printed. This wasregretfully unavoid-
able as further actnalization would
have caused an unacceptable additio-
nal delay. We think to have achieved
considerable improvement with this
issue in this respect, but a full syn-
chronization of the Task Group and
Working Party activities with their
reporting in this Newsletter will
require some more time,

EGF Office

The official founding of the per-
manent EGF office, that amongst
others takes care of the production of
this Newsletter, as an independent
body is narrowly connected with
finding a sound financial basis for its
activities. However, no break-
through on this matter has been
achieved yet. For this year we got a
grant from the faculty of Materials
Science of Delft Univ. of Technolo-
gy. Because we believe that more
time is needed to reach financial
security on the long term, we applied
meanwhile also for financial aid
from a special University fund, but
no answer reached us so far,

Technical Contributions
No reactions to our call for tech-
nical coniributions were received so
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In the Netherlands the illegible handwriting of physicians is almost
proverbial, Since we started receiving the subscription forms for this
Newsletter I know that this professional disease is spreading, and has now
also infected a large number of engineers and scientists in the field of
fracture and fatigue. Though being no physician myself, I can write my
prescription to cure the patients in well readable wriling:

Continued on page 3

USE A TYPEWRITER (or CLEAR blockletters)

Badly handwritten forms took me and my wife - who does all the typing
for this newsletter and manages the addresses data base - several extra hours
to spell out. Of course, we also make mistakes. Hence, if you find an error in
the address label this does not always indicate that it is caused by an illegible
subscription form. In any case you are kindly requested to inform us about

addressing errors.
J

the editor
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Tel. (49)211-67921 Telex 8586762

WP Ductile Crack Growth RR

Dr. D. Curry
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T.H. Aachen

Inst. fiir Eisenhiittenkunde
Intzestr. 1
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Dr. K.E. Hagedorn
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Mrs. H. Diinnewald-Arfmann
T.H. Aachen
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Intzestr, 1
5100 Aachen, FRG

Tel. (49)241-805831

Task Group Fatigue
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Prof. K.J. Miller
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Department of Mech. Engineering
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Sheffield S1 31D, UK
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Telex 54348
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Review of our experiences
Cont'd from page 1

News Items

A mature Newsletter should of
course also contain commentaries on
subjects of interest for the European
fracture and fatigne community, This
is, however, very difficult to achieve
at this point as it requires a network
of local reporters. Apart from the
financial needs, this also requires
time. Meanwhile we should be very
glad to get informed on news events
(e.g. opening of new or
modernization of existing laborator-
ies, milestones of large scale re-
search activities, etc.), We can then
look for ways to get something
written on that event. Of course,
ready-to-print  articles  (including
photographs) are most welcome.

Subscriptions

We really did not know how
many subscriptions to expect. Our
primary mailing list was based on
the addresses data base created
during the organization of ECF6 in
Amsterdam. Further we had received
additional lists from national fracture
organizations, For countries of
which we had no additional list we
mailed a bundle of samples to the
national organization. In total 2300
samples were distributed. From that
about 250 subscription forms were
received to date. The figures on this
page show how the mailing and the
subscriptions are divided between
the member countries. We feel that
the subscriptions are less than the
number of interested persons (e.g.
the mailing list of the Task Group on
EPFM comprises over 200 persons,

EGF Addresses (cont'd)

o -~ |
Publishers

EGF Special Publication series
MEP.

P.O. Box 24, Northgate Avenue
Bury St. Edmunds

Suffolk IP32 6BW, UK

EGF Journal FFEMS

Pergamon Press

Headington Hill Hall

Headington, Oxford OX3 0BW, UK

Proceedings ECF415/6

EMAS

339 Halesowen Road

Cradley Heath

Warley, West Midlands B64 6PH, UK

" case for the two 1987 issues still to

(

\\ H.C. van Elst, EGF president.

we will leave the final choice to sub-
scribers without any commitment,
For this issue we therefore
decided to distribute it again to as
many persons as possible. However,
we cannot continue with that and
might have to decide then to mail to
subscribers only, Therefore, if you
want o be sure to receive forth-
coming issues, return the subscrip-
tion form (when you did not do this

yet).

that of the persons who showed
interest in the ECF6 conference over
700). Perhaps we did not make it
clear enough that we will ry to
distribute forthcoming issues free of
charge as long as this proves
possible. This will centainly be the

come. Afterwards we might decide
that a modest subscription fee must
be asked for, but we will wy
everything to avoid that. In any case,

Austria -
Czechoslovakia
Finland -}

M Mailing
[0 Subscriptions

co;;ies 300
\

A formal liaison arrangement between ASTM and in particular its
Committee E-24 on Fracture Testing was reached by correspondence
between J.G. O'Grady, president of ASTM and D.P. Wilhem, chairman of
ASTM-Committee E -24 with the EGF president, H.C, van Elst.

This development resulted from contacts of the chairmen of the EGF Task
Group on Elastic- Plastic Fracture Mechanics , Dr. J.G. Blauel and prof. K.-
H., Schwalbe with members of ASTM-E24,

Dr. J. Gudas of David Taylor Naval Ship R&D Center, for the present
staying at the Fraunhofer Institute for Materials Mechanics (TWM) in
Freiburg, will take care of liaison from ASTM side.

The envisaged contacts will cover:

0 100 200

Liaison ASTM - EGF

0- exchange of calls for papers

o~ consideration of joint sponsorship of seminars, workshops etc.

o0- exchange of status of "round robin" programs and their principal
contacts

0- exchange of meeting minutes

0- ASTM balloting procedure

As already mentioned in EGF Newsletter 1 a Symposium on Elastic-
Plastic Fracture Mechanics is planned, which was initiated by the present
chairmen of the EGF Task Group on Elastic-Flastic Fracture Mechanics; this
could quite possibly become a joint event with ASTM-E24,

With agreement and appreciation the words of the ASTM-president,
J.G.O'Grady are quoted with respect to the established liaison:

"The developing relationship between EGF and (ASTM)
Commitice E-24 can only serve (o sirengthen the bonds of
international co-operation (on fracture) that already exist".
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Papers to appear in immediate future
issues of the FFEMS Journal

K.YAGI et al, .
Life Prediction of 316 Stainless Steel under Creep-
Fatigue Loading

C.M.SUH and H. KITAGAWA
Fatigue Microcracks in a Low Carbon Steel

YU WEICHENG et al.

An Investigation on Fatigue Fracture Surface of a Cast
Nickel-Base

Superalloy

BN. COXetal .
A statistical Model of Intermittent Short Fatigue Crack
Growth

D.L.MCDIARMID
Fatigue under Out-of-Phase Bending and Torsion

R. MURAKAMI AND W.G. FERGUSON

The Effects of Cathedic Potential and Calcareous
Deposits on Corrosion

Fatigue Crack Growth Rate in Seawater for C-Mn
Offshore Structural Steels '

D. SGCIE et al.
Mixed Mode Small Crack Growth

G. NICOLETTO
Fatigue Crack Tip Strain in 7075-T6

NJ.MARCHAND et al.
Non isothermal Fatigue Crack Growth in Hastelloy-X

A. NAVARRO AND E.R. DE LOS RIOS
A Modal for Short Fatigue Crack Propagation with an
Interpretation of the Short-Long Crack Transition

J.P. BALION et al.
Fatigue Life Prediction of Welded Joints - A Re-
assessment

K.J. MILLER
The Behaviour of Short Fatigue Cracks and Their
Initiation: Part 1 A Review of Recent Books

RA.AINSWORTH AND M.C. COLEMAN
Example of an Application of the CEGB Procedure for
Defects Operating in the Creep Range

I.RYCHLIK AND G. LINDGREN
Rain Flow Cycle Disiributicns for Fatigue Life Prediction
under Gaussian Load Processes

AF.GRANDT etal. - ‘
Fatigue Crack Closure of Comer Cracks Located at Holes
Loaded in Tension or Bending

HINTS FOR WRITERS OF ARTICLES
FOR THE EUROPEAN GROUP ON
FRACTURE

Articles for publication in the EGF Jourmnal FATIGUE
AND FRACTURE OF ENGINEERING
MATERIALS AND STRUCTURES (FFEMS) are
welcomed at any time but intending authors should note
the following points which do not necessarily apply only
to first-time authors.

1. Authors are strongly advised to read one or two papers
in previous issues not for their technical content but to
take note of the style and layout of presentation.
Delays in publication are frequently atrributable to
poor initial presentation, which does not encourage
reviewers to take a serious view of the paper, It also
means that subsequent rewrites have to be refereed
again.

2. Authors are well advised to have their paper
thoroughly checked by colleagues not associated with
the reported work so that an independent view on
presentation and neat layout is given to authors before
the final draft is sent to editors.

3. Photographs should always contain an indentification
muarker, For example if a photomicrograph is one of a
series in one Figure then the photograph should have a
small label in one corner indicating (a), or (b), or.... .
All photographs should have scale markers (see
previous issues of the journal)

4. All graphs should be clearly labelled and axes should
carry titles wherever possible rather than symbols,
Unnecessary information should be excluded from the
graphs especially if the data is given in the figure title.
Wasted (empty) space should be avoided as much as
possible.

Original tracings of graphs should be sent with the

paper.

5. References should be in full and include the names of
all authors, the year, the title of the paper, the name of
the journal, the first and last page number of the
article.

Finally please note that the Editors of the Journal will
be pleased to let any author have a copy of the
"Guidelines for Authors" set out on the inside cover of
the back page of the Journal.

