

30 (Euros) payable to ESIS (please write your name, and address on the 

30 (Euros) to ESIS account by the Unicredit Banca, Bank 

) EUROCARD / MASTER CARD / VISA CARD / 
30 (Euros).  My card number is:  

Exp 
Date: 

  —   

                              Title(s)  

 

   _________________ 

 

    

 

Please return this form to: 
Treasurer 

Professor Giuseppe Ferro,  
Dept. of Structural Engineering, 
Politecnico di Torino,  
Corso Duca degli Abruzzi 24  
10129 Torino, Italy 
or complete the web membership 

www.structuralintegrity.eu  


