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EDITORIAL BY THE ESIS 
PRESIDENT 
 

After four years of very 
intense activity and 
cooperation within the 
European Community of 
Fracture Mechanics, the 
European Structural 
Integrity Society (ESIS) is 
in good health and ready 
to tackle future 
challenges. I wish to 

express my most sincere acknowledgement to 
the two Vice-Presidents of the Society, Professor 
André Pineau and Professor Karl-Heinz 
Schwalbe, for their continuous and precious 
advice, as well as to the Secretary and 
Treasurer, Professor Giuseppe Ferro, and to the 
Newsletter Editor, Professor Stefano Beretta, for 
their important help in communicating with the 
National Groups and the Technical Committees. 
Such a communication has been improved 
through a well-structured and efficient website, 
in addition to the more traditional Newsletter, 
which was reestablished two years ago. 
 
So far, fourteen (14) Nations have been officially 
affiliated to ESIS and are using 2/3 of the ESIS 
Membership Fees to meet the organizational 
needs of the National Groups, according to the 
new Federal Statute approved in August 2004, 
when a very advantageous agreement was also 
approved and entered into with Elsevier, 
according to which their main journals on 
fracture, failure and fatigue now carry the ESIS 
logo on the cover sheet. Elsevier will also 
publish under ESIS editorial control, a Series of 
Special Technical Publication as dedicated issues 
of their journals. Elsevier already financially 
supports these activities and this should be a 
stimulus to organize more scientific events and 
to strengthen the ties with the Countries of 
Eastern Europe. 
 
In Alexandroupolis (Greece), next July, we 
expect to hold an outstanding 16th European 
Conference on Fracture (ECF16), organized by 
Professor Emmanuel Gdoutos. Exactly thirty 
years have passed since the 1st European 
Conference on Fracture (ECF1), held in 
Compiegne (France) in 1976 and organized by 
Professor Dominique Francois. In Torino, last 
year, we celebrated the 40th anniversary of the 
International Congress on Fracture (ICF), that 
was founded in 1965 in Sendai (Japan), under 
the presidency of Professor Takeo Yokobory. 
Fracture studies are already in their maturity 
and the time has come for establishing stronger 
links between these two glorious scientific 
societies through a federal and cooperative 
setup.  
 
Four years ago, I received the "staff of 
command" from Professor Keith Miller, so I am 
going to hand it over to the next ESIS President, 
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who will take responsibility for these 
constructive and expanding activities.  
 

Alberto Carpinteri 
ESIS President 2002-06 

 
 
WELCOME ! 
 

Dear colleague this is the 
third issue of the renewed 
ESISNewsletter.  You will 
find here the report of the 
ESIS activity in the year 
2005: i) minutes of the Turin 
ESIS council including the 
situation of TC activities (p. 

3); ii) a report of TC activities. Concerning the 
scientific content this issue contains the invited 
papers by Prof. Richard (p. 22) and Prof. Pook 
(p. 24).  
 
Once again it has been very difficult to assemble 
the information about TC activities for this 
Newsletter and for the Website: because of this 
situation, unfortunately there is not a calendar 
of TC meetings in Elsevier journals affiliated with 
ESIS. Moreover, I would like to mention again 
the few websites directly managed by TC’s: a 
more active contribution by TCs will help in keep 
the ESIS website updated. 
  
I was due to visit Prof. Miller on 2nd June for an 
interview. The interview should have especially 
discussed the book that Prof. Miller was co-
authoring with Prof. Murakami: “Metal fatigue: 
essentials & advances”.  
I think that the best way of announcing the book 
is directly showing the description I have 
received from Prof. Miller (see p. 4). Anyone 
who submitted a paper to Fatigue & Fracture of 
Engineering Materials and Structures will 
certainly recognize his hand-writing. 
 

Stefano Beretta 
 

 
ESIS FINANCIAL SITUATION  
 
After these impressive and intense four years, I 
can affirm that the health of the Society is good 
enough. 
The contract signed with Elsevier gives ESIS 
10000 Euros per year and increased the visibility 
of the Society within the international scientific 
community by the affiliation with three 
important Journals. 
In particular I would like to underline the strong 
increment in the impact factor for Engineering 
Fracture Mechanics. 
The ESIS portfolio at the end of 2005 arrived 
close to 100000 euro. In order to support our 
colleagues from Eastern Europe, ESIS gave 

25000 euros to contribute in increasing the 
participation from all parts of the Continent.  
Another aspect that I have to emphasize at the 
end of my period of ESIS Secretary, is the 
strong and constant increment in ESIS 
Memberships. In 2005, ESIS members were 
310. 14 Nations have set their National Group 
and helped the  Central Office in collecting the 
fees. 
For 2006 the number is up to now increased 
(more than 400 members), as all the nations 
confirmed the members of 2005, amd Spain 
entered as national group with more than 90 
members. 
The next conference in Alexandroupolis will be 
the most participated ESIS conference I 
remember, This is the ESIS main goal, being 
ECF the central action of the Society. 
 
In conclusion, it was a great honour for me 
being your Secretary and I would like to thank 
all the National Representatives who 
collaborated with our team in heading ESIS. 
 

Giuseppe Ferro 
 

 

 
 

 
 

ECF16 Conference 
 

http://ecf16.civil.duth.gr  
 

Alexandroupolis, July 3-7 
2006 

 

ESIS 2006 Membership 
 
good reasons for renewing your  ESIS 
membership: 
 
♦ a free copy of an ESIS procedure; 
 
♦ a paper copy of ESISNewsletter; 
 
♦ access to TC documents and 

activities;  
 
♦ your support to ESIS. 
 

how to renew?  
see page 31-32 
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OBITUARY OF PROF. KEITH MILLER 
 

 
 
 
 
 

It is with profound sadness that we have to announce the death of Professor 
Keith Miller, ESIS past-President and one of the Founders of our Society. 

 
His elevated and outstanding scientific figure will be commemorated at the next 
16th European Conference on Fracture, to be held in Alexandroupolis (Greece), 

July 3-7, 2006. 
 
 

 
PROF. KEITH MILLER 

Professor Emeritus (University of Sheffield) 
 

The contribution of Keith Miller, ex-president of ESIS, to the study of engineering fatigue 
and fracture has been immense. A man of prodigious energy, drive and enthusiasm, he has 
led his university, his country and many international groups in the study of important 
effects in the failure of engineering mechanical systems. Short cracks and microstructural 
influences, notches, multi-axial behaviour, mixed mode effects, fretting, and creep-fatigue 
interactions are just some of the areas in which he has contributed. Having established an 
internationally recognised research team at Cambridge, he came to Sheffield, his base ever 
since. His team and influence there grew rapidly. He was a pioneer in recognising the 
importance of true interdisciplinary work, a major feature in his formation of SIRIUS 
(Structural Integrity Research Institute Univeristy of Sheffield), a research centre with 
strong collaboration between three separate university departments. 
He founded the international journal Fatigue and Fracture of Engineering Materials and 
Structures early in the life of SIRIUS and was its editor for 22 years. He has been a strong 
and active supporter of ESIS from the beginning, with special contributions to its 
publications activities. His efforts in the development of ESIS finally led to a presidency. 
He was one of the first into China when it opened its doors to outsiders, and he began a 
rich and continuing stream of research collaborations between Chinese and European 
engineers and scientists. But his travels have also been driven by his other great love, 
exploration and mountaineering. He organised and led expeditions all over the world, 
Greenland, Iceland, Antarctica, the Karakorum included. From this came his contributions 
to the study of continental drift and the properties of ice. 
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ESIS COUNCIL MEETING 
23th March 2005, 18.00 – 19.30 
 
Lingotto Conference Centre  
Madrid Room 
TURIN, ITALY 
 
Agenda 
1. Introduction and Communications 
2. ESIS Membership 
3. National Groups 
4. Financial Report 
5. Technical Committees 
6. ECF16 (Greece) 
7. ECF17 (Organiser/Location to be decided) 
 
Attendees 
Twenty-two Countries and eight ESIS Technical 
Committees (25 Voting Members = 17 National 
Representatives + 8 TC-Representatives) were 
represented at Council. 
A full list of the 33 attendees is given at the end 
of these Minutes. 
 
1. Introduction and Communications 
This Council Meeting was held during the week 
of the 11th INTERNATIONAL CONFERENCE ON 
FRACTURE (ICF11), in Turin. 
The President of ESIS, Professor Alberto 
Carpinteri, chaired the meeting. 
He informed that during the present and the 
next year the following activities will be 
organized or co-organized by ESIS: 
• Third International ASTM/ESIS Symposium 

on Fatigue and Fracture Mechanics, Reno, 
Nevada, May 18-20, 2005; 

•  4th International Conference on Fracture of 
Polymers, Composites and Adhesives, Les 
Diablerets, Switzerland (ESIS – TC4), 
September 11-14, 2005; 

• ECF16 - 16th European Conference on 
Fracture, Alexandroupolis, Greece, July 3-7, 
2006; 

• 1st European Summer School on Fatigue 
and Fracture, Zakopane, Poland, June 19-
26, 2005  - Organiser: Department of 
Mechanics and Machine Design of Technical 
University of Opole. 

The President postponed further 
communications to the following specific points. 
 
2. Esis Membership 
The ESIS Secretary, Professor Giuseppe Ferro, 
reported the figures of the ESIS Members who 
sent the membership form to the registered 
office during the last two years. For the year 
2003, only 105 forms were received, while, for 
the year 2004, 313 memberships have been 
received up to now.  
The Assembly invited the Secretary to ask the 
National Representatives to collect the 
Membership fees for their own Country, 
according to the new Statute.  
 
3. National Groups 
The Secretary informed the Council about the 
situation of the National Groups. 
9 Nations published material on ESIS website: 
Bulgaria, Croatia, Czech Republic, France, Italy, 
Russia, Slovak Republic, Sweden, Ukraine. 7 
Nations (Italy, France, Greece, Poland, Bulgaria, 
Serbia and Ukraine) have used 2/3 of ESIS 
Membership for national group organization. 
In January 2005, Austria sent the official Statute 
and the structure of the National Society, which 
is formed by 15 members. Prof. Williams 
informed that FESI in U.K. would joint ESIS as 
U.K. Corresponding Society. 
 
4. Financial Report 
The ESIS Treasurer, Professor Giuseppe Ferro, 
informed the Council about the financial 
situation of the Society. 
The figures are the following (in Euro): 
 
ESIS Deposit in August 2004:  94635,59 
 
EXPENSES FOR 2005 
Postal  1600,00 
Secretariat  
(redaction of website, 
 collaborators, bank,computer,etc.)  4000,00 
Website 1600,00 
Newsletter 2400,00 
24 Registrations for ICF XI  
(50% shared with IGF) 6000,00 
 
total expenses 14000,00 
 
INCOMING  
ESIS Membership 2004   
(290 members) 4000,00 
Royalties Elsevier 10000,00 
 
total incoming 14000,00 
 
New ESIS Deposit 94635,59  
 
The new ESIS’ Portfolio consists of 94635,59 €. 
The Assembly approved the report unanimously. 
 