We look forward to receiving your articles for review -
remember it is your journal.

R.C. RICEAND R. RUNGTA
Fatigue Analysis of a Rail Subjected to Controlled
Service Conditions

J.R.YATES AND MW. BROWN
Prediction of the Length of Non-Propagating Fatigue
Cracks
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Task Group Elastic-Plastic Fracture Mechanics
ChairmenJ.G. Blauel and K.-H. Schwalbe

Unfortunately the announcement for the 14th meeting of the EPFM Task Group came too late for printing it in the
first Newsletter, It is held at May 13 and 14 at Bordighera in Italy, prior to a joint French-Kalian meeting at May 14 and
15. The central topic of the Task Group meeting is Strength and Fracture Problems of Castings, that of the French-
Tialian meeting Application of Fracture Mechanics to the Safety of Large Scale Structures. We hope to print a
report on these meetings in the coming, summer issue of the Newsletter.

Local Brittle Zones
Received from R, Denys

I thought you might be interested
to hear that the OMAE (Offshore
Mechanics and Arctic Engineering)
materials commitiee during its
meeting on March 4, 1987, accepted
the idea to organize a special session
on "Local Brittle Zones" at the
occassion of the 7th International
OMAE Conference in Houston,
Texas (USA), February 7-12, 1988.

The objectives of this LBZ-
session are intended to review:

a. The current knowledge of
research efforts directed to the
assessment of LBZs which is not
always available to the interested
specialist.

b. The severity of low HAZ
toughness properties of low C-
Mn micro alloyed steels. As this
is far from a closed issue, one
could gain a criticial footing
through a combination of
scientific and economic related
benefits through a joint meeting
of experts in the field of materials
science and welding engineering
from the USA, Japan and
Europe.

c. The use of modern structural
steels for other applications
(pipelines, pressure vessels, etc..).
Although the LBZ-issue is
currently confined to offshore
steel grades, it is envisaged that
could cause similar problems
with regard to both testing
specifications and engineering
signifiance.

The scope of the LBZ session
would consist of presenting the state
of the art of current knowledge with
regard to:

a. Metallurgical backgrounds
(including weld simulation)

b. The effect of plate material
properties on LBZ severity (N vs
QT vs TMCP steels),

¢. Welding engineering (fabrication
as well as service induced
LBZs).

d. HAZ fracture test methods
{Charpy V notch impact, CTOD
and large scale testing).

e. Current views on the engineering
significance of LBZs.

f. Probalilistic assessment of LBZs.

g. The fabricator's and user's view
on LBZ.

If this scope appeals to you, I
would like to invite you to send two
copies of abstracts for papers to be
reviewed to R. Denys. Would you
also be so kind to indicate the topic
of special interest on your abstracts
(see items a through g).

The wvarious deadlines are as
follows; (a) abstract - April 20,
1987, (b) tentative acceptance notice -

May 1, 1987, (c) manuscript - July
31, for technical review and (d) final
acceptance mnotice - November 5,
1987.

If you have some difficuity with
the April 20th deadline for abstracts,
please call me:

phone (32) 91 - 232821

ext. 2462/2404
telex 11344 ibsbil

facsimile (32) 91 - 237326).

It is needed, however, to have a
confirmation with a title as soon as
possible. Furthermore, I would very
much appreciate if you could pass
this invitation to your colleagues/
collaborators,

All the manuscripts will be
reviewed according to the ASME
review criteria prior to final accept-
ance. The final accepted papers on
the ASME mats will be published in
a special proceeding.

Large scale testing
Recommanded practice for

wide plate testing
Contact person R. Denys

A first draft document describing
the recommended practice for wide
plate testing has been prepared for
discussion within the I'W Com. X
Working Group "Wide plate testing”
(Chaiman R, Denys).

The purpose of this document is
to provide tentative guidance notes
for the evaluation of the resistance
against fracture initiation of statical-
ly loaded wide plate test specimens,

It includes recommendations for
the:

a, selection of the appropriate wide
plate specimen design,

. notching procedures,

instrumentation,

. testing procedure,

. analysis of results,

. post fracture examinations,

. Teporting of the wide plate test
results.

mme A0 o

The recommendations are sup-
ported by background information
which includes the indentification of
both the merits and limitation of
wide plate testing, the interpretation
of wide plate test records and the
factors which effect the measure-
ments,

Members of EGF wishing to
receive a copy for comments are
invited to contact:

Dr, R. Denys
Rijksuniversiteit Gent
Sint Pietersnieuwstraat 41
9000 GENT

Belgium..
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Task Group on
Polymers and
Composites

Chairmen: J.G. Williams and H.H.
Kausch

Two round-robins are now in
progress. One is the second round-
robin on establishing of a K
standard for polymers and the other,
the first round-robin on a standard
for the interlaminar toughness of
laminates. These are both large scale
activities and to enable them to be
completed, the next meeting will not
be until October. This has now been
scheduled for 2 1/2 days from 13-
15th. October 1987 and will be at
the Ermitage Hotel, Les Diablerets,
Switzerland. For information,
please contact Professor J.G.
Willilams (see address section on
page 2).

Task Group Micro Mechanisms of Fracture
Chairman W. Dahl, Secretary K.E. Hagedorn

Proposal for future activities

It is our impression that the quantitative description of the effect of
microstructure on the fraciure process in the transition regime becomes more
and more impontant. In the lower and upper shelf regime a small scatter of the
values can always be found. Obviously in the transition regime there are small
regions with different material properties which are responsible for fracture
initiation. According to the positicn of these regions relative to the crack tip
the results of the tests can be affected differently, There are suggestions
concerning the relationship between micro-mechanisms and the statistical
description of inhomogeneities. A remaining fundamental question is whether
macroscopically determined material properties can describe the reaction of
material in a micro-region,

We propose to arrange a meeting of the Task Group "Micromechanisms of
Fracture" to discuss these problems. If anybody would like to suggest any
other activities and js interested in taking part, please contact either the
chairman or the secretary (see address section on page 2). Date and location of

Task Group EPFM cont'd

- Working Party on R-Curves
and Ductile Tearing
Instability

Contact personl. Milne

In the report in the last Newsletter
we suggested that an exercise on the
prediction of the ductile tearing and
instability in a thick-walled cylinder
subject to a thermal shock would be
worthwhile. We propose to launch a
‘round-robin’ exercise which will
consist of two parts, that correspond
to two experiments that are planned.
The first part will consider the beha-
viour of a cylinder with an axial flaw
subject to only primary loads, and in
the second part the geometry will be
similar but the loading will be main-
ly secondary, generated by a thermal
shock, The unique featmre of these
experiments is that plasticity should
be contained within the uncracked
ligament, at least for the early stages
of ductile crack growth,

The appropriate materials data
will be available shortly, and we will
compile a data package for circula-
tion to those who have taken part in
previous exercises and to any other
interested parties who contact Dr. I,
Milne (see adress section, page 2).

the meeting will be fixed in case of interest.

Working Party Streched Zone Measurement Round Robin

Contact persons: A. Halim and W. Dahl

Streched zones form during the
blunting phase ahead of the crack tip
before stable crack growth, First
results of a round robin of the Task
Group  "Micromechanismes  of
Fracture" have shown the problems
arising when determining the strech-
ed zone width (SZW). A strong
disagreement among the measure-
ments of the extension of the SZW
was found in the first results from
six different German laboratories.

The measurements on micro-
graphs give larger SZW than on
fracture surfaces, however greater
uncertainties have been found for the
latter. By measuring on fracture
surfaces two participants have often
measured too large values.

From these first results it can be
concluded that an important condi-
tion for getting valid values of the
extension of the streched zone width
is having a person with good expe-
rience in working with the scanning
electron microscope measuring the
SZW.

The blunting phase of different
types of specimens is similar. In
order to obiain the value of the SZW
it is sufficient to measure only one
specimen half,

In the meantime the other coun-
tries have finished their measure-
ments so that the round robin can be
accomplished. A report presenting
the final results is in preparation for
publication,

Working Party on
Microscopic Cleavage
Fracture Stress Round

Robin
Contact person:
Mrs. H. Diinnewald-Arfimann

Meanwhile nine participants are
taking patt in this round robin deal-
ing with the various methods of
determining the microscopic cleava-
ge stress. Testing material (low car-
bon steel with 0,1% C) was distribut-
ed by the Institute for Ferrous Metal-
lurgy in Aachen (FRG) during 1986.
The participants were pre-informed
that a first exchange of resulls is
planned for the early summer of
1987. A date for meeting has now
been fixed and it will take place on
July 16, 1987 at the Institute for Fer-
rous Metallurgy in Aachen. Detailed
information may be obtained from
Mrs H, Diinnewald-Arfmann (see
address section on page 2),
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Fatigue Task Group

In the first issue of this Newsletter the chairman of the Fatigue Task Group, prof. K.J. Miller,
already informed us by a brief note about an initiative to start a Mixed-Mode Fatigue round robin
program. Below you find a more detailed description of this activity, of which we hope that it
(again) will lead to a successful European collaborative project.

Mixed-Mode Fatigue

Collaborative Project
K.J. Miller and MW. Brown

Over the past twelve months, we
have been making this collaborative
project known at a number of confer-
ences in the UK. and in Europe, and
also through the Sheffield University
Mechanical Engineering Department
Bulletin, (see Ref (1)). We have now
collected sufficient interest in vari-
ous laboratories to start a viable ex-
perimental investigative programme
of mixed-mode fatigue crack growth
behaviour. We are particularly en-
couraged by the European response.

