Carpinteri and ESIS has
continued to advance
and successfully serve
the
European
and
international
fracture
mechanics communities.
Following
the
organization of ECF16 in
Alexandroupolis
with
over 900 participants,
we had a successful ECF17 in Brno organized by
Jaroslav Pokluda and Petr Lucas attended by
400 participants. We are looking forward to an
exciting ECF18 in Dresden organized by DVM
and chaired by Dietmar Klingbeil with 450
participants from 44 nations. ECF19 will be
organized by the Russian Fracture Mechanics
Group led by Robert Goldstein in Kazan, the
capital of the Russian Republic of Tatarstan,
August 20-24, 2012. The venue and time of
ECF20 will be decided by the ESIS Council at its
meeting in Dresden. ESIS conferences are
organized
by
different
national
fracture
mechanics groups, take place in different
European cities, and follow the ESIS rules and
traditions. Beginning with ECF20 the organizers
of ESIS conferences will support in various ways
around thirty participants suggested by ESIS.
Thirty four years have already passed since
ESIS organized the first ECF in Compiegne in
1976.
Following
Compiegne,
ECFs
were
organized every two years in Darmstadt,
London, Leoben, Lisbon, Amsterdam, Budapest,
Turin, Varna, Berlin, Poitiers, Sheffield, San
Sebastian, Krakow, Stockholm, Alexandroupolis,
Brno and now in Dresden.
ESIS is moving from strength to strength. The
proceedings of the seventeen ECFs organized so
far published by national and international
publishing houses constitute an invaluable
source of information on fracture mechanics
research of the respective time. ESIS sponsors
three international journals published by
Elsevier,
namely,
Engineering
Fracture
Mechanics, International Journal of Fatigue and
Engineering Failure Analysis. Over the years
ESIS sponsored conferences organized by
European Fracture Mechanics societies. The
Technical committees of ESIS have edited
twenty eight technical publications since 1986,
in various areas of fracture mechanics research.
The first twenty publications were published by
PROFESSIONAL
ENGINEERING
PUBLISHING
LTD, Institution of Mechanical Engineers of UK,
while the last seven publications were published
by Elsevier. During its 34 years of existence
ESIS has recognized and honored individuals
who
have
demonstrated
both
technical
excellence in fracture mechanics and good
citizenship within ESIS and the fracture
mechanics community. The Griffith medal, the
Wöhler medal, the Award of Merit and the
Honorary Membership are given during each ECF
to
persons
with
outstanding
technical
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EDITORIAL BY THE ESIS
PRESIDENT
Four year have passed since I received the “staff
of command” from past President Alberto
1
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contributions to fracture mechanics and with
good service to the international fracture
mechanics community. Furthermore, the Young
Scientist award is presented to a young scientist
who excelled in fracture mechanics research. All
these five awards will be presented at the ESIS
banquet in Dresden. New awards will be
proposed for approval by the ESIS Council.
A new category of ESIS members was
established, the Fellows. Fellows are persons
who have been members of ESIS for at least
five years and who have distinguished
themselves through contributions to the Society
and to the art, science, teaching, or practice of
fracture mechanics. It was decided that the first
34 Fellows of ESIS be all the past ESIS award
recipients. Five new Fellows have been elected
by the Fellows Committee and will be honoured
in Dresden. They include Academician Nikita
Morozov, ESIS veteran Professor Stojan
Sedmak,
ESIS
Treasurer
and
Secretary
Professor Giuseppe Ferro, Editor of the
Newsletter Professor Stefano Beretta and
Professor Dragoslav Sumarac.
As you may have noticed, ESIS has a new
friendly, modern and efficient website, thanks to
the tireless efforts of ESIS Editor of Newsletter
Stefano Beretta.
During all four years of my presidency I had the
continuous support of Vice Presidents Leslie
Banks-Sills and Andzrej Neimitz, the Treasurer
and Secretary Giuseppe Ferro and the Editor of
the Newsletter Stefano Beretta. I wish to thank
them for their hard work and dedication in
achieving our objectives in ESIS. Special thanks
are due to Leslie for her tremendous work in
ESIS membership, and to Stefano for the new
ESIS website.
In Dresden I will hand over the “staff of
command” to the new President of ESIS which
will be elected by the ESIS Council. I wish the
new President, the Vice-Presidents and the
members of the Executive Committee success in
their assignments. I am sure that ESIS will
continue to thrive in the years ahead.

TC activities (page 4) and two invited paper by
Prof. Alberto Carpinteri and Dr. Bob Ainsworth.
As you will see, some of the TCs are very
active and productive, meeting often, publishing
special journal issues, carrying out Round Robin
tests and producing standards. Unfortunately,
there are also TCs which are inactive. These
have to be either reactivated or closed. It may
be noted that new chairmen were appointed to
TC2 and TC8 with success. One possibility for
enhancing the TCs would be to include them and
ESIS in some EU projects. To do this, ESIS
would have to elevate its legal status. This is
something for the next President and ExCo to
attend to.
A new legal entity and a stable financial
income are the real challenges for the next ESIS
President-Exco. Also the agreement with
Elsevier (Elsevier is willing to reduce its financial
support, but on the other side all the ESIS
members are taking care of the peer-review
process for the three journals) should be reconsidered as one of the important pieces of the
puzzle: visibility-sustainability-scientific outputs
are in my view the key points for the activity in
the next four years.
I would also like to remind you our new
web site at www.structuralintegrity.eu. The
important facts: i) the on-line membership form
will facilitate secretarial activity and affiliation of
new members; ii) ESIS members have full
access to ESIS procedures and documents; iii)
access to proceedings of ESIS and TC meetings
(e.g. ESIS members can now fully access
ICBMFF9 proceedings); iv) access to the famous
EGF/ESIS books. These books have been part of
the success of ‘European structural integrity’
ideas and unfortunately most of them are no
longer available at Wiley: we have a duty (and
an opportunity) to keep alive our historical
memory, that is the basis for growth and
education of young researchers ! For now only
one volume (“The Behaviour of Short Fatigue
Cracks”, ESIS/EGF #1) is available to members:
from September 2010 we will also have “Defects
Assessment in Components: Fundamentals and
Its Applications” ESIS/EGF #9 . It is important
that you further support this action by renewing
your 2010 membership to ESIS and also by
helping me to find copies of those books.

Emmanuel E. Gdoutos
ESIS President 2006-2010

WELCOME !

Stefano Beretta

Dear
colleague,
I
welcome you to the
2010 issue of the ESIS
Newsletter.
First of all, I would like
to remind you that last
year our long time friend
Fred Nillson (he was
Chairman
of
ECF15)
past away in 2009: you
can read a short memorial to him on page 4. In
this issue you can read about the most recent

ESIS FINANCIAL
SITUATION
Dear Members,
In 2010 ESIS will front a
new bid related to the
election of the president for
the period 2010-2014. In
2002, with the election of
2
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prof. Carpinteri, ESIS knew a federal approach
for the Society with a restoration of its prestige
and importance. This strategy was the file rouge
that characterized the presidency of prof.
Gdoutos, during which ESIS continued in the
way of economical stability and maintaining a
great number of members.
From an economical point of view, the actual
portfolio is close to 115.000 euros, even if at
each ECF biennial conference ESIS does not get
any fee from the local organization and
moreover contributes by paying the conference
fee for a wide number of researches from
eastern Europe. For ECF16 the contribution was
25000 euros, for ECF17 about 15000 euros and
approximatively the same for ECF18.
As I already wrote last years, the contract
signed with Elsevier gives ESIS 10000 Euros per
year and increases the visibility of the Society
within the international scientific community by
the affiliation with three important journals.
The contract played a positive role for Elsevier if
we consider the strong increment of the impact
factor for the three journals, and in particular for
Engineering Fracture Mechanics. It appears that
Elsevier probably will not continue to pay this
fee, and the policy of ESIS should be revised
according to the new scenario.
The number of ESIS Members continues to
maintain a good level. In 2003 we registered
105 members, 313 in 2004, 354 in 2005, 524 in
2006 and 586 in 2007, 446 in 2008, 439 in
2009 and 272 up to now for 2009. This
increment was also due to the activity of the
ESIS National Representatives, to whom goes
my gratitude.
In 2009 we upgraded the ESIS Website with
the possibility for everybody to register
automatically as a member and pay the fee by
the PayPal system. The same procedure could
be open for the national representative. At each
member will be give a username and a password
for accessing to a private area for downloading
documents and procedures. This will represent
the added value to become ESIS member, and
the same could be used by the ESIS Technical
Committees for changing documents between
the members and in this way increases the
activities of them. All these results were not
easy to reach due in particular to the
bureaucracy that is difficult for a no profit
organization as ESIS.

ESIS Website
www.structuralintegrity.eu
- become a member of ESIS and
take advantage of all the
"Members Only" resources on
this Web site
- register automatically as a
Member and pay the fee by
PayPal system
- obtain your username and
password for accessing the
private area for downloading
EGF-ESIS books and Procedures
- exchange new ideas,
advancements and documents
with the other ESIS Members

Advantages of being an ESIS
member
♦ participation in TC activities and
access to TC documents;
♦ full on-line access to ESIS
procedures;
♦ full on-line access to former EGFESIS books;
♦ support for ESIS activity.

how to renew?
see page 30 or
www.structuralintegrity.eu

I am sure that ESIS future will be shining and I
hope to see you during the ECF-18 in Dresden.
Giuseppe Ferro
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as a member of the board of the Swedish
Fatigue Network (UTMIS), Fred and KTH
played a very active role, thus increasing
the importance of the organisation to
Swedish industry.

