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APPENDIX - Questionnaire Sent to all 1CF4 Delepates

Two panel discussions have heen_grgani%ed at 1??4_Qnd§r t?efgeHEZ?;QZEiS-
ing Fracture and Society. The first ?I these is bLhQ,UIo;..UT ‘;nt_o}
22 June, 1977 and is designed to provide a bails for lﬁé IQ»E ?E"\~rinv
clear educational objectives with respect to rf&cLu?s {n d?‘:T?tn:hd g
subject. 1t is expected th“F the discussion w}%l he YFTy 'é¥;>)t; e
several speakers have been lined up. If you wish to L“nigl'TRt e -
cussion on this topic, please so indicate hclnw.l it wouh‘ J\‘f'1der of
valuable if all participants would complete and return the rematl

this short questionnaire.

1 Do you wish to contribute to or participate in the disugss1an on
‘ Fracture Bducation and Society? Contribute Yes %0@ -
Participate You No
2 o you tesch at a post-secondary institution (university, technical

institute, etc.? [If so please give the name of the institutions,
and the highest level of qualifications offered (e.g. Ph.D.).

3 Fﬁewse give the name of the department or academic unit in_wh?ch you
- work, and the highest qualification it is possible to obtain in your
*
own department. . S -
4 Are graduate courses on Fracture or Failure Analysis &p961i{cally
) offered in your department or another department? Please give
details.

Ts the subject of fracture an officially designated part‘ot your
undergraduate curriculum {e.g., do you have a course entitled fracture,
or iq’fracture a specified part of another course)? If so, please

give details

wl

6 i[5 the subject of fracture part of the core (i.e. m;qdatory) curri—¢

) culum of the undergraduate engineering programme (if you have one)?
Yes _ Noo

pPlease give details.

7 [s the topic of fracture taught in your institution in any special
. or unusual way - e.g. by means of a ''case study? upprou?h, through
the use of project work, cte.? If so, please give details.

8 What place should courses on Fracture have in undergraduate curricula
for Engineers? . ‘ ' i
9 pPlease add any other comments on this topic - overleaf.

Return to Professor D.M.R. Taplin, Department of Mechanigal Engineering,
University of Waterloo, Waterloo, Ontario, Canada, N2L 3Gl.
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FRACTURE AND SOCIETY
D.M.R. Taplin

Tuo Plenary Panel Discussions were organized at ICF4 under the general
heading Fracture and Society. These were conducted from approximately
14.30 - 17.00 hours in the Humanities Theatre of the University of Waterloo
on the Wednesday and Friday afterncons of the Conference (June 22nd and
24th, 1977). The Discussions were open to the general public and were
widely reported upon in the Canadian Press. There was also a good deal of
effective television coverage of the Conference, including these Panels.

The object of these panels was to explore and integrate our thinking as
experts in fracture and delegates to ICF4 with the wider purpose of the
society in which we all live on this planet, Earth. GSpecifically, the
overall aim was to provide a formal framework within which we could examine
the broader implications of our technologically based fracture research -
be they sociological, philosophical (ethical, moral, aesthetic), education-
al, political, economic - to perhaps bring us down to Earth from our "lofty"
mathematical and "hidden'" microscopic studies. For, surely, it is those of
us who are educated in the problems of fracture who must ensure that intel-
iigent social and political decisions are arrived at in our areas of
competence. Much is spoken of the need to educate the general publie in
science and technology but a more crucial issue in education is the educa-
tion of we engineers and scientists and our students in the practical and
philosophical facts of social and political life and decision-making.

The two other major innovations in the topics addressed at ICF4 relate to
this innovation. They are firstly, an emphasis on the control of fractursz
in large-seale engineering etructures - Risk Analysis (Tetelman), Ships
and Tankers (Burns), Nuclear Reactors (Nichols), Railways (McClintock),
Pipelines (Hahn), Aircraft (Nemec) - clearly such technological structures
are, along with the fracture of the Earth itself, the most pressing concerns
of society today in considering fracture problems. But the overriding
innovation at ICF4, perhaps, was to focus upon an 7néecreted approach to
fracture. This quite clearly included these panels here being introduced
but it also included the aim of integrating the micromechanistic and
mechanics approaches both through commissioning broad papers, such as those
by Ashby (Maps) and Knott (Alloys) and the judicious juxtaposition of papers
from the different disciplines. Furthermore, as Max Williams is often
quick to point out, Fracture is an interdisciplinary topic. Perhaps it
can best be approached as a phenomenon which has many consequences and
implications and which needs the application of many disciplines for its
understanding and control - including those outside science and technology.

The Conferences in the present series are, indeed, the Olympiecs of Fracture.
We must therefore surely endeavour to encompass the study of it in all its
aspects - and yet produce a vigorous, integrated theme, philosophy and
science. Our purpose at ICF4 was to encompass all nations and all aspects -
but, T hope, forward-looking, eritfeally and with the application of high
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standards. Not all things to all people but, at
mark and some new departures.

least, a significant land-

Accordingly, these Panels on Fracture and Seciety represent Just a beginning.
What follows in this Volume is an edited transcript of the taped record of
the two Panels. This written record goes somewhat further than the actual
discussions themselves - it is essentially the "book" of the "play" - and,

I believe, several aspects of the topic addressed are revealed more clearly
in this written transcript. Tt is surely revealed as a topic worthy of
considerable attention - for the collaboration of researchers from several
disciplines and a responsibility for ICF and ICES to continue,

The first Panel, on June 22nd, 1977, focussed upon Fraciure, Education and
Seciety and directly followed in the Programme, Dr. Reid's presentation on
the Teaching of Fracture. The meeting was turned over to the co-chairman
for this session, Professor Ronald W. Armstrong. Dr. Armstrong was at that
time with the United States National Science Foundation as a Programme
Director in the Secience Education Branch. His pPermanent post is in the
College of Engineering at the University of Marvland. The pranellists were
drawn in the main from prominent engincering educationalists both in Canada

and elsewhere, with some wider representation to add a little spice. ‘The
full list of panellists is recorded below with their affiliations. Two

particular papers were examined as background information - the paper by
Reid et al and the Cottrell interview - along with the results of a survey
on education. The idea For this survey derived from discussions with
Professor Alan Tetelman and it was conducted by Dr. Knapper and myself,

The second Panel on June 24trh, 1977, directly followed Professor Bruce
Bilby's broad survey of Fracture. Bilby is such an eloquent speaker and
penetrating mind that this proved to be, as many expected, perhaps the
major single technical highlight of the Conference. Fven though, by this
time, delegates were themselves somewhat futigued for, apart from the long
and full technical sessions, the evening before this final day was the
night of the Conference Banquet and Cabaret. The team of Bruce Bilby,

Roy Nichols and John Knott proved themselves to bhe #reat cabaret performers,
indeed rivalling our main Labaret star, Dinah Christie. Rov Nichols!
poetry, Bruce Bilby's apologia to the J-integral and the buke of Wellington
and John Knott's purple bailiwicks will be long remembered - long after we
forget science, perhaps.

This final session of the Conference was conducted by Dr. R. w. Nichols.
Apart from being President of ICF and Chairman of the International Counci)
on Pressure Vessel Technology, Dr. Nichols is an Engineer, Manager and
Designer concerned directly with perhaps the most crucial and certainly
Mmost politically sensitive industry - Nuclear Power Technology.
Once again, two pre-published papers were available as g starting point

for discussion - Sir Alan's interview and the paper by Max Saltsman, the
Member of Parliament for Naterioc-Camhridge. Max Saltsman M.p, is well
known in Canada for benetrating political anzlysis and debate and he has
been the parliamentary representative for this constituency for many vears -
s a member of the New Democratic Party. He is also a Professor in the
Faculty of Engineering at Waterloo, teaching courses in Management Science.
The panellists were selected to cover a broad front of the interface with
the public at large and their names are recorded below with their affilia-
tions.

Naturally, the names of many eminent and well-qualified peonle are not
listed on these panels. For example, Dr. Alan Tetelman contributed to the
thinking behind both Panels and Professor Mike Ashby unaveidably had to
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leave early - many others contributed from the floor and via informal
discussion on questions raised. One scientist and engineer whom we should
here record as a crucial contributor to our discipline is the late pr. A.
A. Griffith FRs. Griffith is surely the father of the science of fracture
mechanics and in his honour we have named the unit of fracture toughness
the Griffith, where 1 Gr = IMpay's. This should prove to be a useful
standard designation amongst the community and it may well achieve formal
recognition as an g1 supplementary unit. The major part of Griffithts
working life was not spent on fracture mechanics. This was a consequence
of an unfortunate accident during his experiments on plass. Armstrong

(1) records the fact that Griffith's assistant caused a fire by leaving
the glass-melting torch on overnight. The work was subsequently scruti-
nized and the Committee of Serutiny decided the Tesearch was not worth-
while. Thus Griffith turned to other matters, and developments in the
science of strength and fracture were halted for a period. As Mrs Jupe
George (2) pointed out in an interesting letter about her father, he worked
mainly on the Jet Enpine. Mrs George's letter is worth quoting as it pro-
vides a useful hasis for discussion on the topics we now address:

"Sir, Your readers, when trying to deeide about the arguments jor and
agatinst Concorde, might be interested in the story of my Jather, Dr 4 2
Griffith. He was an aeronautical engineer coneerned in most of his
working life with the develovment of the jet enaine.

In the mid 1950z, convinced that thepe would be another war, my father,
then working at the Royal Aiveroft Establishnent in Farnborough, tvied to
g2tk moeney from the government to develop the Jjet engine. remember, as
a ehild of five or sig Hears, the exeiiement in my family, and hia anger
and disappointinent when he returned from London having had hig request
refused, According to the governmment there would not pe another wae.

in the early 1950% my father had another idee, By this time he was
working fop Rolls-Royee, where he could get money to develop his pPrajects.
The new idea was Jor a supersonic aivliner which would d anatically re-
duce flying times between oitics, Again the family shone in reflacted
glory and hoped that Ehis time he would make his foriune.

Thisz iime he gave up the projeot himzels,
advantages, particularly those of notse, far outweighed the advantage of
tneveased speed. He went on to develop the "ELying Bedstead", the first
vertical take-off machine with a jet engine. fe was always interested in
the idea of developing this wommner2tally, but dgain was very concerned
about the problem of noige.

having deeided that the dig-

My father predieted that the supersonic aipliner would be developed at
some time in the future at enormous expense and mainly fop 7ts prestige

dalue.

Towards the end of his iife he became more and more concermed With en-
vironnental probilems. fe believed that Lf noise redustion had been alse
comneretal value then ¢ would have happened much seoner and that i+
was technically very possible.

Perhaps the lesson to be learnt from hie advanced thinking ©s that e
should listen carefully to such men, for they do not always shout the
loudest. There are alse tmplications in this story for the education of

future seientista; thae they should pe concerned with the human problems
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qescetated with their inventions. My father had en arts education before %
he became a seientist. i
Yours sincerely, |
June George |
. i
Clearly much debate on this overall topic will continue under the auspices i
of ICF and elsewhere. Hopefully the start made here will be developed i PANELS - FRACTURE AND SOCIETY
further at ICF5. i
i
REFERENCES : Chairman : D.M.R. Taplin
(1) ARMSTRONG, F.W., The Acro Engine and its Progress - Fifty Years
after Griffith, J. Roy. Aero Soc. llecember 1976, 499-520. 1. ERACTURE, EDUCATION AND SOCTETY
(2) GEORGE, J., Letter to the Editor, The Times, January 24, 1976. Chairmen @ R. W, Armstrong National Science Foundatiom, U.5.A.
J. D. Embury McMaster University, Canada
D. Francois Université de technologie de Compi€gne, Fran
R. W. Hertzberg Lehigh University, U.S.A.
: E. Hornbogen Ruhr-UniversitHt, Bochum, West Germany
i C. K. Knapper University of Waterloo, Canada
: J. F. Knott University of Cambridge, Fngland
H. Liebowitz George Washington University, U.S.A.
AL J. MeBvily University of Connecticut, U.S.A.
. N. Reid The Open University, England
AR.C. Westwood Martin-Marietta Laboratories, U.5.A.
T. Yokobori Tohoku University, Japan

2. FRACTURE, POLITICS AND SOCIETY

Chaiyman @ R, W. Nichols U.L.A.E.A., England
B. L. Averbach M.I.T., U.S5.A.
B. A. Bilby University of Sheffield, Ingland
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J. F. Knott* University of Cambridge, England
D. Mills Ontario Mydro, Canada
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T. Yokobori Tohoku University, Japan
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FRACTURE AND SOCIETY - PART 1

Edited Transcript of the First Panel Discussion on

FRACTURE, EDUCATION AND SOCIETY

Armatrvong : The schedule for the conduct of the meeting is as follows.
First, Dr. Knapper will tell us about the questionnaires on the teaching
of fracture that the participants at ICF4 have returned. Second,

Dr. Weaver will show a film relating to Dr. Reid's plenary lecture showing
us more about the Open University Course Materials wunder Stregs. Then,

we will turn to the panellists and, beginning with Professor Embury, each
panellist will give a short presentation on the topic we address. Follow-
ing this, we will open the meeting to further discussion, possibly from
the panellists themselves, but preferably from members of the audience.

Krapper : 1 will talk only briefly about the results of the survey since
this is recorded separately. T am a psychologist and my job title here at
waterloo is "Teaching Resource Person. Dr. Taplin invited me to collabo-
rate with him in this enquity inte the place of Fracture in Lducation, as
an educationalist as such and 1 make no claim whatsoever to any expertise
in either engineering or fracture. Fracture is quite clearly something
that people should be educated about. This has educational implications
not only for those involved directly in fracture research and the teaching
of fracture, but also for society as a whele, which should know rather more
about potential problems that can arise. This is particularly true when
these problems require decisions of a political nature, Experts in this
field have a very special responsibility, not only in educating students,
but in educating students to be able to communicate with the public at
lurge.

About 80 responses were received to the 400 questionnaires sent out by
Professor Taplin. 1t may be assumed that these are not a wholly reliable
indication of the teaching processes going on avound the World in the 60
institutions represented, but presumably they do represent the responses
of those who are most interested, and it is a good psychological precept
that people who respond to questionnaires are the people who have a defi-
nite point of view.

let me extract just a few of the findings. Iverybody of course agreed
that fracture was a very important subject for people to know about and
presumably most of those who responded were actively invelved in teaching
this subject. Nonetheless the number of formal courses, particularly at
the underpraduate level, for the teaching of fracture, was rather small.
Less than a third of those responding mentioned a formal course. We were
more interested, however, in reports of innovative teaching. The innova-
tive method usually boiled down to a case study or project approach, per-
haps aleng the lines that Dr. Reid and his colleagues have written about.
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{t should be noted that the proportion of reported innovations is relatively
small in relation to the number of institutions that we surveyved and of
course we have no good indication as to how successful they were. But
there are examples there and several detailed descriptions : these are
summarized in a short report.

I would like now to mention the contributiong by~pr. Reid and his colleagues
from the Open University and the interview ylth Sir Alan Cottrell. It does
seem to me that there are certain themes which run throygh both these
presentations. One is a dissatisfaction with the teaching of fracture and,
in fact, vou could take it beyond fracture to the teaching of engineering
as a whole, in the standard discipline-oriented research way that is
characteristic of traditional universities. Instead these presentations are
arguing for a much more practical apProach_to under§tand_fracpures, an
approach which is rooted much more firmly in realrllfe situations. There
are a number of reasons why this is the case and is true for the Open ]
University for instance. This stems particularly from the type of clien-
tele that'they have - very different from the sort of students that many

of us would find at more traditional universities. In the case of )
Sir Alan Cottrell this feeling seems to emanate from his experience outside
of universities dealing with real world problems. But I feel quite strongly
that this dissatisfaction is appropriate for a topic like fracture. [ say
this is a "topic" although Professor Taplin calls it a 'phenomenon' rather
than a ""discipline". Thus, fracture does secem to be a rather central

topic in this regard because it does not particularly lend itself to teach-
1n§ in the normal "discipline-bound'" ways. You cou%d read ab?ut th%s
di%cip]lne-hound approach much more eleoquently in Sir Alan's interview,
where he savs, "look, we do not want to produce any more researche?s, we
have got enough of them anyway - it is just not good enough to train
graduéte students who are going to be training other graduate students,

and so on."

I give fracture as an example of an instance where it does not emanate
directly from a discipline in the same sense as physics and where at the
same tihe, people need to know about fracture in order to solve very
immediate and worthwhile crucial problems. So you have those twin concerns.
Hlow do vou do this? That really is the point. That is what presu@ubly
some of'our panellists and [ hope many more of our audience are go1ng to
address themselves to today. One approach is the approach you will sece
demonstrated and it is a case study or project approach used at the Op?n
University. Another approach which [ talked about at length in the writ-
ten version of our paper is the attempt at universities like Waterloo to
invoive the students in a large measure of co-operative e&ucatiop. I will
not talk about either of these efforts but will just end by raising a
number of issues that are psychological more than anything else anq which
perhaps the other panellists might keep in mind when they are tal&lng
3bout'trnining or educating people in the subject of fractuFe. !f there
is one point above any, that T would mention as a pﬁycholog%st: it is thg
notion of *rangfer of training or transfer of learnming. This is the b3§1c
underlying assumption of all education and that is that whgt you learn in
one situation is applicable in another situation and this is something
which T think as university teachers we tend to forget. There are many
points which emanate from this idea of transfer of training. Let me just
say the psychologists find that transfer of training is not something you
can blindly assume will happen. It only happens in very specific smtu37
tions. Particularly it rvequires a fairly close match between the learning
situation and the situation in which you are to apply that knowledge.
Secondly, related to the notion of transfer of éraining is the whole
question of what particular skills you, as engineers, will want to teach
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under the topic of fracture to the students who pass through vour hands.
The point here is to bear in mind that the very nature of what they are
going to be doing is likely to change even more radically in their career
span than it did in yours. Various educators have called for a quite new
approach to teaching which, instead of teaching a body of skills and in-
formation, teaches one single skill, perhaps, the ultimate one, and that
is the ability to learn how to acquire information or to learn how to
learn.

Armstrong @ As Professor Knapper has mentioned the interview with Sir
Alan Cottrell, this may be an appropriate moment to make a few remarks of
my own relating to the educational aspects of the Interview.