 

ESIS Website 
 

www.esisweb.org 
 

Newsletter and Invited papers to 
be downloaded 
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5. Technical Committees 
The ESIS Newsletter Editor Professor Stefano 
Beretta informed the Council about the new 
version of ESIS Website: in particular he showed 
the new graphical appearance where news are 
being displayed onto the main page, the new 
organisation of documents where the Newsletter 
invited papers can be downloaded and the 
updated table of Technical Committees together 
with Calendar of TC meetings.  
About TC’s, Beretta also reported about 
activities: of the ‘dormant’ TC’s, only TC2 
(interest of Prof. Pokluda to co-chair) and TC12 
(an event going to be organized with FESI for 
2006) have shown some signs of activity. About 
TC7 (Nomenclature) Beretta suggests that the 
revision of the Nomenclature should be in 
charge of TC Chairmen. In the following 
discussion the Council decided that: i) inactive 
TC’s should be shut down and disappear from 
Website; ii) Beretta should contact TC Chairmen 
for helping Prof. Francois in updating the current 
nomenclature. 
 
About editorial ESIS activity, Beretta briefly 
presents the new issue of Newsletter and the 
fact that the Calendar of TC meetings is also 
published in the Elsevier journals affiliated with 
ESIS: it has been difficult to collect it and it will 
be a challenge for TC to advertise their 
meetings. Considering that there is a payment 
by Elsevier for any STP (or Special Issue) being 
published, Beretta propose that part of this 
money can be transferred to Committees of the 
Conferences or Meetings that are going to 
produce such STP’s. The Council approved this 
proposal unanimously. 
 
6. ECF 16 (Greece) 
Professor Gdoutos presented the organization of 
ECF 16 to the Assembly. 
The 16th EUROPEAN CONFERENCE ON 
FRACTURE (ECF16) with the title “Failure 
Analysis of Nano and Engineering Materials and 
Structures”, will be organized by the Democritus 
University of Thrace in Alexandroupolis, Greece, 
on July 3 - 7, 2006. 
The web site of the conference is: 
http://ecf16.civil.duth.gr. 
The Conference venue is the Thraki Palace 
Hotel. 
 
The key dates are: 
– Submission of Abstracts:   

May 31 , 2005 
– Notification of Acceptance/Rejection: 

July 31, 2005 
– Submission of Complete Paper:  

November 30, 2005 
– Notification of Acceptance/Rejection: 

January 31, 2006 
– Registration:    

February 28, 2006 

  
The 16th European Conference of Fracture will 
focus in all aspects of Structural Integrity with 
the objective of improving the safety and 
performance of engineering structures, 
components, systems and their associated 
materials. Emphasis will be given in the failure 
behaviour of nanostuctured materials and 
nanostructures. 
The 16th European Conference of Fracture will 
comprise invited lectures together with 
contributed oral and poster presentations 
covering all aspect of fracture and fatigue.  
The Assembly approved the proposal 
unanimously. 
 
7. ECF 17 (organiser/location to be 
decided) 
The President informed that three Nations 
(Czech Republic, Norway and Serbia) manifested 
the intention to organise ECF 17, to be held in 
2008. Two formal documented bids had been 
received from Czech Republic (Pokluda) and 
Serbia (Sedmak). There were no other bids. It 
had been agreed by Czech Republic and Serbia 
that Czech Republic would make the first 
presentation. The Delegates from Serbia then 
left the Council Room and the Delegation from 
Czech Republic made a full presentation to 
Council followed by wide-ranging questions. The 
Delegation from Czech Republic then left the 
Council Chamber and the Delegates from Serbia 
returned and made a full presentation to Council 
followed by wide-ranging questions. The 
Delegation from Czech Republic then returned to 
the Council Room and by agreement of Council 
the VOTING PROCESS was commenced.  
The result was the following: 
Czech Republic   23 Votes 
Serbia              2 Votes 
The decision of the ECF Council was thus 
announced formally that the SEVENTEENTH 
EUROPEAN CONFERENCE ON FRACTURE- 
ECF17, will be held in Brno Czech Republic, on 
September 2-6, 2008 under the Chairmanship 
of Professor Pokluda. This was approved with 
acclamation and appreciation to both 
candidatures. 
 
The meeting closed at 19.30 hours. 
 
Attendees At Council Meeting 
Austria Zoltan Major, Stefanie 

Tschegg 
Canada               David Taplin 

Croatia Zdenko Tonkovic 

Czech Republic Jaroslav Pokluda 

Finland Kim Wallin (TC1) 

France André Pineau (TC11) 

Germany   Bilal Dogan, Karl Heinz 
Schwalbe (TC24), Meinhard 
Kuna, Wolfgang Dietzel 
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(TC10) 

Greece Emmanuel Gdoutos 

Ireland David Taylor 

Israel Leslie Banks-Sills 

Italy             Alberto Carpinteri, Giuseppe 
Ferro, Stefano Beretta, 
Francesco  

 Iacoviello, Andrea Spagnoli 
(TC3), Andrea Pavan (TC4), 
Giovanna Gabetta 

Japan Yukitaka Murakami (TC20) 

Poland Ewald Macha 

Romania Vlad Ulmanu 

Russia Robert Goldstein 

Serbia Stojan Sedmak, Marko 
Rakin 

Slovakia Jan Dusza 

Sweden Fred Nilsson 

Switzerland Jan van Mier (TC9) 

UK Gordon Williams 

Ukraina Alexander Balitskii 

USA Kamran Nemati 

  

 
 

TC ACTIVITIES 
Reports from technical committees : 
 
TC1 –  Elastic plastic fracture mechanics 
TC3 –  Fatigue of Engineering Materials 

and   Structures 
TC4 –  Polymers and Polymer     

Composites 
TC5 –  Fracture Dynamics 
TC6 –  Ceramics 
TC8 –  Numerical Methods 
TC9 –  Concrete 
TC10 –  Environmentally Assisted Cracking 
TC11 – High temperature mechanical 

testing 
TC12 –  Probabilistic Interpretation of 

Mechanical Property Data 
TC13 –  Education and Training 
TC20 –  Role of Defects and Inclusions 
TC24 –  Integrity of Railway Structures 

 
 
ESIS TC1 “Elastic Plastic Fracture 
Mechanics” 
 
TC1 Subcommittee on Fracture Mechanics 
Test Standards  
In 2005 the TC1 subcommittee on Fracture 
Mechanics Test Standard did not meet. It’s still 
working on the ESIS Procedure P3 which 
represents an update of P2. It includes methods 
for testing specimens with low constraint, and 
these methods are being written in parallel with 
an ISO standard. That standard is in a voting 
procedure, and it may be that some national 
institutions suggest alterations. If this happens, 
then the subcommittee want to do the same 
changes in the ESIS method in order to avoid 
standards which are very similar, however, not 
identical. 

  
ESIS TC3 “Fatigue Of Engineering 
Materials And Structures” 
 
1. ACTIVITIES DURING  2005 
(a) Professor Andrea Carpinteri (Parma) and 
Professor Les P. Pook (London) : Guest Editors 
of a Special Issue of the International Journal 
“Fatigue and Fracture of Engineering Materials 
and Structures (FFEMS)”, under the title 
“Fatigue Crack Paths”, with 25 papers selected 
from those presented at the Conference held in 
Parma in September 2003. Such a Special Issue 
of FFEMS has been published as Issue Nos 1-2, 
Volume 28, 1-265, 2005. 
(b) Professor Andrea Carpinteri (Parma) and 
Professor Les P. Pook (London) : Chairmen of a 
Mini-Symposium on "Numerical Approaches to 
Fatigue" at ICF 11 (11th International 
Conference on Fracture, Turin, Italy, March 20th 
to 25th, 2005). 

Next ESIS Council  
ECF16 Conference, 

5th July 2006 
 

Wednesday, July 5, 2006, 5:00-7:00 p.m. 
Egnatia Hotel (Grecotel) 
Alexandroupolis, Greece 

 
AGENDA 
1. Introduction and communications 
2. ESIS Membership 
3. National Groups 
4. Financial Report 
5. Technical Committees 
6. ECF17 (Czech Republic) 
7. ECF18 (Organiser/Location to be 

decided) 
8. Election of the two ESIS Vice-

presidents 2006-2010 
9. Election of the ESIS President 2006-

2010 
 
See you in Alexandroupolis at ECF16. 
With my best regards, 
 
Alberto Carpinteri 
ESIS President 2002-2006 
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(c) Professor Andrea Carpinteri (Parma), 
Professor Les P. Pook (London), Professor Cetin 
Morris Sonsino (Darmstadt) and Professor H. 
Zenner (Clausthal-Zellerfeld) : Guest Editors of 
a Special Issue of the “International Journal of 
Fatigue (IJF)” (ESIS Special Technical 
Publication), under the title “Multiaxial Fatigue 
and Fracture”, with 26 papers selected from 
those presented at the 7th Conference ICBMFF, 
held in Berlin in June 2004. Such a Special Issue 
of IJF is being published as Issue Nos 5-6, 
Volume 28, 2006. 
 
2. PRESENT AND FUTURE ACTIVITIES 
(a) Professor Andrea Carpinteri (Parma) and 
Professor Les P. Pook (London): Chairmen of an 
ESIS International Conference on “Crack Paths” 
(http://www.CP2006.unipr.it), to be held in 
Parma, Italy, Thursday 14th to Saturday 16th 
September, 2006. 
(b) Dr Upul Fernando (Sheffield Hallam 
University, Sheffield): Chairman of the Eighth 
International Conference on Multiaxial Fatigue 
and Fracture (ICMFF 8), to be held in Sheffield 
in June 2007. 
(c)  Professor Andrea Carpinteri (Parma) and 
Professor Les P. Pook (London): Chairmen of the 
Nineth International Conference on Multiaxial 
Fatigue and Fracture (ICMFF 9), to be held in 
Parma in June 2010. 

 
 
ESIS TC4 "Polymers And Polymer 
Composites" 
 
1. ONGOING ACTIVITIES 
The highlight of 2005 was the successful 4th 
ESIS TC4 Conference on the Fracture of 
Polymers, Composites and Adhesives, held 
during 11-14th September in Les Diablerets, 
Switzerland.  This was a single session technical 
conference on the fracture of polymers, 
composites and adhesives and was attended by 
123 delegates. Thirty eight oral papers and 57 
posters were presented.  The proceedings will be 
published during 2006 as a special issue of the 
journal, Engineering Fracture Mechanics, 
following peer review.  The technical committee 
met immediately following the conference for a 
two day meeting, and also met earlier in May for 
the regular three day meeting.   
 
Ongoing work areas include mode II 
delamination in composites and structural 
adhesive joints, peel testing of structural 
adhesives using a mandrel test, J-crack growth 
resistance testing of polymers, high rate testing 
of polymers at greater than 1m/s, the essential 
work of fracture method, impact testing of short 
fibre composites and fatigue delamination.   
 
2. NEXT MEETINGS 

In 2006, the committee will meet on the 
following occasions: 
 
– 24th-26th May 2006 (Regular TC4 Committee 

meeting): Les Diablerets, Switzerland. 
 
– 4th-6th October 2006 (Regular TC4 

Committee meeting): Les Diablerets, 
Switzerland. 