To the memory of Fred Nilsson

Wherever he got involved, Fred quickly
became a driving force. His critical but
always con- structive attitude enhanced
the level of the scientific dialogue. We,
who have been his colleagues and
friends, will always keep Fred in grateful
memory.
On behalf of UTMIS,
Gunnar Härkegård, NTNU, Trondheim

ECF19 Conference
http://www.ecf19.ru/

Fred
Nilsson,
Professor
of
Solid
Mechanics at the Royal Institute of
Technology (KTH), Stock- holm, has died
at the age of 62.
In 1969, Fred joined the research group
of Janne Carlsson at KTH. Four years
later, he received his DSc with a
groundbreaking dissertation on dynamic
crack propagation. He was to become
one of the world’s most influential
researchers in this area.
After a year at Carbox, Ystad, where
he developed methods for the design of
heavy plate- forming equipment, Fred
was back at KTH to produce some of his
finest research in fracture me- chanics.
In the early 80’s, he worked at IFM
Akustikbyrån and the Swedish Nuclear
Power Inspec- torate, where he developed
novel methods for the assessment of the
reliability of reactor pressure vessels.
After four years as a Professor of Solid
Mechanics at the University of Uppsala,
Fred re- turned to KTH, where he was
appointed Professor of Solid Mechanics
in 1991 – the circle was closed.

Eleventh	
  International	
  ASTM/ESIS	
  Symposium	
  
on	
  FFM	
  (38th	
  ASTM	
  Natl	
  Sym	
  FFM),	
  
May	
  -‐	
  2011	
  Anaheim,	
  CA	
  
	
  	
  
	
  	
  

DEADLINE FOR ABSTRACT
SUBMISSION IS SEPTEMBER 15, 2010
Symposium Co-Chairs Steve Daniewicz,
Charlotte Belsick, Emmanuel Gdoutos
encourage you to submit an abstract to the
symposium.
To access the scope of the symposium, the
publication requirements, and instructions
to submit an abstract online, click on:

More recently, Fred gave impetus to
fatigue research, e.g., comprehensive
investigations on crack closure and
fatigue-crack growth. During his years

http://www.astm.org/E08symp511.htm
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be done without a clear background
appropriate support from ESIS.

TC ACTIVITIES
TC2
TC3
TC4
TC8
TC10
TC11
TC24

and

Next TC2 meetings
The next meeting will be held during the ECF18
in Dresden in August 2010. Dr. Fedelich
promised to organize a TC2 workshop in Berlin
next year. Prof. Marrow will consider an
arrangement of a TC2 workshop in Oxford, UK,
in 2012.

– Micromechanisms
– Fatigue of Engineering Materials
and Structures
– Polymers and Polymer
Composites
- Numerical Methods
– Environmentally Assisted Cracking
– High temperature mechanical
testing
– Integrity of Railway Structures

ESIS TC3 “Fatigue Of Engineering Materials
And Structures”
ACTIVITIES DURING 2009-2010

ESIS TC2 “Micromechanisms”

(a) Professor Bruno Atzori (Padua), Professor
Andrea Carpinteri (Parma), Professor Paolo
Lazzarin (Padua) and Professor Les P. Pook
(London):
Chairmen
of
the
3rd
International Conference on “Crack Paths
(CP 2009)”, held in Vicenza (60 Km from
Venice), Italy, 23rd to 25th September,
2009.

MINUTES OF THE TC2 ESIS MEETING
BRNO, JUNE 29, 2010
Present: Prof. J. Pokluda (CZ), Prof. I. Dlouh••
(CZ), Dr. B. Fedelich (GE), Prof. J. Janovec
(SVK), Dr. V. Kozhusko (AT), Prof. J. Marrow
(UK), Dr. K. Slamecka (CZ).
Agenda:
1) TC2 – State of the Art
2) ESIS/Elsevier agreement
3) Special issues and other future outputs
4) Next TC2 meetings
TC2 - State of the Art

(b) Professor Bruno Atzori (Padua), Professor
Andrea Carpinteri (Parma), Professor Paolo
Lazzarin (Padua), Professor Les P. Pook
(London) and Professor Andrea Spagnoli
(Parma): Guest Editors of a Special Issue
on “Crack Paths” of the International
Journal “Engineering Fracture Mechanics”,
Vol.77, 2010, with papers selected from
those presented at the International
Conference on “Crack Paths (CP 2009)”,
held in Vicenza, Italy, 23rd to 25th
September, 2009.

TC2 is one of the best working TC´s in the
frame of ESIS. There are regular meetings and
workshops each year. Two special issues of
Engineering Fracture Mechanics (August 2008
and January 2010) devoted to TC2 were
published.

(c) Professor
Andrea
Carpinteri
(Parma),
Professor Les P. Pook (London) and
Professor
Cetin
Morris
Sonsino
(Darmstadt):
Chairmen
of
the
9th
International Conference on Multiaxial
Fatigue and Fracture (ICMFF9), to be held
in Parma, Italy, 7th to 9th June, 2010.

ESIS/Elsevier agreement
According to information received from Prof.
Stefano Beretta, the Elsevier support for ESIS
will be substantially reduced in the next years.
The only thing actually remaining unchanged is
5000 Euro for each special issue published in
selected Elsevier journals. This means that
additional financial resources should be searched
for. Nevertheless, the ESIS/Elsevier agreement
should be re-considered or a new, more
favourable, Publishing House should be found.

(d) Professor
Andrea
Carpinteri
(Parma),
Professor Les P. Pook (London) and
Professor
Cetin
Morris
Sonsino
(Darmstadt): Guest Editors of a Special
Issue on “Multiaxial Fatigue Models” of the
“International Journal of Fatigue”, Vol.33,
2011, with papers selected from those
presented at the International Conference
on
Multiaxial
Fatigue
and
Fracture
(ICMFF9), held in Parma, Italy, 7th to 9th
June, 2010.

Special issues and other future outputs
A general agreement was met in the decision
that further production of special issues or
STP´s will be suspended until the receipt of 4
000 Euro as a part of 10 000 Euro ESIS income
from Elsevier for two special issues. This amount
was promised to the TC2 chairman from the
ESIS ExCo in order to enable a support for
young
scientists
to
participate
at
TC2
workshops. The guest editorial is hard work to

(e) Professor
Andrea
Carpinteri
(Parma),
Professor Les P. Pook (London) and
Professor Andrea Spagnoli (Parma): Guest
Editors of a Special Issue on “Multiaxial
5
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Fracture” of the International Journal
“Engineering Fracture Mechanics”, Vol.78,
2011, with papers selected from those
presented at the International Conference
on
Multiaxial
Fatigue
and
Fracture
(ICMFF9), held in Parma, Italy, 7th to 9th
June, 2010.
(f)

organise an international confernece every three
years.
Forward meeting dates for the committee, all to
be held in Les Diaberets, Switzerland are:
•
•

Professor Ewald Macha (Chairman of the
ESIS TC 3.1 Sub-Committee “Multiaxial
Fatigue”): Project “Energy-based approach
to multiaxial fatigue using the critical plane.
Stage 4”.

•
•

The main objectives of the Project are:

Committee

(6th International
(TC4 Committee

Active work areas
The following are active work areas, in which the
technical committee are developing ESIS TC4
test protocols with the aim that these will
become full ISO standands in due course.
Anyone wishing to get involved in these exciting
work areas should either contact the work area
co-ordinator (see below) or the committee
technical
secretary,
Bamber
Blackman
(b.blackman@imperial.ac.uk) for further details.

1. Karolczuk A., Non-local Methods in
Fatigue
Calculation,
Studies
and
Monographs z. 241, Opole University of
Technology, Opole 2009, 152 pages.
2. Rozumek D., Mixed Mode Fatigue Cracks
of Constructional Materials, Studies and
Monographs z. 241, Opole University of
Technology, Opole 2009, 152 pages.
two

(TC4

Conferences
The 5th ESIS TC4 International Conference on
the Fracture of Polymers, Composites and
Adhesives took place in 2008 in Les Diablerets,
Switzerland.
Selected papers from this
conference have been published as a special
edition of Engineering Fracture Mechanics, 76
(18) December 2009. The ‘call for papers’ for
the 6th International conference went live in
July 2010. See www.tc4pca.elsevier.com

Among
the
most
important
results,
publication of habilitation dissertations:

of

(TC4 Committee

Committee meetings are open to all. Please
contact the Eurotel Victoria in Les Diablerets via
email
(lesdiablerets@eurotel-victoria.ch)
to
make room bookings.
An agenda for the
meeting can be obtained from the technical
committee
secretary,
Bamber
Blackman
(b.blackman@imperial.ac.uk).

1. Development of new procedures for
accurate
determination
of
fatigue
characteristics
of
materials
with
controlled
strain
energy
density
parameter at the strength test stand.
2. Development of a spectral method for
fatigue life assessment of materials
under multiaxial random loading in
frequency domain.
3. Improvement of procedures of fatigue
damage map determination for machine
components and structures subjected to
multiaxial service loading by calculations
with FEM or BEM and spectral methods.

Organization
Conferences:

22nd-24th Sept 2010
meeting)
18th-20th May 2011
meeting)
11th-15th Sept 2011
ESIS TC4 conference)
15th-16th Sept 2011
meeting)

International

1. Polymers:
Following the successful development of
standards for slow rate Kc and Gc determination
in polymers (ISO 13586-1) and in short fibre
composites
(ISO
13586-2)
and
of
the
develoment of a test standard for these
properties at high rates of loading (ISO 17281)
and under tension-tension fatigue loading (ISO
15850), the committee is currently developing
test protocols in the following areas:

1. The 6th International Conference on
Mechatronic Systems and Materials
(MSM 2010), 5-8 July 2010, Opole
(Poland).
2. The XV International Colloquium on
Mechanical Fatigue of Metals (XVICMFM), 13-15 September 2010, Opole
(Poland).