The first remark is concerned with the point, mentioned again, which was
mentioned in the Cottrell interview to the effect that everyone is concern-
ed, even from a very early age, with why things break. In fact, there is

an instructive comparison to be made in this regard between fracture techno-
logy and space technology. The thesis is that the everyday experiences of
a person with common fractures in respect of fracture technology are some-
what analogous with the counterpart evervday experiences of a person, say,
with common flying objects relative to space technology. For both subjects,
the principles are largely the same in evervday experience and in these
significant engineering accomplishments. The interesting consideration is
that an understanding of space technology involves chservations on the
largest scale imaginable whereas understanding fracture involves observa-
tions in the opposite direction on the microscale. The problem of extra-
polating either way - for most people - makes each subject a bit difficult.

The second remark is a reminder of the pioneering emphasis given by Orowan
to the effect of fracture being a model- or mechanism-sensitive phenomenon.
This observation is fundamentally important to differentiating between
physics and engineering educations in many places in the World even today.
In this perspective, there is reasonable educational difficulty involved

in connecting the physics of fracture, with its wodel understanding which

is imperative, and engineering considerations of fracture, extending them-
selves from abstract applied mathematics for purposely poorly defined
continua to empirical analyses of service failures.

The third remark is concerned with the fact that fracture is a many-
material-parameter subject - and this, too, adds special difficulties for
the educational process. FEven with the few experimental quantities which
are determined, often with difficulty, in fracture mechanics experiments,
it is important to understand that these quantities must encompass, at
least, all of those parameters which are involved in understanding the
strength properties of crack-free materials. This result is a consequence
of the theoretical requirement that plastic flow must always he initiated
in some limited sense for fracture to occur because of the growth of a
single crack or a number of them.

Now I would like to move on to Dr. Graham Weaver of the Open University,
who, rather than Dr. Reid, will introduce the OU film.

#eaver @ The title for the whole of this discussion, Fracture, Fducation
ane eiety, is clearly much wider than just talking about the sort of
teaching one can do with television. It is surely important to produce
an understanding among the general public of the issues which can be
treated by fracture mechanics and, insofar as Open University television
programmes are available to the general public because they are broadcast
on the ordinary television channels in Britain, perhaps we are making a
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start in this regard.

The course on failure is designed to take about 200 hours of student study.
Most of this time is spent studying the written work. There are only about
7 hours of television available so it is a scarce resource. We have to
make szure that we use it with some care. The extracts we have to show vou
constitute about a 20-minute sample. The selection is a number of short
extracts with which we hope to illustrate how we use television to teach.

I should like to say a few words at various places in the middle of the
film about what is next to come. You will probably notice some sort of a
story line and just in case you do not I will tell you about it.

The first extract deals with designing against failure. without any refer-
ence to the presence of cracks or defects at all, It concerns a man-
powered aircraft wing. Then we go on to talk about cracks being introduced
into a welded structure during its manufacture. Actually this extract is
a sequence about welding and then weld testing. The welding operation
introduces cracks into the structure but you are not sure where they are.
You need to detect them and so there is a sequence about non-destructive
testing. Then some of the later sections talk about fracture mechanics
and defects actually growing in service. So the sequence is in fairly
logical order in terms of the subjects which are presented. [ suppose it
is no surprise that the presentation roughly corresponds to the order in
which the subiects are dealt with in the written part of the course. But
that is not the rationale for this selection. As T say, | want to show
you how we use television as a medium for teaching. Our written work can
give students contact with problems via all sorts of examples which they
can try to work out for themselves with direct instruction on theory and
its application. There are several things that written work cannot do.

[t is very difficult through the Open University system to give practical
experience. The only practical experience we can give to our students,

at least in this course, is with a small home experiment kit which some
of you might have seen in the publications reom in the other building.

S0 one of the things we would like to do with television is to demonstrate
the use of laboratory cquipment and the kinds of experiments which it is
necessary to do in order to establish evidence for the sorts of theories
which are being put forward or in order to establish evidence for taking
action in an industrial context. This reinforces learning if you like
contact with practical methods.  Tn this limited way, we can put the
student in contact with practical applications.

Many of our films serve the purpose of actually taking the students out
into industry on location. In the two instances that I have examples of

in the film we are talking about fracture mechanics. They are applications
of fracture mechanics, in one way or another, or examples of situations
where fracture mechanics can be applied. Another thing which we can do

is to give students contact with experts in the appropriate fields. [
think residential students at universities are often spoiled for this.

All the staff are experts in that most of the staff have active research
interests, and it is fairly natural that the student receives a good deal
of motivation and encouragement from seecing where intellipent study can
lead him. But our students, working at home, part-time, trying to hold
down a job as well, do not have anything like those opportunities, so
telovision is one way in which we can bring the expert and his opinions
and his professional apparatus in front of the student. Well, those are
three principle areas that we try to give the student, and they are dealt
with in the first three extracts which T shall show you. The remaining
parts of the film are just short snatches which actually reinforce these
first three items but also show you some of the television tricks of the
trade,
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The first extract is an example of practical work. It is a demonstration
done in a laboratory; actually, the laboratory is the television studio.
All the apparatus was taken there and the person who is presenting it is
one of our authors from the course team. In one way it is quite a lavish
experiment. The students at this time in the course have been studying
beam theory and have been following a step by step design of the wing for
a man-powered aircraft. This is a situation which was carefully selected
because both weight and efficiency of use of materials are important. A
man-powered aircraft only has a 300 watt power source which is rather small
compared with mechanically-powered aireraft. During this extract vou will
hear two references which might puzzle you. One is OUMPA {this is mevrely
the acronym for "Open University man-powered aircraft') from which you
shouid not deduce that we have built i man-powered aircraft., We have gone
so far as to build s section of the wings of one of these designs that
the student is being led through and the programme shows this design being
tested. There is also a reference in the extract to "hroadcast notes'
which I feel [ should clarify. Most of our television prograumes have
associated with them some short written notes which can serve several
purpeses. Often they are no more than a resumé of the content of the
programme which really acts as an aide-memoir to students after they have
seen the programme, even a long time after they have seen the programme,
because one of the disadvantages of television is that it is a very transi-
ent medium. Once you have seen the programme it is all over and done with
and there is not much opportunity with the limited Open University schedules
of seeing it again. Then, again, the broadcast notes can contain guestions
for the student to try to answer things based on the lessons of the pro-
gramme and so he can test the extent to which he has understood it. In
this particular programme the “hroadeast notes' also contain data which
the student needs in front of him actually to use during the time he is
watching the programme.

Can T now have the first clip of film, please? [t runs about four minutes
and there is a blank where I want the projectionist to stop.

MILM  (Seuwnd-traclk transeribed in italics)

o hove ceen the tests of individual materials and we Must now test a
section of OUMPA's spar design, the balsa and spruce main spar. I have
set it up heve 1in e studic az a zimply supported beam, supported here
and ot the other end, with a load applied by a hydraulic j ak in the
sontre. [ om veading force via a pressure gauge direetly in kf Lonewtons.
hie i goement in centi res 18 : 1 thia so You z2an
‘nom wour broadeast notes that we have a quived atif) T 0. 22
mewtons per metve for this eiructure. Se 1 I wlicw a centimetre
lection of the spar, this should g me 2.4 kilonewtons deflection on
the displacement scale. 1f I achieve that [ wiil have predicted OUMPA's
ain-spar stiffness adequately. Uow we are teating ar ag a simpily
SUDLOP

Late

{ beam and thie doecs not precisely represent the conditions of a
spar beeam in flight because theve it would be cantilevered. We are in

fact going tc have a higher shear forze in the present test tharn wou bd
normally erpect. oy the design of OUMPA's main ar, a 5,200 newtonmetres
bending moment will ocour at the centre of the beam when the force on the
scale reads roughly 71/, kilomewrons. So, let's begin the test. lan,

«can you start pwaping? 1 will eall out when we have a tre deflec-
ELOM vuve. Now! Thus we have just cbout achieved required load. Dhis
iz a pretiy successful prediction of onding stiffness and I think we can
be pretty proud of that; however the thewe of the course ig "failure" and
we ought to jall this beam now 70 8§92 whether ean Learn anything from
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So, Iun, can you carry on with the pumping? We
are building up the force . . I am getting some funny noises too. [t

'o starting to crackle but taking move load. There she goes! Now you can
see, in faet, ©f you cbserve here, that local shear has caused failure of
thie bean and we vulled out part of the spar from the glued surfaces. So
we have not failed at what is something like over § kilonewtons. We hav
not failed the spruce or the balsa but we fatled the glued joint. This
would lead us to conclude that we cught to reconsider our beam design to
have a seomewhat larger arsa between the alued surfaces.
as I said before in this type of test is quite high and seo I think that
thig is in gemeral a vretty good design for OUMPA's main spar.

this particular design.

Weaver : Well, that beam cost about $500.00, so we only had one of them.

[ think it says something for the quality of the presenter that the failure
was unrehearsed and he was able to make pertinent comments on it even though

it did mot fail in quite the way it was expected to. The next excerpt is
on location at a pressure vessel works. The main point of this excerpt is
the industrial location. You will note that some of the film has the
commentary dubbed on to it because it is a noisy factory and it would be
rather tiring if all the commentary was backed up with factory noise.
However, part of the commentary is deliberately spoken against the factory

noise. It is part of our purpose to give an idea of the atmosphere of the
place.
FILM A

The manual -welding process is used in this company generally for welding
homzies to shells or internal attackments. Ihe civeumferential seams and
longitudinal seams of the pressure vessels are generally dene by autematie
npocesees. In one process the idea s to feed a continmuous eotl of wire
into the electrode over the work piece. Granulated flux is fed round the
wire and the are ia struck underneath, melting some of the granules to
form a protective bilanket. Unmelted granules can be recovered with a kind
of vacuum cleaner for further use.
the weld poel iz solidified and gives a smooth surface to the metul,
reducing the posstbility of slag entrapment, 1 leh is a big danger witi
manual welding. With this, the submerged arc process ag it i called,
sermy large velumes of welding material can be depoatted without stoppi
by simply keeping the workpicce rotating. But how ean checks be mads
weld cuality? Sanple welds ave taken for mechanical testing and sections
can be etched in the laboratory so that the grain structure of the welded
material can be emamined.

1

Here ig a siose-up of an etched sect a4 multi-run submerged are weld.
What does it show? Fipst there is a difference in structure between the
weld and the pavent metal on either side. The colwmar crystuls reveal
the successive weld poole which are all well-fuged in this case with ne
obuious slag entrapment op porosity. The darkly etched narvow aones
Smmediately surpounding the weld depcsit are the heat affected zomes of
the parent metal. Compare the structure with this next o which is o
section of noszle, that ie the vertical member, manually we d to a
thicker horizontal shell. Again vou can sec the individual weld pools but
notice that the root run of the weld on the right-hand side is not as
well fused as the later welded sores. This zone could be the atarting
point for eracks to be initiated. 5o something has to be done about th
Votice also on the outermost welds that theve ave depresgsions between the
veld pools and the horizontal surface of the parent meta i. These could
4lse act as stress raisers. bBut neither of these

However, the shear

The fused slay breaks away easily after

eats s left wunattended.
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Soctal Implications

After the nozzle welding is complete, the outsides of the welds are pains-
takingly dressed to produce a smooth contour and thus, leave the surface
free from sivess raisers. For the smaller diameter root welds a similar
operation of grinding the ivregularities can be carried out. But what
about the problem of the lLavger nozale to shell welds? These parts are
only tack-welded in position. They are about to be welded and we know
that the First weld run, the voot run, is not likely to give such good
fuston with the pavent metals as the later ones, and this is where there
are iikely to be faults. The engineers can take care of this provided
that it ie vealized at the design stage. We can account for it by leaving
surplus metal on the inside of the nozale. We use this to form the root
run and, later, when the welding is finished, we machine away all of the
metal which ie swrplus, at the same time taking along with it the faults
involved in the root run.

Weaver : In the next extract we shall again be out on location, this time
at Hartlepool on the North Sea Coast where an oil production platform is
being built. This sequence starts with an explanation of a practical non-
destructive testing method and, then, we meet an expert who in this case
is the chief cngineer on that site for the non-destructive testing sub-
contractors. He explains some of the difficulties of the job through a
recorded interview. "A" in the following is Mr. K. A. Reynolds, a major
author of the course - unfortunately, he could only be present at ICF4 on
film.

FILM

A : The job is still some menths away from completion but already you can
see the s Y this enormous structurz which ig being built. Farts are
being broug by sea, whereas others are being built on site and
asgembled he platform. You must remember that the model is only
of the jacket. Thia whiech we ave looking at is about half complete anc

on top of that ie going te go the superstructure. You can see that the
large {inders at Floor lezvel ave chbout half th final length and
alveady the i-frames ave being eveeted. From this you ean gain an impres-
gion of the s of the thing. That particular fabrication is about half-
way between the top and bottom of the platform. fThere is going to be
ovar 35,000 tong of zel used in manufacturing this structure. It is
being joined together by welding with something like 40 miles of welds
invelved. in a few monthe' time it will be complete and it will be
taken out into the North Sea where it will finally take up its position.
Just imagine the problems of inspecting all of those welds, because when
onece it leaves this basin there is no hove of being able to get to it and
vemake any faulty work.

How does one radiograph welds in a structure iike this? Access is so
varied and generally difficult that an X-vay tube with its associated
powey souree Lo just not feasible. So a portable radicactive isotope
source s used, emitti qamma vays. This s mounted on a eapsule which
ineludes suitabie shielding and is taken to the job in order to make the
sxposure. Film ig laid over the area of the weld to be exomined. As

: of the sections to be welded are tubuluar, it is conmvenient to plaee
ramma ray gource at the centre of the tube which sometimes necessitates
ing a hole and positioning the {sctope at the centre. This allows
whole seam to be photographed at one eaxposure. The isotope is fed
into position through this cable from its storage box. The hole in the
tube will have to be welded up again afterwards, of cource.

Y

,
o
=
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B : That is o 3¢ inch diameter joint, §/8" wall thickness «
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a paroramic technigque. The expogure conditions would be about 80 curie
minutes. If we use 4 10-curie isotope we would be using an eight-mirate
exposure.

A : Panovamiz photographs ailow us to 1ok at the whoie weld at onz ghot.

other types of teclmiqie could you use?

: Well, there ave single shot techniques wheve you only want o look at
a apecific piece of the weld and Lf you samot get uccess to ihe ingide
of the jeint you can do what Te lnowm as a double wall single image
techinique where you put the isotope on the outside of the Joint and the
Film om the outside of the joint alse but at the opposite side. Tou then
penetrate te wails and ilcok at the images of only one weld.

A : Is this a typical situation or ig this an easy one?

B : This one te relatively simple for thie type of work. It is only about
30 feet up in the air. IT is well-seaffoldad from ground ievel.
diffieult oneg are when you start geing up into the 200 feet Level.
waffoiding ie thare, but acosss is quite diffieult at 200 fzet.

2,
a2

A @ What are you actually looking for in this examination?

B : we ave looking for defects in the weld and, bueiesily by using gomma
radiography, we saall be Look ‘wer fom volume typa defects, that is slag,

fong of any natureé, and we ave not really in a poattion
vining for cracking. But the reason that we do this
y rather than, &a witpagonics, which may be more use-
ca and evack-like defects, ic that past exparicnce
of thie nature has Ted us to bziicve that eracking
ap problems.

porostity and incius
Fo ba erdtieally e
by gamma poadt
futl for detecting
of atvuetural weldi
ig a atively rdve Qocurrence and veitume dzfects are the m

Wequer @ The rest of the £iim consists of several much shorter extracts
than those we have seen. These show mostly our teaching technigue in the
studio, and some of the television techniques. lave a iook at the one
called colour separation overliay, which is a fancy name for the ability
to add and subtract features from a diagram as you po slong.

we should now g0 buok and have another ook ot the grids on the
dotormed cube, to seze again thi Eranaition from plane strain at the

: to plane stress at the ¢ voide, In the centre we have wo deforme-
Lion 4in the o divection (this L tha.plane strain regionl, but ag we come
cut through the ¢ fmon we otars to Find u deformation taking place in
the 3 d out at the surf aimen g

e tLorn, : 2, whare the spe

to contract, we hove changed over to the plana siress re

we have been looking at deformations, but ws
iotributions. We have tour map here, a 8t
shows the shear strecs di
ie netucily an envelepe of maxtmen shear giress.
dipeetion of the er front, the shear
of two Llobes which radiate From the orack € g

i iy with this shape when You cary out the home °ox-

wwtoelastiod

gtrass

ek

e

o
-
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Social Implications

veaver : Now 1 would like to show vou how a television camera can get
really close into an experiment. These next two examples are taken from
a programme which closely supports the students’ initial learning of
linear clastic fracture mechanics.

FILM

4 with any load Jisplacement curve, the avea wnder the line vepresents
the amnount energy stored in the specimen. If this were a mple
material test we 14 tranepose the load and displacoment i atress
cned stvain and b o of the line as the elasiic modulug of the
material., But d gpecimen hog got a ot in i, and iig
hehaguicur 1o o conseguenca of F ske material 11 18 made from and ite
metry., And it Ls more semvenient to take i anlacement per will
toad and this terma peferred to as the 'comp ® of the specimen.
If I pepeat the test but this bime use g apectimen with a longer arack in

I again get a atraight iine but it somewhat shellower. There 18
eneraqu stored in this specimen jor the i gy lacement. And it
w got a » compiicnee. If I Tock at the shaded area, this re-
sents the diffevence in energy between the specimen with the short
and the one wi iong erack. If you eemaidar what b
the eract z Ler

from a a2, B0 Qg th ne in-
cpeage i displacement,

¥
cvacl in 1t

hrappened,

‘palaaied by the erack

growtng La peppzeented by this area init is shaded, By earrying out a
pieg of on gpecimens with varying ovack lengths we get a family
of straight lines and From thig we can genavabe o lot of complionee

sgaingt erack length. Here we have comsliarce p
Pa and cpack length on the hovizontal and you can 8e
b the compliones increases with inareasing crack lengti.

vertical

Lire

Weewer @ § like the way that the dynanic picture of the load displacement
curve suddenly becomes a teaching graphic., The next one is similar. [t
shows the load displacement curve again, but in a4 different way. It is

a split screen with the sample and the load displacement curve on view
imultaneously, You will see a white marker too, to indicate the position
of the crack tin. You will see the toghness specimen actually fracture
in this one.