Firstly, on the choice of materials,
the original proposal was to study
only material, Type 316 stainless
steel. We have at Sheffield a plenti-
ful supply of 16 mm plate, solution
annealed stainless steel from a pedi-
gree batch produced to nuclear speci-
fications. This will be made freely
available to anyone participating in
the programme. It has the advantag-
es that:

a) we have already used it in an ini-
tial study of mixed mode behavi-
our (see Ref (2),

b) it is a single phase material with a
well defined grain structure,
which enables interactions of fati-
gue cracks with microsiructure to
be observed,

c) itis an industrially significant
material. :

However the Welding Institute
has generously offered to make
available a second material, a struct-
ural steel BS 4360 50D, to extend
the usefulness of our project. This
would provide a valuable contrast to
work on the austenitic material, and
would illustrate Mode II cracking in
a second, more complex, type of
microstructure.

We would suggest that people who
wish to participate in the programme
should specify one material only, at
least in the first instance, for their
own study. (Of course both can be
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made available to those who wish to
undertake a more extensive study!).

Secondly on test methods, various
people have expressed a desire 1o
use their own type of test specimen.
Although there is a great diversity of
Mode II tests methods, this is to be
encouraged, as comparative tests
conducted on a single material for
different Mode II stressing systems
should highlight any fundamental
differences in test procedure-if they
do indeed exist. However for labora-
tories not equipped at present for
mixed-mode testing, the designs of
the mixed-mode loading fixtures
used at Sheffield are freely available.
These are not difficult to manufact-
ure, and they can be fitted into any
standard servo-hydraulic or servo-
eleciric uniaxial test rig. Where a
four point bend facility is already
available, adapting to mixed Mode
I/ loading is both quick and inex-
pensive.

For the detection of crack growth
and the derivation of growth rates, a
number of systems are in general
use. We would hope that the use of
travelling misroscopes concurrently

with automated potential drop sys-
tems would provide valuable
additional information where Mode
II growth is concerned. It is undoubt-
edly difficult to detect the growth of
Mode II cracks. At Sheffield, along-
side the travelling microscope we
use a D.C. P.D. system, which gives
aresolution down to about 6 microns
in steels (for a current density of 8
amps,p’cm2 and ameasurement sensiti-
vity of 1 microvolt),

Thirdly, specific areas of research
that could be examined are listed
below. However we welcome sugges-
tions of additional topics that partici-
pants wish to explore, Each participa-
ting laboratory should conduct a
basic set of four tests, following the
procedures in Ref (2), to detect mix-
ed mode threshold levels in
precracked specimens with Ky/K1 =
0, 1, 2, and infinity, for an R ratio of
0.1. Beyond these initial tests, which
will demonstrate the repeatability of
European interlaboratory work, vari-
ous topics in the following list may
be selected by each group, for fur-
ther study.
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1) Indentification of the mixed-

- mode loading conditions under
which Mode II cracking can be
obtained

2) Measurement of the extent of

~ crack extension, as a function

of load level or stress intensity

3) Analysis of the caunses of crack
arrest, and in particular the
effect of microstructure,
through fractographic analyses
and scanning electron
microscopy

4) Determination of critical load
conditions required for the
initiation of crack branching,

5) Measurement of crack propaga-
tion rate, and correlation to
conventional Mode I crack
growth rate where possible

.6)

7

8

9)

10)

11)

Definition and measurement of
fatigue thresholds, for both
shear mode and branched cracks
Development of reliable
techniques for measuring Mode
1I and mixed-mode thresholds
Analysis of the effects of crack
closure, and derivation of the
effective stress intensity

For Mode III crack growth,
points (1), (2), (4), (5),(6), (7)
and (8) are pertinent

Study of the influence of mean
stress (R ratio) on mixed-mode
crack behaviour,with respect 10

.crack closure, fracture surface

fretting and threshold levels
Study of crack path, both before
branching (shear mode) and after
branching (Mode 17?)

12) "Repeatability of results between
the laboratories, particularly
with respect to Mode I growth.

If you wish to take part in the expe-
rimental programme, please reply to
M.W. Brown, and we will circulate a
list of all those taking part in the
project, and arrange for distribution
of the materials,

References

[1] "Department of Mechanical
Engineering Bulletin", Universi-
ty of Sheffield, September 1986,
page 14.

[2] Gao, H., Brown, M.W. and
Miller, K.J. "Mixed-Mode Fati-
gue Thresholds", Fatigue of Engi-
neering Materials and Structures,
Vol. 5, pp. 1- 17, (1982).

UK £39.00

UK £75.00

UK £11.00

Fatigue and Fracture Proceedings from [f\EP
The Behaviour of Short Fatigue Cracks

Edited by K. J. Miller and E. R. de los Rios )
This book is a collection of 34 papers read at the first international conference of the European Group on Fracture.

It has important implications for engineering designers, manufacturing engineers, material sclentists, consultants,
insurance assessors, and those responsible for evaluating the integrity of existing engineering plant.

The Behaviour of Short Faligue Cracks represents a major European attempt to integrate the abundant experience

in the fracture behaviour of engineering plant currently available in Europe.

0 85298 615 7/248 x 189mm/hardcover/568 pages/1986
Export £49.00 (inclusive of air-speeded despatch)

Fatigue of Engineering Materials and Structures

The Institution of Mechanical Engineers organised an international conference on this vital subject in September
1986. The importance of research, past and present, into the processes of fatigue and fatigue failure in structural
materials is reflected in the papers contained in these volumes. Available only as a set.

0 852398 610 6 (The Set)/297 x 210mmy/softcover/546 pages/1986
Export £93.00 (inclusive of air-speeded despatch)

Size Effects in Fracture

The proceedings of an Institution of Mechanical Engineers seminar held in November 19886. Papers presented
include: Scaling effects in the fracture of piping; Size effects in the fracture of notched fibre-reinforced plastics; Size
effects in ductile fracture: a plasticity view.

0 85298 621 1/297 x 210mm/softcover/61 pages

Export £13.50 (inclusive of air-speeded despatch)
Catalogues giving full details of ali MEP’s titles are available on request.

Orders and enquiries to: Sales Department, Mechanical Engineering Publications Limited,
P.O. Box 24, Northgate Avenue, Bury St. Edmunds, Suffolk, IP32 6BW, England

EGF Publication 1

EGF Newsletter nr. 2, Spring 1987

Page 9



Fracture

Dynamics
A possible new
Task Group

Last March we received the follow-
ing letter from dr. Z. Bilek of the
Czechoslovakian  Acadamy  of
Sciences:

For some time 1 am active in
the area of dynamic mechanical
and fracture properties of structu-
ral materials as well as in dynamic
fracture mechanics. Please let me
kindly know if there is any Task
Group in this area. I feel that a
Task Group Fracture Dynamics
operating with three Working
Parties:

1} dynamic mechanical properties
incl. spall etc.,
2) impact fracture initiation - Kyq

3) dynamic fracture mechanics -
crack propagation and arrest,

might be useful to co-ordinate the
research activities in the fields
given above within EGF.

In case of your and dr. van
Elst’s agreement I shall be willing
to try to create such a Task Group
and organize its work,

Witk best regards,

Zelenek Bilek

Institute of Physical Metallurgy
Czechoslovakian Acadamy of
Sciences

Zizkova 22

616 62 BRNO, Czechoslovakia

We have answered that no Task
Group on Fracture Dynamics is
operational within EGF, and that we
certainly support the initiative to
form one. As time was short, dr.
Bilek agreed that we print this letter
in this issue of the Newsletter,
followed by a more detailed call for
interest in the forthcoming issue. In
the meantime, persons interested to
take part in such a Task Group are
already invited to write this to dr.
Bilek at the address above, or to the
EGF Secretary General (see address
section at page 2).

|—‘——_+——

FRACTURE CONTROL
- OF ENGINEERING
STRUCTURES

Proceedings of the 6th Biennial European
Conference on Fracture - ECF6 - held at the
\ RAI-Congress Centre,
Amsterdam, The Netherlands,
June 15-20, 1986

Editors: H.C. van Elst and A. Bakker
o

The proceedings are contained in three volumes, case bound at
225 mm by 125 mm with 2,220 pages and over 600 illustrations
ISBN 0947817182

The major topics considered by the Conference included:

@ BASIC FRACTURE CONCEPTS AND MODELS

@® TOUGHNESS ASSESSMENT AND MATERIAL

RESPONSE
NUMERICAL METHODS
FATIGUE

CRACK PATHS AND CRACK BRANCHING

MICRO-MECHANISMS

Requests for books and further information should be sent to:

NON-METALS

Engineering Materials

Advisory Services Ltd.,

339, Halesowen Road, Cradley Heath,
Warley, West Midlands, B64 6PH
United Kingdom

Price: $240 US.

MAS

NERCE
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Final Announcement

ASFM6

Assessment of Cracked Components by

Fracture Mechanics.

An announcement of ASFM6 was already printed in

EGFE Newsletter 1. EGF has nominated the following -
Advisory Board to assist the Organizer, L.H. Larsson of
JRC Ispra, with drafting and optimizing the program:

A. Bakker Delft University of Techneology,
Delft (The Netherlands)

M.G. Dawes The Welding Institute,
Cambridge (U.K.)