 
The meetings are open to all.  Please contact the 
technical secretary, Bamber Blackman 
(b.blackman@imperial.ac.uk), for details and 
agenda.   

 
 
ESIS TC5 "Fracture Dynamics" 
 
The activities of TC5 include the exchange of 
expertise in all aspects of impact fracture and 
high-strain rate material properties, and the 
development of agreed test methods in these 
fields, leading to ESIS or International 
standards.  TC5 members work closely on 
standards issues with Dymat and with the 
relevant ASTM E08 and E28 committees.  New 
committee members are always welcome.  
 
TC5 has about sixty active members.  It 
normally meets for one or two days, twice per 
year at varied European locations, with around 
20 members normally attending.  The following 
meetings were held recently:- 
April 2005 - CIDAUT, Valladolid, Spain; 
September 2005 - TU Vienna, Austria; 
April 2006 – Inst of Physics of Materials, Brno, 
Czech Republic 
The next meeting is planned for October 2006, 
with the venue to be finalised. 
 
Recent technical highlights include completion of 
the test procedure on sub-size Charpy V, which 
is now under consideration by ISO TC164/SC4P.  
This will be added as an annex to the 
instrumented Charpy method ISO14556 which 
was also developed by TC5.  Work on the pre-
cracked Charpy test method is complete after 15 
years work.  If all goes well, it will be accepted 
as a work item by ISO TC164 later this year.  
 
Work also continues on the development of 
methods for high-rate tensile testing of sheet 
materials.  A round-robin has been completed 
on testing steels, aluminium and magnesium 
alloys at strain rates of 40/sec and 400/sec.  
The programme is currently in the data analysis 
phase, and TC5 members have been closely 
involved in developing a new German standard 
high-rate test for sheet steels for the automotive 
industry.  The work on impact compression has 
re-started, with a new round-robin on aluminium 
alloys in late 2005; initial results look promising. 
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The committee made a further determined effort 
to obtain EC funding to support its work, with 
the HIRATE Co-ordination Action proposal on 
high rate testing and modelling procedures 
submitted under FP6 in 2005.   This ambitious 
programme, involving more that 20 partner 
institutions, passed all the evaluation thresholds 
but was not funded.  We are considering the 
best way to proceed.   
 
Several TC5 members attended the successful 
Dymat conference in Porto in September 2003, 
and the chairman was elected to the Dymat 
governing board.  John Sturges of Leeds 
Metropolitan University resigned as secretary at 
the end of 2004, and has been succeeded by 
Celia Watson from RMCS Shrivenham. 
 
The current officers of TC5 are: 
 
chairman - Hugh MacGillivray, Imperial College 
London, UK [h.macgill@imperial.ac.uk] 
 
vice-chairs - Gyongyver Lenkey, Bay Zoltan 
Institute, Miskolc, Hungary [lenkey@bzlogi.hu] 
and Uwe Mayer, MPA Stuttgart, Germany 
[Uwe.Mayer@mpa.uni-stuttgart.de]  
 
secretary – Celia Watson, RMCS 
[c.h.watson@cranfield.ac.uk] 

 
 
ESIS TC6 "Ceramics" 
 
Since no committee meeting took place in 2005, 
no changes in the working program can be 
reported. 
The "Reference Material Testing Program", which 
is one of the current activities of TC6, has been 
presented at two conferences in invited lectures. 
 
- T. Lube, J. Alcalá, J. Dusza, H. Klemm: "A 

Silicon Nitride Reference Material for Ceramic 
Design", 1th International Conference on 
Fracture, Turin, Italy, 2005, 3079-3084  

- T. Lube, J. Dusza: "A Silicon Nitride 
Referencce Material - A Testing Program of 
ESIS TC6", ECERS IX, Portoroz, Slovenia, 
2005 

 
The next meeting of TC 6 is going to take place 
at IKTS Dresden, on May 2nd and 3rd, 2006. 
Informations on this meeting can be obtained at 
the TC6 chairpersons: Prof. Dr. Jan Dusza, 
jdusza@imr.saske.sk , Ass. Prof. Dr. Tanja Lube, 
tanja-lube@mu-leoben.at  

 
 
ESIS TC8  "Numerical Methods" 
 
NO ACTIVITIES IN 2005 

 
 

ESIS TC9 "Concrete" 
 
The activity of TC9 devoted to the production of 
a Compendium of Concrete Design has a very 
slow progress.  
Professor B. Karihaloo will report at next ESIS 
Council. 
 
 
 
ESIS TC10 “ Environmentally Assisted 
Cracking” 
 
1. ACTIVITIES 
No formal meetings of the TC were held in 2005. 
However, the TC10 has been involved in a 
number of activities: 
 
– The successful submission of a proposal for a 

new research project to the Science and 
Technology Centre of the Ukraine (STCU) 
which had been prepared by the Institute of 
Applied Problems of Mathematics and 
Mechanics (IAPMM) and the Karpenko Physico-
Mechanical Institute (KPMI), both of the 
National Academy of Sciences of the Ukraine. 
The project entitled "Monitoring, Technical 
Diagnostics and Remaining Life Prediction for 
the Oil Transit Systems" is related to the long-
term service of oil and gas pipelines and will 
address the problems arising from a loss of 
workability, the existence of cracks, and the 
degradation of the mechanical properties of 
the steels used for these pipeline systems.  
The project includes the development and 
application of appropriate technical monitoring 
and diagnostics tools to assess the technical 
state of pipelines and other oil transportation 
equipment by detecting corrosion-mechanical 
damages at an early stage, and evaluating 
possible changes in the mechanical properties 
of the materials involved which lead to 
material degradation. It will also comprise the 
development of suitable methods for the 
prediction of residual lifetimes of oil 
transportation systems and the establishment 
of new criteria for the workability of pipelines 
and related equipment, and their application 
to existing structures. As an additional 
outcome of the project, appropriate 
modifications to existing normative documents 
pertaining to the strength, durability, and 
reliability analysis of existing pipeline systems 
for oil transportation are expected. 
The project is closely linked to the objectives 
of ESIS TC 10 and will hence be actively 
supported by members of the TC. 

 
– According to the strategy discussed at the last 

TC10 Workshop (October 2004) on "EAC in 
High Strength (Pipeline) Steels", the TC has 
established links to the European Pressure 
Research Group, EPRG, on the occasion of a 
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Research Fund Coal and Steel (RFCS/ECSC) 
dissemination forum on "X100 Steel Pipe for 
High Pressure Gas Transportation" held at the 
Salzgitter Mannesmann Forschung in Duisburg 
in April 2005. 

 
2. CALENDAR 2006 
At the 16th European Conference of Fracture, 
ECF16, to be held on July 3-7, 2006, in 
Alexandroupolis, Greece, TC10 has organised a 
Special Symposium on Environment Assisted 
Fracture. The symposium will have about 20 
presentations and is scheduled for Tuesday, 4 
July; Linked to this symposium, a technical 
meeting of TC10 will be held. 
 
Prof. Nykyforchyn celebrated his 60th 
birthday.  
The ESIS Newsletter wants to honour him with 
the following poster: 
 

 
 

 
ESIS TC11 " High Temperature 
Mechanical Testing" 
 
 MINUTES OF TC11 MEETING 
Notes of 1st meeting of WG held on 29th  April 
2005 at ALSTOM, Rugby  
 
Introduction & Welcome 
The convenor, Malcolm S Loveday, (Beta 
Technology/ NPL) welcomed participants who 
subsequently introduced themselves.  

Apologies  
Apologies were received from Hans Joachim 
Kűhn (BAM, Berlin) & Bryan Roebuck,( NPL) 
 
Agenda 
The following agenda was agreed:  
1. Welcome/Introductions/Business Cards  
2. Consideration of SCOPE document for terms 

of reference for the Working Group, 
3. Update  the Bibliography. 
4. Presentations on Temperature Measurement 

Techniques 
5. Any Other Business: NPL Seminar / 

Formulation Workshop ? 
6. Date & Venue of Next Meeting.  
 
2. Remit  of Working Group 
The Scope / Remit of the Working Group was 
revised to include Manufacture and Rejuvenation 
of Thermocouples.  
It was agreed that information should be lodged 
on the HTMTC web site, including Presentations, 
updates to the Bibliography and technical 
information.  
 
3. Bibliography 
An initial draft of a compilation of publication 
relating to temperature measurement relevant 
to testing of materials was presented by the 
convenor and had been circulated by e-mail. Dr 
Quested had also submitted a list prepared by 
colleagues at NPL.   ACTION: All present were 
requested to review the lists and to submit 
additions.  
 
4. Presentations  
4.1 Ribbon T/Cs The Chairman presented details 
of ‘ribbon thermocouples’ which were being used 
in Germany for monitoring temperatures during 
Thermo-Mechanical Fatigue (TMF) testing. They 
are presumably being used because they can be 
wrapped around the surface of a testpiece to 
give intimate thermal contact. This avoids the 
practice of spot welding a thermocouple to the 
testpiece which may cause microstructural 
changes leading to the initiation of crack causing 
failure.  
4.2 Thermal Metrology. Dr Peter Quested, 
Knowledge Leader of the Thermal Metrology 
Group, NPL, gave a presentation outlining the 
range facilities at NPL available at NPL to 
provide traceability to the National Measurement 
System for a wide variety of temperature 
sensors spanning a temperature range from ~ 
0-3000 Kelvin.  
4.3 LART.  Dr Marc Broussely, NPL, gave an 
interesting presentation on Laser Absorption 
Radiation Thermometry (LART) which is a non-
contact method of measuring temperature which 
has a number of potential uses in industrial 
environments, although special precautions 
need to be taken because of the use of a Class 4 
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laser, but has the advantage of overcoming 
variations of emissivity from the target. 
  
5. Any other Business  
5.1 Formulation Workshop.  Dr Peter Quested 
offered to run a discussion meeting in Jan/Feb 
2006 at NPL to help formulate the future DTI 
sponsored metrology research programme on 
temperature measurement and traceability. The 
proposal was welcome by the Task Group and it 
would enable group members to help provide 
industrial influence over future priorities for 
research in the field of temperature 
measurement.   
5.2 Vote of Thanks  
Representatives from ALSTOM were thanked for 
hosting the meeting and for providing a tour of 
the testing laboratories.  
 
6. Date of Next Meeting  
- The next formal meeting of the Working Group 

will take place on Wednesday 26th April 
2006 at QinetiQ, Farnborough starting at 
10.30am.   

- Informal meeting between group members will 
be arranged on an Ad Hoc basis in conjunction 
with other meetings through out the year.   

- Technical information and updates to the 
Bibliography would be circulated by e-mail to 
group members  and lodged on a web-site 
throughout the year.  

- The Thermal Metrology Formulation Workshop 
at NPL will be held at NPL in Jan / Feb 2006; 
date to be confirmed. 

 
 
ESIS TC12 "Probabilistic Interpretation 
Of Mechanical Property Data" 
 
NEXT MEETINGS 
FESI and ESIS TC12 Meeting 
Probability Modelling as Applied in 
Structural Integrity Assessments 
Chaired by: 
Professor Peter EJ Flewitt,  
Bristol University and British Nuclear Group. 
 