FILM

aeement and asg the lond inereases

2 opack i fnevearing.

toad againgt disy
at th2 end of

e - The next excerpt is another example of going to an expert and
sing his professional equipment. When we wanted to explain fatigue
testing we contacted Dr. Clive Richards of the C.E.G.B. to do the talking
for us.

FILM

Jow let's start a test and see the load oyeling. As the load or stress
mioies, the K value varies from a winimmam to o maximun value. It 18 this
diffevence, bK, that we are interested in in fatigue crack growth. The
guanti AE, is really the counterpart of stress anplitude in S-N eit-
Remember that K sannot exceed K, ., otherwize the

¥
durance testing.

specimen will fraciure suddenty. Wv, how do we mecddre fatigue erack

[
w1
w1
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growth rate in the laboratory? Well, we ean use any of the tupes of tests
normally used in the evaluation of fracture toughness. In this case we

have this particular type of specimen on the machine. Usually we do tests
in which the stress amplitude remains fairly constant throughout. But as
the crack length increcses the altermating stress intemsity increases and
ae, too, does the fatigue crack propagation rate. We need to count the

number of eycles as we reach successive crack lengths. In this particular
case, we are doing it viswally using scribed markings on the surface of

the specimen, placed Inm apart. The fatigue crack is moving fairly slowly
but 1f we waited five minutes, the crack would have moved like this ... :

Weaver : Finally a short example of animation.

FILM

Well, when we have a fatigue crack we ave in a situation in which we can
control both the rate of breaking of the cxide film and the rate of supply
of the envirewment to the cracl tip. Each time we apply a tensile eyele
we are joing to break the owide film, so we are going te give the opportu-
nity for envirowmental crack growth to oceur. But, in addition, ery

time we open the crack it will suck in fresh envirvonment and every time

se close it we egueeze it out. 5o, in every opening cuele, we have a

fresh amount of aggressive environment which is ready to really attack the
sxposed metal at the surface. And then, when it is used up, we close the
vaclk and flush Lt out. So let's just have a look at an animation that

11 show this in detail. VFe have another crack, this time in a pessivati-
d metal : in other words the metal surface is covered with a thin film
of metal oxide. As we apply tensile load, dislocations move along their
slip planes and produce a slip step near the crack tip. The cxide film
ruptures. The dissolution and passivaition processes compete with each
other at the crack tip producing a characteristic crater. A dissolution
takes place in this confined regiom, it gradually uses up all of the
corrostve etrength in the solution, which will gradually get weaker. The
liguid will possibly become suffieiently weak to prevent further dissolu-
tion. PBeversing the loading and applying a compressive load, closes up
the crack, expels the stale solution and amalgamates the crater into the
crack ttaelf. FReversing the load again opens up the crack, sucks in
fresh solution and the process repeats iteelf. At each stresa application
we get a dissolution-aided i{nerement in crack length. "

Weaver ! In conclusion, I think the only sadness that we have about tele-
vision is that in spite of the fact that it is broadcast on the general
services, and anybody can see it, the one thing we want to do is to stop
broadecasting it on general service, because the limiting factor is the
amount of transmission time available to us. The day we can have a
videotaped casette in every student's home as easily as we can now have a
sound recording tape in every student's home, is the day when T think
television teaching will really come to the Open University.

Armstrong : For the second part of our panel discussion we would like to
have short presentations, of the order of three minutes or so, by those
individual panellists who wish to do so. We will begin with Professor
Embury of McMaster University.

Embury : 1 really want to say some things which may appear rather the

statements of a heretic. One of the things which strikes me about education

in regard to fracture is that we should look very carefully at those who
are going to actually consume this education. One has to look very

———

Social Implications

carefully at the idea of whether education is complete in a three-year
process or a four-year process or whatever we normally think about. It
seems to me that one of the vital educational functions, in fact, for the
engineering community, may be to require a very different approach than
the one that we generally take for standard undergraduate or graduate
students. Now with that type of audience in mind, T would like to make
some comments on the information which we have received so far in the
Conference as it relates to education. Let us consider concepts such as
Professor Ashby's mapping approach. I think (and this is not meant to be
a critical comment) that there is very little which is new in that approach
in the sense of new physics. There is not obviously any new information
there. The thing which is really startling is the way in which you can
condense information. You can condense a great deal of engineering ex-
perience and you can distil this with the added knowledge of good consti-
tutive equations and models. That seems to me one direction in which
educators could go.

This raises, of course, the question of academic disciplines. One could
perhaps say as a heretic that there might be really two branches of
engineering in the future - a kind of systems engineering and materials
engineering. The subject of fracture is very much at the interface of
these two disciplines. Another point [ would like to raise is the idea

of the consumption of information specific to the fracture field. Very
few of the presentations that I have heard so far have dealt in any sense
with the statistical nature of fracture. There was a very important point
raised this morning which concerns the kind of bases on which you approach
the whole question of yield criteria and fracture criteria. The other
area which strikes me as being one of great interest, and this is a point
of Canadian nationalism, is the area of rock mechanics. It seems to me
that there is a geolosical interface which is certainly of long term value
of which we have heard virtually nothing.

The final point I would like to raise is concerned with the whole question
of case studies. Most of the information that we think about in case
studies is really a simple transmittal of information, a change of
environment if vou like. There is something else in the case studies
system which is worth exploring : this is the use of case studies to
encourage group study. It is a very valuable way of putting together
civil, mechanical and metallurgical engineers and asking them jointly
to solve a problem. This is often the case in design and it is a thing
which we really use to a very limited extent. There is a neced to force
final year students, graduate students and others into the process of
synthesizing their knowledge. I think that is one of the things which
comes through very forcibly in a meeting such as this. There is a real
need for educators to force students into this process of synthesis.

My last statement, as a heretic, 1s that really [ think the funztion of
universities is not to tell students what professors know, but what they
do not know., Professor McClintock raised a very important point this morn-
ing concerning the almost biblical nature of the educative process. You
really have to force the student, both to this interface of synthesis and,
to the point, particularly at the graduate student level, where he will
ask questions about the real basis of his education. Are the criteria
which you give him, the premises on which arguments are based, really
complete? It is in many cases really the premises of the argument which
you have to attack rather than the conclusions.

Armsopong » That will certainly help to promote strong audience participa-
tion, 1 think. Let us move on to Dr. Knott. Let me say, too, as far as
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the panellists are concerned, that this 3-minute stretch is only for your
opening important comments. You certainly will have another chance to
enter the discussion as we go along.

ottt @ As a point of information, I think that any comments that I make
ought to be secn in the context of the typical British educational system,
in which the University period consists of three years of undergraduate
training, often rather specialized by American standards, followed in some
cases by three years of vesearch training for a Ph.D. degree. There is
also a limited number of Master's courses which are taught on a one-year
basis, or perhaps dene by a mixture of teaching and research in two years.
Speaking very generally, in undergraduate engineering courses, the vast
majority of engineers leaves after three years' undergraduate training to
go out into industry, and does not stay on to do research. A numther of
metallurgy courses and materials courses are also taught on a science
basis : for example, as Professor Ashby noted in his Monday morning lecture,
he is tesching in the Cambridge imiversity Engineering Department; I am in
the Facuity of Phvsics and Chemistry. Again, of the people we have in the
final vear, about 30% go into research training and the rest go into in-
dustry. | think we must separate perhaps our thoughts, in the British
context, about the undergraduate training for general industrial graduates
as compared with the much more limited field of research training.

As one of the interviewers of 5ir Alan Cottrell, T would like to draw vour
attention to three peints made in the interview with him which pertain to
education. The first one of these is made with regard to underpraduate
courses and, particularly, the teaching of materidls to engineering
students and, in the reciprocal sense, the teaching of smatterings of
engineering to the materials students. Here, I think, there is a point
which is perhaps just a Hritish ome, but I suspect is not; that is, that
very often such reciprocal teaching is done as service courses to other
departments and very often it is regarded as a chove te be taken on by

one of the least senior of the lecturers. This often does not create a
very good impression in the other department. There are exceptions, where
senior people make it a point of interest and honour : for example, I

know that Professor Smith at Manchester is very keen on the teaching of
materials to engineers. The secend point Sir Alan Cottrell makes is on
case study approaches, which he generally endorses, but T think that
Professor Knapper has greatly overemphasized Cottrell's dissatisfaction
with traditional methods of teaching. If you look at the words that he
used, he was by no means advocating that we should throw overboard
¢raditional methods in teaching and go on to case study approaches, al-
though he recognized their value, particularly in the process of developing
the interest of people. The third point that Sir Alan makes is a very
general one on the nature of research training, particularly of university
research, and T believe that he has very, very clear distinctions in his
own mind between what is pure science and what is engineering. He does
feel that, in the fracture field, as Dr. Scully mentioned this morning,
there are some veal problems still to be selved as a pure science, such

as stress corrosion and some of the fatipue problems. That, in the view
of Sir Alan 1 am sure, can be done only through the traditional research
training methods.

As a personal view, [ think 1 must overwhelmingly support Professor Embury
on what it is necessary to teach engineers. in the British context, they
are going out into industry at the end of their undergraduate training.
They may go into design or they may go into general management. Thinking
only of mechanical and civil engineers, to make consideration a hit easier,
we do want obviously to teach them something about materials, <o that they
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do not make really silly mistakes right from the outset. They are con-
ventionally taught all their general considerations of design, plastic
collapse, buckling stability and things of that nature, and we do want

to bring home to them the importance of failures. The failures should
include not just fracture mechanics but the whole concept of why things
tend to fail, for material, environmental, or mechanical reasons. This,
of course, requires a very complicated combination of knowing something
of the mechanics of stress analysis, knowing something about fracture
mechanism, and knowing quite a lot about non-destructive testing as well.
[ think one of the points made on the film was that the X-ray or the iso-
tope technique being used to do the non-destructive testing was quite
good at picking up volume defects such as slag entrapment; not very good
for cracks, where ultrasonics should be used. Engineers, even in manage-
ment, should have some awareness of the problems of defects and of the
ability of techniques to detect or not to detect them.

I think, in summary, the most interesting paper with an educational aspect,
apart. from the one on "teaching methods” that is in this Conference, is
the one by Professor Tetelman. He presents an overall philosophy of try-
ing, through a combination of statistics and engineering modelling, to
quantify past experience on structures and trying to predict failures or
the chance of failures in real engineering situations. 1T think, for two
reasons, we want to look at this effort; we want to look at it as a frame-
work on which to hang all these other things when we are teaching under-
graduates, and, on the other hand, [ think we want to use that sort of
analysis to examine our own educative methods and the substance of what

we teach. We want to examine, in fact, the percentage return on the in-
vestment we put into our undergraduates.

Hertaberg : There ave a few things that I would like to comment on with
regard to what I have been doing at Lehigh University. Before I do that

I would like to call everyone's attention to the fact that The Metallurgi-
cal Society (TMS) of AIME is going to be conducting a seminar at their
meeting in Chicago this October which relates to this subject. There will
be a Mechanical Metallurgy Committee-sponsored day-length seminar on
teaching graduate mechanical metallurgy courses involving a series of

7 or 8 talks dealing with the kinds of material that should be introduced
into such courses in universities. [ am not sure whether that is going

to be published in any form or whether it will simply appear as an abstract
in the Journal of Metals (JOM).

I think that the idea of a fracture course at University has to be con-
sidered in the context of other relative courses being taught and, perhaps
more specifically, with regard to the department in which one is going to
try to teach such material. With regard to the metallurgy department that
I am a member of, one tries to seek a balance between the mechanical
properties of solids, the physical properties of solids, and the chemical
properties of solids., Thus you are always fighting to create a balance
for the student so as to give him or her a perspective as to the relative
importance of these various disciplines within the general field of
materials. On that basis [ have serious doubts as to whether a course
solely devoted to the subject of fracture is appropriate within an under-
graduate curriculum. On the other hand, I feel that a course that deals
with mechanical behaviour of solids including fracture iz appropriate.
About ten vears ago, our department decided to completely overhaul our
undergraduate curriculum and in so doing, a course was introduced for

the first time dealing with the subject of '"mechanical behaviour of solids".

239



Fraeture 1977, Volume 4

1 would say about 40-45% of the course was deyoted_to the §?b]z:§tg§
wieformation of solids' and here we were dealing ﬁ1th tensile restt Eélids
some elements of dislocation theory, th? detor@at;on of cry%Fa e :
-111 and twinning behaviour in crystalline solids, a d+scu5510n H g
iem}erature behaviour, creep behaviou?, cri?g def?rmzﬁ}oniazzd;eztigﬁ awe
section on the deformation of polymeric solids. n this last s B

i ments of visco-elasticity. The other half of that )
i23;22u3221:o:?t§1:he subject of 'fracture' and here the primary ;mpﬁiils
is with regard to fracture mechagics and the role of fracture mechani

in the study of static and dynamic fracture processes.

In addition, the mechanical behaviou? aspect of our_curr;culum %zci:des a
separate course in metal forming, which, together with the couri e
mechanical behaviour, is a required course in our'department. !Thege s
course in dislocation theory is offered as an optional cour5§‘ e
sraduate courses, as well, that deal w1§h the subjgct of mechani berre
ziour. The course that 1 am involved with dea1§ with fracture zei -
concepts at a more advanced level, but here again, th? tr:at@e: ihus
from the metallurgical standpoint than the continuum stan poin 4 talkiﬁ
ﬁy emphasis is not that of deriving stress intensity FactoE? an L gn
about some of the continuum aspects, though I do present this ma it
a more physical sense. Rather, I focus on the material aspaczsﬁith Rl
more continuum aspects are handled in the mechanics de?art@en W ol
courses in fracture mechanics that are taught Fhere, with apprggr e
ersonnel. There is a new course that I‘am going to ?e attemp}lg g
%all which brings to mind the question of case histories. I will be g
ing in a considerable body of knowledge on failure ?ngly51s z?d,w;?l -
addition, introducing a new concept of proquct_llaﬁllmty. fT'iS o
volve some of the legal aspects and legal 1mp11cat1??s og ”a; ug i
structures we hope to bring in some lawyers to assist in the tea g
of this part of the course.

Armatrong: Our next speaker can also give us infu?maticn from the very
important perspective of a university Dean, so I introduce to you
Dean Liebowitz.

Liebowitz : 1 have been asked by the chairman to_comment on the‘otfgz;:gs
of fracture courses at George Washington Unlver§1ty and to ?enFlgnh on

of the problems in implementing fracture mechanics courses in 2 .ES: .
(Faculty). At first, I will interpret fracture in 1Ts broadﬁr Zefive

not just fracture mechanics. At the updergra@uate 1§vel we hav b
courses being offered, including mgter1gls science, 1ntroduct19nls e
mechanics of solids, materials engineering, mechan%cs or m?t?£l3 ntsain
tory, finite element methods an@ structural mech‘.u}lcs.f a% ] uszs ol

the engineering school are required to take tbe flrit ou; cfurf_ e

the fifth could possibly be taken as an elective. None of the iv (18 i
totally oriented to the field of fracture. At tﬁc graduatg %e;e ,t :e 5
fourteen courses are offered which are directly involved with 1'gac E B
and, at least, an additional 20 courses are rglated to the‘tl?l'i : E a
of the ones specifically in fracture are : fal}ure and'rell?h; ; gi rzan
sis of engineering structures, fracture mechanics, fa?lgue an .z; :‘on
materials, finite element methods, structure of materials, intro Ez ;nclude
to continuum mechanics. Examples of some of the 20_r?13ted ;ou?s A
environmental effects in materials, theory of e}astLC1ty, P Ysi:zctures
mics, design of metal structures, automaped d951gn Of‘complgxfsrmation 0%
nuclear reactor engineering, transformations in mgterlals, fc ot e
material, composites, and others. If we were to interpret rgcruzf A
embrace only fracture mechanics, then we yould reduce the num g &uate
courses at the undergraduate level from five to zero and, at the gra
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level, from 14 courses to six. At both the undergraduate and graduate
levels there are courses which contain particular aspects of fracture
mechanics. Certainly there is a need for greater curricular emphasis on
this important field. We have to differentiate between the different
departments and curricula in a School or College of Engineering. By this
I mean that there are certain curricula which require fracture mechanics
more than others. For example, aeronautical, mechanical and ocean engi-
neering require more of a knowledge of fracture mechanics than electrical,
chemical and possibly civil engineering programmes. The highest priority
problems in aeronautics are fatigue and fracture. Certainly an aeronauti-
cal engineer being trained today in such a field should have a good aware-
ness and working knowledge of fatigue and fracture in wings, engines,
fuselages and landing gears.

At the undergraduate level it is important not only to offer fracture
mechanics programmes, whether in complete courses or piggy-back on present
ongoing courses, but also to include such information in the last year of
design projects. As you appreciate, there are a number of problems
associated with implementing new courses in fracture mechanics into a
curriculum, which I would summarize thus : 1)} many schools in the United
States are trying to maintain present course offerings at a constant level,
or to reduce their number; 2) faculty will try to maintain their own pet
courses; 3) there is a need to educate and train faculty for teaching
design, elasticity, plasticity, and finite element courses so as to expand,
re-orient and integrate their present courses to include fracture considera-
tions; 4) faculty must be convinced that fracture has been growing in
importance and requires a more substantial presence in up-to-date curricula;
5) Chairmen and Deans must be persuaded to support such an effort; 6) a
course in fracture mechanics must be composed which is not too superficial
to be meaningful, even at the undergraduate level; 7) the support of
knowledgeable people in industry and government who are faced with fracture
problems in their structures should be obtained; 8) work on engineering
accreditation groups will be necessary in order to appreciate and acquire
the correct curricular emphasis to be given to fracture mechanics (this
would particularly pertain to the United States and Canada); 9) some

agreement on what constitutes a good programme in fracture mechanics must
be reached.

Since there is no single proven methodology accepted by us in the field,

I would think, on the broad level we are considering here, that there

would be a difficulty in recommending a particular programme for a student
to pursue. I would recommend a very broad background involving physics,
mathematics, continuum mechanics, computer mathematics and, also, including
materials sciences. Problems in the establishment of a new course can be
approached with some optimism, because similar problems were experienced
not too long ago with the integration of computer courses into modern
engineering curricula. Because of the newness of this field, most of the
knowledgeable people in the computer field were young and had little
seniority on university faculties. However, we were able to overcome the
formidable obstacles and consequently arrived at a satisfactory situation
in many universities. We did this with other programmes as well, and I
have no doubt that it will also be accomplished soon for fracture mechanics.
I am concerned about a remark made previously that we have enough research-
ers and that we should train instead people more practically oriented.