A. Pellissier-Tanon
E. Sommer

Framatome, Paris (France)
Fraunhofer Institut fiir Werk-
stoffmechanik, Freiburg (FRG)

As the result of its activities, the following

programme has now been fined:

Introductory lectures on basic principles

Basic principles and overview of ASFM6
Prediction of fatigue crack growth

Determination of stresses, strains and crack
characterizing parameters

Transferability of specimen data to the assessment
of structures

Special areas connected with crack assesment

Shock loading and crack arrest

Component tests and R-curve approach for through-
cracks

Non-destructive inspection techniques

Assessment of welded structures

Assessment methods

The CTOD method

Workshop on the CTOD method

The R6 method

Workshop on the R6 method

Pressure vessel codes

Workshop on pressure vessel codes

The ESA fracture control procedure

Workshop on the ESA fracture control procedure

Other problem areas

Probabilistic failure analysis and application to the
optimization of in-service inspection for off-shore
structures

- Fracture liability assessment of composite structures

The lecturing staff that will take care of this program is
as follows:
Invited Lectures:

C. Bathias Université de Technologie de
Compiégnie, Compiggne (France)

D. Bergez EIf Aquitaine Production, Pau
(France)

M.G. Dawes The Welding Institute, Cambridge
(UK)

8.1, Garwood The Welding Institute, Cambridge
(UK)

1. Milne CEGB, Leatherhead (U.K.)

M.F. Murdry Ecole Nationale Supérieure des

A. Pellissier-Tanon

Mines de Paris, Paris (France)
Framatome, Paris (France)

REGISTRATION FORM

Advanced Seminar on Fracture Mechanics ASFM-6/87
Assessment of Cracked Components by Fracture Mechanics

SUMBIMB oo rereerencressmnersernress. NBMB et vrcrisiervmsnissire s
Profession .
Title .ovee .. Citizenship .

Home address .
Passport NO." e Date and issue place” ...
Birth date and place* ...
Business address ..

TelBX it PROME et st enes
¢ Correspondence should be mailed to:
o my home address o my business address

« | apply for the ISPRA-Course:
Advanced Seminar on Fracture Mechanics
Assessment of Cracked Components by Fracture Mechanics
28 September - 2 October 1987

and | will pay Lit. 800.000 after confirmation that | have been registered in
the sourse.

* Hotel accommodation
O 1 will make my own hotel reservation

O [ would like the ISPRA-Courses Secretariat 1o make a reservation in the
Hotel ‘3 Re"' (Seste Calende), 2nd class.
at a rate of approx.
L0 1 O OO P OTGIUTOUT | « BOP RO
These rates are intended for a single room with private bath and
breakfast included

O 1intend to use special bus service from Mian, Alitalia Office (ex Air
Terminal) to Hotel 3 Re" (Sesto Calende} on 27 September 1987,

Lit. 50.000 f night

Date ovecoiericiiinienirecr e e Signature ...

* not required for applicants from European Communilty Countries

To be mailed to : Ispra Courses
Centro Comune di Ricerca

21020 ISPRA (Varese) faly

For information please contact : ISPRA- Courses Secretariat
phone 0332/789839-789819
telex 380042-380058 EUR |

G.C. Reibaldi ESA-ESTEC, Noordwijk (The
Netherlands)

E. Roos MPA, Stuttgart (FRG)

A.U. de Koning NLR, Emmeloord (The Netherlands)

W. Schmitt Inst. fiir Werkstoffmech.,Freiburg (FRG)

Lecturers from the JRC Ispra Establishinent:

S5.Crutzen Materials Science Division
L.H.Larsson Applied Mechanics Division
Seminar Co-ordinator:

L.H.Larsson JRC, Ispra Establishment.

We are glad that it appeared (again) possible te find
eminent experts willing to present the lectures and to prepare
the lecture notes, which will be handed to all participants.
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Announcement and Call for Papers

International Conference on

LIFE EXTENSION AND ASSESSMENT

. June 13 to 15, 1988
Congress Centre The Hague
The Netherlands

Sponsored by
VYGB - Essen (FRG)
KEMA - Armnhem (The Netherlands)
in close cooperation with
CRIEPI - Tokyo (Japan)
EPRI - Palo Alto (USA)

Suggestions for papers on fossil fired power plants and chemical and
petroleum plants are requested covering the following topics:

1. Aspects of life extension from political, technical, economic and
environmental viewpoint.

2. Experience reports of life extension and assessment,

3. Methods of residual life assessment for critical components, such as

steam generators, turbines, gencrators, chimneys, cooling towers,

foundations, pipe systems, environmental control plants, industrial

furnaces, chemical reactor vessels.

Economic analysis and decision making.

Methods for life extention of critical components

a) replacement and refurbishmeént approaches

b) improved control, maintenance and operation strategies.

6. Improvement of existing plants by partial upgrading.

7. Design of new plants for extended life,

oo

Authors wishing to present papers are requested to submit abstracts of
approximately 200 words in english or german language together with their
title, name and address not later than JUNE 1, 1987.

Abstracts for proposed papers should be sent to one of the following
addresses:

N.V.KEMA ; VGB

aun. dr. J. van Liere attn. mr. K., Plate
P.O. Box 9035 or Postfach 10 39 32
6300 ET ARNHEM D-4300 ESSEN 1
The Netherlands West Germany

Authors of accepted papers will be notified before september 30, 1987 and
will be required to submit papers by january 31, 1988 for inclusion in the
conference proceedings. Lectures (including discussion) will be limited to 30
minutes. The official conference languages will be english and german, a
simultaneous translation for lectures and discussions will be provided.

The conference will include a small exhibition. As the exhibition area
available is limited, interested parties should submit their wishes to display
either hardware or posters soon.

The conference is organized by:

The Netherlands Institute of Welding (N.LL.)
Laan van Meerdervoort 2-B
2517 AJ The Hague, The Netherlands

All further correspondence should be directed to this address.

ECFKF7

7-th European Conference on Fracture
19-24 September 1988
Budapest, Hungary

Preliminary Announcement
and
Call for Papers

The 7-th European- Conference on
Fracture will be organized in Budapest
(Hungary), 19-24 September 1988 by
the Hungarian National Committes of
EGF in co-operation with the Hungarion
National Committee of ICF and
sponsored by the Scientific Society of
Mechanical Engineers (Gépipari
Tudominyos Egyesiilet).

Conference topics are:

- theoretical, experimental and
practical aspects of fracture, fatigue
and creep;

- influencing factors, e.g.
temperature, environments,
irradiation and others;

- application of results in design; life
assessment;

- statistical approach, probabilistic
aspects;

- case studies.

Original papers not published
elsewhere are welcome. The authors are
requested to send their abstract of 250-
300 words containing the substantial
concepts and the conclusions before
30th September 1987. The abstracts will
be accepted for oral or poster
presentation by an  international
Committee, Authors will be informed on
the acception and will receive the
guidelines for presentation of camara
ready full paper manuscripts (foreseen 6
pages for oral presentation and 3 pages
for poster contributions) before 31st
December 1987. Full papers should
reach the Organizing Committee not
later than 31st March 1988,

Parallel to the Conference an

exhibition of testing machines, |

equipment, books and pericdicals is
foreseen. Those having interest to take
part in the exhibition should contact the
Secretarial Office  before  30th
September 1987. All other information
(conference fee, hotel reservation,
accomodation, program, social events,
etc.) will be given in the lst and 2nd
circular or can be received directly from
the Scientific Secretariat or from the
Secretarial Office (see Adresses section
of this Newsletter).
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Limitations of fracture mechanics - H.C. van Elst

Safaty assessment of structures is nowadays usually and rightfully considered inadequate without a fracture

mechanics analysis.
Admittedly however not all prevaifing reliability aspects can be covered by it. This might be illustrated by
recalling developments towards a general phifosophy of safe design.

I I str ral_saf roach

The necessary design condition for failure prevention of a structure, to be considered a zero-th order

approach and historically the exclusively used one, states that its structural material should possess larger
strength than stresses induced by service loads (possibly superposed by those introduced at construction),
further sufficient stiffness to restrict displacements to an acceptable level and sufficient ductility to allow for

enforced deformation at structural manufacture and operation. The variations in strength values o, of
structural material and "service” stresses og resp. can be accounted for. The former can already be
inherent to the delivery condition, but also be introduced at structural component manufacture as

e.q9. by welding. Obviously one should have at least:

6 -(8.D), >0, +(SD.),

(bar above symbol means average; S.D. = standard deviation).
This condition is meant in two ways:

a) ;n is the yield strength and ;s is the occurring largest effective stress Go according to some yield
criterion (e.g. according to von Mises : 20% = (0’1—(52)2 + (01-03)2 + (02—03)2, with G, G, and S, local
principal stresses.

b) ;;1 is the real fracture stress {or real UTS) and cs_s is the occurring largest principal stress.

Taking ;; —ao, With o= safety factor = 3 as design condition, one can take care of variations outside

the S.D.-interval, here indicated as "stochastic” variations (a concept with usually a somewhat different
meaning), up to 100% of the stress. Assuming time independence not enly for service load, but also for
strength (and stiffness and ductility) and their variation intervals, a service life time prediction can be

given based on stochastic considerations of an assembly of structures in operation, similar to the one
concerned. Only the ("stochastic") variations, violating the design condition, viz. Ac, + Acg > 2 og, then
would lead to a finite life time. The strength and stress distributions functions, preferably determined or
otherwise guessed, have to be used for finding their overlapping integrals parts, which are representative for
this.