Date: 9th June 2006 
Venue: Academy of Engineering, London, Great 
Peter St SW1P 3LW 
Nearest underground station: Westminster and 
St James’s Park 
Purpose 
To review use of statistical methods for 
interpretation of materials property data design 
of experiments and use probabilistic methods in 
structural integrity assessments. 
Programme 
Session 1 
• Professor K Wallin: Statistical aspects of the 

Master Curve to consider in structural integrity 
assessments 

• J S Kent and J D G Sumpter: Characterising 
Scatter in Ship Plate Fracture Toughness 

• R Moskovic: Estimation of Lower Bound 
Engineering Fracture Toughness in The Ductile 
to Brittle Transition Region. 

• K Wasmer, K M Nikbin and G A Webster: 
Sensitivity Analysis Using Monte Carlo 
Simulations on Creep Crack Growth. 

Session 2 
• Dr Amin Muhammed: Partial Safety Factors. 
• S Beretta and M Carboni: Stochastic 

Description Fatigue Crack Growth Including 
Near Threshold Regime 

• Thomass Svensson: An uncertainty weighted 
safety factor for fatigue design. 

 
• Alan Turbull: Statistical considerations in 

predicting the evolution of pitting and stress 
corrosion cracking 

 
 
ESIS TC13 "Education And Training" 
 
Ninth International Fracture Mechanics Summer 
School (IFMASS 9) 
In the 25th year of its founding, International 
Fracture Mechanics Summer School was held for 
ninth time (IFMASS 9). DIVK accepted IFMASS 
as an important activity of Serbian experts and 
institutions involved in the past and in 2003 
organized IFMASS 8 in Belgrade, which attracted 
lecturers from many countries and 108 
participants. The IFMASS 8 monograph »From 
Fracture Mechanics to Structural Integrity 
Assessment« is published by DIVK in 2004 in 
English and is presented on DIVK WEB site, 
attracting several thousend of visitors from all 
over the world. 
 

 
At lectures 

 
This time, IFMASS 9 was organized in Golden 
Sand, Bulgaria, with Prof. Stefan Vodenitcharov 
from Institute for Metal Science of BAN and Prof. 
Donka Angelova from University of  Chemical 
Technology and Metallurgy from Sofia, also 
supported by Bulgarian Welding Society 
president Dr. Martin Beloev. Eighteen lectures, 
given by the lecturers from Serbia (10), Bulgaria 
(2), Romania (2), Ukraine (1), USA (1), 
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Germany (1) and Macedonia (1) attracted the 
attention of 49 participants. For the first time, 
the participants received the certificate for the 
participation in the course. It is expected that 
the monograph IFMASS 9 »The Chalenge of 
Materials and Weldments: Structural Integrity 
and Life Assessment« will be published.  

 

 
Workshop 

Dr. Marin Beloev, Prof. Donka Angelova, 
Prof. Dragoslav Sumarac and mr. Ljubica Milovic 

 
One very important document for the 
cooperation in the region is signed, supporting 
to organize Alliance »Southeast Eurpean Forum 
for Structural Integrity«, which is presented 
bellow. 
 

 
 
ESIS TC20 "Role of Defects and 
Inclusions" 
 
1. MINUTES OF TC20 MEETING 
Meeting began at 10.00 and after the 
particpants introduced themselves there was a 
technical presentation by E. Henault entitled 
“Statistical analysis of non metallic inclusions for 
the estimation of rolling contact fatigue range 
and quality control of bearing steel”.  
 The discussion touched the following points: i) 
interest in this kind of simulation for addressing 
the open problem of the number of areas; ii) 
sensitivity of results to what is taken as the 
objective of the study; iii) realistic choice of the 
initial distribution for the simulation; iv) 
combination of measurements. 
 Then there were two contributions describing 
the results so-far obtained about the first round-
robin: Beretta showed the results obtained by 
the different participants which show similar 
results (except for two participanst whose 
measurement method has affected the results). 
Anderson discussed the consistency of results 
by the different labs results firstly by pair-wise 
comparisons among the samples, then he 
showed that adopting a Fisher correction for 
multiple testing there is no significant difference 
between laboratories. Another more 
discriminating approach was based on likelihood 
testing: results form different labs share the 

same common but reveal differences in the 
location parameters; no practical difference for 
fatigue limit; evidence of curvature from some 
laboratories. 
 The following discussion can be so 
summarised: importance of trying of recognizing 
different population of particles; present results 
(considering that the amount of material tested 
is small and small differences are expected) 
suggest that for comparisons of steels measured 
in different labs the between-lab variability 
should be taken into account; another problem 
is the correct definition of measurements when 
the particles have a mixed composition. Girodin 
recalled that the in-batch variability can be 
relevant and this is not covered by the round-
robin.  
 The discussion of the second round-robin on 
the bearing steel was introduced by a technical 
presentation by Girodin entitled “Statistical 
analysis of non metallic inclusions for the 
estimation of rolling contact fatigue range and 
quality control of bearing steel”. 
 E. Henault summarized the set-up of the 
second round-robin onto a 100Cr6 bearing 
steel and he showed the results by Ascometal. 
Then Butler showed his measurements onto the 
bearing steel emphasizing the difficulty of 
recognizing the different types of particles and 
different types of oxides. Then the discussion 
focused on the treatment of samples and the 
different type of particles recognised during 
image analysis.  
 Some action have been agreed for improving 
RR1: i) replication of measurements by some of 
the RR1 participants in order to estimate the 
within-lab variability; ii) circulation of a set of 
images for comparing the different elaboration 
by RR1 participants; iii) results of RR1 will be 
backed with a set of simulations by E. Henault; 
iv) theoretical comparison; v) fatigue tests for 
estimating the size of extreme defects. 
 The actions considered for RR2 are: i) record 
as much details as possible about particle 
measurement; ii) comparison of the particle 
identification. 
 
 The main activity of TC20 in near future is to 
publish by the end of 2006 a paper which 
summarises the results of the first round-robin. 
Cirilli then proposed to apply for 2006 to a 
European Project with the aim of finding a 
financial support to future TC20 activities.  
 
 Next meeting will take place in Milan on 13 
September 2006 because of the presence of 
Murakami in Europe for ‘Crack Path’ Conference 
in Parma. 
 
 Present results of RR1 will be posted on TC20 
website. 
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ESIS TC24 "Integrity of Railway 
Structures” 
 
A Special Meeting on “Damage Tolerance of 
Railway Axles” has been held  
at GKSS Research Centre Geesthacht, from 2 
February  to 3 February  2005. The meeting has 
been attended by 34 people from different 
countries . 
 
ACTIVITY AND PRESENTATIONS 
After an approval of the minutes of the previous 
meetings and the Terms of References several 
technical presentations have been held in 2 
sessions. In particular the presentations have 
been : 
o R.A. Smith (Imperial College, London): 
Railway axles: new pressures 
cause an old problem to resurface 
o J. Benyon (AEAT Rail) 
o S. Beretta & M. Carboni (Politecnico di Milano, 
Milan): Propagation 
lifetime of railway axles: experiments and 
probabilistic approach 
o S. Beretta, M. Carboni (Politecnico di Milano, 
Milan) :A 
comparison of crack evolution between plane 
and rotating bending 
o I. Cerny (SVUM, Praha): Fracture Mechanics 
Activitiesfor Railway Axles in Czech Republic 
o L. Josefson (Chalmers University, Göteburg): 
Design and Materials for 
Railway Axles in Sweden 
o U. Zerbst (GKSS Research Centre, 
Geesthacht): Quantitative 
requirements on non-destructive testing of 
railway axles based on 
fracture mechanics. 
 
The presentations were followed by lively 
discussions that highlighted the topics that need 
to be investigated for establishing correctly 
propagation lifetimes and inspection intervals of 
railway axles. At the end of the presentations, a 
brief update of the current research projects on 
axles (UK Axle, DEUFRAKO, WIDEM) was made. 
 
ELECTION OF CHAIRMEN 
At the end of the first technical session, 
Schwalbe introduces the discussion for a new 
election of TC24 Chairmen since himself is going 
to retire in April and Ringsberg has left the 
business of railways (he is now employed by 
Volvo). In particular Schwalbe introduces two 
candidates: Prof. R. Smith (Imperial College, 
London) and Dr. U. Zerbst (GKSS, Geesthacht). 
After a brief discussion, R. Smith and U. Zerbst 
have been unanimously elected as the new 
chairmen for TC24. 
 
FUTURE ACTIONS 
After ICF11 where a Railway Session will be 
held, the next activity of TC24 to be planned for 

Fall 2006 is the pubblication of a state-of-the art 
paper summarizing the facts and the open 
points in the life calculation of railway axles.to 
be added 

 
 

 
 
 

 
 

ENGINEERING FAILURE ANALYSIS 
 

 

 
 

ENGINEERING FRACTURE MECHANICS 
 
 

 
 

INTERNATIONAL JOURNAL OF FATIGUE 

3 Elsevier journals 
are affiliated with ESIS  
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CP 2006 

International Conference on  

CRACK PATHS 
 

14 - 16 September, 2006, Parma (Italy) 

http://www.cp2006.unipr.it/ 

 
 

ICMFF8-2007 

10th - 14th June 2007 
Sheffield Hallam University, Sheffield, UK. 

 

http://www.icmff8.org.uk 
 

 

 
FraMCoS--6 

6th International Conference on Fracture Mechanics of Concreteand 
Concrete Structures 

Sheraton Hotel Conference Centre, Catania, ITALY 
June 17-22, 2007 

 

http://www.framcos6.org 
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CALENDAR OF CONFERENCES 
 
 
 
Structural Faults and 
Repair 
2006 
 
13–15 June, 2006 
Assembly Rooms, 
George Street, 
Edinburgh 
 

 
Further details from: 
Conference Secretariat, ECS 
Publications, 
46 Cluny Gardens, Edinburgh 
EH10 6BH, UK. 
Tel: +44(0) 131 447 0447 
Fax: +44 (0) 131 452 8596 
Website: 
www.structuralfaultsandrepair.
com 
 

 
ECF16 
16th European 
Conference on 
Fracture 
Organisers: Prof. E.E. 
Gdoutos 
 
 3–7 July 2006 
Alexandroupolis, Greece 
 

 
Further details from: 
Prof. E.E. Gdoutos 
School of Engineering, 
Democritus University of 
Thrace, 
GR-671 00, Xanthi, Greece. 
E-mail: egdoutos@civil.duth.gr 
Website: 
http://ecf16.civil.duth.gr 

 
8th MESOMECHANICS 
2006 - Multiscale 
Behavior of Materials 
and Structures: 
Analytical, Numerical 
and 
Experimental 
Simulation 
 
19–22 July, 2006 
Porto, Portugal 
 

 
Further details from: 
Prof. Paulo M. S. Tavares de 
Castro,  
Tel.: +351 22 508 1716;  
fax: +351 22 508 1445; 
E-mail: ptcastro@fe.up.pt 
Prof. George C. Sih 
Tel.: +86 21 6425 3500 or 
3513; Fax: +86 21 6425 
3425; 
E-mail: gcs@ecust.edu.cn 
Website:  
http://paginas.fe.up.pt/~meso
2006/ 
 