While T feel some additional effort should be made on the latter, I
certainly do not feel we have enough proven researchers to meet our needs.
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Freneois : What 1 am going to say must be seen against the background of
the traditional French education, which is very much cent?ed on theoreti-
cal aspects. Mathematics has high prestige in our educ§t1ona1 system and
this includes seccondary school, where the entire selection of young people
for engineering and science is done through mathematics. Thus, when these
people arrive at University, they anticipate more anq more mathematics,
which is indeed the case. When we want to train engineers we are faced
with the problem that they see no relation between this theoretical back-
ground and the reality of things @ the way materials behave and larger
etructures behave. It is very difficult to give the proper practical basis
to our courses. Students feel that they are receiving a low g?ade educa-
rion if we attempt that. There is also reaction from mathematics teachers,
who would like theory and not practice. This is the problem that we face.

First, I will describe the content of the five ygar_training period of
engineers. Two periods of six months are spent 1in industry. In these
periods, the students are faced with really practical situations qnd th%s
is very successful. Some students have carried out excqllent_pro;ects in
industry. They have 1earned a lot and have also been of §onsxderab}e help.
We are also trying, of course, to introduce as much practical teaching as
possible into the eurriculum. The difficulty here lies in the amount of
money and equipment available, which is never enough for the needs of‘the
teachers. 1 have tried to overcome this problem in the teaching of first
year undergraduate students by employing very simple experiments to give
them a feeling for practical failure problems. The approach has some
similarity to the things we have seen in the film. The students are asked
to build,using only a sheet of cardboard and some glue, a small bridge,
which is then loaded until it breaks. They do this as a group project,
and once they have seemn the way it breaks they do it again a few days
later. Then all the results are analyzed with the help of their teachers.
We also arrange to have engineers come in to demonstrate what is really
done in industry. The way that bridges are built is described so the
students see the connections between the practical observations they have
made in the labs and the industrial reality.

As Far as fracture is concerned, there is no specific course. It is
introduced in mechanical engineering, where there is a course on mechanical
propertje5 of materials. It is only la§er, in gra@uate stud1asf that there
is a specific course on fracture mechanics. We think the teaching of
fracture and failure more generally is very important, because of the

inter-disciplinary approach it requires. You have to appr?ciate the
relation between the internal structure, i.e., the microscopic structure
and events, and the macroscopic behaviour of a structure. [ think it is

very important that students realize that a few dislocations moving some-
where can cause a crack to start and that crack can make a bridge or some
other big structure fail.

vokobori : 1 will talk about the fracture course in our Department at
Tohoku University. It may be felt that it is better to avoid teaching
students subjects which are too specialized in undergraduate courses.
This may be true in some circumstances. On the other hand, 1n.the light
of the importance of fracture problems in engineering applications, we
start to teach undergraduate students about fracture in a course cal}ed
Fractology, by emphasizing three special considerations. The first is
the understanding of the fundamentals and methodologies of fracture @y an
inter-disciplinary approach. The features of this approach are outlined
as follows :

Soetal Implications

1) Atomistic approach, say, in terms of dislocation theory.

2) Microstructural approach, say, in terms of larger scale features, such
as grain size, non-metallic inclusion parameters, etc. A fractographi-
cal approach is also included based on morphology.

3) Continuum mechanical approach, say, so-called fracture mechanics.

4) Mathematical theory approach.

5) Stochastic theory approach.

6) Approach based on thermodynamics and statistical mechanics, such as
reaction rate process theory, nucleation, etc.

7) Environmental approach including chemical effects.

8) Material testing approach.

9} Design aspects approach.

Based on the many approaches mentioned above, and on the other hand, by
using systems analysis, new methodologies are being explored such as :

10) Combined micro~ and macro-fracturs mechanics, including the interaction
of cracks and dislocations.

11) Kinetic theory approach, combined micro- and macro-aspects.

12) Stochastic theory approach, combined micro- and macro-variables.

... and so on.

The second special consideration is based upon developing the science of
comparative fracture. This is a science analogous to comparative anatomy,
comparative literature, comparative philology or comparative psychology.
Brittle fracture, fatigue fracture, creep fracture, other fracture modes
and yielding behaviour are compared in a range of materials. Differences
in behaviour of cracked and uncracked specimens are also considered. It
should be noted that fracture mechanics concerns only cracked specimens,
whereas dislocation mechanics concerns mainly uncracked specimens.

The third special consideration in the "EFractology' course is the treatment
of fracture and related problems in liquids and gases as well as in solids.

That summarizes the subject of "Fractology", for which the standard teach-
ing text is my book, '"Methodologies znd Fundamentals of Fracture of
Matter and Solids" (Iwanami Shoten]).

Wesiwood : I would like to make a few remarks from rather a different point
of view from most of the other members of the panel. I speak as an
industrial scientist and manager : the person who is concerned with hiring
the products of Universities. We are concerned in industry not only with
the consequences of fracture, but also with its important positive applica-
tions. I would certainly want any mechanical or materials engineer that I
might hire to have been exposed to some courses on fracture for three
reasons. The first, fracture is a phenomenon which can work either for

you or against you; second, fracture is an issue which must be considered
in relation to cost and also to safety; and third, fracture must be
considered in connection with industrial productivity. It secems to me

vital that any practical engineering course on fracture should deal with
these three aspects.

I feel that the first aspect relating to the mechanisms and phenomenology,
is probably well taught, but the other two are either less well-covered

or hardly dealt with at all. In conaection with the teaching of phenomeno-
logy, 1 certainly strongly support tie Open University's view that their
study of real examples of failed components, fractographic analysis and
such is an extremely useful educational technique. I feel this is true
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both in terms of adding substance to the theories and in preparation for
one of the most likely uses of the knowledge that the student will acquire
in the University. As Sir Alan Cottrell has said, "It is amazing how far
You can get with a little practice in diagnosis." This fact of 1ife, of
course, has long besen the secret of success for most medical doctors and
perhaps also for practising engineers, as indicated by Dr. Tetelman. Nowa-
days, we have quite sophisticated techniques for fracture studies. [ urge
that training in the use of scanning electronmicroscopy and Auger analysis
be considered an automatic part of courses because these are certainly
techniques which you find widely applied in industry. It is also important
ﬁ?r students to realise that it is on extremely rare occasions that we

flpd a situation in industry where we are concerned with a single erystal
being deformed in uniaxial tension. More often we have, of course, a poly-
trystalline, miltiphase, multi-component system subjected to a variety of
Stress modes, It is generally in contact with some other metal and, there-
fOTE, there.is a potential?y active electro-chemical situation arising.

ts protective paint film is invariably scratched and it is probably ex-
Posed to some complex environment which, it seems to me, invariably contains
some totally unexpected aggressive species such as chloride ions, ﬁulphide
lons, copper ions.

fn our lgboratory, which serves a quite diversified company, we are con-
tfr?ed with ?verythipg extending from low grade technology, such as blasting
fbclﬁology, intermediate technology, such as the extraction of aluminium
??ddlts production, ?nd_high grade technology, such as putting a Viking
Eﬁnter on Marslor bu11§1ng a satellite. I think eight out of any ten times
v‘a our‘materla]s engineers are called out to investigate a problem con-
“erned with component performance or a failure, it turns out that the
gfoblem is rglated to corrosion, stress corrosion, or corrosion fatigue.

ery rarely is the problem concerned with strength or fracture toughness.

1t Seems to me, ;hen, that any course on fracture for engineers must contain
in adequate consideration of environmental factors,

f:ls brings me to the second aspect of what I think the course on fracture
;hguid ?ontain. Th?s has to do with the prevention and control of fracture.
P eys to prevention and control are proper design of the component and
w?gfogrlate material se]gctlon with_respect to the environment to which it
by 1 h?b?XpOSed. The third aspect is the use of protection of some sort
are;n ;’{tors, s?rtac? films, or control of the chemistry. This is another
Coun Q:lch, { think, is npt y?t being adequately handled in most university
rarQTc*f?n fracture, QeS}gn is usually wgllwcovere§ and a design problem
arec Y.lﬁ encquntered 1n_}ndustqy: Material selection is a much weaker
K a, and we f;&quently t}nd 4 failure that has come about because of
th?iﬁpr mater%als selectxoq. I think it is crucial that our engineers
s ike engineers about fracture and analyze it in terms of a systems
cpproach. The components of the system are the structure, the state of
SE;GSS, and_the_environment. [ think if you neglect any one of these three
Ponents it will probably be to your detriment.

;égzl?y, I.wogld like to turn to the application of fracture processes.

504 o é§-a subject close to my own heart and, I_think, largely neglected by

ﬂrécn 15t5 and teachers at present. Fracture is sometimes a beneficial

Six ;55, although the usu;l concept of fracture is that expressed by

Koe lan Cot;rell._ He §a1d that "fracture is a very attractive subject

is :Fse of bhig eng1neer1vg faxlur?s and that sort of thing". T think this

s v}e C?mm?n concept whlqh sometimes leads us astray in this field. In

ittiewfxt 15 the little fractures that are more often of account, and by

what e racture§ I mean the smgll and usually not well-controlled fractures
ch are used in such industrial processes as blasting, comminution,
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grinding, drilling, machining and polishing. Here fracture is a critically
useful industrial phenomenon. However, we spend most of our time attempting
to prevent it. "How important is it?" you might ask,when we want it to occur.
In the United States, for example, we spend about 5% of the Gross National
Product each year, which in 1975 amounted to 75-billion dollars, in
fracturing things. This is done by drilling holes in mountains for rapid
Lransit systems, or by machining, grinding, polishing and other industrial
processes. [ wonder how many scientists here have thought about fracture

in the context of machining, grinding, or blasting processes. We also

spend a lot of time being concerned with the fact that active or corrosive
environments enhance the risk of fracture. 1In this case, we give our
attention to the possibility of facilitating fracture when that is the
desired end by the use of those Very active environments that engineers
otherwise spend most of their time designing against. I hope that the
teachers of fracture who are here will begin to think about this different
view of fracture in what I have called applied fracture and perhaps tailor
their courses differently. To cite a few examples of applied fracture
involving Soviet tests as well, people in this field are showing that you
can drill stainless steel, for example, 8 to 10 times faster by using cer-
tain liquid-metal environments, or you can drill titanium and certain steels
four or five times faster by using an oleic acid environment. Now we do
not know the reason for these effects but we do know that they occur. You
can increase life by factors of four to five with the use of appropriate
liquid enviromments. You could 20 on with numerous examples but very few
of these are understood at all and in Very rare cases have any of the sytems
been optimized. My point in this regard is that there is need for con-
sideration of the constructive use of fracture instead of thinking that it
is always a detrimental phenomenon. This would be a useful concept to get
across to students. If it should happen I would think of this as a means
of improving productivity and so maintaining or even improving upon our
standard of life.

MeEvily : It seems to me that somebody has done a fairly good job of
acquainting society with the subject of fracture, during the past 25 years.
Recently, there was an unfortunate accident at the top of the Pan Am
Building in New York City, invelving a helicopter, and people were killed.
To my surprise, I noted that the headline of the Daily News the next day
said in bold letters, '"Metal Fatigue Causes Crash', which seems indicative
of a certain awareness in the world at large. As a consequence of this
development, as well as of developments in product liability, and its
attendant publicity, students are becoming more aware of fracture. They
realize that, in fact, it can be a career unto itself, as evidenced by
Alan Tetelman's group, Failure Analysis Associates, and they appreciate
that prevention of fracture is a societal need in which they can become
involved. I have noted this development in the 10 vears I have been at
the University of Connecticut.

In this ten year period, the University has offered a course entitled,

"The Metallurgy and Mechanics of Fracture". 1t has been a course which has
always drawn students from a variety of departmental backgrounds : ecivil
engineering and mechanical engineering, as well as metallurgy. In offer-
ing the course even at the graduate level, the subject becomes somewhat
simplified. The students have available to them a number of texts. I
might mention the text co-authored by Alan Tetelman and myself. More
recently, we have available texts by David Broek, by John Knott and by
Richard Hertzberg. At the undergraduate level we are still relying very
much on a broad treatment of the subject of mechanical metallurgy. I use
the text by George Dieter, which is now in its second edition. We are
fortunate in the sense that our department is a relatively new department
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at the University, and we did not have to dislodge some other course to
make room for teaching fracture, and we could put fracture in right at the
beginning. We have also done some other things, particularly at the under-
graduate level which have been designed to inform non-engineering students
about this subject. We have a course taught by Professor Gallagan
entitled, "Technology in Modern Society'. The objective of this is to
bring up some of the concerns about nuclear reactors, to explain what the
problems might besto acquaint students with the engineering approach to
solution of such problems and to eonsider fracture of such structures as

a matter of topical concern. The subject of material selection was also
mentioned. We have recently offered such a course. It was a very popular
course, taken by a variety of engineers in their fourth year where they
could have the satisfaction of seeing the application of the principles
which they have been taught in eother courses. The course, which relates
very closely, I think, to the Open University approach, seemed to be a
very popular and worthwhile venture.

Another new area, which is being explored by Professor Greene, whose
interest is in corrosion, is the video-taping of standardized experimental
techniques. This is a very valuable teaching aid, particularly at the
graduate level. There are certain routine but exacting techniques involved
in electro-chemistry, which can be carried out properly by a graduate
student and taped and so made available to his successors. I do not know
whether ASTM has been involved in this sort of activity or not. Tt would
seem to be a very worthwhile thing to have the procedures involved in, say,
the specification of fracture mechanics testing, i.e. E399, presented on
video-tape so that people could understand better what these procedures
are.

Another interesting feature of fracture to me is that it is a very dynamic
field in contrast to scme of our other graduate programmes. I think of
the classical subjects, such as thermodynamics, as being rather static :
one might even use class notes of some vears ago in teaching such a course,
even at the graduate level. In our curriculum the information is relatively
new : this is evident from this particular meeting. The concepts are still
under development, which makes it a very exciting field. It is important
for the teachers of this course to be well-versed in the field in order

to do a good job. The other rewarding aspect, my final point, is that the
demand, at least from our department, for graduates with backgrounds in
fracture is as high as in any other area. This seems to reflect a strong
need for this type of training as far as industry and other universities

are concerned.

Hormbogen : My remarks refer to the West German situation. We have no
Formal course on fracture in West Germany, and there is no textbook. Most
Germans in the fracture field tend to regard themselves as experts. Three
groups can be distinguished : those who are doing creative work in fracture;
those who know the state of the art and design and apply it successfully;
and, those who work without adequate knowledge. In order to improve this
situation, in a country like ours, I think we should first concentrate our
teaching efforts at the graduate level, by setting up schools and courses
which will serve somewhat the requirements which Dr. Westwood mentioned.
There is a need to set standards for what a fracture expert should have as
his educational background. This could be done, perhaps, on the basis of
results from the two or three competing graduate schools which would train
these experts.

A second point of concern is the degree to which undergraduate engineers
should be trained in this field. Here we are in conflict with the tendency
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to reduce, rather than increase, the number of courses. One possibility I
can see is to include fracture and failure in a course given for the
different types of engineer just before graduation in their third or fourth
year. A course which also deals with material selection and dimensioning
of parts is important. In this type of ccurse, also, I think we could in-
clude failure analysis and some informaticn about understanding fracture.
Otherwise, I do not see much hope of including a special course on fracture
in the field of engineering. There is a problem because fracture must
compete with two other fields, wear and corrosion, in importance and in
popularity. I think if we are to consider fracture as a field, we have to
consider wear and corrosion equally, as they seem correspondingly important
for society.

Armatrong : Now we should turn to the floor. We will first try to run
through all those who might wish to contribute and then come back to ask
the panellists for their responses.

7. Eisenstadt, Union College : In light of current events in flight liabi-
lity, flight safety und malpractice insurance for engineers, what is the
absolute minimum information we should suoply for undergraduates or for
feedback courses in this regard? 1 cannot see how fracture courses can be
offered to undergraduates without some level of minimum information being
given, in order to alleviate some of the rajor problems that we are having.

F.A. MoClintoek, M.T.7. : 1 wonder if we are not putting this matter some-
what backwards with respect to education. Perhaps we should look at the
product, namely, a design engineer working at his board, a project engineer,

or a failure analyst, and ask what he will need to know in order to solve
a particular problem on fracture. This is likely to be a good deal more
than fracture alone, and it is also likely to be more than he learned when
he was an undergraduate or graduate student. How do we make a living body
of information available so that people can draw from it the specitic
answers that they need, and put this information to work? If we could de-
sign such a structure of information and learn how to modify it other than
by the use of short courses, by conferences, and by all the things we have
now, including books, then perhaps we could turn this process around and
start teaching our graduate students and our undergraduates to use that
body of information. This would give them a little practice in digging
into it here and there. Now it seems to We that perhaps this EMMSE project
for Educational Modules for Materials Science and Engineering at Penn State
falls into this category. 1 would like to hear what people's comments are
about the success of that project, and whether it fills this sort of need.
My own feeling is that it is a little too polished. It is too hard to
prepare things in the beautiful detail that we have seen here from the

Open University and from EMMSE. Nevertheless, perhaps these indicate the
right ways to go.

V. Weies, Syracusz University : 1 would like to reinforce points made by
pProfessor McClintock and Dr. Westwood. It is clear to many educators that
an undergraduate Fracture course is not very likely in the near future. It
is also clear that no engineer involved in design, mechanical engineering,
civil engineering or aerospace engineering should be able to graduate with-
out knowing something about fracture. It is equally clear that the pheno-
menon of fracture or failure is a part of metallurgy, a part of materials
if you are in ceramics, a part of mechanics in terms of stress analysis,
and a part of design. Thus it is necessary that this topic be taught as

a part of these courses. 1 feel that ths problem that we address in meet-
ing the industrial or market requirements, whatever you will, is that we
are in the position of having to capture the interest of people who will
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teach these courses in fracture. Now the reverse would clearly be true if
[ were to teach a course in mechanics of materials or a related area. I
cannot see how I would teach it without involving fracture in an important
way. However, if somebody who has not been as close to fracture as all of
us have been, were teaching this course, it might be hard to include frac-
ture. There is a textbook on mechanical behaviour of materials that is
used in some undergraduate schools which does not even include a chapter on
fatigue. 1 think correction of deficiencies of this sort is of high prior-
ity in our effort to improve the education of undergraduates. It is
important, too, that they get a multi-disciplinary approach.