1.1 Work area: Jc testing; Co-ordinator:
Francesco Baldi (email: baldi@ing.unibs.it)
The committee aims to develop a test
protocol to characterise toughness in
polymers which fail the LEFM validity criteria
for Kc and Gc. A protocol was developed by
the
committee
members
Hale
and
Ramsteiner, based upon a multi-specimen
technique (ESIS Publication 28, Chapter 2,

ESIS TC4 "Polymers And Polymer
Composites"
Committee meetings
ESIS TC4 continues to meet twice a year to
develop fracture mechanics test methods for
polymers, composites and adhesives and to
6
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Fracture Mechanics Testing Methods for
Polymers Adhesives and Composites, Elsevier
2001). The major limiting factor has proved
to be the difficulty to accurately measure the
crack growth in the test. Development of the
test method is still underway within the
committee, with modified test and analysis
schemes under consideration.

laminates in mode I (ISO 15024: 2000), the
committee is currently developing test protocols
in the following areas:
2.1 Work area: Short fibre composites at
high loading rates; Co-ordinator:
Andrea
Pavan (email: andrea.pavan@polimi.it)
The committee aims to extend the techniques
developed to determine Kc and Gc of short
fibre composites at slow rate (ISO 13586-2)
to faster rates (circa 1m/s).
Such
development will build upon the tecniques
developed by the committe for determining
Kc and Gc in bulk polymers at higher rates
(ISO
17281).
Technical
issues
being
addressed include the identification and
teatment of ‘pop-in’ failure, the mitigation of
dynamic effects and specimen manufacture
and fibre orientation effects.

1.2 Work area: Essential work of fracture;
Co-ordinator:
Marta
Rink
(email:
marta.rink@polimi.it)
The committee aims to develop a plane
stress fracture test for polymeric films. A
version of the protocol was published in 2001
(ESIS Publication 28, Chapter 2, Fracture
Mechanics Testing Methods for Polymers
Adhesives and Composites, Elsevier 2001)
but in the view of the committee, the results
produced by this method are currently
insufficiently
reproducible
to
warrant
standardisation within ISO. The committee is
investigating the origins of the poor
reproducibility in the results via round-robin
studies and additional experimental and
theoretical contributions.

2.2 Work area: Delamination of UD and
cross-ply laminates; Co-ordinator: Andy
Brunner (email: andreas.brunner@empa.ch)
The committee aims to extend the techniques
developed to determine GIc via delamination
in UD composites to engineering laminates
where other fibre orientations are typically
used. These can include cross-ply layups,
woven fabrics and through-thickness (3D)
reinforcements.
Round-robins on various
different composites have been completed.

1.3 Work area: Determination of Gc via
Cutting;
Co-ordinator: Gordon Williams
(email: g.williams@imperial.ac.uk)
The committee aims to develop an
alternative technique for the determination of
Gc in tough, ductile polymers using a cutting
technique.
A test protocol has been
developed in which a tool is used to remove a
thin layer of polymer from a specimen via
orthogonal cutting at a constant speed (Eng
Fract Mech 76, (18) p.2711-2730, 2009). Gc
is determined by measuring forces in two
directions, in the direction of cutting and
transverse to this direction. One round-robin
has been completed and a second is now
undeway within the committee.

2.3 Work area: Delamination of UD laminates
at high rates, Co-ordinator: Ian Horsfall
(email: i.horsfall@cranfield.ac.uk)
The committee aims to extend the test
developed
for
the
determination
of
delamination resistance at quasi-static test
rates (ISO 15024) to higher rates (circa
1m/s). The challenges include the mitigation
of dynamic effects, the measurement of
accurate and reliable test data and the
treatment of kinetic energy effects. A
protocol was drafted by Bamber Blackman
and a round-robin using a UD carbon fibre
PEEK composite has been completed. A
second round robin is planned in the near
future.

1.4
Work area: Environmenal stress
cracking; Co-ordinator: Leonardo Castellani
(email:
leonardo.castellani@polimerieuropa.com)
The committee aims to develop a test
protocol to determine the sensitivity of
different polymes to stress cracking in
various hostile environments. The activity
started in 2010. The test adopted will follow
a fracture mechanics approach and will
permit different test environments to be
studied. An initial ESIS TC4 Protocol has
been development, and round-robin testing is
due to commence.

2.4 Work area: Delamination fatigue in UD
laminates;
Co-ordinator:
Gerald
Pinter
(email: pinter@unileoben.ac.at)
The committee aims to develop a test
protocol to measure the fatigue resistance of
composites to failure by delamination fatigue.
The quasi-static test protocol (ISO 15024)
has been modified for fatigue loading at
constant applied crack opening displacement.
A first round robin using a carbon fibre
reinforced composite has been completed,
and a second round robin is now underway.

2. Composites:
Following the successful development of
standards for slow rate Kc and Gc determination
in short fibre composites (ISO 13586-2) and for
delamination
resistance
of
unidirectional
7
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3. Adhesives: Work area: Fracture of structural
adhesive joints; Co-ordinator: Bamber Blackman
(b.blackman@imperial.ac.uk).

ESIS TC10 “ Environmentally Assisted
Cracking” and Subcommittee on "Hydrogen
Degradation"

The committee aims to develop linear elastic
fracture mechanics (LEFM) test standards for
the determination of Gc in structural
adhesive joints under modes I, II and mixed
I/II loading regimes. The development of the
test protocol for mode I fracture is now
complete following the publication of a British
Standard in 2001 (BS 7991:2001) and an
ISO standard in 2009 (ISO 25217: 2009).
The current round robin activities in the
committee
are
directed
towards
the
development of a mode II test using the
calibrated end-loaded split (C-ELS) test and
in mixed-mode using the fixed-ratio mixedmode (FRMM) test. There is a future goal to
extend the LEFM tests to high rates and to
fatigue loading conditions.

20 Years ESIS
Assisted Cracking

TC10

on

Environmentally-

Following a Kick-Off Workshop at GKSS in 1990
related to the topic of "Environmentally Assisted
Cracking", EAC, the group was formally
established as ESIS TC 10 in 1991. The main
objective of TC10 was to merge research
experience in the areas of fracture mechanics as
a method of failure assessment, and of
environmental
degradation/corrosion
of
materials. The work has always been strongly
related to the development of fracture
mechanics test and evaluation techniques and
their application to problems of EAC, with main
emphasis on monotonic loading (i.e., stress
corrosion cracking). In 1995, a Sub-committee
on “Hydrogen Degradation” was founded
following an initiative of members of the
Karpenko Physico-Mechanical Institute of the
National Academy of Sciences of Ukraine.

3.2 Work area: Peel testing of flexible
laminates; Co-ordinator: Neal Murphy (email:
neal.murphy@ucd.ie)
The committee aims to develop test protocols
to
determine
the
adhesive
fracture
toughness, Ga, for the debonding of a flexible
layer by peeling. The central goal has been
to develop geometry independent tests
where a measurement is made of ‘how well a
substrate is bonded’ as opposed to the much
more commonly measured peel strength, i.e.
‘how difficult it is to peel the substrate.’
Initial round robins focussed on the
measurement of adhesion between layers in
packaging laminates and more recent activity
has been directed towards the peeling of
metallic
layers
bonded
by
structural
adhesives. The major challenge here is to
accurately account for the energy dissipated
plastically in the peel arm. An ESIS Test
Protocol is available ESIS Publication 28,
Chapter 3, Fracture Mechanics Testing
Methods
for
Polymers
Adhesives
and
Composites, Elsevier 2001, and a more fully
developed version of this is currently being
prepared for submission to ISO.

Since then, TC 10 and its Sub-committee have
jointly organised a number of successful
technical
meetings
and
workshops
with
contributions typically addressing materials
properties under environmental degradation;
inspection and control; risk assessment;
damage mechanisms and their prevention;
corrosion management.
In the past, the work of TC 10 was focused on
the development of innovative methods for
testing of EAC and on the elaboration of fracture
control guidelines for controlling EAC. The work
was supported by the European Commission
through the grant of two research projects which
involved more than 30 European laboratories
and research groups and lead to the introduction
of a new ISO standard on accelerated EAC
testing.
Now, TC 10 takes up new EAC related tasks for
which the open and versatile structure of the
group appears ideally suited. Knowledge
Management in the area of environmental
degradation of metallic materials and the
solution of complex technical problems are new
challenges, and the participation in existing
networks such as technical associations and
Working Parties (Communities of Practice) and
the formation of new networks will play an
important role in the future. One example is the
“Mediterranean Network on Corrosion and
Integrity” initiated by TC10 and aimed at
connecting scientists and engineers with
expertise in corrosion, environmentally assisted

ESIS TC8 “ Numerical methods"
A Special Issue about the fist meeting of the relaunched TC8 has just been published onto Eng.
Fract. Mechanics. In the past year we did not
achieved much progress in round-robin on
cohesive model. A major problem is funding
which should be discussed in the next meeting.
During ECF in Dresden Prof. Yuan has organized
a meeting for TC8 as well as a workshop for
micro- and macro-material modelling.
8
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cracking and material science to support
industry needs in the Mediterranean countries.

UK), Mr P. McCarthy (Consultant, Crawley, UK),
Dr P. Morris (CORUS, Rotherham, UK), Mr I.
McEnteggart (INSTRON, High Wycombe, UK),
Prof. Kamran Nikbin (Imperial College, London,
UK) Mr Owen O’Grady (Exova, UK), Mr Mike
Spindler (British Energy, Gloucester, UK).