 
6th European Solid 
Mechanics 
Conference – 
ESMC2006 
 
28 August– 
1 September, 2006 
Budapest, Hungary 
 
 

 
Further details from: 
E-mail: 
esmc2006@mm.bme.hu 
Website: http://diamond-
congress.hu/esmc2006/ 
 
 

 
2nd International 
Conference 
Mechatronic Systems 
and Materials 
MSM 2006 
 
31 August- 
3 September, 2006 
Cracow (Poland) 
 
 
 

 
Further details from: 
Opole University of Technology 
Faculty of Mechanical 
Engineering 
Department of Mechanics and 
Machine Design 
ul. Mikołajczyka 5, 45-271 
Opole, Poland 
Tel.: (+48 77) 4006134, 
Fax: (+48 77) 4006343 
E-mail: kmpkm@po.opole.pl 
Eeb site: 
www.cesti.po.opole.pl/msm20
06 
 

 
The Fifth 
International 
Conference on 
Engineering 
Computational 
Technology 
 
12–15 September 2006 
Las Palmas de Gran 
Canaria, Spain 
 

 
Further details from: 
http://www.civil-
comp.com/conf/ 
 
 

 
The Eighth 
International 
Conference on 
Computational 
Structures Technology 
 
12–15 September 2006 
Las Palmas de Gran 
Canaria, Spain 
 
 

 
Further details from: 
http://www.civil-
comp.com/conf/ 
 
 

 
ICEFA-II—Second 
International 
Conference on 
Engineering Failure 
Analysis 
 
13–15 September, 2006 
Toronto, Canada 
 

 
Further details from: 
Claire Norris, ICEFA-II 
Conference Secretariat, 
51 Kestrel Way, Wokingham, 
Berkshire RG41 3HA, UK. 
Tel.: +44 (0) 118 377 4696;  
Fax: +44 (0) 118 977 6680; 
E-mail: icefa@elsevier.com 
Website: 
www.icefa.elsevier.com 
 
 

continues on next page 
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CALENDAR OF CONFERENCES 
 
 
 
International 
Conference  
on  
Crack Paths CP 2006 
 
14–16 September 2006  
Parma, Italy 
 

 
Further details from: 
Prof A Carpinteri,  
Dept of Civil Engineering,  
University of Parma, 
Parco Area delle Scienze, 
181/A, 
43100 Parma, Italy 
Tel.: +39 0521 905922 
Fax: +39 0521 905924 
Email: 
andrea.carpinteri@unipr.it 
Website: 
http://www.cp2006.unipr.it/ 
 

 
International 
Conference on 
Fatigue Damage of 
Structural Materials 
 
17–22 September, 2006 
Hyannis, MA, USA 
 
 

 
Further details from: 
Sophie Peters, Fatigue Damage 
VI Conference 
Secretariat, 
 Elsevier Ltd, The Boulevard, 
Langford Lane, 
Kidlington, Oxford OX5 1GB, 
UK. 
Tel.: +44 (0) 1865 843643; 
Fax: +44 (0) 1865 843958; 
E-mail: s.peters@elsevier.com 
Website: 
www.fatiguedamage.elsevier.co
m 
 

 
9th European 
Conference on 
NONDESTRUCTIVE 
TESTING (9th ECNDT) 
 
25-29 September 2006 
Estrel Convention 
Center, 
Berlin, Germany 

 
Further details from: 
Exhibition Sekretariat, 
Deutsche Gesellschaft fur 
Zersto¨ rungsfreie Pru¨fung 
e.V., 
Max-Planck-Strasse 6, 
12489 Berlin, Germany 
Fax: +49 (30) 678 07129 
E-mails: mail@ecndt2006.info 
Website: 
http://www.ecndt2006.info 
 

 
AUSTRIB 06 
 
3–6 December, 2006 
Rydges South Bank, 
Brisbane, Australia 
 
 

 
Further details from: 
Conference Secretariat,  
ICMS Pty Ltd, 
82 Merivale Street, South 
Bank, 
Queensland 4101, Australia. 
Tel.: +07 3844 0909;  
Fax: +07 3844 1138; 
E-mail: 
austrib2006@icms.com.au 
Website: 
http://www.icms.com.au/austri
b2006 
 

 
Second International 
Conference 
on  
Recent Advances in 
Composite Materials 
(ICRACM-2007) 
 
20–23 February, 2007 
New Delhi, India 
 
 

 
Further details from: 
Dr. V.K. Srivastava 
(Chairman), ICRACM-2007, 
Department of Mechanical 
Engineering, 
Institute of Technology, BHU, 
Varanasi-221005, India. 
Tel.: (+91) 542 2368157;  
Fax: (+91) 542 2368428; 
E-mail: vijays_sa@yahoo.com 
Website: 
www.bhu.ac.in/notification/icra
cm.htm 
 

 
Mesomechanics 
2007—Particle and 
Continuum Aspects of 
Mesomechanics: 
Integrity 
Thresholds for 
Materials and 
Structures 
 
13–17 May, 2007 
Prequ’ile de Gien, 
France 
 

 
Further details from: 
Prof. George C. Sih,  
Office of Journal of Theoretical 
and 
Applied Fracture Mechanics,  
East China University of 
Science and Technology,  
Mail Box 295, 130 Meilong 
Road, 
Shanghai 200237, China. 
E-mail: gcs@ecust.edu.cn or 
gcs8866@yahoo.com 

 
8th International 
Conference 
on  
Multiaxial Fatigue and 
Fracture 
ICMFF8 
 
June 10-14, 2007 
Sheffield, UK 
 

 
Further details from: 
Conference Secretariat 
Conference 21 
Sheffield Hallam University 
City Campus 
Sheffield 
S1 1WB, United Kingdom 
E-mail: 
Conference21@shu.ac.uk 
Website: 
http://www.icmff8.org.uk 
 
 
 

 
6th International 
Conference 
on  
Fracture Mechanics of 
Concrete and 
Concrete Structures & 
Post-Conference 
Workshops 
FraMCoS-6 
 
June 17-22, 2007 
Sheraton Hotel 
Conference Centre 
Catania, ITALY 
 

 
Further details from: 
Website: 
http://www.framcos6.org 
 
 

continues on next page 
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CALENDAR OF CONFERENCES 
 
 
 
ICEM13 
International 
Conference 
on Experimental 
Mechanics 
Experimental Analysis 
of Nano and Engineering 
Materials and Structures 
 
July 1-6, 2007 
Alexandroupolis, Greece 
 

 
Further details from: 
Chair: Emmanuel E. Gdoutos 
E-mail: egdoutos@civil.duth.gr 
Vice Chair: Janice M. Barton 
E-mail: 
janice@ship.soton.ac.uk 
Honorary Chairman: Peter 
Stanley 
Website: 
http://www.icem13.gr 
 

 
 
 

 
 
 

 
 
 
 
 

CALENDAR OF TC MEETINGS 
 

TC4 
May 24 – 26, 2006 
 
October 4 – 6, 2006 

 
Regular Committee 
meeting 
 
Regular Committee 
meeting 
 

Les Diablerets, 
Switzerland 
 
Les Diablerets, 
Switzerland 

TC4 Secretary: 
b.blackman@imperial.ac.uk 

TC5 October 2006 

 
Regular Committee 
meeting 
 

venue to be finalised 
TC5 Secretary: 
c.h.watson@cranfield.ac.uk 

TC6 May 2 – 3, 2006 
Regular Committee 
meeting 

IKTS Dresden 

 
TC6Chairpersons: 
jdusza@imr.saske.sk 
tanja-lube@mu-leoben.at  
 

TC10 July 3 – 7, 2006 Technical meeting 
 
Alexandroupolis, Greece 
 

 

TC11 April 26, 2006 
Regular Committee 
meeting 

Farnborough, UK 

 
TC11 Secretary: 
malcolm.loveday@npl.co.uk 
 

TC12 June 9, 2006 
FESI and ESIS TC12 
Meeting 

London, UK 

 
TC12 Chairpersons 
rmoskovic2@magnox.co.uk 
poul.gosney@aet.co.uk 
 

TC20 
September 13, 
2006 

Regular Committee 
meeting 

Milan, Italy 

 
TC20 Secretary: 
stefano.beretta@polimi.it 
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ECF 16 
16th European Conference of Fracture 

Failure Analysis of Nano and Engineering Materials and Structrures 
Alexandroupolis, Greece, July 3-7, 2006 

 
Web site: http://ecf16.civil.duth.gr 

 

 
 

Conference Chairman: 
EMMANUEL E. GDOUTOS 

School of Engineering, Democritus University of Thrace 
GR-671 00 Xanthi, Greece 

Tel: 30-25410-79651, Fax: 30-25410-79652, E-mail: egdoutos@civil.duth.gr 
 

Under the auspices of the 
European Structural Integrity Society (ESIS) 

 
Sponsored by  

The American Society for Testing and Materials (ASTM) 
The Society for Experimental Mechanics of USA (SEM) 
The British Society for Strain Measurements (BSSM) 

The European Society for Experimental Mechanics (EURASEM) 
 

Dear Colleague, 
 
On behalf of the Organizing Committee and the Scientific Advisory Board of 160 
world renowned experts it is my great pleasure to extend you a cordial invitation to 
participate in the 16th European Conference of Fracture (ECF16) to be held in the 
city of Alexandroupolis, Greece, July 3-7, 2006. ECF16 is organized under the 
auspices of the European Structural Integrity Society and is sponsored by the 
American Society of Testing and Materials, the Society of Experimental 
 
Mechanics of USA, the British Society for Strain Measurement, the Japanese Society 

of Materials Science and the Japanese Society for Experimental Mechanics. 
 
ECF16 will focus in all aspects of structural integrity with the objective of improving the safety and 
performance of engineering structures, components, systems and their associated materials. ECF16 will 
include two tracks devoted to failure analysis of engineering materials and structures, and nanomaterials 
and nanostructures. Emphasis will be given to micro- and nanoelectromechanical systems (MEMS and 
NEMS). The technical program of ECF16 is the product of hard work and devotion of more than 160 world 
leading experts to whom I am greatly indebted. ECF16 will comprise invited lectures by eminent 
academics from both sides of the Atlantic together with contributed oral and poster presentations 
covering all aspect of fracture and fatigue. During the conference special symposia covering major areas 
of research activity organized by members of the Scientific Advisory Board will take place including a 
symposium on “Measuring, Monitoring and Modeling Concrete Properties” in honor of Professor S.P. Shah 
of Northwestern University. 
 
The attendees of ECF16 will have the opportunity to interact with the most outstanding world leaders and 
get acquainted with the latest developments in the area of failure of engineering and nano materials and 
structures. ECF16 will be a forum of university, industry and government interaction and exchange of 
ideas in an area of utmost scientific and technological importance. 
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I am sure that besides the superb technical program, you will enjoy the majestic city of Alexandroupolis 
with its unique beaches and scenic beauty, the areas of historical interest and archeological importance of 
the prefecture of Thrace, our one-day excursion to the nearby island of Samothrace, the delicious local 
cuisine, and the traditional Greek hospitality. 
 