Apmstrong : Do you want to respond directly to that, Dr. Westwood?

westwood : I have a brief comment on what might be done to prepare under-
graduates for coping with practical problems in industry. This is based

on our experience in industry of being called out to look at numerous
failures in the field. T have observed that people with doctorates, plus
perhaps fifteen years' experience and numerous published papers, invariably
nse Metals Handbook at times like this. It is remarkable how the wealth of
information in that book has contributed to solving so many practical
problems. I feel that it would be very useful if engineers would learn to
use books like this. It may be that parts of their courses should involve
questions for which they would simply have to go to the book to find a
solution, just as most people in industry have, in fact, been doing. In
this way they would learn the trade.

p. Felbeek, University of Michigan : There is really so much to say on all
that has been brought up that I hardly know where to start. A word to
Deans, Associate Deans and Chairmen : if vou want fracture taught, you

have to start by hiring people who know something about fracture. Older
staff tend to be cutters, polishers and etchers, whose only concept of
failure analysis is looking for inclusions and porosity. It is unrealistic
to try to teach them anything about fractography and fracture mechanics;
much less expect them to teach students. I think that would be a disaster.

We have drawn several departments into the operation of teaching fracture
at the University of Michigan. We now have a graduate course in fracture
mechanics that is taught in the aeronautical engineering department. We
have a senior level graduate course in failure analysis which involves
case studies and involves practical experience on real-life, real-time,
failure analysis in industries in the Detroit-Ann Arbor area. These students
are able to use an SEM as a tool in their failure analysis. Lastly, we
teach fracture mechanics for about two weeks in our sophomore-junior level
course, the latter stages of this course being on mechanical behaviour of
materials. The tragedy is that there are people in some other departments,
for example, engineering mechanics, who teach a thing called "strength of
materials", but never talk about cracks and, also, that in my own depart-
ment there are people who teach an engineering design course but never
mention fracture mechanics. They teach design according to the old standards
based only on yield stress. They talk about fatigue only in terms of
Goodman and related diagrams. They do not go any further than that. We
are now graduating engineers whose only contact with fracture mechanics

has come in a materials course rather than in a design course. I think
that at this time of rapid change the people who are teaching these courses
are perhaps too old to do it, because they do not intend to learn any
fracture mechanics themselves. At our university, and possibly at many

of the universities represented here, one of the saddest features is the
low hiring rate of the last five years and probably the future ten years.

[ see no way of improving and enlarging the teaching of fracture when the
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staff is in general approaching retirement and knows less and less about
the subject, of course, with a few notable exceptions. It is quite signi-
ficant that there is virtually nobody coming into the Universities. To
reiterate, I think that the word must be carried to the Deans and Admini-
strators of the Universities. They are in need of some of the young men
in this room, perhaps, to come in and teach more about fracture. They are
the ones who know most of what is going on in this subject area and could
do the most effective job.

J.R. Rice, Brown University : I have some philesophical differences with
some of the recommendation we have heard. In fact, T am a little concerned
that one can detect an almost ''trade school" mentality in some of what is
being proposed as education for engineers. By that I mean an emphasis on
rather highly specialized techniques, which are almost sure to be outdated,
probably not very long after our graduates leave us. I feel that the best
way to teach Fracture is indeed to continue to demand, as I hope we are all
doing now, that our students have the most fundamental, rigorous and de-
manding exposure that we can give them to things like the science of
materials and the mechanics of solids. Of course, in presenting courses
like that we must mention the fundamentals of the subject of fracture, but
mainly we want to train people who can think, who can look at ideas and
evaluate exactly where their boundaries of knowledge are. We hope they
can figure out what they do not know and can plan a route to get the addi-
tional information and answers they need. T think it might also be worth-
while to reflect a moment on those who have made really seminal contribu-
tions to this field, both at a fundamental scientific level and by pointing
the way to really innovative engineering applications, and ask whether the
production of seminal thinkers in the future would be best served by a
technique oriented education or one which continues to put the emphasis on
the fundamental engineering and physical sciences that underly fracture
mechanics.

J.A. Alie, Wichita State University : I would like to offer a partial reply
to that by repeating some of the earlier remarks. I have always felt that
the seminal thinkers in any field get that way without much help from those
of us in teaching. I think what we need to do in teaching fracture is to
reach the practitioners. There is no doubt that, in Wichita, where I teach,
fracture mechanics in the aircraft industry is at the more or less routine
day-to-day level. The students who are graduating from Wichita State
University and from many other Universities in the country will be doing
fracture work in future. 1 agree that there is not a place for a fracture
course in the undergraduate curriculum. I think our curricula are far too
fragmented already and I support very strongly the incorporation of fracture
topics into design courses, mechanics courses, materials courses and 50 on.
1 have been heartened to see that most of the more recent materials science
and engineering textbooks do include material on fracture mechanics. It

is unfortunate that the design texts do not, but I think that will in-
evitably happen. [ think what we need to do is to get the word to our
colleagues. The people we have to convince are not in this room,
unfortunately. We are all specialists to some extent and it is the rest

of the engineering community and teaching community that needs to hear our
message.

1 think alsc that there is a place in the materials testing laboratory for
experiments that deal with fracture mechanics, particularly with the use

of feedback controlled testing machines. There has been a phenomenal growth
in the use of that sort of equipment in industry. I have brought a slide
that illustrates this. The slide shows the exponential increase in the

use of servo-controlled testing equipment over the last ten to twelve years.
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T donot think it makes very much difference what kinds of experiments we
do in the laboratory at the Universities, but it does matter that we use
modern equipment. I think we need to begin to do that for the very good
reason that there is no doubt that our graduates will be using such equip-
ment for many kinds of applications in the future.

M.W.T. Spencer, Alberta Gas Trunk Line : 1 am one of the objects of this
discussion : I am an ex-student. The Universities tend to feel that the
teaching process ends at graduation. After that, communications between
industry and University are relatively poor. They may occur on a consult-
ing basis, but that is not very educational. The education of an engineer
or of other persons who are working in industry is taken over then by other
institutions such as the AsSM. 1 believe there should be a continuing input
from the University in updating industrial people in the current develop-
ments of their particular fields., It seems that most people who are here
agree that there is not room in the undergraduate curriculum to include a
fracture course independent of other courses. That is probably true, but
when a person goes into industry there should be some attempt made in one
way or another to keep the lines of communication open so that that person
can get hold of the necessary expertise or the information that would help
him to develop this particular expertise. I agree that if we attempt to
give engineering courses on specific topics at the undergraduate level we
are going to lose some of the essential fundamentals. I think that is the
rule of the Uriversity now and it should be maintained. There may not be
room during this time to give the person that specialist training. That
has to be done afterwards, and thus it is very jimportant to maintain
effective channels of communication. ’

Apmstrong : 1 propose now to take some responses from our panellists.

Knott : First, T would peint out that, in Britain, fracture is being taught
in materials departments and engineering departments at the undergraduate
level. I think it is important that fracture be an accepted topic in an
engineering department in the sense that it is thought of as part of the
proper engineering teaching. T also think it is proper that materials be
treated in the same way. I see these as rather similar products. It may
be difficult if Fracture gets into a course, but is thought of as not being
"real” FEngineering. [ think it is much better that it should go into the
design and structural engineering parts of the course. This can be done

as part of a general failures appreciation course through case studies or
through formal teaching. It is very much a question of balance and selec-
tion and here I would take some issue, [ think, with Professor Rice. Of
course we want rigour and challenge and excitement in our undergraduate
courses, bhut we can get carried away at the undergraduate level with over-
sophistication in what we teach them. I think that what we really ought

to work towards on this particular topic is what Sir Alan Cottrell referred
to as the "science of materials in sexrvice'.

Hertaberg : 1 have some comments related to the question that Professor
Eisenstadt raised and to some other points that have been made. T defi-
nitely feel that the idea of product liability should be, at least,
introduced in the undergraduate curriculum. This could be done either in
a course that deals with fracture topics or in a course that deals with
engineering professionalism. This is where the student is exposed to what
it means to be an engineer and is made aware of the career opportunities
which are available. Some schools have this, including Lehigh, where our
department is concerned with this. I think that perhaps one of the most
profound things that a student can become acquainted with is the concept
of strict liability, where no one has to be negligent. All you have t' do
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in this regard is to establish the fact that a structure contained a defect
and that someone was hurt as a result of the defect. 1 think the student
really learns something from such considerations.

With regard to a comment that Professor McEvily made, one could also use
video tapes for im sifu experiments involving electron microscopy, particu-
larly, with regard to fractography. I have been working along these lines
and I think it is very useful to bring the instruments into the classroom.

Regarding Professor Rice's remarks about fundamental versus applied concepts,
I think one has to recognize the fact that the Universities provide a
service, and one must therefore consider the market that seeks such service.
fn the future, there is going to be a demographic redistribution of the
available student body. Many projections that the Deans are well aware of
show that there will be fewer students going to college and, thus, the
student body that one will have to attract will be increasingly a student
body derived from industry. We will, therefore, have to design ocur courses
to be more responsive to the needs of industry and that will involve some
emphasis towards the more practical things.

Liebowits : Regarding the comment concerning curriculum content and the
fundamental aspects/practical aspects balance, [ would be very concerned
about any master plan to be used by all Colleges and Universities. [Each
College and University has a certain resource. [t has its own specific
objectives, whether it is a state or a private institution. I think it
would lead to a problem if we trained all engineers to be of the same
fabric. [ think mixture and diversity in engineering education is very
very important. [ would hesitate to see any one curriculum being followed
throughout. Now, concerning the guestion raised by Mr. Spencer on lines
of communication between Universities and students upon graduation : there
are some countries which have been very active in the field of continuing
engineering education. I think that is one of the many ways that the
University can be in touch with former students. I think there was a very
interesting point raised by Professor Francois on our panel concerning the
importance of work experience. Certainly those institutions that have co-
operative education arrangements can look to ways in which fracture
experience could be gained by their students.

Reid : 1 want to say that I certainly agree strongly with Mr. Spencer
about the fuller involvement of Universities in what we in Britain call
"past-experience education'. T think, certainly, speaking of British
Universities, we could do much more than we do now in this area. [t is
really the exception rather than the rule that Universities are active
locally in this area. There is no limit, I think, to what can be achieved
here and, certainly, from my own point of view, I think the ultimate future
of the Open University, perhaps, lies very largely in this direction. We
have no guarantee that the current very gratifying flux of students will
keep coming through our gates at the same rate. Indeed, there are some
plausible reasons why we might eventually come to teach our way out of
business, as people's ambitions become satisfied. That is an imponderable
point, but it certainly is a possibility that the undergraduate education,
which at present takes up the majority of our energies, may decline in
relative importance, and yet, in the post-experience area, as 1 say, there
is no limit. I think we will probably develop in that area over the years,
although certainly our brief from the government at the moment is to give
absolute priority to the undergraduates. This will apply only as long as
the undergraduates are there.

Things are happening already on a modest scale. For instance, some of my
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sues in the Energy Research Group at the Open University are at
;:;;z:t Elanning a shoit correspondence course that will be_launched )
nationally quite soon, called "Ene?gy in the Home'". This will have quxFe
modest educational objectives and it will be conc?rneélreally with helping
people to understand the physics of heating and }1ght1ng homes, s0 that
they can do something about saving meney and_sav1ng energy in the process.
There is no reason why another such example in the future could not be the
presentation of fracture mechanics to those who graduated gnd underwent
their training before that was a recognized kind of analysis.

westwood : One of the things that [ have found diff@cultylin }earning to
1ive with as I have made the transition from an active scientist to a full-
time manager is my Own increasing ignorance. jou_get used to being an
expert and suddenly you find you are ignorant in just about every area you
are supposed to be involved in, but yet you have responsibility for problems
in specific areas where you are tct§lly ignorant. What [ am really saying
is that you cannot know everything in the same sense thatla Feacher canpot
teach everything either. How can this be compensated for? _rhe answer is
to have some awareness of phenomena, and some awareness og issues, but not
to know exactly all there is to know about any of them, simply to knog that
they exist. In other words, 1 think that it is important that an engineer
knows about such things as fatigue, creep_and wear but he_does not have to
know all the details involving the mechanisms of those things.

<econdly, it is important to be able to follow on from knowing that these
things exist to being able to do something about .them when a problem arises.
The principal way to do this is to learn to seek help. You have to learn
to ask questions and you have to learn to draw on the_resogrces available.
1 find in industry that engineers simply do‘not do this. They d? not read
the engineering literature. One of our staff, many years ago, did an
analysis of how many times the engineers ever went to the 1Jbra?y or ever
asked for textbooks, and it was remarkably }owlcop51der1ng the incredible
problems which arise every day. Perhaps this 1nd1cat?s that more must be
done to teach our students to go to the appropriate l}terature and hund—_
books and to make use, too, of the research laboratories gnd the_Un}versxty
professors. The students must not be afraid to ask questions. It is
rather important that we know what we do know well, but it 1s also import-
ant that we recognize what we do not know, and perhaps do not need to know,
because there are Very probably people who do know, and, therefore, we must
jearn to question them.

napper @ 1 certainly endorse the last comment. [ do, however, thivk that
the skills that have to be taught are much broader than the discussion
this afternoon has suggested to me and will no doubt be prought ?ut xn'the
cecond Panel on the overall political ramifications of fracture including
the social, moral and ethical considerations. The engineer of the future
or the materials scientist of the future will be expected by society to
consider all these, and that is a real challenge for the educator.

Armstrong @ 1 am SOrry that we have run out of time. [ surely feel that
{ have learned a great deal from the discussion, from the panellists, and
from the active participation of the audience. 1 certainly want to thank
the audience for their attention and constructive comments énd, on behalf
of the audience, | want to thank the panellists for all the}r effort. 1
suggest that we close with a round of thanks for the panellists.

Tanlin : Thank you, pr. Armstrong, for your very constructive Chairmanship.

The second Panel on Friday afternoon will address Ehg wider nub%ic issues
in Fracture Problems and is entitled Fracture, Politics and Society.
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FRACTURE AND SOCIETY - PART 2

Edited Transcript of the Second Panel Discussion on

FRACTURE, POLITICS AND SOCTIETY

wois : This afternoon's panel discussion is on Fracture, Politics and
Soeiety. 1t is perhaps appropriate that this comes at the end of the
Conference, if only because we would otherwise have spent the whole week
talking on this single topic. We have a varied and enthusiastic panel set
up here, as you can see, but [ hope that we will have a fair amount of
audience participation. To encourage this participation, I intend tc open
the floor to general discussion after each panel speaker, and only when
the steam has gone out of that part, will we move onto another panellist,
who will, I hope, move us onto a different topic. Unfortunately, because
there is only one plane a day to Manchester 1 have to leave before four
o'clock. If you see me get up and sneak off it is not because I have dis-
agreed completely with the panel, and [ apologize in advance for having

to leave you. S0, to make the most of my time T will spend no more of

it on introductions. You will notice that I have mot said anything
relevant to the topic, and the reason is that, having read Max Saltsman's
paper in Volume 4 , T was left with precious little that I wanted to say,
since he had said it all for me. $o, since Max is one of this panel's
bigger guns, I will fire that gun off first, and make a start.

Saltsman : I was a little worried when you started saying "Fire Max
Saltsman', there is an election in the offing and we get sensitive about
these things. The main theme of this meeting, of course, is purely
technological, but it is a sign of our times that the proceedings should
include consideration of theme in politvical, social and educational terms.
Politics and public opinion (I want to say something about public opinion
shortly) now play a major role in deciding the level of support that can
be given to technology, and while this may be somewhat unpalatable to
research engineers and scientists, it is not wholly unreasonable that he
or she who pays the piper should call the tune. At any rate, for better
or worse, that is the reality of politics. I think another important
reality of present day politics is that public opinion is everything.
There are no big levers in government that can be pressed, that you can
pull down and say, "I have reached the right people and they are going to
make the decision'. 1 have never seen politics and the political system
so sensitive to what the public thinks.

[o the extent that I have any advice at all to give to scientists it is
simply this, that you must present your case tO the public rather than to
the politicians, with a reasonable assurance that, if you make your case
to the public, and that is not always easy to do, the politician will res-
pond to that, because there is a kind of running scared of public opinion
that exists in Canadian politics. [ should say that 1 am not an elitist
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about public opinion. 1 think it is guite intelligent, or at least th§t
part of public opinion that is capable of being shifted away from ;ra@1~
tional loyalties. It is not venal, it is T think just confused. It is
confused by the conflicting claims that are wade by the experts of our
times. Thus, I think it entirely proper that I should address this question
in my capacity as a politician, and it is not my purpose to be political

in an absolute sense, but, rather, to try to give you a politician's view
on technology in general and fracture in particular.

Professor Saltsman then presented his paper on Political and Social
Decision Making in Relation to Fracture, Failure, Risk Analysis and Safe
Degign, which is included in this volume.

Niechols : This gives us a good start to the discussions. 1 would like to
just pick on a couple of points which could be run together. Right at the
beginning you made reference to the fact that, whilst you had anlratlon
for the public, the public can be confused, or think itself confused,
either through lack of information or from too much information. It wonders
whether it can trust the politicians or the media; when it comes to the
scientists, the public often gets contradictory stories. One of the
points that I would like to hear a little discussion on is this question
of how the public can judge whether the scientist that is speaking is .
indeed qualified to speak on that topic. 1 am afraid that often scienplsts
offer profound statements outside their own particular field_of expertise :
how is the public to know that? This leads to the second point, your very
interesting suggestion that we wight consider having a technical court.

I am rather wondering whether the same sort of thihg would happen there.

Tt would probably be impossible to have a single technical court which
could deal separately and competently with all forms of expertise. Some-
one will have to answer the same question : How relevant are the people

in the technical court to the particular problems that they are tackling?

Cuestioner : The usual procedure, once a court has been established, is
that a member of the legal profession, typically a judge, is appointed to
run that court. His selection undergoes some sort of scrutiny and his
competence is widely accepted. The usual precedure is then to ask the
judge to select from a panel who should sit in the Court. That at least
solves the selection side of the problem. The selection of competent
people does not then have to go through a long ad hoe procedure every time,
as discussed in the interview with Sir Alan Cottrell.