Relevant overloads can occur by internal causes, like the service conditions running out of control by

faulty controls or human errors and by external causes, like natural catastrophes (as e.g. earthquake, land
slide, flooding, volcanic activities, extreme weather conditions), traffic accidents, military or terroristic actions,
etc. Where the design concept was not meant to deal with such endurances, obviously failure results.

A known and sometimes continuous load increase in time (like by dust or snow compilation) can be
accounted for in the above, without interfering with this structural safe design philosophy.

rial I ion in tim

Realizing the possible reduction in time of material strength {and stiffness and ductility) as by
degradation due to aging, damage, detoriation, etc. a refined prediction of a service life time, which then
presumably might be shorter, can be made within the above reasoning, if quantitative knowledge on this
degradation phenomenon is at disposal.

This appears in principle experimentally accessible for the specific material of interest. However the
causes for the assumedly global degrading material changes have then {(usually) to be administered in a
more severe way and under simplified dimensional, geometrical and stress circumstances in order to
investigate their resuiting action on required short term. One then accepts the principle of cumulative
"damage". This states that only the total "damage” dealt with counts, irrespective of its rate, while
influence of dimension and geometry is considered absent, though stress configuration can presumably
be taken care of by assuming that the "effective” stress governs the phenomenon. Both should in
general be questioned. Change in material properties for which time duration is essential, might occur
during structural operation by environmental parameters (like e.g. high service temperature recovering
irradiation damage or on the other hand causing creep damage) and by degrading internal material
processes {as by certain phase transformations); influence of the hydrostatic stress component can a
priori be expected at this. '
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In the above considerations on (design for) safe structures the presence of non intentional deviations
from design (like defects, plastic deformation, geometric and dimensional aberrations) are ignored.
(Thickness variations can presumably be taken care of, provided these have been detected).

M rn Sty ral saf

A higher order safety assessment, claiming to indicate in addition to the above, the sufficient conditions
for safe structure operation, discerns the practically always present existence of such deviations even
before service has started. These can possibly due to already existing defects in the delivery state of the
structural material, or caused by structural manufacture, as e.g. by inadequate welding. It further analyses
their possible development (generation and growth) during service time and in particular their usually
dominating influence on reduction of strength and stifiness. )

If by non destructive testing technigues information can be gathered on the presence of such deviations
the reduction in strength or (and) stifiness due to these, can be indicated from knowledge of their
relevant critical values for which failure occurs or of their values for which the structure already in
another way becomes " unfit for purpose” ("structural criticality”).

Displacement might e.g. reduce the buckling strength and increase of this displacement in time, as by
creep, will cause a further reduction, until the critical buckling deformation under the applied service load
is reached and failure results. Similar consequences of geometric and dimensional design aberrations can
unfavourably interfere with integrity aspects, ultimately leading to failure as by plastic collapse.

Internal ("residual®) stresses when present and superposed on service stresses might lead to unwanted
deformations, or enhanced stable crack extension or even failure; admittedly their influence can
occasionnally be beneficial.

Defects will reduce strength and their size increase in time, as e.g. by load cycling but also possibly
under sustained load in a corrosive environment or at elevated temperature, will cause a further reduction
in *residual” strength until a critical defect size is reached under the applied service load and also failure
results.

Fracture mechanics .

The usually pronounced effect of defects on failure liability is recognized by fracture mechanics. To
characterize this, it uses (for 2-dimensional defects) in a linear elastic approach a.o. the stress intensity
factor (s.1.1.) K, or its equivalent the crack driving force (c.d.f.) G, also indicated as energy release rate
(e.r.r); G =K2/E'; {E'= E/(1-v?) in plane strain and E' = E in plane stress; E = Young's modulus, v =
Poisson's ratio}.

For elastic-plastic behaviour the crack opening displacement (¢.0.d.) & and path independent integral
(p.i.l) J are used.

At a critical value of K (or G) fracture instability occurs; at critical values of § or J, fracture initiation.
These critical values are considered to be temperature dependent material properties characteristic for
its fracture resistance, not dependent on dimensions, geometry and applied load , though a priori stil
dependent on stress configuration, presumably already fairly approximated by plastic constraint (defined
as ratio between largest local stress and yield stress). They can be used ( for a certain constraint as e.g.
plane strain) to predict crack behaviour in other situations with different dimensions, geometry and
load application and the same constraint. However constraint is not always easily evaluated, though
plane strain and also plane stress are usually rather quickly recognized.

Critical values are lower for larger constraint ("stress embrittiement”) and one uses their values for the
plane strain situation, presumably showing the largest constraint, to characterize material toughness.
(The hydrostatic situation, though even less "ductile”, transforms into plane strain when a crack
develops.) Predictions for other plane strain situations can be made with them and will offer
conservative estimates by their acceptance for non plane strain situations (see below).

Their determination requires fulfillment of the semi-empirical ASTM-"validness” condition, guaranteeing
plane strain, which stipulates that: a,bandw-a > 2.5 (K¢ / Y)2;

(a = representative defect size,see below; b = thickness; w = nominal width of crack bearing cross
section; Y = yield stress; Ky = critical s.i.f. for plane strain).

The (pre-critical) stress intensity factor K (usually with the subscript I for the crack opening mode I),
defined for two dimensional defects, is a mechanical concept dependent on geometry and dimension.
ltreads: K= ovaF(a/w)= o¥w VA F(A) = ovw o(A) withi=a/w;

ais the” notional" crack, i.e. the for the plastic zone at the cracktip corrected physical crack ag for plane
"through cracks" (if starting from a surface; for central cracks it is half the crack length value); or itis the
"effective crack size" for plane surface or embedded cracks (depending on geometry the long or short axis
of the usual elliptic approximation of the latter -possibly corrected for a relevant plastic zone- is taken for
this).
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F(X) = geometric correction factor (actually still also dependent on length to width ratio if < 4). (For elliptic

surface or embedded cracks, 1/ F(A) is an elliptic integral). _ o
The critical s.i.f. {(at plane strain or plane sfress) allows to indicate the relation between critical load and

critical ("effective”) defect size, providing for the above mentioned failure prediction (at plane strain or plane
stress).

For critical crack opening disr»lacement 3. and for critical path independent integral J4 such analytical
relations can be given as well, using "elastic™ descriptions of the compliance for the "notional” crack, if one is
dealing with a not completely yielding ligament {cf. Appendix 1).

If critical values of the s.i.f. prove non valid (i.e. plane strain is not satisfied) and plane stress remains
doubtful and further in particular for the completely yielding ligament situation, c¢ritical K values are unsuitable
for prediction and one then ‘often) turns towards 3. or J4.. To this end resort is taken to their "design-curves",
which show critical values of interest in dependence of applied gross deformation or stress (cf.

Appendix 1). .

Structural "critical ” values causing loss of "fithess for purpose”, though not by (immediate) instability, are
dimension and geometry defined and (usually) time independent ( the "leak before break” situation refers to
such a case, viz. defining "critical” defect size by thickness; fracture can eventually proceed by plastic
instability through the thickness}.

i I i

Using fracture mechanics a deterministic life time prediction can now be made from the convergence in time
of an increasing subcritical design deviation and its by degradation possibly decreasing critical value as
service time proceeds in assumedly known ways. This time behaviour can be understood on general
thermodynamical grounds, viz. the former as the compliance will try to increase, achieving the largest
possible energy dissipation rate (which appears a useful alternate fracture criterion formulation) and the
latter by the above discussed degrading development, unless the " critical” value is a structural one,
remaining rather constant.

Fracture mechanics describes the increase of defects by their instantaneous s.i.f., c.0.d. or p.i.i. under
sustained load as under corrosion and creep {in the latter case using rate versions of these concepts) and
under variable loading by the variations of these. (Paris-Erdogan like relations for cyclic loading with the use
of AK or A or AJ are then applied, while suitably correcting for crack closure effects, where indicated). This
information can be obtained from tests on small specimens, presumably allowing to account for dimensions,
geometry and load, as occurring in a structure of interest (again keeping the proviso of comparable
constraint}. _

The possible change in time of the critical f.m. concept by degrading has to be experimentally found, using
the cumulative damage principle with its inherent deficiencies as discussed above. Complications might arise
if service disturbances, though not leading to immediate failure, entail extra degrading of the structural
material; this has to be detected, preferably by non destructive techniques.

The crack arrest capacity of a structure conditioned by suitable combination of relevant material properties
and mechanical adjustments can restrict failure consequences and facilitate repair, preventing untimely end
of operational life time.Critical f.m. concepts to characterize the arrest capacity of a material can thus also be
weighed as an exira bonus in the structural safety assessment, taking into account again their possibly
degradation in time.

Taking care of the statistical variations in time of the mechanical and the material (i.e. critical) f.m. concepts,
a deterministic service life time estimate follows from their with 8.D. increased and decreased average
values resp.

After the envisaged service life time thus a "residual” life time potential can be present; this service life time
extension can be estimated along the same lines as the previous life time.

Based on the deterministic approach a stochastic service life time estimate can be given, for which
stochastic variations are considered.

If this latter tife time is clearly lower, a redesign taking care of "stochastic” service endurances and such
from outside or (and} a choice of material with less variations might be considered, pending on what risk will
be taken as acceptable.