ECF16 will be an unforgettable event from the scientific, social and recreational point of view. 
 
Welcome to Alexandroupolis 
 

 
Emmanuel E. Gdoutos 
ECF16 Chairman 

 
 
16th EUROPEAN CONFERENCE OF FRACTURE 
Started in 1976, the European Conference of Fracture (ECF) is today the premier activity of the 
European Structural Integrity Society (ESIS) to promote world-wide cooperation among scientists and 
engineers concerned with fracture and fatigue of solids. It takes place every two years in a European 
country. 
The 16th European Conference of Fracture will focus in all aspects of Structural Integrity with the 
objective of improving the safety and performance of engineering structures, components, systems and 
their associated materials. Emphasis will be given in the failure behavior of nanostuctured materials and 
nanostructures. 
The 16th European Conference of Fracture will comprise invited lectures together with contributed oral 
and poster presentations covering all aspect of fracture and fatigue. 
The language of the conference will be English. 
Within the frame of ECF16 a symposium on “Measuring, Monitoring and Modeling Concrete Properties” in 
honor of Professor S. P. Shah of Northwestern University will take place. The symposium is organized by 
Dr. Maria Konsta-Gdoutos, Assistant Professor at the Democritus University of Thrace. 
More than 900 abstracts have been submitted at ECF16. The papers will be presented in twelve parallel 
sessions during a four-day period. On the fifth day of the conference a one-day excursion to the nearby 
island of Thassos will take place. The social program includes a reception on Sunday evening, a dinner 
at a tavern on Tuesday evening and the conference banquet on Wednesday evening. The dinner in 
honor of Professor S.P. Shah will take place on Monday evening. Each day of the conference, 
participants and accompanying persons can participate in a one-day excursion in nearby attractions. 
 
 
CONFERENCE TRACKS 
 
Track 1 
Nanomaterials and nanostructures 
Fracture and fatigue of nanostuctured materials, failure mechanisms, nanoindentation for fracture of 
nanostructured materials, fatigue and fracture of MEMS and NEMS, failure modes and failure analysis of 
nanodevices, fatigue and fracture at atomistic and molecular scales, micromechanisms in fracture and 
fatigue, thin films, electronic materials, failure of nanocomposites. 
 
Track 2 
Engineering materials and structures 
Physical aspects of fracture, brittle fracture, ductile fracture, nonlinear fracture mechanics, fatigue and 
fracture, high temperature fracture, fretting fatigue, polymers and composites, ceramics, fracture 
mechanics analysis, surface treatment technologies, probabilistic approaches to fracture mechanics, 
computational fracture mechanics, experimental; fracture mechanics, creep fracture, environment 
assisted fracture, dynamic, high strain rate, or impact fracture, damage mechanics, residual stress 
effects, concrete and rock, sandwich structures, novel testing and evaluation techniques, NDE, mixed-
mode fracture, structural integrity, scaling and size effects, mesofracture mechanics, smart materials 
and structures, fracture of biological materials, geophysical and tectonic problems. 
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PLENARY LECTURES 
 
Tuesday (8.00 – 10.05) 
1. G.C. Sih (USA), Spatial and Temporal Scaling Affected by System Inhomogeneity: Atomic, 

Microscopic and Macroscopic (8.00 – 8.25) 
2. I.M. Daniel (USA), Failure of Composite Materials (8.25 – 8.50) 
3. Z. Bazant (USA), Energetic Probabilistic Effect on Structural Strength (8.50 – 9.15) 
4. Carpinteri (Italy), Fracture Mechanics and Complexity Sciences (9.15 – 9.40) 
5. E. Aifantis (Greece), An Overview of Nanomechanics (9.40 – 10.05) 
Wednesday (8.00 – 10.05) 
1. N. Moody (USA), The role of Adhesion and Fracture on the Performance of Nanotructured Thin Film 

Devises (8.00 – 8.25) 
2. Pryputniewitz (USA), MEMS: Recent Advances and Current Challenges (8.25 – 8.50) 
3. B. Michel (Germany, Fracture Mechanics on the Way from Micro to Nano (8.50 - 9.15) 
4. W.W. Gerberich (USA), Interactions of Constrained Flow and Size Scale on Mechanical Behavior 

(9.15 – 9.40) 
5. A.J. Rosakis (USA), Laboratory Earthquakes (9.40 – 10.05) 
Thursday (8.00 – 10.05) 
1. K.N. Nikbin (UK), Creep/Fatigue Crack Growth Testing in Residual Life Assessment of Welded 

Components (8.00 - 8.25) 
2. Shukla (USA), Dynamic Crack Propagation in Particle Reinforced Nanocomposites and Graded 

materials (8.25 – 8.50) 
3. S. McDanels (USA), Space Shuttle Columbia Forensic Analysis and Investigation (8.50 – 9.15) 
4. X. Markenskoff (USA), Conservation Laws for Material Incompatibility in Stress Space (9.15 – 9.40) 
 
CONFERENCE TRACKS 
 
Track 1: Nanomaterials and nanostructures 
1T1. Fracture and fatigue of nanostuctured materials 
1T2. Failure mechanisms 
1T4. Fatigue and Fracture of MEMS and NEMS 
1T7. Thin films 
1T9. Failure of nanocomposites 
 
Track 2 Engineering materials and structures 
2T1. Physical aspects of fracture 
2T2. Brittle fracture 
2T3. Ductile fracture 
2T4. Nonlinear fracture mechanics 
2T5. Fatigue and fracture 
2T8. Polymers, ceramics and composites 
2T11. Fracture mechanics analysis 
2T13. Probabilistic approaches to fracture mechanics 
2T14. Computational fracture mechanics 
2T15. Experimental; fracture mechanics 
2T16. Creep fracture 
2T17. Environment assisted fracture 
2T18. Dynamic, high strain rate, or impact fracture 
2T19. Damage mechanics 
2T21. Concrete and rock 
2T22. Sandwich structures 
2T23. Novel testing and evaluation techniques 
2T26. Structural integrity 
2T28. Mesofracture mechanics 
2T32.  Micromechanisms in fracture and fatigue 
 
SPECIAL SYMPOSIA/SESSIONS 
1.  Fracture and Fatigue at the Micro and Nano scales 
3.  Nanoscale Deformation and Failure 
4.  Fracture and Fatigue of Elastomers 
5.  Integrity of Dynamical Systems 
8. Modelling of Material Property Data and Fracture 

Mechanisms 
9.  Micromechanisms in Fracture and Fatigue 
11.  Deformation and Fracture at the Nano Scale 
12.  Interface Fracture and Behavior of Joints 
13.  Computational Fracture Mechanics 
14.  Cohesive Models of Fracture 

16.  Environment Assisted Fracture 
17.  SIM, Philosophy, Instrumentation and Analysis 
18.  Fracture of Biomaterials 
19. Structural Integrity Assessment in Theory and 

Practice 
20.  Critical Distance Theories of Fracture 
22. New Investigations on Very High Cycle Fatigue of 

Materials 
23.  Deformation and Fracture of Engineering Materials 
24. Materials Damage Prognosis and Life Cycle 

Engineering 
25.  Mixed-Mode Fracture 
26.  Fracture Mechanics Characterization of Wood 
28. Short Fatigue Crack Growth under Multi-axial 

Loading Conditions 
29. Reliability and Failure Analysis of Electronics and 

Mechanical Systems 
30.  Integrity of gears 
31.  Multiscaling in Molecular and Continuum Mechanics 

- Scaling in Time and Size from Macro to Nano 
33. Fracture and Failure of Natural Building Stones 

Applications in the Restoration of Ancient 
Monuments 

34.  Cracks in Micro- and Nanoelectronics 
35. High Temperature and Thermomechanical Fatigue 
36. Impact Failure of Laminated and Sandwich 

Composite Structures 
37.  Mesofracture and transferability 
38.  Damage in Composites - Damage Development in 

Composite Materials & Structures - Models of 
Prediction 

39.  Aging Aerostructures 
40.  Residual Stress and its Effects on Fatigue and 

Fracture 
41.  Computational Modeling of Multiphysics Degrading 

Systems (CMMDS) 
42.  Scaling and Size Effects 
43.  Interfacial Fracture in Composites and Electronic 

Packaging Materials 
44.  Multiple cracking and delamination 
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Technical program 
 

Monday 

 Alexander Evridice1 Evdridice2 Orpheas Democritos Mesimvria Maroneia Demokritos1 Dimokritos2 Lefkipos Athena Orfeas2 

10:20-12:00 2T5 2T3 24 23 9 37 41 Shah 11 33 5 19 

12:20-14:00 2T5 2T3 24 23 9 26 41 Shah 11 33 5 19 

15:20-17:00 2T5 2T3 24 12 9 26 2T21 Shah 11 33 5 19 

17:20-19:00 2T5 2T3 24 12 9 26 2T21 Shah 11 33 5 19 

Tuesday 

10:20-12:00 2T5 2T11 25 16 9 2T19 1T9 Shah 11 33 1T4 19 

12:20-14:00 2T5 2T11 25 16 9 2T19 17 Shah 11 33 1T4 31 

15:20-17:00 2T5 2T11 25 16 9 2T13 2T22 Shah 3 33 1T1 31 

17:20-19:00 2T5 2T16 25 16 9 28 35 Shah 3 33 1T1 29 

Wednesday 

10:20-12:00 2T5 2T14 2T17 20 2T26 4 2T23 Shah 2T8 2T15 1T7 2T18 

12:20-14:00 2T5 2T32 2T28 20 2T26 4 2T23 Shah 2T8 2T15 1T7 2T18 

15:20-17:00 2T5 30 13 20 2T26   Shah 2T8 2T15 1T2 2T18 

17:20-19:00 2T5 30 13 20    Shah 2T8 2T15  2T18 

Thursday 

10:20-12:00 2T5 2T14 36 18 2T4 2T2 2T1 Shah 1 33 42 40 

12:20-14:00 2T5 2T14 36 14 2T4 2T2 39 Shah 34 43 42 40 

15:20-17:00 2T5 2T14 8 14 44 36 39 Shah 2T8 43 42 40 

17:20-19:00 2T5 2T14 8 14 44 38 22 Shah 2T8 2T15 42 40 
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SIMULATION OF FATIGUE CRACK GROWTH IN REAL STRUCTURES  
 

Hans A. Richard 
Universität Paderborn 

Pohlweg 47-49, 33098 Paderborn, Germany 
 
 

Introduction. Fracture of structures and components due to fatigue crack growth in many cases cannot solely be
explained by fatigue or service strength investigations. Not only in those cases, but even more generally fracture
mechanics provides valuable approaches and methods in order to predict and to prevent crack growth or at least in
order to understand and investigate already occurred failures. In this contribution it will be shown, to what extent
fatigue crack growth in real structures under complex loading situations can be predicted and simulated. Especially
inspection intervals for safety relevant components can only reliably be defined by simulating fatigue crack growth. 
 