Saltsman : That then raises the problem of whether judges trained in the
law are appropriate people to make technical judgements. Tt is_inter—‘
esting to see what has happened in society. 1 think in all societies it
is the case that new kinds of courts that are not called courts have
arisen : for example Labour Relations Boards and National Energy Boards.

Nichols : They might even be called professional institutions.
of these now operate as courts in some cases.

Very many

Saltsman : Often they operate together, in situations where the normal
legal training is not required to supervise the court, but rather the
technical training in order to make judgements, For instance, recently,
in Quebec, a judge refused to hear a labour case because he‘said the
court was not competent to hear a labour case, even though it was
standing before the court. Standing is important, and you can always get
standing in another court if you disagree with technical decisions.
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Averbach : A few courts have been established on quite technical grounds.
There is, for example, a water court in Sweden which deals, on a very tech-
nical basis, with the distribution of rights to bodies of water, and use of
water. Some of the considerations are political, of course, but the courts
are quite separate from the normal legal system. We have regulatory bodies
with specialized judges, but I think that the Swedish experience is quite
unique in this respect.

Saltsman : So they have taken riparian rights out of the iegal system and
turned them over to special courts.

Averbach : Yes, and they have existed for quite some time.

fahn @ In the United States the National Academy of Sciences and the
National Academy of Engineering mount committees which make technical
evaluations : for example, in the case of Freon used in aerosols and its
effect on the environment.

However, I think the problem in these situations is that there is a
sudden public controversy, and an informed and trusted opinion is needed
right then and there, whereas these committees take two years to come up
with a report and a collective opinion. Meanwhile, people pass judgement
who perhaps are not qualified to speak, and I see this question of time
scales as a real problem. Public opinion would like to be served very
quickly, but the scientific process takes a long time.

Wuestioner : I have a question that is really very central to what the
Chairman had to say about how to establish credibility, in other words,
whom does the public believe? This is terribly important if we talk about
nuclear energy. On the one hand you have a group of scientists who say,
Do not move in that direction at all™; you have another pgroup of scien-
tists who say, "There is no harm, we have everything under control'.

Whom does the ordinary layman, and a politician is to some extent that
kind of a layman, believe? We have a very good organization in Canada :
the Science Council of Canada, although they tend to be rather circumspect,
perhaps a little less today than formerly. FEven with such a body in
existence, how does a scientific community agree amongst itself on what

it should put before the public and whom the public should accept as
authoritative. This may be a tentative authoritativeness, able only to
say @ "Up until this moment this is the state of scientific knowledge."

Questioner : I see a problem in the tendency for the public to ask for
absolute truth. As Max Saltsman commented, the general public has a
different time scale from people in science. We cannot produce answers
immediately, as the public requires. Thus opinions are often taken as
being absolute truths, whereas, in fact, many are highly arguable :
argument being one of the bases of our profession.

Nichols : Certainly people may read more into statements than is meant by
the speaker. T think the classic case of this is the man that goes along
to his physician and then comes away and analyses virtually every sentence,
and reads into it more than was intended, and, in all probability, his
physician was speaking off the top of his head, giving an instant opinion.
L think we should now turn to another topic, and I am going to call on

Dr. John Knott to talk about his interview with Sir Alan Cottrell.

Kknott : Before 1 do so, I might point out, apropos of the carlier dis-
cussion on the membership of technical courts, that it is technically
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quite possible at the University of Cambridge to read two years' engineering
followed by one year of law and become acceptable both to lawyers and to

the professional engineering institutions.

The aim was initially to try to get Sir Alan Cottrell to come and address
the meeting, as being a person who has spent a lot of time in high level
scientific research, and more recently has been very much involved in
government decisions on scientific matters. Unfortunately for the Con-
ference, he has become Vice-Chancellor Elect of the University unq is
unable to come at this time, and presents his apologies. I am going to
pick out some of the points which I think need to be mentioned, although
some may not be particularly relevant to the broader theme. The interview
itself was very loosely structured. We started with a list of questions
which had been provided by various people and these were in no particular
order, so that the logical connections between various parts of the inter-
view are perhaps not as good as they would be had we had three or four
recording sessions, but we touched on a large number of points.

The first thing that we were concerned with was his views on the science
of fracture. lHere, with the exception of some remaining interest in the
surface energy of iron in fracture processes, Sir Alan tends to regard
the basic setence of low temperature fracture as more or less complete,
whereas he still feels that there is a lot of work to be done in under-
standing fatigue, stress corrosion and interactions of various sorts.
gir Alan, of course, is a man whose science is of a rather broad nature.
He likes to treat materials as fairly simple continua and it may be that
there are details in low temperature fracture, particularly where cm-
hrittlement 1is involved, where his overall judgement may not be corrgct.
But the point behind this, 1 think, is one of the support of university
research, particularly in Britain. He says that, for the more complicated
problems of fatigue and stress corrosion, "I think the only way that you
can make progress with that sort of problem is to have a healthy university
research environment and let people get around pretty freely to exchange
jideas." So that what he is saying there is that there is a need still

for some fundamental research in universities to try to understand some

of the more complicated problems. That is cne point on the science.

The second one 1is on the application of scientific knowledge to engineering
design. His view here is that, with one or two notable cxceptions, our
application of scientific knowledge to design is not atl that good.

There are some major exceptions : the plastic design theory (initiated by
sir John paker) and fracture mechanics (due to George Irwin} - a concept
that he thinks is of considerable value is "leak before break". He is,

I think, not as enthusiastic as 1 expected on the philosophy of probabil-
istic design and things of that nature. [ was also rather disappointed
that he had nothing to add in the way of examples of areas into which
offort could be usefully put to improve the translation of scientific
concepts into design. I think there may be lots of fields w?ich one
might regard as being semi-empirical still - where we are using data from
e.g. SN-curves in fatigue - where perhaps one may say there are st}ll
things where the science can aid in engineering design. Cottrell is less
strong on these points than I envisaged.

The third point is the teaching of engineers about fracture and materials.
This was covered in Wednesday's discussion and I do not intend to bring
it up any further except to mention the point that he makes about the
materials men being brought in at the engineering design stage. The
factor that he emphasizes is that the materials man has not found it
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really attractive to make a career in helping the engincer to design
things because, "I think the materials man has known that he would always
be only an assistant in that kind of work. He would never become the Chief
Designer and he would never become the head of the firm. It does not
prove such an attractive avenue for materials people as some of the other
careers." That is perhaps a point to bear in mind. Towards the end of
his interview there is specific discussion on the areas into which re-
search effort should be put : whether one in fact should be dealing with
fracture toughness and fracture mechanics or whether the stress analysis
or non-destructive testing sides are the areas where we would get the
most benefit from directing our research.

I think that the point that will be of most interest to the present
audience is his view generally on the avoidance of failures. This is in
two parts, one of them being on duty : whose duty is it to ensure that
things are done properly and that safety standards are maintained? Does
one use inspectorates, the institutions or professional bodies? What
should be done about design codes and what is the responsibility of large
companies in maintaining their own safety standards? Some points were
made on the use of materials and on the rather large number of fairly
similar materials that we use and whether it would not be better to try
to rationalize this by concentrating on specific materials and learning

a4 lot about them. 1 think there will be most interest in Sir Alan
Cottrell's views on nuclear pressure vessels and on alternative forms of
energy supply and the safety of these in current use. This follows his
comments on the leak beforve break concept and the importance of this and
the way in which he felt that this was a protecting feature which the
1ight water reactor did not have. He had commented in letters to The
rimes and elsewhere that the situation was such that it was necessary to
be ultra-critically careful in terms of inspection and quality. Sir Alan
says, "I think that the specifications that the Americans have set for
their water reactor pressure vessels are extremely rigorous, there is no
doubt about that. (f human frailty is able to achieve that degree of
rigour in practice then they will be all right. But you must always have
a question mark against human frailty and this is the thing that worries
me, whereas with the pressure tube kind of reactor, again you have to be
just as good as you can be against human frailty. Mevertheless, if you
are let down by human frailty then you have got a natural back-up, the
Leak before break. That is where the difference is, and I still feel
strongly about that point."

We followed with a somewhat more searching set of questions as follows :
Mo you think, because of the emotive word nuclear, that more attention

is given to your commentary on the nuclear reactor case, than is given in
the equally worrying ecological case of having large pipelines running
hundreds of miles across the bottom of the North Sea with large amounts
of oil running through them, where a split could again be equally dis-
astrous?"  Sir Alan replied : "I think so, yes. My own position on that
specific reactor problem does not reflect any sort of general position
that 1 have about nuclear power. In general I feel that politicians and
the general public are being taken for something of a ride by the eaviron-
mentalist lobby which has been going very hard against nuclear energy. [
Feel that this is an extremely unfortunate develeopment because the only
assured new major source of energy for the world in thirty years'

time or so is nuclear energy. And to turn one's back on that without

very very good reasons, could, I think, be a disastrous step for mankind.
I think that the fossil fuel position, certainly in the Western World, is
really alarming. It is much worse than it is said to be in the newspapers.
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We in Britain are locally in a good position for o0il since the North Sea
will give us what we need for the next twenty or possibly forty years.
But if you go outside Britain then the position is really alarming and

we may already have left it too late. The only way out of this situation
is the nuclear one. I think that the environmentalists have served the
Western World badly with their overdone campaign against nuclear energy.'

?he next point that we put was whether in fact a double standard is applied
in the assessment of risk, in that we are asking the nuclear people to
fulfil criteria of safety which are much more stringent than for equally
worrying problems such as pipelines. Sir Alan makes a very good point :
"This is true, and it is true of other things. A highly dangerous source
of energy is hydroelectricity. You have the big dams and if a big dam
bursts it could not only take out enormous acreages of ground but could
drown large numbers of people. On the whole a big dam bursts about once
a year and these as incidents are large scale, even by the standards of
the worst imagined nuclear reactor incident.' I have quoted these parts
because 1 think they are most pertinent and of specific interest to the
present session. [ am sorry that you have had to receive these views by
proxy, but T hope I have been able to convey Cottrell's points fairly.

$£3h013 ¢ 1 happen to know that Jim Justice from Trans Canada Pipelines
is here, and T wonder if he has any views on the treatment he receives
relative to the nuclear people in this respect.

JT. Justice, Trans Canada Pipelines : I know very'little about the
nuclear regulations. 1 feel that we pet a considerable amount of regu-
lation, and in most cases I think it is very fair and just regulation. I
understand that nuclear regulations are much tougher, but I think that Dr.
Mills is prebably far more qualified to answer the question than T.

¥iechols : You do not feel as though the public ignores any risks in your
pipelines?

Justice : No, I do not think so.

Nichols : Dr. Mills, would you like to say anything about either big dams
or nuclear?

Mills : I have a few remarks on nuclear issues prepared, and this seems
an appropriate moment to make them. When I looked at the title of this
discussion, I made a note of my own as to what it might be. My title
was "Fracture, Ontario Hydro and Society", and I seem to have that right
with two fracture experts, then Ontario Hydro, and Max Saltsman repre-
senting society on my right. There are certainly many in Ontario who
would find Ontario Hydro synonymous with politics. Ontario Hydro's
}uterest in fracture is shown readily in its concerns with major plant.
from the very first conception of a plant design Ontario Hydro seeks to
ensure four things:

1) BSafety of the public.

2) Safety of operating personnel.

33 Avoidance of economic loss due to plant shutdown and repair,

4) Enhanced reliability due to fracture resistant design.

I would like to comment briefly on each of these topics with examples
(illustrated by slides]).

My first topiec is public safety, and we, in particular, as proponents of
nuclear power, have been very sensitive to the need to assure the public
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that our plants are safe. In the Canadian CANDU reactor system we employ
5 boundaries between the public and the nuclear heat source. Firstly, we
clad our nuclear fuel in an alloy designed specifically for that purpose.
Secondly, we contain the primary coolant of that fuel in 2 pressure
boundary which is subject to rigorous quality control during ceomstruction
and which receives regular periodic in service inspection. Thirdly, we
contain that primary pressure boundary inside a thick concrete reactor
building. Fourthly, should this reactor building ever become slightly
above atmospheric pressure, it is automatically connected to a vacuum
building maintained at low pressure and containing a dousing system to
condense steam. And fifthly, we build an exclusion fence around the plant
such that no one at the fence receives radiation doses higher than he or
she would receive from natural sources. Thus our philosophy is te put as
many boundaries as is economically possible between the public and the
nuclear heat source.

Regarding the safety of our operating personnel, we cannot expect them to
do their job in anything but a safe working environment. And there are
now very specific regulations in Ontario which lay the omus for plant
safety on the employer. This slide shows 2.44m sections of Schedule 20,
340L stainless steel pipes which were hydraulically pressure tested to
failure for our heavy water plant operations to determine their burst
pressures and fracture mode. A stress raiser was present along the long-
itudinal seam in these pipes. In one case an internal surface flaw was
introduced using a willing cutter. These experiments showed that the
pipes can tolerate large plastic deformation and that final failure is
controlled by plastic instability. The burst pressures were also pre-
dicted using a plastic instability analysis to be well above anything
that they might see during abnormal operation.

(Qur third concern is economic loss, and the next slide shows a fractured
forged 'T' from a small hoiler pressure cqualizing line at our Pickering
station. The pipes running into the 'T' are about 10mm diameter. The
fracture of that 'T' resulted in a forced outage of 36 hours, resulting
in a replacement cnergy cost of $75,000. The downgrading of the heavy
water caused a further direct loss of $80,000. That fracture was thought
to be caused by a combination of stress corrosion cracking and fatigue
from tube vibration.

Our final concern is enhanced reliability, and we are engaged in an exten-
sive programme of testing the fracture properties of pressure boundary
materials and both nuclear and conventional thermal heat transport
systems. ‘The ASME Boiler & Pressure Vessel In-service Inspection Code,
Section XI, states that : components with flaws exceeding the normal
allowable standard may be considered acceptable for continued service if

a fracture mechanics analysis performed in accordance with the recommended
procedures of that section shows that the structural integrity of the
component is not impaired. An extensive fracture mechanics data base is
required to perform these analyses. We therefore have an experimental
programme in progress to determine fracture properties of primary and
secondary pressure boundary materials.

As with any large electrical utility, in operation there are always
failures of components, and we do have many interesting case histories,
although this panel is certainly not the forum for discussing these in
detail. Let me conclude by saying that Ontario Hydro, as, [ hope, a re-
sponsive crown corporation, with significant influences on the cconomy
and technology of this province, has as one of its objectives the desire

259



Fracture 1977, Volume 4

to ensure that in the operation of its major plant there is safety for the
public, safety for the operating personnel, avoidance of economic loss
and enhanced reliability.

Nichols : I would like to ask you a question which, I think, relates both
to your comments and to a point in Sir Alan Cottrell's interview; that is
the comment about the difficulty of communications, of getting the infor-
mation across. This is an area in which I have learned something over the
past 6-9 months. Criticism of the nuclear power industry has at times
reached such a pitch that it appears to be something that the public just
does not want anymore. We are reaching a stage when virtually every
person in my laboratory is encouraged to go out and talk about nuclear
power. We all are presented with facts outside our own area of special
expertise in a way that might interest the general public, and to enable
us to answer questions that might come up in formal and informal dis-
cussions. Everyone is encouraged to talk over the garden fence, in the
pubs, in the clubs, and as I told you last night, to actually go out to
the Women's Institute, the schools and so forth. We have come to the
conclusion that we must try to get our message across; we believe now
Fhat not only is it our duty to make nuclear reactors safe, but also it
1s our duty to convince the public that we are so doing. I do not know
whether many of you have done this sort of thing. T believe that scien-
tists as a whole tend not to regard it as part of their duty to talk to
the public, and perhaps this is a problem to be faced, we will talk
amongst ourselves but not to the public. Therefore, I wonder if you have
any organization in Ontario Hydro for getting this message, on your
attention to safety, across to the public. In other words safety must
not only be done. It must be believed to be done.

Mills : There are two things that Ontario Hydro does. First, it provides
a technical information service at its main head office where any member
of the public can go to examine research reports and safety reports,
which are submitted to our regulative authority. In fact, any document
in the company, unless it is to do with a commercial contract, is open to
tﬁe public. However, in the last two years there has been a Royal Com-
mission sitting in Ontario and its duty has been to examine what Ontario
Hydro should be doing in terms of electric power planning over the next
ten to fifteen years. This Commission has received submissions from the
general public, from environmentalists, from the many concern groups who
have the general label 'anti-nuclear', and from Ontario Hydro itself,
which is trying to make a case for an expanded or continued nuclear power
programme. In order to understand Ontario Hydro's case on nuclear power
we should consider what it costs Ontario Hydro to make 1 kilowatt hour of
power. It costs us about five thousandths of a dollar to make a kilo-
watt hour with hydraulic power, and there is very little left in Ontario
now. It costs us at Pickering approximately 9 thousandths of a dollar

to generate a kilowatt hour. On our best coal-fired station it costs us
about eighteen thousandths of a dollar to generate a kilowatt hour. At
an oil fired station it costs us 28 thousandths of a dollar to generate a
kilowatt hour. Thus, any movement that we are directed to make towards
greater use of fossil fuel, as a large utility, is going to have severe
impact on electric power costs in the future. This is a major concern as
Ontario's economic base is its relatively cheap electric power, and, if
that base is destroyed, there are going to be severe economic conse-
quences, not only for Ontario, but also perhaps for the whole of Canada.

Nichols : We should not allow this to turn into the nuclear debate itself,
but thank you for giving us those examples and indicating how your public
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relations is handled.

£. Von Bezold, University of Waterloo : 1 have a question on the matter of
public education. Mr. Saltsman pointed out that in this country the
decisions made by politicians are rather sensitive to public opinion, and
in some respects I would agree with him. My concern is with the facts
which are available to the public in formulating its opinions : how can
the intelligent lay person obtain the information to enable him to assess
properly, for example, the options in allocating resources for research
or the choice of nuclear reactors? Can scientific workers be relied upon
to act in the public interest and bring controversial questions to public
attention? Will the public receive all the facts?