(Risk is here understood as failure probability multiplied with cost at failure; this latter factor can presumably
be increased with a"subjective” weight factor, in particuiar if failure also will effect society in general and is
felt not covered by costs indication only.) :

N.B. Before the planned service fife time of a structure is over, its"economic”life time can end when its
rendered service is no longer profitable, as by becoming outdated or by a too high increase of maintenability
and inspection costs or by loss of need for it, efc. This aspect of life time, actually the defining one for many
civil or military structures, remains outside the scope of the considerations here.

EGF Newsletter nr.2, Spring 1987 Page 15




A fr re m ill ir h ] I
19) -The influence of (plastic) constraint on the critical value of a fracture mechanics concept.

The latter will presumably be dictated by the immediate fracture tip environment, which is plastically
deformed. Though it can be assumed that the elastic stress situation outside this near crack tip plastic zone
in the case of confinement of it unambiguously determines the stress situation within it, only experimental
evidence for small scale yielding, conditioning plane sirain in the plastic zone by plane strain in the elastic
neighbourhood, appears available. (Note that this still allows for a deformation gradient in the plastic zone
near the cracktip). As plane strain still requires an additional deformation stipulation for a complete
configuration, one would even in plane strain expect a second parameter necessary for a critical f.m.
concept. _ ,
Fracture mechanics recognizes the dependence of critical values on stress configuration by plastic constraint
as illustrated by the above mentioned ASTM-validness condition for Ke (which still might need the already
mentioned second parameter for complete definition).

Obviously one can at best expect to make behaviour predictions for a certain (plastic) constraint, if a critical
value for that constraint is known. In general one anticipates that fracture susceptibility of a material will be
characterized by its critical f.m. value as a function of constraint, (if not in addition by.the second parameter
for definition of the stress configuration). However in-between plane strain and plane stress (possibly to
conceive as a mixture of plane strain and plane stress) the constraint is not easily determined, apart from
whether the elastic situation or the plastic zone near the cracktip has to be analyzed.

For the case that the validness condition for plane strain of a critical s.i f. is not fulfilled (as e.g. when the
thickness of a plate material of interest is too small or rather requires quite low and not practical
temperatures in order to obtain valid critical plane strain s.i.f. values), one usually turns to initiation f.m.
concepts like c.0.d. or J (cf. above). Again only if their determined values in small specimen testing refer to
the same stress configuration near the crack tip in structural components one expects prediction facilities;
this can indeed often be well fulfiled by plane stress , allowing then also the use of a plane stress critical s.if,
for non completely yielding ligament . Admittedly the fallacy of predictions for constraint non compatible
situations will become more evident the larger this difference in constraint and the dependence on initiation
for it. The design-curve compensates this effect to some degree as its abscis parameter, representative for
deformation, will rather correspond with constraint.

Note that from the path independence of J follows, by taking a circular contour around the cracktip with

radius r, that its integrand is not dependent on r; the part of the integrand with dimension ce is thus

proportional to 1/r. n c c

For e Ramberg-Osgood relaton = o (£) ' thus follows &~ — =2
g, S,

With these expressions the cracktip plastic stress strain field is described by the HRR equations as:

/) and © o)

J 1/{n+1) 0/ {n+d)
R e BRI R P B
00[‘] OEOn

(Iis @ constant depending on the stress strain relation) - -
This still shows a physically unrealistic singularity at the cracktip, which might be due to the break down of

the Ramberg-Osgood relation and the loss of constraint near the crack front, at which one presumably
is dealing with plane stress. !t thus leaves the possible dependence of critical f.m. concept on average
constraint (gradient) near the cracktip, which seems not easily accessible.

R
2%)-The resistance curve describing either R T
(G) or J as function of siable crack
extension Aa.

This is usually determined in small scale
specimens testing and might a priori remain
dimension and geometry dependent, as in

particular applicable to the classical resistance > Aa

curve, schematically drawn in fig.1. Again
constraint influences can be expected.
Stable crack growth occurs up to instability ata
critical G(R)- value, dependent on ag, when - a
plane strain conditions are not fulfilled.

F
y

LD ]

-]
o
8

-
>~

Figure 1
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Though at first sight J,, determinations appear to remain restricted to constant crack lengths a, one plots J
values as function of Aa in Jp - Aa resistance curves. During the blunting of the crack front corresponding
with a small crack extension Aaj. preceeding initiation, J rather linearly increases to Jyq = yY3 (with v
presumably depending on constraint). Intersection of the advanced Jg - Aa curve with the line through the
origin with slope YY3 / Aaj, offers Jq, The involved ambiguity is met in several prescriptions for Jq
determination (a. 0. from EGF-side); often one takes Ag;; =d/2and y = 2.) :

For these J - Aa resistance curves, unloading aspects by crack extension might unfavorably interfere with
the J-concept as based on a deformation theory of plasticity. However if proportional plastic deformation
occurs, except in the near neighbourhood of the cracktip, this can be ignored. Is R the radius of such a
region where stress strain relations are predominantly described according to the H.R.R. equations, then Aa

<< R s the condition for J-controlled (small) crackgrowth (which ¢an correspond with large Ad = J). if ris the
radius indicating the region of non propertional plastic loading, this condition becomes (da /r) << (dd/J).

For fully yielding ligament with1 /D = (dJ /da) /J this implies D << r << R, which is equivalent to the
statement that instability cccurs, if:
T= (E/Y?) (3J/09a) z7> (E/Y?) (dJ nat / da) (= tensile tear modulus). For fully yielding ligament this

condition reduces to o = { Sw -a)/JH{dJ/da) >>1; (e.g. @~ 40.)
The influence of {changing) constraint {gradient) in the region of non proportional plastic loading appears to

remain controversary.

39- The anticipated relation between critical £.m. concepts and classic fraclure criteria, as based on a failure
surface in the Haigh-Westergaard stress space or the constitutive equalion.

This remains rather obscure. Admittedly considerations can be given, establishing a link between the
constitutive equation and the propagation resistance at crack extension {see Appendix 2). {Presumably an
universal fracture criterion should be based on the principle of least action, i.e. the Lagrange equations.)

4%)- The enhanced probability of fraciure initiation at farger thickness, due to increased initiation chances at
micro-defecls (like inclusions, voids, elc.) .

This implies a tower fracture toughness apart from influencesof the plane strain situation, which is reached at
a certain thickness. This fracture initiation susceptibility is a material aspect, not readily accounted for by
fracture mechanics.

59)- Description of global damage development in time.

This is a difficulty already met in fracture analysis before fracture mechanics was developed (see above) and
not "solved” by fracture mechanics either.

It will cause a decrease in critical f.m. concept value, knowledge of which is required for a service life time
estimate. Prospects for a f.m. description appear feasible by conjecturing that global damage corresponds

with a collective of micro-defects. The s.i.f. of this will be controlled by the "damage parameter” A = a/ d, with
a = average micro-defect size and d = average mutua! distance of micro- defects.:

For small  this means thatthe individual s.if ofamicro-defect K=o+ wa Is govemingit; forlarger A the
micro-effects interact and their governing s.i.f. is determined by the collective of micro-defects, i.e. by

K =ovd ¢(A) or G = o2d tg (mA/ 2), viz. in qualitative agreement with the c.d.f. for a linear periodic array of

defects a with mutual distance d and o = gross stress, For elastic brittle behaviour one would thus expect
damage to be revealed by a decrease of elastic modulus. As an orientation for this, the compliance C for a

linear periodic array of cracks a with distances d might be contemplated:

A A
2 . L 2 :
= 2 e 2dh== Zk = _
o] = 6[¢(‘A) dA +C , with G = and 6[4;(1) dAr - In [ cos P ] (L = specimen length)

For a 2-or 3-dimensional array of cracks qualitively similar expressions can presumably (numerically) be
derived.The critical s.i.f. for the damaged state could be found by testing a fracture mechanics specimen
with a (macro-jnotch in damaged condition.

By a (short duration) fatigue test on a smooth damaged specimen, one would find the damage parameter in
an alternate way from the number of cycles to failure, using some type of Paris-Erdogan relation and the
determined critical s. i.f. for the damaged state.

For elastic plastic or plastic behaviour similar adaptions as usuaily made for macro-cracks outside linear
elastic fracture mechanics could be applied; this is not further discussed here.

This fracture mechanics model of damage assumes a collective of micro-defects with a 2-dimensional
character, e.g. penny shaped, responsible for it.
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An incubation period can be conjectured in which micro-defects of a 3-dimensional chararacter as
(spherical) cavities, voids, inclusions, etc. are converted into micro- defects with a 2-dimensional
character, at least along some surface border of the ones with 3-dimensional character. This will imply a
transition from stress concentration factors towards stress intensity factors, entailing an increase of
compliance, even without defect size increase. It can be understood as conditioned by the
thermodynamic potential moving towards a minimum. The mechanism accounting for this could be
diffusion controlled and though mechanical aspects will be involved as well, this remains outside the
scope of fracture mechanics and can be rather considered as resorting under fracture physics.
Uncertainty in the incubation period interferes with the life time estimate.