 
Crack growth concepts for 3D-structures 

The basis for most fatigue crack growth 
concepts in 3D-structures are the near field 
solutions for the stress distribution at the crack 
front: 
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with the stress intensity factor KI for Mode I-, 
KII for Mode II- and KIII for Mode III-loading  [1]. 
Those 3D-Mixed-Mode-loading situations often 
occur in real structures with complex geometry 
and loading conditions, which additionally might 
even change during the crack growth. An 
existing crack under just Mode I-loading 
conditions (which is charac-terised by the stress 
intensity factor KI) will propagate within its 
original crack plane. Mode II-loading generally 
leads to a kinking of the crack, while Mode III 
causes a twisting of the crack front. But also the 
superposition of Modes I, II and III creates 
special crack surfaces, which often can be 
observed in practical cases (Fig. 1).  
 

Mode I

 Mode II

Mode III
 

Mode I+II+III

 

ϕ
0

−ψ
0

 
Fig. 1 – Different types of crack growth under Mixed-

Mode-loading 
 

A crack that is subjected to an arbitrary Mixed-
Mode-loading is able to propagate under fatigue 
crack growth conditions, if the local crack front 
loading consisting of a weighted combination of 
Mode I, II and III is within the range of the 
fatigue threshold value ΔKI,th and the cyclic 
fracture toughness value ΔKIc. That means that 
the crack will grow, if the cyclic equivalent 
stress intensity factor  

( ) ( )2
III2

2
II1

2
I

I
eq K4K4K

2
1

2
K
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with α1=1.155 and α2=1.0 exceeds ΔKI,th. 
Unstable crack growth occurs for ΔKeq= ΔKIc=(1-
R)KIc (Fig. 2, [2]).  
 

KIIc

KII

KIIIc

KIII

Threshold limit surface

3D Fracture limit surface
Range of stable 
crack growth for
combined Mode I
and Mode II loading

Fracture curve for
combined Mode I
and Mode II loading

KIc KI
ΔKIth

 
Fig. 2 – Fracture and Threshold limit surface for 3D-

Mixed-Mode 
 
The fracture surfaces, that will develop under 
stable as well as unstable 3D-crack propagation 
are described by a kinking angle ϕ0 and a 
twisting angle ψ0 (Fig. 1). They can be 
determined by following formulas [1,2]: 
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Numerical and experimental simulations 
of fatigue crack growth 

The simulation of fatigue crack growth i. a. 
can be carried out with the help of the Finite-
Element-Method. The program system 
ADAPCRACK3D has turned out to be well 
suited for the investigation of real 3D-crack 
problems [3]. For a 3D-structure a Finite-
Element-Model is generated, that takes into 
account the basic as well the crack geometry of 
the structure. Under consideration of the 
boundary conditions the problem is solved by a 
standard FE-solver with the help of the 
submodelling technique. From the nodal forces 
and displacement the energy release rate for 
the crack propagation and thus the stress 
intensity factors KI, KII and KIII (resp. ΔKI, ΔKII 
and ΔKIII) can be calculated along the 3D-crack 
front. After checking, whether the crack 
propagation criterion is fulfilled, the crack 
growth direction (in case of a growing crack) 
can be determined for every node of the crack 
front, and the simulation can be continued until 
ΔKeq= ΔKIc. This approach has already 
successfully been applied for a large number of 
practical crack cases.  
 

 
Fig. 3 – Comparison of simulated crack front with the 

real fracture surface of the wheel tyre 
 

Examples for this i.a. are a shutter ring of a 
hydraulic press [3] and the broken wheel tyre of 
the German ICE-high speed train, which in 
1998 caused a catastrophic accident [Fig. 3, [4]). 
However, a necessary prerequisite for a good 
agreement between the numerical simulation 
and reality is the reliable experimental 
determination of fracture mechanical 
parameters such as the Threshold-value ΔKth
for fatigue crack growth and the crack growth 
rate curve da/dN=f(ΔK). For the purpose of 
calculating the lifetime of a structure under 
service load additionally the consideration of 
interaction effects is important [5].  
 
Conclusions 

Fracture mechanics enables to perform 
numerical and experimental simulations of 
fatigue crack growth processes in real 
structures. Many investigations of practical 
crack cases and comparison with experiments 
on components prove the high quality 
obtainable by such simulations. 
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SOME PRACTICAL CRACK PATH EXAMPLES 
 

Les P Pook 
Department of Mechanical Engineering, University College London 

Torrington Place, London WC1E 7JE, UK 
 
 
ABSTRACT 
It is well known that many engineering structures and components, as well as consumer items, contain cracks or 
crack-like flaws. It is widely recognised that crack growth must be considered both in design and in the analysis of 
failures. The complete solution of a crack growth problem includes determination of the crack path. Macroscopic 
aspects of crack paths have been of industrial interest for a very long time. At the present state of the art the 
factors controlling the path taken by a crack are not completely understood. Eight brief case studies are presented. 
These are taken from the author’s professional and personal experience of macroscopic crack paths over many 
years. They have been chosen to illustrate various aspects of crack paths. One example is in a component from a 
major structure, three examples are in laboratory specimens, and four are in nuisance failures. Such nuisance 
failures cause, in total, a great deal of inconvenience and expensive, but do not normally receive much publicity. 
 
INTRODUCTION 
It is well-known that engineering structures 
and components, as well as consumer items, 
contain cracks or flaws and, therefore, crack 
growth must be considered both in design and 
in the analysis of failures. The path taken by a 
crack in a critical component or structure can 
determine whether fatigue failure is 
catastrophic or not. Knowledge of potential 
crack paths is also needed for the selection of 
appropriate non-destructive testing procedures. 
Much current work is concerned with crack 
growth viewed on macroscopic scale. The 
forthcoming ESIS International Conference on 
Crack Paths (CP 2006) will be devoted to 
consideration of crack paths at various scales. 
From a theoretical viewpoint the complete 
solution of a crack growth problem includes 
determination of the crack path. It is often 
assumed that the crack path is known, either 
from theoretical considerations, or from the 
results of laboratory tests. At the present state 
of the art, the factors controlling the path taken 
by a crack are not completely understood [1]. 
Eight brief case studies involving crack paths 
are presented. These are taken from the 
author’s professional and personal experience 
over many years. They have been chosen to 
illustrate various aspects of crack paths. One 
example is in a component from a major 
structure, three examples are in laboratory 
specimens, and four are in nuisance failures. 
Such nuisance failures cause, in total, a great 
deal of inconvenience and expensive, but do not 
normally receive much publicity. 
 
AIRCRAFT UNDERCARRIAGE BAY 
BRACKET 
The relationship between mode of fatigue 
loading and paths taken by fatigue cracks has 

been of interest for a long time [2, 3]. This 
information can be useful in failure analysis 
and Figure 1 shows an example from 1961. It is 
a bracket from an aircraft undercarriage bay 
which showed unexpected cracking at rivet 
holes. The bracket was a formed 18 swg (1.2 
mm thick) aluminium alloy angle, 10 in × 0.8 in 
× 0.8 in (254 mm × 20.3 mm × 20. 3 mm). The 
figure shows a general view of typical cracks 
observed after the bracket was removed from 
the bay.  
 

 
Figure 1. Cracks in undercarriage bay bracket. 

 

 
Figure 2. Surface of crack in an undercarriage  

 
Examination of the fracture surfaces of the 
cracks showed that fatigue cracks had 
originated at both surfaces of the bracket at the 
rivet hole corner and then propagated inwards 
on elliptical crack fronts, with the two cracks 
intersecting at or near the centre line of the 
sheet. Figure 2 shows the fracture surface of a 
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typical crack. This indicates that failure was 
caused by out of plane alternating bending 
fatigue loads, which were not anticipated by the 
designer. Examination of the fracture surfaces 
at high magnification showed the presence of 
striations and hence confirmed that cracking 
was due to fatigue. This is an example of the 
useful crack path information which can be 
obtained from simple examination of a failed 
component with the naked eye. 
 
ANGLE NOTCH FRACTURE TOUGHNESS 
AND FATIGUE SPECIMENS 
By 1965 plane strain fracture toughness testing 
using Mode I specimens, in which crack growth 
is perpendicular to the applied load, was well 
established [4] but little was known about 
fracture toughness behaviour under mixed 
mode loading, where loads are applied at an 
angle to the crack. Some tests were therefore 
carried out in 1966 [5, 6] to investigate the 
mixed mode fracture toughness of DTD 5050, a 
5½% Zn aluminium alloy with KIc = 28.8 
MPa√m [5]. A 19 mm thick angle notch 
specimen was used, with the initial notch 
inclined at an angle β of 75°, 60° and 45°, as in 
Figure 3. Specimens were precracked in fatigue. 
Figure 4 shows the fracture surface of one of the 
specimens with the initial notch inclined at β = 
45°.  
The fatigue precrack (bright area at the notch 
root) is of nearly constant depth, and at the end 
of the precrack β ≈ 48°. A feature of the test is 
that under the static loading to determine the 
fracture toughness the specimen failed very 
abruptly, but the macroscopic crack path 
features followed on from the fatigue precrack. 
At the time the fracture surface appearance 
was puzzling, but is easily interpreted from a 
modern viewpoint [1], in that that there is a 
tendency to Mode I crack growth on two scales. 
On a scale of 1 mm initially crack growth was 
mixed mode. As the crack grew the crack front 
rotated until it was perpendicular to the 
specimen surfaces, and crack growth was in 
Mode I, with the exception of shear lips at 
specimen surfaces. On this scale the crack 
follows a curved path which tends towards a 
plane of symmetry. This is in accordance with 
the well known observation [1] that the 
tendency to Mode I crack growth means that 
cracks tend to grow perpendicular to the 
maximum principal tensile stress. On a smaller 
scale of 0.1 mm the tendency to Mode I fatigue 
crack growth results in the production of what 
is known as a twist crack [1] containing 
individual Mode I facets connected by cliffs. The 
Mode I facets gradually merge as, viewed on the 

1 mm scale, the crack growth surface becomes 
perpendicular to the specimen surfaces. 
Merging of Mode I facets shows up more clearly 
under fatigue loading. 
 

 
Figure 3. Angle notch Charpy specimen, crack 

initiation along notch tip. 
 

 
Figure 4. Fracture surface of DTD 5050 5½ Zn 

aluminium angle notch fracture toughness test 
specimen, initial β = 45°. 

 

 
Figure 5. Fracture surface of medium strength 

structural steel angle notch fatigue test specimen, 
initial β = 60°. 
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Some fatigue tests were carried out in 1989 on 
20 mm thick medium strength structural steel 
angle notch specimens [7] with initial β values 
of 75°, 60° and 45°. Figure 5 shows the fracture 
surface of one of the specimens, initial β = 60°. 
The light area at the top is where the specimen 
was broken open in liquid nitrogen. These 
examples illustrate the strong tendency to Mode 
I crack growth in isotropic materials under 
essentially elastic conditions. 
 