Apart from this, TC10 continued to support and
co-sponsor EAC related conferences and
workshops. The most recent were the
-

-

4th
International
Conference
"Fracture
Mechanics of Materials and Structural
Integrity", 23 -27 June 2009, Lviv, Ukraine,
in combination with the
11th
Polish-Ukrainian-German
Summer
School on Fracture Mechanics, 23 - 27 June
2009, in Lviv, Ukraine,
12th Quadrennial International Conference
on Fracture, ICF12, July 12-17, 2009, in
Ottawa, Canada
Conference "WEAR PROCESSES 2009", 19-20
November 2009 in Szczecin-Świnoujście,
Poland.

The following are extracts from the outgoing
Chairman’s Report, prepared by Mr Paul
McCarthy, which gives a summary of TC11
activities during 2009:
1. Introduction
The Committee has continued to be active
throughout the past year. Two meetings have
been held, working group activity continues and
plans developed for future activities / meetings
of the committee.
Further information about the HTMTC may be
found on the web-site at www.htmtc.com

TC10 was also strongly involved in the
Workshop "Integrity of Pipelines Transporting
Hydrocarbons" which was organized in the frame
of NATO “Science for Peace” in Biskra, Algeria,
April 26-29 2010.

2. General Activities
2.1 European Structural Integrity Society
The High Temperature Mechanical Testing
Committee (HTMTC) operates as Technical
Committee 11 (TC11) of ESIS, whilst retaining
its status as a UK Charity and a Company
Limited by Guarantee. Contact with ESIS has
continued and the activities of the HTMTC have
been published in the ESIS Newsletter.

For the forthcoming 18th European Conference
on Fracture TC10 has organised a Symposium
on
"Environmentally
Enhanced
Effects"
comprising a total of six sessions, and will hold a
technical meeting in conjunction with this
symposium.

2.2 Conferences and Seminars
ESIS TC11 " High Temperature Mechanical
Testing"

During 2009-10 no
seminars were held.

At the AGM held at SERCO, Risley, UK on
Tuesday 20th April 2010 the following Officers
were elected:
Chairman

Dr Hellmuth Klingelhöffer
(BAM, Germany)

Vice Chairman

Mr Larry Candler (Exova, UK)

Treasurer

Dr Peter Barnard
(Doosan Babcock, Tipton, UK)

Secretary

Mr Malcolm S Loveday
(NPL, Teddington, UK)

formal

conferences

or

Committee effort during 2009-10 has focussed
upon events for the next two years.
The first of these will be a meeting on High
Temperature Mechanical Testing in Controlled
Environments, co-ordinated by Phil Jones and
Mike Lynch, to be held on 20th and 21st April
2010. The steering group, plus organisational
support staff from Serco Assurance, have put
significant effort into its organisation and the
success of this workshop will be due to their
hard work.
The second event, co-ordinated by Dr. Hellmuth
Klingelhöffer, is the 2nd International Workshop
on Thermo-Mechanical Fatigue, to be held on
12th and 13th May 2011, at BAM Federal
Institute for Materials Research and Testing,
Berlin,Germany,see www.tmf-workshop.bam.de
A third event, addressing Quality Assurance
Issues for High Temperature Testing, is planned
for later in 2011.

In addition the following were elected to the
main committee : Miss Kate Abbott (Siemens
Industrial Turbomachinery, Lincoln,UK), Mr Colin
Austin (SERCO Assurance, Risley, UK), Prof.
Martin Bache (Univ. Swansea, UK), Prof. B.
Dogan (EPRI, USA), Mr Carl Barrett (UKAS,
Feltham, UK), Mr. S. Collins (INCO, Hereford,
UK), Dr. P Hähner (IE-JRC Petten, NL), Dr Stuart
Holdsworth (EMPA, Zurich, Switzerland), Mr Phil
Jones (Alstom Power Turbo-Systems, Rugby,

In addition to the above, individual members
have continued to participate in several very
successful testing related meetings outside the
HTMTC umbrella, and have been heavily
9
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involved in the development of
Standards on mechanical testing.

new

ISO

2.3 Publications
Publications by the Committee during the year
have been limited during 2009/10; no activities
being undertaken under the HTMTC umbrella
have progressed to the publication stage.

•

2.4 Working Groups
During the year the following Working Group
activity has taken place:
•

•

•

•

Although the Testing of Weldments Working
Group, under the chairmanship of Prof. B.
Dogan, has not met during the past year, its
Code of Practice on Testing of Weldments is
making progress towards becoming an ISO
Standard. The subject has also been taken
up by International Institute of Welding (IIW)
Select Committee Standards (SC STAND).
The Temperature Measurement Working
Group, under the Chairmanship of Mr
Malcolm Loveday, continues to explore novel
temperature measurement techniques, such
as an in-situ calibration method exploiting
phase changes to define thermal fixed points.
Work on developing a code of practice
continues.
The Miniature Testing group is maintaining a
watching brief on developments in this field
and, when the situation is appropriate, will
expand its activities.
The Crack Initiation Group, under the
chairmanship of Prof Kamran Nikbin (Imperial
College), has progressed its work in this area
within ASTM, VAMAS and the European
Project CRETE:

2.5 Main Committee Meetings
The main committee met twice during 2009/10.
The first meeting was the AGM held on Friday
24th
April
2009
at
EMPA,
Dubendorf,
Switzerland; the second was at Doosan Babcock,
Tipton, UK on Tuesday, 27th October 2009. The
minutes and ancillary papers from these
meetings have been circulated to all members.
3. Conclusion
The Committee continues to operate as an
effective Thematic Network. In-depth technical
networking has continued, resulting in the
development of new testing techniques, or
contributing to the preparation of European &
ISO Standards.
As in 2008/9, the latter item
has involved significant effort from members of
the committee over the past year, fulfilling our
remit to maintain testing methods for the high
temperature testing field at a “state of the art”
level. In addition, codes of practice issued by
the committee have been kept under review and
will, when necessary, be revised to reflect
developments in technology and operational
practice. Our aim for the future, as a committee,
continues to be focussed on the generation of
other such codes of practice, benefiting both the
European and global testing communities. The
main activity during the year focussed on
planning major Workshops/ Seminars to be held
in 2010 & 2011.
-----------------------------------------------------The AGM was followed by a two day Workshop
on ‘High Temperature Mechanical Testing in
Controlled Environments’ which was attended by
over 50 people despite a considerable number of
people unable to attend due to flight
cancellations due to volcanic ash from Iceland.

a) The collaboration in VAMAS TWA25Component Testing – has produced a final
version of the ISO/TTA* 5 - ‘Code of
Practice for Creep/Fatigue testing of
Cracked Components’.
b) VAMAS
TWA31
–Weldments
is
continuing to discuss crack initiation in
welds and HAZ. A small meeting was held
in conjunction with Welds 2009, in Florida
in June 2009.
c) The EU project ‘CREETE’ has been
completed
and
the
results
are
incorporated in to the ISO/TTA 5.
2.5 Related Activities
•

ISO 204 – Creep Testing – is now published
has involved both Mr. Loveday and Mr.
McCarthy;
and
revision
of
the
ISO
Extensometer
verification
standard
is
proceeding (Mr McCarthy, Mr Loveday, Mr
McEnteggart).
The German standard committee on “fatigue
testing” has been re-established after 15
years inactivity and has been mirrored the
ISO TC164 SC5 committee which contains 14
working
groups
with
related
fatigue
standards. The committee intends to be
active in all working groups of ISO TC164
SC5. Furthermore a member of the German
fatigue standard committee activated Austria
to be active in the fatigue standard regime,
too. Now Austria has also voting rights on the
ISO scale. It can be summarized that four
European countries are active in the fatigue
standard regime but according to European
regulations five countries are needed that
Europe is able to start standardization
projects in the fatigue regime. But we are
confident that a fifth European country will be
found.

Members of the committee have contributed
to a number of national, European and
International Standards committees during
the year. Work has now come to fruition on
the preparation of a new ISO Standard on
TMF Testing (Dr. Klingelhöffer, Dr Hähner &
Mr Loveday) and the revision of the ISO &
ECISS Tensile Testing Standards (Dr.
Klingelhöffer, Mr Loveday & Dr Peter Morris).
10
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Further details may be found on the HTMTC
Website: www.htmtc.com

the results of the different projects could be
shared and harmonized.
There is also a plan to involve in TC24 meetings
the ERA (European Railway Agency) Committee
that was established after the Viareggio
accident, where a broken axle caused train
derailment with the disastrous final explosion of
a tank wagon.

For further information about the HTMTC – TC11
please contact:
Dr Hellmuth. Klingelhöffer, HTMTC Chairman,
BAM, Federal Institute for Materials Research &
Testing, Unter den Eichen 87,12205 Berlin,
Germany. Phone +4930 8104 1521. Fax +4930
8104 1527
E-mail: hellmuth.klingelhoeffer@bam.de

International	
  Symposium	
  on	
  
Fatigue	
  Design	
  &	
  Material	
  defects	
  

Mr M. S. Loveday, HTMTC Secretary, National
Physical Laboratory, Queens Road, Teddington,
Middx., TW11 0LW, Tel.+44 (0) 1932 561576
E-mail: malcolm.loveday@npl.co.uk
ESIS TC24 "Integrity of Railway
Structures”

!