Appendix 1: Design curve aspects,

12 The c.o0.d. design curve. '
The elastic description of the displacement v in y-direction near the tip of a (centrai) crack with length
{2)a in x- direction reads: _

1/2 142
S 8 Kilx 9
Vo=— sin == (k - c0s B) - — cos < (k+cos0-2)
op | 2n 2 oy | 2n 2

7, ® are polar co-ordinates w.r.t. crack fip; 1 = shear modulus; gross stress ¢ is in y-drection;subscripts |
and |l to K stand for crack opening modes | and Il resp.; k=3-4v for plane strain; k= (3-v)/(1+v) for

plane stress.
[From this cne finds for the displacement of the crack edges at distance r behind the crack tip:

K| B 1/2
I(k+1) on

At the tip of a crack with physical length ay and notional length a, one will have for the crack edges
displacement c.0.d.:

K (ke 1) [, ry 12 K2 (14v) (ki) K2

( ) = ————————— with ry=a-a =

v(rm) - v(r,-n} =

g 27 n P YE 2n B2 Y?
The average plastic constraint factor Bin the plastic zoneis 1 for plane stress and is J 2+2 = 1,68 for
plane strain resp., i.e. ﬂzz 3.

Thus one obtains, neglecting strainhardening:

4 K1)
8 = — ——— or G =1,360 Y & for plane strain and
3w EY _ 7
2 -
4 Ki
§=——— or G=0,785Y §for plane stress resp.
tEY
in the Dugdale- Barenblatt model, again neglecting strainhardening, one finds (for plane stress):
8Ya ) gyaf1 2 A 4
= In { sec = 2 = (L) (2 4.
= { oy T LE {2(2Y)+12(2Y)+ }

implying for 6 << Y, that §=nc2a /EY =G/ Y, rather in agreement with the above. Geometric

correction factors for 1-A > 0 can be applied.
Generally one thus concludes for "elastic™ behaviour:

2 2 2
_AK _ycraF® _ 2(2) with € = £ «1: (e =%
S—EY— Y -'staF(e ) WIthY_e 1,(8Y--E)
Y Y
While this breaks down for € / ey approaching 1, it can be analytically, numerically and experimentally

verified that for materials with a constitutive equation, according to Ramberg-Osgood (see above) with
I/n = strainhardeningsexponent (corresponding with the uniform elongation = 0.05 - 0.20), that the &

- behaviour for large e/ ey, also 2 1, is proportional to !*+1/N =~ g, i.e. nearly linear in & (neglecting the
linear stress terms in the Ramberg-Osgood equation).
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For elastic behaviour A=8/va Fley = (e/ ey)2.
Usually one takes as "design-curve” aplotofi Y

% ~(£)? for £ <0.5 (ie. onetakes yF%/2r =~ 1) and A, =% -025for £205
maey & &y 2y &y
The latter is the tangent to the formerin e/ gy = 0.5, as dictated by the continuity of the A-behaviour. The
elastic-plastic "transition” is chosen here at e/ ey = 0.5. {This rather cooresponds with a completele yielding
ligament at (w-a) / 2 =wW(1-A) / 2= c2WAF2 / 2xY2, or 4\F2—x (1-A)=0.}

AC

22 The J- design cutve.
For J similar considerations can be given as for ¢.o.d.
In the linear elastic range J= Ec2aF2; in the plastic range J behaves like e1+1/" j.e. also rather linearly with e.

With Gy = anzaF2 and again taking the elastic-plastic "transition" at £/ ey = 0.5, one has:

-lj-—( ) for £ <05 and = = £ - 0.25 for £ > 0.5
Gy ey ey Gy ey &

Note that the above implies, that J¢ = YY8, with ydepending on plastic constraint.

Alternate analytical approaches offering variations in "design-curves’ descriptions for which (sometimes)
better agreement with experimental and numerical results is claimed, can be found in relevant literature on
"design-curves”.

Note further that for a not completely yielding ligament by assuming that the increase of compliance

from the initial physical crack size ag up to the notional size aj; at initiation can be described in a l.e.f.m.
way, an analytical relation between defect size and critical initiation gross stress gj; can be explored from

the current test formalisms for J at not too large yielding. Taking e.g. the J description in the deep bend
test:

f, fie
Jyg=—— IPdf or J, . (1-2)=2 Iodf (P =load; f =displacement; 6 = gross stress;
0
b(w a) 0 0

subscripts ic and 0 refer to initiation and initial resp.; as before b = thickness; w = width; A =a /w)
one has for the compliance C(A), when Cq is the compliance for the unnotched specimen:

P &L g =._K_z__ _ RaF _02th2 _ W)
2b da E E' = Eu E,
A
2_[¢mdx
4 _ 260 _2y(®)
dl bE Oﬁenng C= b'E, — 00 = bE + Co

With df = P dC + C dP and using:
f A

[+

chf:%{q(?\,lc)c%+6[c2¢(l)dl}+ Cobw o =2 (e, + ) Yiho) + G b w o, =xlh, o)

[+

{bar over symbol means average over interval (0, fic)}
one arrives at Jig = 2 / (1 - Ag).
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Appendix 2: Critical f.m, concepts and the constitutive equation,
Crack initlation aspects.
Assumedly a blunting of the crack tip occurs, corresponding with a small crack extension Aaj; and the

development of a critical ¢.0.d. 5, before "real" initiation starts, severing the crack front.
For apath along the crack front one then concludes:

5./2 £
i = _f W dy, with W= _[ Y(s) de* =Y &y =local strain energy density; e* = effective deformation and
-8,12 0

Y{e*) is yield stress, described by constitutive equation, Y =average Y over traject (0.€7) and & = local
effective deformation at crack front, when initiation starts.

Thus: J,, =W5_ =Y er 5, =¥ e 8, , withW, g8 and Y over the crackfront averaged values of W, g}
and Y.

This gives an interpretation of the above mentioned yas a measure of the average effective deformation at
the crack front (y=0.8-2.0) and relates J to the constitutive equation in an orientating way.

(For eg. Y = 500 MN/m”, € =2.0 , _=0.15 mm, J,_ = 1.5 MN/m)

Figure 2

Crack propagation aspecis (CI. fig. 2)
When crack extension takes place in direction x of a plate with thickness in z-direction, the plastic zone at
the crack tip will move along, causing a plastic wake.In planes paralle! to the plate surface. This can be

considered caused by the movement for a certain z of curves I' (x,y) in the plastic zone being the loci of
points with maximum strain energy density ep(x.y} on lines parallel to the crack, i.e. {d er(x,y) / d x }y = Q.

e{x.y)

oe*
. N . T .
With e (x,y) = JY(S*) de*, the loci will obey: Y(a;:(x,y)) { a_x}Y =0;

g* = effective deformation and de* =§-~JS ‘/de% + dsldza2 + da% :

eI_(x,y) =Y a;(x,y) with Y is average yield stress over the interval (0, si‘_(x,y)).

Obviously the cracktip and the points where tangents to the plastic zone parallel with the crack can be
drawn belong to I'-curves.

For an achieved small crack extension da the dissipated energy for fracture resistance R will have been:

Ty

Rda=da JV el_(X.Y) dy or R =Y~ A, with Y~ is average of Y over I-curve and A=2 1"y ;

.]"!'r

A is increase of length in y-direction by plastic wake of propagated crack with respect to undeformed
material. '

In the last equality the effective deformation in the I'-curve is approximated by the deformation in y-direction.
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where fraciure mechanics
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quoted.(These are however readily accessible for those interested.). Also many afternale or more elaborate

and preciing considerations than here given, bearing on structural safety and Ireated in literature, are not

This contribution fo the EGF Newslefler is not meant as an arlicle or a review. Relevant papers are thus not
discussed for pages restriction reasons. If was only tried to indicate some points,

This offers a relation between the propagation fracture resistance R and the constitutive eguation.

Using the Ramberg- Osgood relafion one arrives at:
(bar over symbol means average-over I'y).
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AGENDA of Fatigue and Fracture Events

Agenda items are placed free of charge. Inform
the editor about any fatigne andfor fracture
related meeting of interest for the readers of this
Newsletter. '
Language is English, unless specified else.

June 15-18, 1987
International Offshore Conference on Steel in
Marine Structures '87

Location 1 Delft, the Netherlands
Organizers : SMOZ, TUD, TUE, TNO '
Inguiries : SiMS3'87, cfo KIvl

P.O. Box 30424

2500 GK The Hague, The Netherlands
Tel. (31)70-919900 Telex 33641

June 23-25, 1987 .
20st National Symposium on Fracture

Location  : Bethlechem, USA
Sponsor :  ASTM Committee E24
Inquiries  : R.G.Gangloff
Dept. of Materials Science
Thomton Hall

University of Virginia
Charlottesville, VA 22901, USA

June 28- July 3, 1987

FATIGUE 87, Third International Conference

on Fatigue and Fatigue Thresholds

Location  : University of Virginia
Charlottesville, Virginia, USA

Organizer : University of Virginia

Sponsor : The Nat. Science Foundation, et al.
Inquiries  : Dept. of Conferences and Institutes
Division of Continuing Education
University of Virginia
P.O. Box 3697

Charlottesville, VA 22903, USA

August 17-21, 1987
9.th International Conference on Structural
Mechanics in Reactor Technology (SMiRT-9}
Location : Lausanne, Switzerland
Organizer : 1A-SMIRT, CEC,
Ecole Polytechnique, de Lausanne
Inquiries  : Prof. Dr. FH. Wittmann
Ecole Polytechnique Fédérale de
Lausanne, SMiRT-9
Chemin de Bellerive 32
CH-1007 Lausanne, Switzerland
Tel. (41-21)472825, Telex 24478