CRACK PATH STABILITY UNDER 
BIAXIAL LOADING 
The question of the stability of a crack path had 
been of interest for some time [8] but in general 
it wasn’t possible to predict crack paths under 
biaxial fatigue loading. Therefore, in 1974 some 
tests [9], were carried out at room temperature 
on Waspaloy, a nickel based gas turbine 
material, in order to determine the conditions 
under which a fatigue crack path became 
unstable under biaxial loading. The specimens 
were 254 mm square and 2.6 mm thick. The 
material had been cross rolled during 
production to ensure that its properties were 
reasonably isotropic. Tests were carried out 
using sinusoidal constant amplitude loading at 
a stress ratio (ratio of minimum to maximum 
load in fatigue cycle), R, of 0.1. In each test the 
fatigue load perpendicular to the crack was kept 
constant. Cracks were first grown from each 
end of an initial slit under uniaxial loading An 
in phase load was then applied parallel to the 
crack, and crack path behaviour observed. 
Figure 6 shows the crack path for a load 
parallel to the crack of twice the load 
perpendicular to the crack. The crack path 
became unstable and deviated from its initial 
path as soon as the load parallel to the crack 
was applied. At the time the tests were carried 
out it wasn’t possible to do more than describe 
the results. However, reanalysis of these and 
other results in 1997 [1, 10] showed it was 
possible to correlate crack path stability in 
terms of a parameter called the T-stress ratio. 
 
PLASTIC DOMESTIC TAP 
In 1991 a plastic domestic tap in the author’s 
utility room was observed to be leaking where it 
was screwed into a fitting on the supply pipe. 
The tap had a fitting for a hose pipe, and 
appeared to be a replacement for the original 
brass tap. When an attempt was made to 
unscrew the tap it failed completely. The two 
parts of the broken tap are shown in Figure 6 
and a close up of the fracture surface in Figure 
7. The dark area is fatigue and the light area 

the final static failure. The age of the tap at the 
time of failure is unknown, but as one fatigue 
cycle is applied each time a tap is turned on and 
off it is likely that thousands of cycles had been 
applied. 
Safety critical pressure containing components 
are often designed to leak-before-break [11] in 
order to avoid catastrophic failure. It is 
fortunate that the tap did so otherwise the 
utility room would probably have been flooded. 
The failed tap was replaced with a brass tap, 
and it was observed that the detail design in 
the vicinity of the threads was exactly the same. 
The replacement tap is still in use. The episode 
is an example of the danger of using a different 
material for a component without making 
appropriate changes to detail design. 
 

 
Figure 6. Crack path in a Waspaloy sheet under 

biaxial fatigue load. The grid is 2.54 mm. 
 

 
Figure 7. Plastic domestic tap. 

 
WALL CLOCK MAINSPRING 
Before the days of quartz clocks, spring driven 
wall clocks were widely used in public 
buildings. The example shown in Figure 9 was 
originally used in a school, but since 1968 it has 
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been in use in the author’s kitchen. In 1994 the 
mainspring failed while the clock was being 
wound. Examination showed that this was the 
final failure following fatigue crack growth. A 
general view of the failed mainspring is shown 
in Figure 10. Fatigue has been a problem in 
clock mainsprings for centuries, and 
traditionally they are designed using rules of 
thumb based on experience [12], rather than by 
detailed analysis. The total fatigue life is not 
known, but the clock is wound weekly so it must 
be thousands of cycles. 
 

 
Figure 8. Crack surface of plastic domestic tap. 

 

 
Figure 9. Wall clock by John Davidson, Coatbridge. 

 
 

 
A clock mainspring is loaded in bending, with 
loading and unloading moving along the spring 
as it is wound and unwinds. When a 
mainspring breaks in fatigue the crack is 
usually straight across the spring, with crack 
growth predominantly through the thickness. 
However, in this particular mainspring crack 
path behaviour is unusually complicated, and 
details are shown in Figure 11.  
 

 
Figure 10. Failed wall clock mainspring. 

 

 
Figure 11. Centre portion of failed wall clock 

mainspring. 
 
A fatigue crack initiated at a corner at one edge 
of the 27 mm wide mainspring. Initially, crack 
growth was across the spring (downwards in 
the picture) but after about 9 mm of growth the 
crack turned sharply towards the outer end of 
the spring (right in the picture), and then grew 
in a spiral fashion towards the other edge of the 
spring until the final failure took place. During 
this crack growth two secondary cracks 
initiated, and then joined so that a small 
triangular piece of spring became detached. The 
joined secondary crack then grew in a spiral 
fashion towards the centre of the spring, but did 
not contribute to the final failure. This is an 
example of a nuisance fatigue failure which did 
not have serious consequences. Such failures 
are not normally investigated at all. The 
offending component is simply replaced. In this 
particular case the replacement mainspring is 
still intact after 12 years. 
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ANGLE NOTCH CHARPY SPECIMENS 
Some preliminary tests [13] were carried out in 
1971 on angle notch Charpy specimens, but 
crack paths were not investigated in detail. 
Specimen design was based on the standard 
Charpy V-notch specimen with β values (Figure 
3) of 90° (standard specimen), 75°, 60°, and 45°. 
The true notch tip radius was reduced so that 
the notch tip radius measured in a plane 
parallel to the specimen sides was the same as 
in the standard Charpy specimen (0.25 mm). 
Figure 12 shows the appearance of specimens 
tested at 10 C. More detailed tests were carried 
out in 1997 using EN6a mild steel (0.36% C) 
specimens [14]. All specimens were tested in 
the normalised condition (tensile strength 550 
MPa, yield stress 280 MPa). Tests were carried 
out in a 300 J Charpy machine equipped with a 
2 mm radius striker. They are an example of 
the complexity often observed in crack path 
behaviour under dynamic loading. The fracture 
surface appearance of the standard Charpy 
specimens (β = 90°) is typical of mild steel. In 
the lower shelf region, that is at below about -
15°C, fracture surfaces are crystalline, and in 
the upper shelf region, above about 30°C, they 
are ductile. In the transition region fracture 
surfaces are initially ductile, and the amount of 
crystalline crack growth decreases with 
increasing temperature. Shear lips appear at 
above about -15°C, and increase in size with 
increasing temperature. The fracture 
appearance transition temperature (50 per cent 
crystalline) is about 25°C. In the upper shelf 
region fracture surfaces are ductile. 

 
Figure 12. Fracture appearance of mild steel Charpy 
specimens tested at 10 C. Top, standard specimen, β = 

90°. Bottom, angle notch specimen, β = 45°. 
 

The fracture surface appearance of the angle 
notch specimens is controlled by a tendency 
towards square (Mode I) crack growth, but 
modified by plasticity and by crack path 
constraint due to the initial notch. The value of 
β has little effect on either the 50 per cent 
crystalline transition temperature, or on the 
temperature below which fractures are 
crystalline. Shear lips for β = 75° and 60° are 
similar to those on standard Charpy specimens, 
but could not be distinguished for β = 45°. In 
the transition region fracture surfaces are 
initially ductile. The amount of initial ductile 
crack growth increases with increasing 
temperature. Crack initiation is along the notch 
tip, and in the notch plane, so the initial crack 
growth is mixed mode. For β = 75° and 60° a 
crack twists as it grows, becoming Mode I as it 
approaches the striker position (Figure 3). For β 
= 45° there is an abrupt transition to Mode I 
crack growth (Figure 13). This Mode I growth is 
at least initially crystalline. At below about -
15°C fracture surfaces of the angle notch 
specimens are fully crystalline. Crack origins 
are Mode I. For β =  75° and 60° there are a 
number of individual Mode I crack origins along 
a notch tip, linked by vertical cliffs (apparently 
Mode III). The initial Mode I cracks link up as a 
crack grows, and overall a crack twists as it 
approaches the striker position. For β = 45° the 
tendency to Mode I crack growth is so marked 
that the crack path is not constrained by the 
notch. At intermediate absorbed energy levels 
there is one crack origin at the centre of a 
notch, and crack growth is Mode I throughout 
(Figure 14). At high absorbed energy levels 
there are crack origins at both notch corners. 
The cracks follow curved, apparently Mode I 
paths, as shown schematically for a single crack 
in Figure 15. The two paths merge as they 
approach the striker position. 

 
Figure13. Angle notch Charpy specimen, abrupt 

transition to crystalline crack growth. 
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Figure 14. Angle notch Charpy specimen, crack 

origin at centre of notch. 
 

 
Figure 15. Angle notch Charpy specimen, 

crack origin at notch corner. 
 
CENTRAL HEATING BOILER BURNER 
During routine maintenance in 2002 one of the 
two burners in the gas fired domestic central 
heating boiler installed in the author’s house 
was found to be cracked due to thermal fatigue. 
A general view of the burner is shown in Figure 
16, and the crack is shown in Figure 17. The 
boiler was about 12 years old so, assuming it 
fired about 10 times per day, about 44,000 
thermal fatigue cycles had been applied. The 
burner consists of a steel box with a series of 
small and large holes on top to distribute the 
gas to the flame above the box. The larger holes 
have reinforced perimeters. An internal wire 
mesh, just visible in Figure 17, helps to 
distribute the gas evenly. Cracking appears to 
have initiated at three places on the perimeter 
of a smaller hole, grown into two larger holes 
with a small triangular piece becoming 
detached, and then two cracks grew across most 
of the width of the box, resulting in improper 
combustion. The designer did not appear to 

have appreciated the point that stress 
concentration factors are largely independent of 
hole size. The reinforcement had prevented 
crack initiation at the large holes but its 
absence had allowed cracking at a small hole. 
This is another example of a nuisance fatigue 
failure. Annual inspection was recommended by 
the boiler manufacturer. This ensured that the 
cracking was detected before it became 
dangerous, and the burner was replaced. 
 
 

 
Figure 16. Burner from domestic central heating 

boiler. 
 

 
Figure 17. Crack in burner from domestic central 

heating boiler. 
 
WALKING SHOE 
In 2005 the author found that the plastic soles 
of pair of walking shoes had become badly 
cracked and one no longer fitted properly. This 
more severely damaged shoe is shown in Figure 
18. The sole of a shoe is subjected to repeated 
bending. Going uphill a sole is also subjected to 
repeated tension as the rearward force applied 
by the wearer’s heel is transferred to the 
ground. This particular pair of shoes had 
covered several hundred kilometres, which is 
equivalent to around 3 × 105 cycles. In the shoe 
shown two separate cracks had initiated in 
grooves near the toe, grown past each other and 
then curved together, in a well known crack 
path behaviour [15], so that a piece of sole 
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became detached. The heel had also cracked 
and, in what appears to have been the final 
event that reduced the stiffness of the shoe so 
much that it became unusable, the sole 
separated from the upper at the end of this 
crack. The use of a plastic, instead of rubber, for 
the soles has reduced the rate of wear but led to 
fatigue failure. This is another example where a 
change of material has resulted in fatigue 
cracking. 
 

 
Figure 18. Cracks in sole of walking shoe. 

 
CONCLUDING REMARKS 
Paths taken by cracks have been of interest for 
a very long time. A large amount of empirical 
knowledge has been accumulated, but at the 
present state of the art the factors controlling 
the path taken by a crack are not completely 
understood. The numerous possible crack 
configurations [7] mean that a systematic 
approach to the determination of crack paths 
isn't feasible, so particular practical problems 
need to be tackled on an ad hoc basis. The 
examples given have been chosen from the 
author’s experience to illustrate the variety of 
crack paths which occur in practice. 
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ESIS Procedures and Documents

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 STRESS-
STRAIN 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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