	
  

!
NTNU,	
  Trondheim,	
  
23-‐25	
  May	
  2011	
  

Prof Beretta and Zerbst have organized a special
issue about “Damage Tolerance of Railway
Axles” which contains most of the contributions
at the workshop held in Milan on October 2008.
The Special Issue (three papers have to submit
a revised version) has taken a long time for the
preparation but it is now nearly finished (it will
appear within 2010). This special issue will also
contain a cooperative paper (a real result of the
TC24 activity) incorporating SIF solutions by
GKSS, PoliMi and IWM that had been presented
independently by the three bodies.

http://www.ntnu.no/videre/konferanse/
FatigueDefects2011/

5th	
  International	
  Conference	
  on	
  
Very	
  High	
  Cycle	
  Fatigue	
  
June	
  28-‐	
  July	
  01,	
  2001	
  
Berlin,	
  Germany	
  
	
  
http://www.vhcf5.de/	
  
	
  

In Autumn 2009 Prof. Zerbst moved to the
Federal Institute for Materials Research and
Testing (BAM, Berlin, Germany). He will host in
autumn a meeting on “Fatigue Strength and
Fatigue Life of Railway Axles”.
The following aspects are envisaged:
- High cycle and ultra-high cycle fatigue of
railway axles
- Damage relevant loading amplitudes in high
cycle fatigue
- Relationship between different design
philosophies (safe life vs. damage tolerance)
- Fatigue strength and initial defects (nonmetallic inclusions, corrosion pits etc.)
- Propagation of short cracks in axles
- The impact of corrosion
It is intended to provide ample time for
discussion. To enhance discussion and informal
exchange of ideas, attendance will be limited to
about 50 persons.
The date is not yet fixed. Possible dates are
September 27-28, October 11-12 and October
25-26. This meeting will also be an opportunity
for a presentation of the UK Project RSSB-T728
(Impact of corrosion) and of the new EU projects
that will start in Fall 2010 (WOLAXIM and
EUREAXLES). TC24 plans to be the place where
11
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3 Elsevier journals are affiliated
with ESIS

ESIS Website
www.structuralintegrity.eu
- become a member of ESIS and
take advantage of all the
"Members Only" resources on
this Web site
- register automatically as
Member and pay the fee by the
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

Advantages of being an ESIS
member
♦ participation to TC activities and
access to TC documents;
♦ full on-line access to ESIS
procedures;
♦ full on-line access to former EGFESIS books;
♦ support to ESIS activity.

how to renew?
see page 30 or
www.structuralintegrity.eu
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International Conference
on Mechanical Behavior of Materials

6th International Conference on
Fracture of Polymers, Composites
and Adhesives

ICM11

11-15 September 2011, Les Diablerets, Switzerland
Important dates and deadlines
5th November 2010 – deadline for the
submission of abstracts
14th January 2011 – author notification
deadline
25th February 2011 – Author registration
deadline
3rd June 2011 – One page abstract submission
deadline
11th September 2011 – Full paper submission
deadline

5 - 9 June, 2011
Como Lake (Italy)

http://www.tc4pca.elsevier.com

www.icm11.org/

14th International Conference on
Fracture

13th International Conference on
Fracture

ICF 14

May 7-12, 2017
Rhodes, Greece
Executive Chair:
Professor Emmanuel Gdoutos
egdoutos@civil.duth.ge
Technical Programme Co-Chair:
Prof. James Marrow,
james.marrow@manchester.ac.uk
International Steering Committee:
Professor D M R Taplin
coliemore@hotmail.com

May 26-31, 2013
Beijing, China
www.icf13.org/
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ECF19 Conference

Eleventh	
  International	
  ASTM/ESIS	
  
Symposium	
  on	
  Fatigue	
  &	
  Fracture	
  
Mechanics	
  	
  

19th European Conference on
Fracture

Fracture Mechanics Against
Catastrophic Failures

(38th	
  ASTM	
  Natl	
  Sym	
  FFM),	
  
May	
  -‐	
  2011	
  Anaheim,	
  CA	
  

	
  	
  
	
  	
  

Symposium Co-Chairs Steve Daniewicz,
Charlotte Belsick, Emmanuel Gdoutos
encourage you to submit an abstract to the
symposium within September 15, 2010.
To access the scope of the symposium, the
publication requirements, and instructions to
submit an abstract online, click on:

August 20-24, 2012
Kazan, Russia

http://www.astm.org/E08symp511.htm

http://www.ecf19.ru/

CALENDAR OF TC MEETINGS

TC2

September 2010

Regular Committee
meeting related to the
ECF18 conference

22nd-24th Sept
2010

Regular Committee
meeting

18th-20th May 2011 Regular Committee
meeting
TC4

Dresden

Prof. J. Pokluda:
pokluda@fme.vutbr.cz

Eurotel in Les
Diableret

Dr. B. Blackman:
b.blackman@imperial.ac.uk

11th-15th Sept
2011

6th International ESIS TC4
conference

15th-16th Sept
2011

Regular Committee
meeting

TC8

30 August - 3
September 2010

Regular Committee
meeting related to the
ECF18 conference

Dresden

Prof. H. Yuan
h.yuan@uni-wuppertal.de

TC10

30 August - 3
September 2010

Symposium on
"Environmentally
Enhanced Effects" and
technical meeting

Dresden

Dr. Wolfgang Dietzel:
wolfgang.dietzel@gkss.de

TC24

Sep-October 2010
(to be defined)

Symposium on “Fatigue

Strength and Fatigue
Life of Railway Axles”

14

BAM,
Berlin

Prof. Uwe Zerbst:
uwe.zerbst@bam.de
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CALENDAR OF CONFERENCES
International
Symposium on CreepFatigue Interactions:
Test Methods and
Models

Further details from:

November 17-19, 2010
Grand Hyatt San Antonio
San Antonio, TX

Email: hsparks@astm.org
Tel: 610-832-9677

XV International
Colloquium
Mechanical Fatigue of
Metals
(XV ICMFM)

Further details from:

Hannah Sparks, Administrative
Assistant Symposia Operation
ASTM International

Website:
http://www.cesti.po.opole.pl/XVicmfm/index.html

13–15 September 2010
Opole, Poland

6th International
Conference on
Fracture of Polymers,
Composites and
Adhesives

Further details from:
website:
http://www.tc4pca.elsevier.com

http://www.astm.org/SYMPOSIA/

17 - 18 November 2010
Grand Hyatt San
Antonio San Antonio, TX

International Conference Further details at:
on Mechanical Behavior
www.icm11.org/
of Materials
(ICM11)
e-mail: icm11@icm11.org

Fifth International
Conference on
Very High Cycle Fatigue
(VHCF5)

Further details at:

http://www.vhcf5.de

28 June–1 July 2011
Berlin, Germany

Further details at:
http://www.ntnu.no/videre/ko
nferanse/FatigueDefects2011/

3rd Symposium on
Structural Durability
SOSID 2011

Further details at:

http://www.sosdid.de/

May 26-27 2011
Darmastadt, Germany

NTNU, Trondheim,
23-25 May 2011

19th European
Conference on Fracture
Fracture Mechanics
Against Catastrophic
Failures (ECF19)

Further details at:

5 - 9 June, 2011
Como Lake (Italy)

11-15 September 2011,
Les Diablerets,
Switzerland

International
Symposium on
Fatigue Design &
Material defects

Symposium on the
History of Mechanical
Testing

Further details at:

http://www.ecf19.ru/

The 4th International
Conference on Crack
Paths (CP 2012)
19 - 21 September,
2012
Italy

August 20-24, 2012
Kazan, Russia

Further details from:
Conference Chairmen:
Professor Andrea Carpinteri
(andrea.carpinteri@unipr.it)
Professor Les P. Pook
(les.pook@tesco.net)

Further details at:
13th International
Conference on Fracture
(ICF13)
May 26-31, 2013
Beijing, China

www.icf13.org/

The 10th International
Conference on Multiaxial Further details from:
Fatigue and Fracture
Conference Chairman:
(ICMFF10)
Professor Masao Sakane
(sakane@tea.ocn.ne.jp)
3 - 6 June, 2013
Kyoto (Japan),
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18th European Conference on Fracture

ECF 18
Fracture of Materials and Structures from Micro to Macro Scale
August 30 – September 03, 2010, Dresden, Germany

Website: http://www.ecf18.de
Under the auspices of the
European Structural Integrity Society (ESIS)

Conference Chairmen:

Professor Dr.-Ing. Dietmar
Klingbeil
Federal Institute for Materials
Research and Testing,
Berlin, Germany
e-mail:
dietmar.klingbeil@bam.de
web: www.bam.de

Professor Dr.-Ing. Michael
Vormwald
Technische Universität
Darmstadt,
Darmstadt, Germany
e-mail:
vormwald@wm.tu-darmstadt.de
web: www.tu-darmstadt.de

Professor Dr.-Ing. habil.
Klaus-Georg Eulitz
TU Dresden , Institute of Solid
Mechanics, Dresden, Germany
e-mail:
klaus-georg.eulitz@tudresden.de
web: www.tu-dresden.de