Averbach : The point which you raise is central to our discussion here.
That is, how do we go about assuring the public that it is hearing some-
thing which is impartial? For example, we have just heard somebody from
Ontario Hydro and somebody from the U.K. Atomic Energy Commission. Each
may be impartial, but their affiliations are such that there will be some
suspicion of self interest. On the other hand, if we hear someone from
the Ralph Nader Office, he is also labelled with a certain tag, which all
may not accept as impartial. This categorization is an extremely diffi-
cult thing to avoid. Until we establish some kind of arms length approach
to these technical problems, which we can make understandable to the
public, we will not really ever come to grips with this situation. We
will simply argue ourselves to the point where the decision is made,
willy-nilly, by some political body which has made an assessment on some
quite different grounds.

Saltsman : I have a serious comment on establishing credibility : how we
should go out to the public and explain out position. 1T think the first
thing that is involved is to develop a better mental attitude towards
the public. This applies to politicians, the media, and I think to
scientists as well. There is a tendency to think of the public as child-
ren. Nobody is poing to say : '"We think the public is a bunch of 12-
year olds." but very often in private conversations or little asides this
is the kind of impression you get. There is a feeling that they are not
really going to understand what we have got to say and really we know
better than they know. I think you have to purge your mind. I, as a
politician, have tried to do this, and I think, in fact, that I have been
reasonably successful as a politician, because I have done that., It is
certainly true that there are 12-year olds out there, adult 12-year olds,
but there are many intelligent people as well. Those people are im-
portant and can be addressed in a very straightforward way. You do not

have to tell them : "There is nothing to worry about on this issue."
You can say to them : "There are certain benefits and there are certain
problems. We do not know everything about these problems, and there is
some risk involved". The people will understand that. They do not

understand it when you simply say that there is nothing to worry about
regarding a problem that is highly technical. That immediately loses
you credibility. People are prepared to accept certain risks. They
accept a risk when they drive a motor car, they accept a risk the minute
they start to live in society. That is not the only answer of course,
but to start with I think you have to develop a certain mental attitude,
or at least come to the conclusion that there is a sophisticated, in-
telligent public that can be addressed.

A.N. Sherbourme, University of Waterleo : I would like to make one point.
That is to say that not all the 12-year olds are to be found in the public
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domain. Many of them are in universities and other organizations which
should know better.

Wichols : We are all 12-year olds with regard to some subjects, are we not?

N..L. Adams, Nuclear Imstallations Inspectorate, Londen : First [ should
state that what I am going to say reflects my own opinion and should be
in no way interpreted as a part of the policy of the Nuclear Licensing
Authority of the United Kingdom. 1 have, in the past two years, whilst
working in London, been intimately concerned with the U.K. assessment of
the light water reactor system. 1 am also intimately concerned with
assessment of the Steam Generating Heavy Water Reactor, and I would like
to make a few remarks which stem from John Knott's interview with Sir
Alan Cottrell and perhaps go on to mention public opinion. To sketch the
relevant background, Sir Alan Cottrell was the Government Chief Scienti-
fic Advisor, and in 1974 a decision was made in the form of a govermment
white paper that the next U.K. power system would be the home grown
SGHWR. Sir Alan stated that he did not believe that it could be shown
that a pressurized water reactor pressure vessel could be convincingly
shown as safe for its entire lifetime. I have since concluded that that
was his instinctive decision as a metallurgist with a great deal of
experience. I believe he was right, at the time, in making that judge-
ment, aad I think that judgement was supported by the outcome of the
Marshall report, which Dr. Nichols, in fact, helped to write. This re-
port took something of the order of 2%  years to produce and concluded
that, with quite a considerable number of improvements to U.S. Tech-
nology, it should be possible to have a pressure vessel that would be
safe at the start of life. It Further concluded that, given a great
deal of in-service inspection, and provided that this can be shown to
detect defects, the vessel should be safe during its working life, and
that, I believe, vindicated Sir Alan's views expressed in 1974,

Sir Alan has, however, written to The I4mes more recently and expressed
further views which show that on some other matters, whatever his feeling,
he has got part of the technical story incorrect, and is making judge-
ments on the basis of an incorrect interpretation of the real situation.
This leads me to wonder whether we can really communicate effectively
with the public at larpe. TIf eminent scientists cannot really get to
grips with technical issues that are outside their own particular
scientific sphere, can we really expect the public, without any scienti-
fic understanding at all, really to come to grips with the technical
issues? I would agree with Mr. Saltsman that we can put across the major
issues -~ the benefits and the problems - but I do not think that we can
expect them to come to terms with the real technical issues. 1 think it
is difficult enough for those of us who have to try to do it as part of
our livelihood.

Mills : I would like to come back on this business of public accepta-
bility. Perhaps we in Ontario Hydro have really suffered very little
with regard to the nuclear issue as compared to many of the large private
utilities in the U.S.A. We have made some attempt to increase public
awareness of nuclear power. When the Pickering construction was half
complete, and we had two reactor units operating as a nuclear island,

the entire station was thrown open to any member of Ontario Hydro and
his family. They toured the whole station including the turbine hole
and the reactors under construction, the only exception being the nuclear
island, to avoid any danger of contamination. I feel that this has
probably done more to show that we have a reasonable system, which is put
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together with care, than anything Ontario Hydro could ever do in print or
by publicity. T think this philosophy of showing the public should be
carried out more. If it is shown inside the system, while it is still
possible, I think it is much more acceptable to them.

Wichols : 1 would like to take the matter of communications one stage
further. 1 believe, Dr. Hahn, that you have a few points on this in
relation to the difficulty of one man speaking to another if they have
different backgrounds. I will take a point from the floor first though.

Op. C.F. OLd, AFRE, Harwell, U.X. : 1 would like to offer a piece of in-
formation which surprised me when I first read it and which is par-
ticularly germane to the points which Prof. Averbach and Dr. Adams
raised. A survey was done, the results of which were published in ™ New
Society" and recently also in the House Journal of the UKAFA. Although
it addressed the topic of nuclear power, in fact it dealt on a much more
fundamental basis with the credibility of engineers which Prof. Averbach
mentioned. A question was asked of the total sample, which was over a
thousand people spread throughout the population : "Whom would you be-
lieve if you were reassured as to the safety of a nuclear installation?"
1 remember the figures roughly and something like 3 to 5% percent of the
sample said that they would actually believe the news media. Around S

to 7% said that they would believe politicians. Approximately 17 - 20%
would believe the manufacturers of the installation and something in
excess of 60% would believe the gqualified engineers and scientists in the
field concerned. This surprised me, and suggested that our standing may
not be as low as we might suppose.

Nichols : It might also suggest that the public is, as we have said, a
very wise public.

Would you like to go nhead Dr. Hahn?
(At this point Dr. Nichols left the meeting and Dr. Knott took the chair.)

Hehn @ 1 wonder if it may pay to examine for s moment why there are
differences of opinion. 1T think that in some cases these are honest
differences of interpretation, but there are other cases, I think, where
the differences of opinion derive from differences in the interests of

the parties involved. I think that, in this general problem of science
and politics, we are dealing with many sub-cultures which have really
quite different interests, quite different values, quite different jar-
pons, we have already mentioned different time scales, and quite different
scientific IQ's, by which I mean the ability to discriminate between two
different scientific arguments.

I would take the public to be one sub-culture, and industry, technology,
management and invested capital together form another. It seems to me
that the basic interests of the public and of industry, say, are not
quite the same. I think industry is looking for a guaranteed return on
investment whereas the public is looking for the highest guaranteed
quality of life, and there are differences. Industry must protect its
competitive position. The public does mot have this particular interest.
I see science and research and development as being another sub-culture,
and T think that within specialized fields people can have the scientific
1Q to enable them to talk with one another. Outside these fields dialogue
is very difficuit, and I do not know that a great deal can be done about
that. Govermment, the regulatory boards and agencies, and the standards
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associations constitute a further culture with somewhat different inter-
asts. 1 think that the Government interest in the last few decades has
peen primarily in terms of supporting the economy and preventing un-
employment, and while they talk about safety and environment, when employ-
ment and the economy are threatened, these other things lose importance,
to some extent with public approval.

Thus, it seems to me that there are some basic differences and conflicts
of interest : if, for example, you present the different cultures with
the proposition that you would like to make, say, a pressure vessel more
fracture resistant, you will receive a range of responses. The science
and research and development culture would say : "Yes, that is a great
idea", and they would present a bill for millions of dollars. (The world
wide investment in fracture mechanics, for example, must be at least 100~
million dollars, S50 +hat there is a tremendous amount of money involved

in technology, in science and in changing things.)} The public would say :
yes, but please do not pass on the cost to us or raise taxes'". Industry
might say :@ "No, it would hurt our sales and our competitive position',
and 1 think that is a perfectly valid viewpoint. Government may take the
position . UWe see both sides, so0 let us move slowly, or let us do nothing
at all." This exemplifies the fundamental conflicts of interest, which,

1 think, stand in the way of more rapid solutions to some of our problems.

It seems to me that it is first of all a task for the political system to
reconcile these cultures and to try to bring them together, and I see
several necessary elements in this process. Acpossible solution must be
found that is not totally destructive of existing investments, be they
emotional or capital. Leadership will be needed, and it is not clear
whence the best leadership can come - science, industry or govermment -
and frequently a lot of money will be required which may be a stumbling
block. Regarding possible innovations, at our private research institute
we have Found that one mechanism for bringing together money to solve
research problems is to try to develop industrial associations, either
formal or informal, to bring many companies with a common problem to-
gether, so that each may provide some funding and make it possible to
tackle certain problems. In the past, some of these associations have
qot been legal, for antitrust reasons. This is a situation where other
interests and political considerations stand in the way of pooling re-
search money. Certainly a phenomenon of the last three decades has been
the tremendous growth of government involvement in and support of
research.

Another solution that I would like to raise in connection with failures
and safety is the possibility that industry and government might consider
purchasing hardware, aeroplanes or nuclear plants, not for delivery on a
certain date and then to be taken over, but for the whole lifetime. You
would purchase the ability to generate electricity, say, for 20 years,
and then if there were an outage, if the plant were to fail, the vendor
would have to come in and bear the expenses; consequently he would have
the incentive to WOTTY about these things more, and perhaps spend more
on research and development. [ think there is a difficulty there, in
that Government, at least in the United States, restricts the way the
cost of power is carried over to the consumer, and this makes extra ex-
penditure more difficult. It would cost more to buy a plant on that
basis initially, and with the cost of capital, and the way these costs
are passed on, it is difficult, for reasons which are not too clear to
me, for the utilities to operate in this way. I think the government is
moving in that direction in, for example, the purchase of aeroplanes,
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where it buys a unit on the clear understanding that it last for the
expected lifetime, and here again, perhaps changes of laws are needed to
facilitate different ways of doing business.

¥nott : I think that you have highlighted two problems there, one being
that of communication and the other the weighing together of conflicts

of interest. Sir Alan Cottrell, speaking from the British viewpoint,
clearly passes the buck to the Ministers for balancing all these various
factors. Here is where the communications problem can enter, because

the Minister himself, the decision maker, may have to become familiar
with the technical arguments. Sir Alan says that he does not. He has to
trust his advisors and they have to put it into language that he can

understand. That is in terms like : “If you build it this way, there is
4 real chance of the thing breaking; that way, the chance no longer ex-
ists." The British system then, appears to be the technical advisor

going to the Minister and the Minister weighing a technical argument,
together with all the other public arguments. Perhaps I could ask Mr.
Saltsman how it is done in Canada? Then perhaps one of you gentlemen

will tell us about the American method of decision making.

Salteman : I think that it is one of the great mysteries of Canadian
politics, exactly how people arrive at these decisions. 1 think mostly
by accident. I think one of the severe restrictions on public policy in
this country is that nobody has sat down and tried to formulate long

term plans in a conscious way, and we tend to live on crisis politics,
simply responding to crises as they arise. 1 think, in that sense, North
American experience has been considerably different from European ex-
perience, and mostly because we could allow ourselves the luxury not to
plan. The resources seemed to be so vast, that we could squander, we
could be wasteful, we could move from crisis to crisis, without really
being in any serious trouble. When the decision was taken it was usually
by government. We do have a strong form of government. Decision is
usually taken by the executive, again in response to public opinion, and
usually after the establishment of a Royal Commission to tell the govern-
ment what they wanted to hear in the first place, but did not have the
courage to say themselves.

1 want, if I may be permitted this indulgence here, to talk about leasing,
or rather the letting arrangement that Dr. Hahn mentioned. We do not have
that problem, and, at the risk of preaching to our American cousins, 1
would point out that that is because the utilities are under public
ownership in Canada. We are the boss and the user and everything else at
the same time, and the kind of a conflict you describe does not arise.

You also raised something else that was extremely interesting to me, in
asking where the leadership comes from. It can come from any source,

but I think one of the most effective examples of leadership in our time
has been not an either or, in other words the politician or the scien-
tist, but rather what we saw in the early years of the Kennedy regime in
the United States. Here was a very articulate politician, whose credi-
bility was, I think, holstered very very considerably by the fact that

he had surrounded himself with well-known and highly regarded academics.

I think, getting back to what you were saying about public opinion polls,
vou will find the same thing about academics generally, that, while people
may make a target of academics, whenever a political scientist polls the
public to find out how people feel about professors and how credible
professors are, they usually come out with a high degree of credibility.
The cartoonists may have a field day depicting the eggheads advising the
politicians, but, in fact, experience has shown that that combination of
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a semsitive politician with expertise from the intellectual and the uni-
versity communities is really the kind of leadership that the public will
respect.

Enott : This is done then, by setting up a Royal Commission that has
these people on it and acts as a single scientific advisor?

Salteman : Yes, this is true in Canada because of the different political
system, and I think it is true in Britain too, as ours is very much like
the British system. In America, of course, the executive can directly
take upon itself advisors. They do not have to stay within the legi-
slative process in order to pick advisors, they can select expertise from
outside. In our system, that is a little more difficult to do, and when-
ever it has been attempted, all kinds of terrible things have happened,
as with Walter Gordon's budget a few years ago. Therefore, we tend to
use Royal Commissions, Select Committees, and we tend to pick generally
very good people. Two of the references [ had today were of such groups.

Averbach : We do not have Royal Commissions but we do have Congressional
Committees which serve quite the same functions. It is interesting to
note that, until very recently, Congressional Committees had no scien-
tific staff at all to advise them. Scientific and technical questions
were frequently not answered or turned over to the National Academy of
Science for advice. 1 have testified before some of these Congressional
Committees and I am mystified as to how a decision.is ever reached. A
wide range of opinions is usually presented, with ‘some very technical,
and others not technical at all. Someone in the backroom eventually
sorts it all out, and a report is eventually published. This is a situ-
ation where we have failed to help the public to understand the problem,
or to help our Congress and our Executive to arrive at procedures to
assist them in scientific matters.

N.A. Sinelair, IBM, U.S5.A. : First a point on leasing, the possibility of
which vou mentioned. IBM, as you may kuow, do lease their equipment, and,
largely because of that, they have set up a whole division to handle
product assurance, one aspect of its activities being the nse of physical
models to predict lifetime.

Before going to IBM I was a muclear specialist, and I ongaged in many
debates about nuclear power with people that worked in the development of
it as scientists. [ saw the fallibility of inspection techniques, where
the system may easily break down because of the human element. [t has
been known that, when the lunch whistle blew, an inspector has wiped off
the magnetic particle inspection indications and gone to lunch. In other
words we get back to human frailty. In teaching these inspectors 1 dis-
missed three students for cheating because [ upheld a puritan standard
that said cheats are not allowed in the inspection team. However, that
had to he reconciled with the general liberalism of the organisatiocn.

The plant psychologist of this nuclear agency for which T worked said
that we could not do that; everyone cheats because he is motivated to
succeed. Thus we have contradicting values in that the drive for success
may induce the neglect of an obvious crack in a weld, regardless of the
rigour of the inspection techniques or the qualifications of the in-
spectors. Therefore, it becomes a matter of probability as to whether
failure of a plant or a nuclear incident occurs.

Turning to political issues, I write to Jimmy Carter and ask what ex-
planation he has ready for the inevitable nuclear accident. I think this
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thought must be in our minds throughout the nuclear safety debate. The
former chief of the Atomic Energy Agency made a statement to the effect
that the public should be prepared for the eventual nuclear accident.
There is another point of view that says that no politician is willing to
accept a probability of failure; I find these somewhat irreconcilable.
The question of the public, which thinks in absolute terms, being able to
comprehend the concept of the probability of failure must also be ad-
dressed. Is the general level of education such that the public is able
to think as a scientist does, in terms of probability of failure?

1 would like to make another comment on the nuclear debate. [ saw a
television programme in the States on the nuclear question in which the
anti-nuclears put forward their fifteen best points, and the pro-nuclears
theirs. There was no point of contact between the groups, and I found
that format extremely destructive, and [ feel that we should pay attention
to this point when we consider such questions. A more positive approach
may be found in Futures magazine, or in social modelling techniques,
where statistical concepts such as decision theory can be used in an
attempt to weight and evaluate all the factors involved and their cross
interactions. It seems to me that the credibility of engineers is a

very tenuous quality. I have knowledge of wmore than one occasion when an
engineer has been threatened with being released or fired if he should
speak up against the best interests of corporate policy. Public aware-
ness of this situation will inevitably undermine the credibility of the
scientist and engineer.

Enott : T will just hold this point for a moment, before we look at
whether it is possible to educate the general public to accepting a
failure probability. Dr. Reid, do you want to say something first?

Reid : It may be exactly the same point, but I feel that one of the by-
products of failures is that they provide a tremendous stimulus to either
re-design or re-invest, and it is important to capitalize on this. Yet,
as Mr. Saltsman pointed out, there is an opposing tendency, and that is
the quite spontaneous tendency to extreme confidentiality, a shyness
about discussing these things, and it is here that very big, often fatal
failures, are important, because they force the disclosure of information
and there often has to be a public court of inquiry. This, in turn,
publishes a full report, which is normally available to the public, al-
although even that has its problems, as we saw in Britain within the last
couple of years over the big chemical factory explosion at Flixborough.
There was a court of inquiry, but there was certainly a hint in the media
after this court of inquiry reported that full justice perhaps had not
been done, Really it was a somewhat inconclusive matter, and certainly
some people had gone away from the inquiry feeling that their advice had
not been taken inte account. The question I would like to pose is :

What is the optimum way to run a court of inquiry? There is a lot of
international experience here and there may be people present who have
some experience of serving on these courts of inquiry. What is the best
way to let all the experts have their say, and then, when the experts
tend to neutralize one another, what do you do about it? Do you have a
jury system, and if so what kind of a jury? These are the questions to
which I would like to draw some response.