August 23-26, 1987

CIM/CSFM Symposium on Fracture

Location : Winnipeg, Canada

Organizer : CIM/CSFM, Canada

Deadlines : Jan 15, 1987 - Abstracts
Aug 23, 1987 - Manuscripts

September 7-11, 1987
Second International Conference on Low Cycle
Fatigue and Elasto-Plastic Behaviour of
Materials
Location ; Munich, FRG
Organizer : DVM,FRG
Sponsors 1 EGF, ASM, ASTM et al.
Deadlines : June 15, 1986 - Abstracts -
Jan 15, 1987 - full papers
Inguiries : DVM-Office, Frau I. Maslinski
DVMe.V.
Unter den Eichen 87
1000 Berlin 45, FRG
Tel. (030) 8113066

September 7-11, 1987
First International Conference "From Materials
Science to Materials Engineering"

Location  : Paris, France
Organizer : AFREM.,, France
Sponsor ¢ RILEM, France
Deadlines : Nov 30, 1986 - full papers
Inquiries  : Congress Secretariat AFR.E.M.
12, rue Brancion
715737 Paris Cedex 15, France

Tel. (1)5392233, Telex 695527

September 28 - October 2, 1987

Sixth Advanced Seminar on Fracture Mechanics -

ASFMG6, on Assessment of Cracked

Components by Fracture Mechanics

Location  : JRC-Ispra, Italy

Organizer : JRC- Ispra/EGF

Deadlines : Invited speakers only
Sep. 1, 1987 - registration

Inguiries  : Secretariat “Ispra Courses”
JRC Ispra Establishment
21020 Ispra (Varese), Italy
Tel. (0332)789819/789839
Telex 380042/380058 EUR 1

October 13-15, 1987
International Seminar on High Temperature
Fracture Mechanisms and Mechanics
Location : Dourdan, France
Qrganizer : CNRS- GRECOetal.
Language : French/English
Deadlines : Nov 1, 1986 - Abstracts
May 1, 1987 - Full papers
Inquiries  : Mr. B. Dambrine
Département YDU
Direction Technique de la SNECMA
Centre de Villaroche
77550 Moissy Cramayel, France

Inquiries : W.R.Tyson
PMRL/CANMET
568 Booth Strect
Ottawa, Ontario K1A 0G1
Canada
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AGENDA cont'd

Weck of 18 October, 1987
Symposium on Advances in Thermoplastic
Matrix Composite Materials

Location Bal Harbour, Florida, USA
Organizer : ASTM :
Sponsor ASTM Comm, D-30
Deadlines Feb 1, 1987 - Abstracts

Oct 1, 1987 - Final manuscripts
Inquiries Golam M. Newaz

Mechanics Section

Battelle, Columbus Division
505 King Avenue
Columbus, Ohio 43201-2693
USA, Tel. 614/424-4670

November 9-11, 1987
International Symposium on Environmentally
Assisted Cracking: Science and Engineering

Location Bel Harbour, Florida, USA
Organizer : ASTM
Sponsor ASTM Comm. G-1, E-9,E-24
Deadlines Nov 1, 1986 - Abstracts

Sep 1, 1987 - Final manuscripts
Inguiries W. Barry Lisagor

Mail Stop 188A

NASA Langley Res. Center
Hampton, Virginia 23665-5225
USA, Tel. 804/865-2036

November 12-13, 1987
Symposium on Factors that Affect the
Precision of Mechanical Tests

Location Bal Harbour, Florida, USA
Organizer : ASTM
Sponsor ASTM Comm. E-24 and E-28
Deadlines Dec 1, 1986 - Abstracts
Sep 1, 1987 - Full manuscript
Inquiries R.M. Lamothe
U.S. Army Materials Techn. Lab.
Watertown, MA 02172

USA, tel 617/923-5285

November 24, 1987

11. Sitzung der SVMT-Fachgruppe

Bruchmechanik und Ermiidong

Location Swiss Federal Laboratories for Materials
Testing and Research (EMPA)
Diibendorf (Ziirich), Switzerland

Organizer : SVMT

Language German and French, others ask Dr. Prodan

Deadlines Oct. 31, 1987 - announcement of

contributions and registration

Dr. M. Prodan

Gebr. Sulzer AG

Abt. 1502

8401 Winterthur

Switzerland

Inguiries

Week of 24 April, 1988
Symposium on Fatigue and Fracture Testing of
Materials
Location
Sponsor
Deadlines

Las Vegas (Nevada), USA

ASTM Committees E-9 and E-24

Jul 1, 1987 - Abstracts (300-500 words)
Mar 1, 1988 - Full manuscript

H.I. McHenry (symposium co-chai
National Bureau of Standards
Boulder, Colorado 80303
USA, Tel. 303/497-3268

Inquiries

February 7-12, 1988
7-th International Conference and Exhibit on
OFFSHORE MECHANICS AND ARCTIC

ENGINEERING (OMAE)

Location Adam's Mark Hotel, Houston, Texas, USA
Organiser ASME et al.

Deadlines April 20, 1987 - Abstracts

May 1, 1987 - Tentative acceptance notice
July 31, 1987 - Manuscripts

November 5, 1987 - Final acceptance notice
Dr.ir. R. Denys

Rijksuniversiteit Gent

Sint Pietersnieuwstraat 41

9000 GENT, Belgium

Tel. (32) 91-232821-ext. 2462/2404

Telex 11344 ibsbil, fascimile (32)91-237326

Inquiries

April 25, 1988
Symposinm on Surface Crack Growth:
Models, Experiments and Structures

Location Las Vegas (Nevada), USA
Sponsor ASTM Committee E-24
Deadlines Jul 1, 1987 - Abstracts (extended)
Mar 1, 1988 - Full manuscripts
Inguiries W.G. Reuter (symposium co-chairman)
1daho National Engineering Lab,
P.O. Box 1625
Idaho Falls, ID 83401
USA, Tel. 208/526-1708
April 25-26, 1988
9th Symposium on Composite Materials
Location Las Vegas (Nevada), USA
Sponsor ASTM Committee D-30
Deadlines Jun 1, 1987 - Abstract (500-1000 words)
Jan 31, 1988 - Full manuscripts
Inquiries S.P. Garbo (Symposium chairman)
United Technology
Sikorsky Aircraft Division
6500 North Main Street

Stratford (Connecticut) 06601-1381
USA, Tel. 203/386-4576

June 13-15, 1988
International Conference on Life Assessment
and Life Extension of Thermal Plants

Location The Hague, the Netherlands
Organizer NIL, the Netherlands
Sponsor KEMA et al.
Deadlines to be announced later
Inquiries : NIL
Laan van Meerdervoort 2b
2517 A} The Hague
The: Netherlands, Tel. (31)70-600937 i

Continued on next page
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A END A September 11-15, 1988
‘ ;. ! Sixth International Conference on Pressure
Cont d Vessel Technology, ICPVT-6

June 15-17, 1988 éﬁ;ﬂ?:er g;ﬂll:sgé lc’ll':':l::;ue Vessel Inst.
Third International Spring Meeting on Sponsor :  Int, Council for Pressure Vessel Techn.

FATIGUE.CRACK GROWTH UNDER VARIABLE

AMPLITUDE LOADING Deadlines : Feb2, 1987 - Abstracts -

Sep 5, 1987 - Full papers

Location i Paris, France oL,
Organizer : Fatipue Commission of the French Inguiries  : Mr. C.B. Corbett .
: : Manager Process Ind. Devision
Metallurgical Society : .
. Inst. of Mechanical Engineers
Sponsors : ASTMetal . .
Inquiries @ Dr.J. Petit 1 Birdcage Walk, Westminster
' ENSMA Londen SW1H 9JJ, UK
gg:ePOITIERS Cedex ) eﬁ;;er 19-24, 1988
v Seventh European Conference on Fracture,
ECF?7

June 28-30, 1988

. . Location : Budapest, Hungary
2t otons Sy Frcre G+ S oty o s
Sponsor :  ASTM Committes E24 ‘ 7 s (GTE), Hung
Inguir : Sponsor : European Group on Fracture ( EGF)
nquirtes  : J.P.Gudas Inauiri . Dr. E. Czobol
Naval Ship R&D Center nquiries 1 LT S LZOOOTY

Technical University Budapest

i dF h
Fatigue and Fracture Branc Inst. for Mechanical Technology and

Annapolis, MD 21402, USA

Materials Science
P.O. Box 451
September 6-8, 1988
VIil. Symposium on Peformation and Fracture 1372 Budapest, Hungary
Location : Magdeburg, GDR.
Organizer : Univ. of Technology "Otto von Guericke" March 20-24, 198,9
Language : German, English, Russian Seventh International Conference on Fracture,
Inquiries  : Prof. H. Blumenauer EW . Uni v of H T USA
Tech. Universitit "Otto von Guericke" can?n ’ n}vm}ty ot Houston, lexas,
PSF 124 Organizer : University of Houston
1010 MAGDEBURG Sponsor The Int. Congress on Fracture
DDR Deadlines : May 1, 1988 - Full papers

Oct 1, 1988 - Registration
Inguiries  : Dr, Kamel Salama )

Mechanical Engineering Dept.

Un. of Houston, University Park

Houston, Texas 77004, USA
Tel. (713)749-4455 Telex 556

Mail the form below to be kept informed about EGF's activities

EGF Newsletter - Subscription form

Please mail the coming cost-free issues of the EGF Newsletter to:
(use typewriter or blockletters)

Full Name
Full Address :

Mail to : EGF Office
¢/o Delft University of Technology
Faculty of Materials Science
attn, prof. A. Bakker
P.O. Box 5025 -
2600 GA DELFT, The Netherlands
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