Welcome - Aims and Scope
The Eighteenth European Conference on Fracture, ECF18, belongs to the well-established series of
Biennial International Conferences held under the auspices of the European Structural Integrity Society,
ESIS (formerly the European Group on Fracture EGF), since 1976. ECF18 is also designated as an ICF
Interquadrennial Conference of The International Congress on Fracture (ICF: see www.ICF12.com).
In 2010 ECF18 will be organised by the German Group on Fracture supported by DVM German
Association for Materials Research and Testing in the beautiful historical city of Dresden. The objective of
the conference is to provide a world wide platform for scientific and technological communication,
discussion and activities for all those interested in the broad range of structural integrity, fracture
mechanics and fatigue. The conference topics will focus on all important fundamental aspects and
practical applications concerning strength, integrity, durability and reliability of engineering materials,
components and structures.
Special emphasis will be given to a multi-scale understanding of fracture and fatigue, starting from the
nano-scale of atomistic structures up to the macro-scale of engineering components. Such an integrated
16
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approach requires collaboration between physicists, materials scientists and engineers. The conference
aims to bring together researchers from various engineering disciplines as mechanical engineering, civil
engineering, power plant engineering, automotive and transportation, aerospace, geotechnique,
microelectronics, bioengineering and other branches, all faced with failure phenomena and their
prevention, in order to exchange their experiences and to gain a more comprehensive understanding.
We invite both researchers and practitioners in this field from academic, industrial and government
organizations. Especially young scientists are encouraged to attend the conference. The conference will
comprise invited Honour & Plenary lectures by outstanding international scientists and contributed oral
presentations and a forum for robust discussions at the cutting-edge of our discipline.
Topics
A) Fundamentals, physics and mechanisms
1. Atomistic aspects of fracture
2. Micromechanisms of fatigue and fracture
3. Creep fracture, creep fatigue interaction
4. Environmentally enhanced effects
B) Methods, concepts and materials
1. Concepts and criteria in fracture mechanics
2. High cycle fatigue crack growth (mixed mode, multiaxial)
3. Low cycle fatigue crack growth
4. Computational methods for fracture analyses
5. Damage mechanics
6. Fracture mechanics testing
7. Fracture of ceramics and glass
8. Fracture mechanics of polymers and elastomers
9. Fracture of smart materials
10. Fracture and damage of advanced cementitious materials
11. Fracture of Biomaterials (bone, wood,…)
C) Applications to components and structures
1. Structural durability of components and structures
2. Crash, impact and misuse
3. Large scale testing structural durability proof
4. Structural Integrity, Failure analyses case studies
5. Failure and Reliability of Micro- and Nanoelectronic Components
6. Fracture of weldments, joints and adhesives
7. Damage and fatigue in aerospace materials and components
8. Fracture and damage in geotechnique, rock and soil
9. Thin films and coatings
10. Special applications in transportation and plant engineering
11. Non-destructive examination and health monitoring

ESIS Council Meeting at ECF18
Wednesday Sept. 01, 2010
Dresden, Germany
AGENDA
1. Introduction and Communications

2. ESIS Newsletter
3. Election of ESIS President and Executive Committee
4. Fellow members
5. Awards committee (statutes, members)
6. ESIS Membership & National Groups
7. Financial Report
8. Technical Committees
9. ECF19 (Kazan, Russia)
10. Bid for ECF20
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PIEZONUCLEAR REACTIONS IN INERT SOLIDS:
NEUTRON EMISSIONS FROM BRITTLE FRACTURE
Alberto Carpinteri
Politecnico di Torino
Corso Duca degli Abruzzi 24, 10129 Torino, Italy
Introduction. Neutron emission measurements by means of helium-3 neutron detectors were performed on solid
test specimens during crushing failure. The tests were carried out at the Laboratory of Fracture Mechanics of the
Politecnico di Torino. The materials used were marble and granite, selected in that they present a different
behaviour in compression failure (i.e., a different brittleness index) and a different iron content. All the test
specimens were of the same size and shape. Neutron emissions from the granite test specimens were found to be of
about one order of magnitude higher than the natural background level at the time of failure. These neutron
emissions should be caused by nucleolysis or piezonuclear “fissions” that occurred in the granite, but did not occur
in the marble:
The present natural abundance of aluminum (7-8% in the Earth crust),
which is less favoured than iron from a nuclear point of view, is possibly due to the above piezonuclear fission
reaction

Experiments and Methods.
We consider samples of marble and granite
rocks, containing different amounts of iron,
loaded in compression until failure [1,2]. As
ultrasounds induce cavitation in the liquids and
then bubble implosion accompanied by the
formation of a high-density fluid or plasma [3],
so shock waves due to compression rupture
induce a particularly sharp strain localization
in the solids and then material interpenetration
accompanied by an analogous formation of a
high-density fluid or plasma [2]. Our
experiment follows a different path with respect
to those of other research teams, where only
fissionable or light elements (deuterium) were
used, in pressurized gaseous media [4,5], in
liquids with ultrasounds and cavitation [6], as
well as in solids with shock waves and fracture
[7-12]. We are treating with inert, stable and
non-radioactive elements at the beginning of
the experiments (iron) [1,2,13], as well as after
the
experiments
(aluminum).
Neither
radioactive
wastes,
nor
electromagnetic
emissions were recorded, but only fast neutron
emissions.

compression to assess scale effects on
brittleness [15]. Four test specimens were used,
two made of Carrara marble, consisting mostly
of calcite, and two made of Luserna granite, all
of them measuring 6x6x10 cm3. The same
testing machine was used on all the test
specimens: a standard servo-hydraulic press
with a maximum capacity of 500 kN, equipped
with control electronics. This machine makes it
possible to carry out tests in either load control
or displacement control. The tests were
performed in piston travel displacement control
by setting, for all the test specimens, a velocity
of 10−6 m/s during compression.
Neutron emission measurements were made by
means of a helium-3 detector placed at a
distance of 10 cm from the test specimen and
enclosed in a polystyrene case so as to prevent
the results from being altered by acousticalmechanical stresses. During the preliminary
tests, thermodynamic neutron detectors of the
bubble type BD (bubble detector/dosimeter)
manufactured by Bubble Technology Industries
(BTI) were used, and the indications obtained
persuaded us to carry on the tests with helium3 detectors [2].

The materials selected for the compression tests
−performed at the Laboratory of Fracture
Mechanics of the Politecnico di Torino (Director
Prof. Alberto Carpinteri)− were Carrara marble
(calcite) and green Luserna granite (gneiss).
This choice was prompted by the consideration
that, test specimen dimensions being the same,
different brittleness numbers [14] would cause
catastrophic failure in granite, not in marble.
The test specimens were subjected to uniaxial

Testing and neutron measurements.
The neutron detector used in the tests is a
helium-3 type with electronic of preamplification,
amplification
and
discrimination
directly
connected to the detector tube, which is of the
type referred to as “long counter”. This detector
was calibrated for the measurement of thermal
neutrons; its sensitivity is 65 cps/nthermal, i.e.,
18
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the flux of thermal neutrons was 1 thermal
neutron/s cm2, corresponding to a count rate of
65 cps. The laboratory neutron background was
measured at 600 s time intervals to obtain
sufficient statistical data. Before starting the
tests the average background count rate was:
3.8×10−2 ± 0.2×10−2 cps
corresponding to an equivalent flux of thermal
neutrons of
5.8×10−4 ± 0.3×10−4 nthermal/s cm2.
During the compression tests neutron emissions
were measured on four specimens, two made of
marble, denoted with P1, P2, and two of
granite, denoted with P3, P4. The test
specimens were arranged with the two smaller
surfaces in contact with the press platens, with
no coupling materials in-between, according to
the testing modalities known as “test by means
of rigid platens with friction”.

a)

The electronics of the neutron detector were
powered at least 40 minutes before starting the
compression tests to make sure that the
behaviour of the device was stable with respect
to intrinsic thermal effects. Then, background
measures were repeated for 600 s to make sure
there were no variations. The acquisition time
was fixed at 60 s and the results of count rate
measurements are given in Fig. 1a and b
together with the diagrams of the force applied
to the test specimens as a function of the time
elapsed since the beginning of its application.
The measurements of neutron emissions
obtained on the marble test specimens yielded
values comparable with the background, even
at the time of test specimen failure. The
neutron measurements obtained on the two
granite test specimens, instead, exceeded the
background value by about one order of
magnitude at the test specimen failure.
After 20 min, test specimen P1 reached a peak
load of ca 180 kN, corresponding to an average
pressure on the bases of 50 MPa; after 15 min,
test specimen P2 reached a peak load of ca 200
kN, corresponding to an average pressure on
the bases of 55.6 MPa.

b)
Fig. 1 – (a) Load vs. time and cps curves for test
specimens P1 and P2 in Carrara marble, and (b) for
test specimens P3 and P4 in Luserna granite
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Test specimen P3 reached at time T(P3) = 32
min a peak load of ca 400 kN, corresponding to
an average pressure on the bases of 111.1 MPa.
When failure occurred, the count rate was
found to be
28.3×10−2 ± 0.2×10−2 cps
corresponding to an equivalent flux of thermal
neutrons of
43.6×10−4 ± 0.3×10−4 nthermal/s cm2.
Test specimen P4 reached at time T(P4) = 29
min a peak load of ca 340 kN, corresponding to
an average pressure on the bases of 94.4 MPa.
When failure occurred, the count rate was
found to be

Fig. 2 – Ductile, brittle, and catastrophic
behaviour
In this study, all compression tests were
conducted through feedback control of the axial
displacement of piston travel on test specimens
having the same dimensions. The complete
failure process was observed only for P1 and P2
marble specimens, whose behaviour was seen to
be ductile compared to the brittle catastrophic
failure behaviour displayed by granite
specimens P3 and P4. For the latter two, in fact,
failure occurred instantaneously, without
showing the descending branch of the load-time
curve (Fig. 1a and b).

27.2×10−2 ± 0.2×10−2 cps
corresponding to an equivalent flux of thermal
neutrons of
41.9×10−4 ± 0.3×10−4 nthermal/s cm2.
Notice how the above neutron measurements
occurring in P3 and in P4 at failure are well
beyond the background interval and how the
value obtained on P3 is greater than the value
measured on P4. We believe that this result,
albeit with the due caution, may be ascribed to
the unstable failure of these test specimens and
the greater quantity of energy released by P3
compared to P4 at the time of failure. Figure 1a
and b summarise the evolution of the neutron
count rates together with the load vs. time
curves for the four test specimens.