Knott : That gives us another question to answer now.
Old : 1 do not want to offer an answer to Dr. Reid's question, but I

would like to raise a point related directly to what he said. It often
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seems to me that there is a scale factor in the interaction of fracture or
failure politics and society. He mentioned the accident at Flixborough,
which provoked an enormous inquiry. It must have used up an enormous
amount of time and resources. There is a point which 1 am not clear
about, and which I would like to put to Mr. Saltsman as a politician,
because he can perhaps give an explanation. Which?, the consumer magazine
in the U.K., quoted that there were something like 26 people killed last
year by the failure of electric blankets. [ cannot understand why fail-
ures which cost lives at a steady slow rate attract no attention whatso-
ever, whereas the single isolated incident, for example Flixborough or

the aeroplane accident in Tenerife, will attract an enormous amount of
attention. Can you perhaps help me to understand why the one is poli-
tically acceptable and the other is not.

Mnott : 1 think, therefore, that we have three points. One is whether
you think that the general public can be educated into realizing that
engineers, when they design things, may have a failure probability;
perhaps a one in ten to the tenth power chance of failing. The second
point is the technical one of general information on how a court of in-
quiry should be run, and the third is why it is that the small scale
accidents, that occur all the time, receive far less publicity than the
very big catastrophic events. Perhaps you would like to take the public
reaction one first of all Mr. Saltsman.

Salteman : Whenever you are faced with this kind of a problem, ask your -
self how vou would put it in a headline, if You were an editor. For
instance, [ see no difficulty in producing an eyecatching headline for
the electric blanket story. ‘Therefore, I feel that, if you get electro-
cuted in bed, that is news, and not only that, you can possibly sue
somebody for a lot of money, and I come to the conclusion that the con-
sumer magazine does not know what it is talking about. If what the
magazine said could be supported by fact, it would have made a great
story and would indeed have received publicity.

0ld : That is actually a statistic.

Saltsman : Statistics are curious things. It is a question of how they
are obtained and what kind of information is used. It may be their
statistic, but it does not mean that it is a valid statistic or a
provable statistic. As a scientist, you immediateiy assume that because
it is a statistic and somebody said it, it is true. 1 am a politician.
[ do not make that kind of decision. It is a verifiable statistic, but
I would like to see how it was determined.

Old : They count the number of bodies!

Saltsman : You know a person could have died for all kinds of other
reasons.

Averbach : T think the point is that there is an individual remedy, and
it does not mean that the victim has no recourse. The accidents like
this do not create an outcry in that they occur over a long period. When
a disaster occurs which involves a lot of people, it gets a lot of
attention and is subject to official inquiry. 1 think both types of
event do receive attention, but in different ways.

Knott : To come back to the point on snappy headlines, 1 suppose a head-
line which said : "Engineers Expect There to be a Chance of Failure in
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such and such a Reactor", would attract the public interest.

Saltsman : "“"Engineers Expect.." does not show up as a headline. "Engineer
Charges Failure of Nuclear Reactor', "Engineer Warns of Dire Conse-
quences', is the required form of words : ""may be'", "perhaps', "on the
other hand", "later", do not get into headlines.

nott : On the concept of deliberate design for a chance of failure, do
you think the public will accept that or not?

Saltsman : Yes, I think so. At the risk of being considered naive by
harping on this, I think that if people are basically honest in what they
say, or at least are perceived to be honest, because it is pretty hard to
test honesty, then they will be listened to. Let me give you an exampie
of what is happening here in Canada. At the moment we have what is
supposed to be rather a scandal with our police. The minister is accused
of almost abetting a break in. He rose in the House and straightforwardly
stated the facts, although some of the facts were somewhat damaging to
him and the opposition tried to make a great issue. This ended the
affair because he appeared to be honest. T think Nixon would have been
forgiven if he had publicly admitted his involvement in Watergate. The
classic example is the Profumo case in Great Britain. John Profumo had
to leave the House, not because of his liason with a beautiful girl, or
because her reputation was somewhat questionable, but because he lied to
the House of Commons when he was asked about it. There are certainly
risks attached to being honest : you know that when you are honest,
everybody is going to attack yYou as much as possible, but you can be sure
that this will only last so long. But, if you are not honest, you wiil
be hounded indefinitely until Finally the truth is dragged out. This is
a terrible situation. Thus, I think that, even with science as with
politics, if you lay all the facts on the table, the good and the bad,
and it is perceived that vou have, that is probably the best policy.

Mills : 1 would like to add a comment on public acceptability. I ask you
to picture a steel box with four wheels, containing up to 20 gallons of
very very inflammable liquid and a battery and a means to produce sparks.
I pump the inflammable fluid into a cylinder, compress it with air, and
spark it. Now, if anyone were to ask you to sit inside that steel box,
your first reaction would be - "No, I would be crazy." Yet General
Motors sell hundreds of thousands of these steel boxes every year, and
because they have been around for a long time, they are acceptable to

the public. I think that, once nuclear reactors have been around for
about 75 years, they will achieve the same public acceptability.

Further, if you consider acceptable design lives, the public buys some-
thing from General Motors which probably has a design life of ahout 1,500
hours. For any sort of nuclear installation or major generating facility
the minimum design life is 100,000 hours. T think that public accepta-
bility is really a conditioning process dependent upon how long these
things have been around. There are too many people who still remember
nuclear meltdown of an American test reactor.

Guesticoner : This is a general background comment. During the course of
the Conference, I have noticed that, quite often, the one thing that

does not come out, and it has been commented on, is the understanding of
probability and risk. We should understand this better than the majority
of the public and we do not. It shows up in our work. We draw a straight
line through a series of points and half the audience will say : '"Yes,

a straight line'. This, I think, carries over to public acceptability
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also. I like the analogy of the steel box and the flammable substance.
The probability of being injured in it is tremendously high, but the
public is fairly aware of the risk that they are taking. However, when
we put a number on the risk of a nuctear reactor or an oil pipeline or a
gas pipeline, failing, the number really does not mean anything to them,
or to us, because we really have no reference with which to compare it.
Thus, one aspect of public acceptability, when it comes to fracture,
say, is simply an inability on the part of most of us to understand what
risk and probability really is.

knott : I think that there is a slight problem, particularly in Britain,
that the only really large number attached to chance is something like
the chance of winning the foothall pools, where a large number of people
bet and one wins. Unfortunately, there is always the feeling that "yes,
it is a very large number, but someone is going to win", and if that sort
of thinking carries across to failures, then there is always the thought
that the number is very large but one is going to break. 1 think it
might be a real task to get across large numbers in a really compre-
hensible way.

Salteman : An interesting thought occurred to me as you were speaking,
that you might be able to write a political formula for acceptability

and it would read something like this : "Acceptability = familiarity +
alternatives™. Familiarity is an important thing, and we live with all
kinds of dangers. T was thinking of, say, a loaded jumbo jet flying over
a major city and the destruction that would be caused if that jet crashed,
and I was thinking of alternatives. We have fossil fuels, and we have
gas and oil and, while their prices do not reach the point which is un-
acceptable, as long as you have those alternatives, people will not want
to take the risks associated with nuclear energy. As those alternatives
start to run out, or become increasingly expensive, then the whole for-
mula changes. The figures in the formula get changed and you are in a
different position. I want to say something else about the question
raised about the risk of the people who operate the system. There is an
advantage, I think, to some of the publicly owned facilities in terms of
risk, for this reason. T think that it brings together a different breed
of people, the bureaucracy. There are many things wrong with a bureau-
crat. You can be very critical about his lack of imagination and all the
rest of it, but as Weber once wrote about the bureaucrat, he is honest,
he is generally reliable and the lack of imagination turns out to be an
asset. He is not climbing all the time, as he might be doing in private
industry work, he is getting ahead differently. 1T think that this is
probably one of the arguments for public ownership of some of these
chancy and dicey things, because in fact you need that habit of mind,
that bureaucratic attention to little tiny details, and to making sure
that everything gets checked off and all appears on your report.

KEnott : 1 think at this stage 1 would like to ask Professor Yokobori to
give a short description of the implications of the failure of a Japanese
oil tank.

Yekobori : The fracture of a very large oil tank occurred in Japan in
1974. The tank had an inner diameter of about 52m, and height of 23.7m.
Some of the audience will know of this accident. 1t involved spillage
from the fractured part of the tank of 7,500-9,500 kiloliters of heavy

oil into an inland sea. This caused great damage to the fishing industry
of the two prefectures on the coast of the inland sea. 1 was a member of
the govermment ianspection committee. At the conclusion of its inspection,
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several possible causes of the failure were suggested by the Committee.
One was the digging out of part of the foundations when constructing a
staircase along the side of the tank, which led to local subsidence.
Another was that compacting was not properly carried out in view of the
state of the ground on which the tank was built. In addition, some of
the Committee considered some defects in welding the side plate and the
bottom plate. The crack initiation path was traced back with some dif-
ficulty, as the surface of the fractured part was so heavily covered by
a layer of oxidized scale or rust. When we removed these oxidized layers,
we found a characteristic intergranular fracture surface. Naturally, we
could not observe the exact fracture surface, but only the surface ex-
posed after removal of the oxide film.

As can be seen from this example, a large scale fracture accident throws
up problems requiring an inter-engineering, interdisciplinary approach
and must be considered in terms of the interaction between engineering,
economy and politics. [ feel that not only design engineers but all
other engineers and even the public should be educated in, at least, the
fundamentals of fracture. On the other hand, a standing investigation
system for such a large scale fracture accident may be necessary in order
to ensure the correct interdisciplinary basis.

Knott : Before the session comes to a close, I would like to ask Professor
Averbach to make general comments on the field, and particularly perhaps
if he could say something about American Courts of Inquiry that might

help Dr. Reid on his question earlier.

Averbach : The American Court of Inquiry is a traditional system, in that
the matter is usually settled in a court of law. The operation of these
courts is interesting in that no witness is allowed to give an opinion
except an expert witness. As a result there are expert witnesses for
both sides with each stating impartial opinions. A decision is eventu-
ally reached by a judge or a jury on the basis of a lay interpretation
of what has been presented by the experts. Perhaps we can develop a
system whereby we have special engineering courts presided over by
masters who might have some technical competence and be able to call in
impartial experts to advise the court.

Anott : 1 think that is taking responsibility, which is a good thing. I
can understand the people's feelings over the particular incidents of
the Flixborough report, because there there was an awful lot of work
done, and the conclusion was basically that it was a patched-up job by
a non-qualified engineer which led to the failure. Does anybody have
burning points from the audience?

G.L. Dunlop, Chalmers Univevsity, Sweden : Dr. Mills disappointed me
somewhat, because it seems that he is trying to form an acceptability in
the eyes of the public; taking people on a tour of a power plant and
showing them that the walls of a pressure vessel are very thick is very
impressive, because who can imagine that several inches of steel can be
broken by a reasonable sized force. I think we really have to do as Mr.
Saltsman suggests : we have to lay all the cards on the table and be
completely honest. This is exemplified by my own experience in Sweden,
where there is a very large political debate concerning nuclear power
generation. I work in an institute where there is a very large group of
nuclear physicists, many of whom are anti-nuclear power. That is rather
surprising, but it occurs because they know very little about engineering,
and it is thus very important for engineers to put all the cards on the
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Mills : We do, in fact, before any construction starts, put all the cards
on the table regarding our nuclear plant by presenting a safety report to
a4 government agency, the Atomic Energy Control Board. This is usually a
Teport of considerable magnitude, which details all the design calcu-
1at10n§, all the risk factors, which are put into that plant. That pre-
sentation to the Board is not necessarily a public affair, I am not too
sure if and when the public is involved, but that government agency is the
regglatary body for Canada. We cannot proceed with a plant constructional
design before we get their approval. The purpose of the plant tours was
to avoid the sort of confrontation which the U.S. Utilities have ex-
perienced with very virulent groups who want to stop nuclear power devel-
opment at any cost. By trying to inform some of the public, we can
perhaps turn away some of these fears.

Dunlop : 1 do not doubt that the plants as designed are reasonably safe,
but I think that it is not just the government or a decision making body
which has to be convinced of this. The public must also be convinced,
and we must, therefore, in a straightforward way, make then understand
the design principles and the engineering principles behind the con-
Struction. Tt is not sufficient to detail all the information in very
thick volumes, but, we have a duty to make it much clearer, and more
easily accessible to the public.

Knott : We are back to the communications problem again.

D.F. Watt, University of Windsor : 1 hate to see us go away congratu-
lating ourseives on our credibility on the basis of the poll to which
Dr. 0l1d has referred. I noticed that in the list of people whom you
would believe there was no category that said '"none of the above'. I
think that if we had rephrased the questions to read : "What is the
probability that this person would mislead you if his personal interests
were involved?" a rather different result, and perhaps a better re-
flection of public opinion would have been obtained.

Questioner : | would like to reinforce Dr. Dunlop's comment that laying
the books open for public scrutiny is not good enough. We have to take
the information to the public, as otherwise only interest groups, fre-

quently of preconceived opinions, will go and get it. We have to help

the public to form an opinion because it has to make the decision.

Mills : The activities of a group in Ontario called the "Electronic §
Electrical Manufacturers' Association' may be relevant here. Over recent
months they have heen putting very small ads into the business section of
The Globe and Mail which say "When oil and gas run out, what about
clectricity? and other ads to the effect that electricity is vital to
the economy and is vital to various parts of the public. Recently, in
the electric power hearings, that group has been accused of putting for-
ward its point of view to the detriment of the credibility of the anti-
nuclear or the anti-electrical society people, and they have objected to
these tiny ads. 1 think that again we find ourseives in the middle. 1If
We go out and advertise, and Ty to sell our product on a wide basis we
are criticised, and similarly if we say nothing. It seems to be the
fgte of the utilities to be whipping boys for both the public and some-
times politicians.

Knott : I must now bring discussion to a close. I cannot really try to
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sum up such a wide ranging conversation in any brief statement. Points
have, I think, been well made, on various topics. Some possible roles
for ICF are emerging from some of these discussions. That is pre-
sumably a matter for the Executive to consider. Before we finish I will
ask Mr. Saltsman if he wants to say anything else.

Saltsman : Not really, except to say that I have enjoyed the discussion,
I have appreciated the invitation, and I found a lot of what you had to
say very helpful.

fnott : I suggest that we close with a round of thanks to the panellists,
after which Professor Taplin will take the Chair for the final closing
of the Conference.

Taplin : Let me record my own appreciation to the co-chairmen of these two
panels on Fracture and Society - Ron Armstrong, Roy Nichols and John

Knott - to the members of both panels and to the other participants in
this venture. I have spent my time during these discussions in the
control box, with the Conference Secretary, Dr. Richard Smith. As you
know, the entire discussion of the two panels has been taped - using two
separate systems to allow for any failures or erasures - and we shall
transcribe and edit the entire discussion for publication in the Pergamon
Gdition of the Proceedings. T can say now that the taping was successful
and I believe we can look forward to an interesting written document.

Let me also say how very pleased and honoured we have all been here at
Waterloo to host this Conference. Tt has been hard work - and T would
like to mention just two of the many people who have been particularly
unstinting in their efforts - Dr. Richard Smith, Conference Secretary,

and Professor Roy Pick, Registration Chairman. It has also been a totally
fulfilling and realizing experience and now that the Conference is over

I wish to record my appreciation to all the various participants of ICF4
for permitting this to occur. Many friendships have been made and re-
newed here in Waterloo and we look forward to their continuance and
further renewal in the next four years.,

Before turning over to Professor Ben Averbach, President of ICF 1973-77,
Dr. van Elst and Professor Francois would like to say something.

van Elet : T would like to make an announcement, principally to my

ICFEA (ICF ~ European Association) Colleagues. I take great pleasure in
announcing that a European Group on Fracture was founded here on the
Waterloo campus last Thursday. As Chairman of this Buropean Group on
Fracture, Professor Kerkhof of the Institute of Mechanics of Solids at
Freiburg, Germany was elected, as Secretary Dr. Brughofen of Delft Uni-
versity in the Netherlands. The objectives of this Group are very
similar to those of ICF, but on a more modest continental, rather than
global, scale. The Group will apply to ICF for membership, demonstrating
its affiliation to TCF, with whom it seeks further co-operation and will
consult in relevant matters. The European Council members will all re-
ceive a letter of invitation to their country to join the European Group
on Fracture.

The Group's initial activites will involve the organization of advanced
courses on fracture mechanics given by invited lecturers and the organi-
zation of colloquia or symposia on fracture, papers for which will be
solicited among European research workers. It is envisaged that these
will take place at least annually, and care will be taken to avoid over-
lap with other ICF activities or any other fracture meetings. I might
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remind you that the seminar organized in Italy, October 1975, and the
lst European Colloquium on Fracture in France in November 1976 were both
great successes, that of the latter demonstrating the talents of Professor
Francois for organizing such meetings. A second seminar with the theme
"Flastoplastiec Fracture Mechanics” is planned for the early Spring or
the late Autumn of 1978, and a second European Colloquium on Fracture
will take place at Imperial College in London in September 1978. The
Congress is happy to see this integration of Furopean efforts in the
study of fracture at [CF4. Tt feels that it will certainly promote
progress and dissemination of information and will stimulate research

on fracture. I am sure you all will share the European feelings of
content with this development.

Taplin : Now may I ask Professor Dominique Francois, Chairman of ICF5,
France, 1981 to say a few words.

Francois : 1 feel it a great honour that the Executive of ICF has de-
cided that the next ICF Conference should be held in France. 1 want to
tell you that you will all be welcome in our country, and that we expect
you all to come and to bring your friends to ICFS5.

Averbach : At 9:00 o'clock last Monday morning we started - 5:00 o'clock
on fFriday afternoon we have finished. During the period we have talked
about almost everything including politics and we have even spawned at
least one new society. We have had a marvellous time here at Waterloo
and I would like to close by thanking the Canadian Organizing Committee
which has done a tremendous job in arranging and running this Conference.
I would like to suggest that we give them all a standing ovation. Good-
bye and good luck!

Taplin : ICF4 stands adjourned.