The elastic strain energy accumulated in the
test specimens up to failure, ΔE, is given in
Table 1. Moreover, for each test specimen, it is
possible to draw some conclusions on the
release rate of the elastic energy accumulated.
Test
specimen

Discussion and remarks.
Experimental data from rocks tested in
compression generally indicate that this is a
brittle material, since it exhibits a rapid
decrease in load carrying capacity when
deformed beyond a peak load. When the
softening diagram is very steep, or even shows
simultaneously decreasing strain and stress
values, the material is said to present a snapback or catastrophic behaviour. This is in
contrast with ductile materials which retain
considerable strength beyond the peak as
shown in Fig. 2 [14-19].

P1
P2
P3
P4

Material
Carrara
marble
Carrara
marble
Luserna
granite
Luserna
granite

ΔE [J]

ΔE [eV×1020]

124

7.75

128

8.00

384

24.00

296

18.50

Tab. 1 – Elastic strain energy at the peak load, ΔE

One of the conditions to be met for piezonuclear
reactions to take place is that the ratio, r,
between the power of released energy,
W=ΔE/Δt, and the power threshold [13,21]:
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Wstrong = 7.69×1011 W = 4.8×1030 eV/s (1)
be greater than or equal to 1 [13,20]:
r = W/ Wstrong ≥ 1.

(2)

Accordingly, based on the data obtained from
the tests, the time interval of released energy,
Δt, in granite test specimens in which
piezonuclear reactions have occurred, should
satisfy the following relationship:
ΔE/Δt ≥ Wstrong,

Fig. 3 – Catastrophic behaviour in a solid specimen
during compression. (a) Conditions of complete
interpenetration
and
critical
value
of
the
interpenetration
length
(b)
Stress
vs.

(3)

displacement response; σ c,u = ultimate compression
strength; ε c,u = ultimate compression strain; δ = ε c,u l
= ultimate displacement,
= crushing energy

and hence:

If we consider the elastic energy stored in the
sample and the temperature equivalent to this
energy together with the final pressure before
fracture, the material of the sample is in a
region of the phase-space corresponding to a
transition from solid to liquid phase. Our
conjecture is that in the interpenetration layer

(4)
Equation (4) was written by considering the
energy accumulated in P3 which was greater
than the energy accumulated in P4. For the
marble test specimens, in which peak load is
clearly followed by a softening branch, energy
release surely occurred over a period of time too
long to permit the production of piezonuclear
reactions. Considering that the elastic strain
energy accumulated in specimen P3 is released
at the pressure wave velocity v (for granite v ~
4000 m/s), the extension of the energy release
zone results to be equal to:

of thickness

a high density fluid, over-saturated but in
metastable conditions. On the other hand, these
locally extreme conditions could catalyse in the
interpenetration band the formation of a
plasma from the gases which are present in the
solid materials (even at room conditions).

.

From this experiment it can be clearly seen that
piezonuclear reactions giving rise to neutron
emissions are possible in inert non-radioactive
solids, in addition to liquids [1-3,13]. Anyhow, it
is also evident that the availability of an
amount of stored energy for the reactions
exceeding the microscopic nuclear deformed
space-time threshold

Such energy release band width Δx could
correspond to the critical value of the
interpenetration

length

assumed

the conditions are realized for

by

Carpinteri and Corrado [19] to explain the
critical conditions for the catastrophic
behaviour of solids in compression (Fig. 3).
Accordingly, neutron emissions in granite may
be accounted for by the fact that the power
threshold for piezonuclear reactions is
exceeded, as well as by the type of catastrophic
failure that occurs, which entails a very fast
energy release, over a time period of the order
of a nanosecond.

E0, strong = 5.888×10−8 J = 3.675×1011 eV
is not sufficient per se [21]. The energy must be
contained in a space-time (and energy)
hypervolume such that r ≥ 1, i.e., such that the
phenomenon will actually develop in deformed
space-time conditions [13,20]. From Table 1, in
fact, it can be seen that it was ΔE > E0, strong in
all the test specimens loaded in compression,
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but r was greater than 1 only in granite test
specimens. Hence, even for piezonuclear
reactions in solids, the notion of stored energy
must be combined with the notion of speed of
energy release as is the case for liquids [1-3].

Therefore, our conjecture is that the following
piezonuclear fission reaction should have
occurred also in the compression tests on
granite specimens [1,2]:
(5)

Another factor to be taken into account is the
composition of the materials in which
piezonuclear reactions may be produced. As we
have already specified in the Introduction [1,2],
the fact that the marble used in the tests
contains only iron impurities (not more than
0.07% of Fe2O3), and granite instead contains a
considerable amount of iron (around 3% of
Fe2O3), could be another factor contributing to
the phenomenon in question, by analogy with
the case of piezonuclear reactions in liquids. In
fact, piezonuclear reactions with neutron
emissions were obtained in liquids containing
iron chloride or iron nitrate subjected to
ultrasounds and cavitation [3,13]. In the
experiments on liquid solutions [3,13],
aluminum atoms appeared at the end in a final
quantity as large as about seven times the
small initial quantity [22]. More precisely, they
increased from 3.99 ppb to 27.70 ppb, without
evident reasons, if we exclude possible
transmutations.

In addition to the previously reported and still
unpublished observations in liquid experiments,
other strong reasons of a very general nature
push us to emphasize this type of explanation.
The present natural abundance of aluminum (78% in the Earth crust), which is less favoured
than iron from a nuclear point of view (it has a
lower bond energy per nucleon), is possibly due
to the above piezonuclear fission reaction.
This reaction –less infrequent than we could
think– would be activated where the
environment
conditions
(pressure
and
temperature) are particularly severe, and
mechanical phenomena of fracture, crushing,
fragmentation, comminution, erosion, friction,
etc., may occur. If we consider the evolution of
the percentages of the most abundant elements
in the Earth crust during the last 3 billion years
(Fig. 4), we realize that iron and nickel have
drastically diminished, whereas aluminum,
silicon and magnesium have as much increased
[23-25]. It is also interesting to realize that such
increases have developed mainly in the tectonic
regions, where frictional phenomena between
the continental plates occurred.
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FRACTURE UNDER COMBINED PRIMARY AND SECONDARY STRESSES
Bob Ainsworth
EDF Energy, Barnwood, Gloucester GL4 3RS, UK; bob.ainsworth@edf-energy.com
Summary. This article addresses the influence of combined primary and secondary stresses on elastic-

plastic fracture. Although detailed finite element methods can be used to quantify the effects through
calculation of J and for many years codes have provided simplified procedures for treating combined
loading, this remains a topic of active research in order to provide improved guidance. Here, some of
the underlying concepts and recent developments are discussed.
Background
In the elastic region, primary and secondary
stresses are simply added in the calculation of
the total stress intensity factor. The treatment
of secondary stresses in elastic-plastic fracture
is more complex. One approach adopted in
fitness-for-service procedures such as R6 [1]
and API 579 [2] uses elastic calculations for the
stress intensity factors and applies a
multiplying factor, V, to the secondary stress
intensity factor. This is equivalent to an
estimate of J for the combined loading given by

regarded as very general as

can be based

on finite element analysis to ensure accuracy
for primary loads alone and V can be based on
detailed finite element solutions for J for the
combined loading.
To avoid having to use complex finite element
analysis in routine assessments, codes such as
R6 and API579 provide simplified estimates of
V, corresponding to simplified estimates of J.
These estimates of J have been based on
reference stress analysis [3] supported by finite
element and experimental validation for some
limited cases [4].
However, more recently
extensive detailed analyses have demonstrated
that the simplified approaches can be overconservative, particularly for large secondary
stresses where plastic relaxation of the high
elastically calculated stresses occurs, or
conversely, non-conservative for small cracks in
a region of uniform secondary stress [5-8].
Similar non-conservatism can occur for cases
with significant elastic follow-up where plastic
strains are concentrated in the region of the
structure containing a crack.

(1)
where
are the stress intensity factors for
primary and secondary stresses, respectively,
= E, Young’s modulus, in plane stress and
where
is Poisson’s ratio in
plane strain. The function
is the failure
assessment curve in R6 which depends on the
limit load parameter
:
(2)

A paper at ECF18 [9] presents methods for
assessing elastic-plastic fracture and also creep
fracture. This short article discusses some of
the key features in the context of elastic-plastic
fracture, presents finite-element results for a
range of cases and illustrates where future
developments may be possible.

where F represents the magnitude of the
primary load and FL is the corresponding
collapse load which depends on crack size, a,
and is proportional to yield stress,
.
For low primary loads,
is close to unity
and eqn (1) recovers simple elastic response if
V=1. More generally, V quantifies the effects of
plasticity on the crack driving force with values
greater than unity corresponding to positive
interaction between the primary and secondary
stresses
and
values
less
than
unity
corresponding to plastic relaxation of the
secondary stresses. Indeed, eqn (1) can be

PARTICULAR CASES
Secondary Stresses Acting Alone
For secondary stresses in the absence of
primary loads, eqn (1) can be interpreted as
defining an initial value
of V as
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3
=
where

/

(3)

stress intensity factor.
It can be seen from Figure 1 that the
approximation
=1 is accurate for a range of

is the plastically corrected value of

and it has been noted that

would be required to generate the same

defect sizes for small
but that significant
plastic relaxation occurs for secondary stresses
in excess of the yield stress ( >1). Thus, it
could be overly conservative to neglect these
effects and therefore codes need to provide
methods for estimating
or the equivalent

=1 for

=0.
Often, it has been found that
is close to
unity and Figure 1 illustrates this for a thinwalled cylinder (R/t=10) with a linear throughwall (radial) temperature gradient for partcircumferential (angular extent 2θ), partthrough-wall (depth a) defects for a RambergOsgood material with a power-law index n=5
[8]. Here, the magnitude of the secondary
stress is presented in terms of a normalised
parameter defined by:

parameter

.

Secondary Stresses with Elastic Follow-up
R6 notes that the simplified approaches that it
presents for estimating V may not be
appropriate for small cracks in a larger region
of relatively uniform secondary stress. These
cases may be associated with elastic follow-up
and R6 suggests that such stresses may need to
be treated as primary. This is illustrated for
the case in Figure 2 where a temperature
gradient has been imposed across the wall of a
cylinder (R/t=10) which elastically induces the
thermal stress shown which has a region of
uniform stress in the area of the defect.
Corresponding results to those shown in Figure
1 for the through-wall temperature gradient are
shown in Figure 3 [8].

(4)
A value of =1 corresponds to the stress
intensity factor for the secondary stress being
equal to the stress intensity factor for a primary
load equal to the limit load (i.e.
=1; with the
limit load being for a simple axial force in
Figure 1).

Figure 2 Sectional temperature gradient across
a thin-walled cylinder

Figure 1 Solutions for through-wall thermal
stresses acting alone.

Compared to Figure 1, a stress exponent n=20
has been used for the calculations in Figure 3.
Although values of
for n=5 tend to be higher
than those shown in Figure 1 for the thermal
stress field of Figure 2, the effects are much less
pronounced than shown in Figure 3 [8].

Therefore,
can be interpreted as some
average value of the secondary stress
normalised by the yield stress and the value of
=3 in Figure 1 corresponds to very high
thermal stresses as a membrane stress equal to
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load,
, in these figures has been chosen to
ensure that equation (1) is accurate for axial
load acting alone so that the comparisons
address the influence of combined loading on J.
The figures include the simplified and detailed
estimates of
given in R6 [1] and it can be
seen that these are generally conservative.

Figure 3 Solutions for sectional thermal stress
acting alone
It is shown in [8], that the results for small in
Figure 3 can be reproduced if the secondary
stresses are treated as primary. If elastic
follow-up is interpreted as values of
significantly greater than unity (greater
than 1.1, say), then extensive finite-element
calculations [6-8] have shown that elastic
follow-up tends to occur for: stress fields with a
uniform region in the neighbourhood of the
crack; low strain hardening materials (high n);
and small defects (note the lower values of
for the through-wall defect in Figure 3).
Analyses have also shown that larger levels of
plasticity due to high primary loads (high
)
or high secondary stresses (high
elastic follow-up effects.

) can reduce

Combined
Loading

Secondary

Primary

and

Figure 4 Elastic-plastic results after [8] for a
small axial temperature gradient
(

Finite element analyses have also been
performed for combined mechanical and
thermal loading of a circumferentially cracked
cylinder R/t=10 [6-8]. The mechanical loading
was applied as an axial force N. Elastic and
elastic-plastic finite element analyses were
performed for cases of primary load acting
alone, secondary load acting alone and
combined loading and converted to values of
and V by applying equation (1). This leads

).

Figure 5 Elastic-plastic results after [6] for a
modest sectional temperature gradient
(

),

An alternative less conservative estimate is
shown as Eq. (20) in Figures 4 and 5 and this is
the shape of the Option 2 failure assessment

to
for the thermal loadings as functions
of the level of axial stress and some results are
shown in Figures 4 and 5. The normalising
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curve in R6 [5, 6]. This enables accurate but
not overly conservative estimates of V, and
hence J for combined primary and secondary
loading. More extensive results which show
similar trends to those in Figures 4 and 5 are
given in [5-9]. The important point is that
when the results are presented in the form of
these figures they are insensitive to crack size
and the type of thermal loading, confirming
that approximate estimation methods can be
used.

have found that this can occur and extreme
examples are shown in Figure 6 for a flat
stress-strain curve (n=20). It can be seen that
particularly for small defects, the finite element
results lead to large values of
.
Also shown in the figures are two estimates: a
dashed line denoted eqn (23) is an upper bound
obtained by assuming the secondary stresses
act as primary; and solid lines denoted eqn (13)
are based on an estimate that describes plastic
relaxation of the secondary stresses at large
primary loads [8]. It can be seen that the
results are close to the dashed line for
contained yielding ( less than about 0.6). In
[8], it is proposed that the lower of the upper
bound (eqn 23) and the estimate based on
plastic relaxation (eqn 13) is used. This leads to
good estimates at low loads and also leads to
accurate estimates at higher primary loads
where elastic follow-up effects disappear as the
secondary stresses are relaxed by widespread
plasticity.
It is worth noting that the cases with large
follow-up shown in Figure 6 correspond to
uniform tensile stresses in the region of small
defects so that there could be significant loss of
constraint for these cases. Thus, it could be
over-conservative to use the estimates of J with
conventional fracture toughness values derived
from deeply cracked bend specimens.
For cases without elastic follow-up, the plastic
relaxation estimate (solid lines in Figure 6) falls
below the upper bound and reduces to the
estimate denoted eqn (20) in Figures 4, 5 so
that the approach of using the lower of the two
estimate (dashed and solid lines in Figure 6)
provides a good fit to the data in these figures
also.
CLOSURE
This article has examined the treatment of
combined primary and secondary stresses in
elastic-plastic fracture. Although there are
approaches for treating combined loading in
existing procedures, these have limitations,
particularly for secondary stresses with
significant elastic-follow-up. In the elasticplastic regime, it has been shown that
secondary stresses with elastic follow-up can be
treated as secondary provided appropriate

Figure 6 Elastic-plastic results for small sectional
temperature gradients, demonstrating significant
elastic follow-up, after [8].
As noted above, the sectional temperature
gradient produces a region of uniform thermal
stress in the region of the defects and may be
associated with elastic follow-up. Extensive
finite-element analyses recently reported in [8]
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modifications are made to the parameter V
which is used in failure assessment diagram
methods. Detailed finite element analyses are
being used to develop simplified estimates and
these are likely to form the basis of extended
advice in fitness-for-service procedures in the
future.

[8]
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ESIS Procedures and Documents
(free available for ESIS Members at www.structuralintegrity.eu)
Two kinds of documents are produced by ESIS Technical Committees with the following designatory system: ESIS P2-92 or ESIS P4-92D, where:
1.
P means "Procedure", and 2 and 4 are the current numbers, while 92 is the year of issue.
2.
D following the year (eg: 92D) means "draft", ie: not yet approved, while
3.
D prior to the year (eg: D1-92) means "Document" other than test methods.

P1-92
ESIS RECOMMENDATIONS FOR DETERMINING THE FRACTURE RESISTANCE OF DUCTILE MATERIALS.
Responsible body: TC1 Subcommittee on Fracture Mechanics Testing Standards.
P2-92
ESIS PROCEDURE FOR DETERMINING THE FRACTURE BEHAVIOUR OF MATERIALS.
Responsible body: TC1 Subcommittee on Fracture Mechanics Testing Standards.
P3-03D
DRAFT UNIFIED PROCEDURE FOR DETERMINING THE FRACTURE BEHAVIOUR OF MATERIAL.
Responsible body: TC1 Subcommittee on Fracture Mechanics Testing Standards (UNDER PREPARATION NOT AVAILABLE).
P4-92D
ESIS RECOMMENDATIONS FOR STRESS CORROSION TESTING USING PRE-CRACKED SPECIMENS.
Responsible body: TC10 Committee on Environmental-Assisted Cracking.
P5-00/VAMAS
PROCEDURE FOR DETERMINING THE OF FRACTURE TOUGHNESS OF CERAMICS USING THE SEVNB
METHOD .
Responsible body: TC6 Committee on Ceramics.
P6-98
ESIS PROCEDURE TO MEASURE AND CALCULATE MATERIAL PARAMETERS FOR THE LOCAL 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 INTERPRETATION OF CYCLIC STRESSSTRAIN DATA.
Responsible body: TC11 Committee on High Temperature Mechanical Testing.
P9-02D
GUIDANCE ON LOCAL APPROACH OF RUPTURE OF METALLIC MATERIALS.
(UNDER PREPARATION NOT AVAILABLE).
P10-02
A CODE OF PRACTICE FOR CONDUCTING NOTCHED BAR CREEP RUPTURE TESTS AND INTERPRETING
THE DATA.
Responsible body: TC11 High Temperature Mechanical Testing Committee.
P11-02
TECHNICAL RECOMMANDATIONS FOR THE EXTREME VALUE ANALYSIS OF DATA ON LARGE
NONMETALLIC INCLUSIONS
Responsible body: TC20 Committee on Inclusions.
D1-92
FRACTURE CONTROL GUIDELINES FOR STRESS CORROSION CRACKING OF HIGH STRENGTH ALLOYS.
Responsible body: TC10 Committee on Environmental Assisted Cracking.
D2-99
FRACTURE TOUGHNESS OF CERAMICS USING THE SEVNB METHOD; ROUND ROBIN, TEST PROGRAMME.
The ESIS TC6 and VAMAS TWA3 developed a test method and conducted a round robin for its validation. D2-99 presents a
detailed documentation of this activity. The final form of the test method has appeared as P5-00.
Responsible body: TC6 Committee on Ceramics.
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