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Rapports complémentaires
Ergénzende Berichte
Complementary Report

Dr, Ing, G, LOMBARDI : Chairman's introductory remarks

Mesdames, Messieurs, j'ai le plaisir et l'honneur d'ouvrir la qua-
triéme séance de ce symposium sur l'état de confraintes triaxiales,

Le théme d'aujourd'hui est 1'état de contraintes tridimensionel dans
les barrages-gravité épais; ainsi pour le moins le dit le titre, mais en fait,
ce sont sourtout des barrages plut6tot minces qui ont été présentés, Ceci
dépose certainement en 1' honneur des auteurs des projets, mais soulévera
peut-&tre quelques questions,

Nous avons recu sur ce sujet au total 9 communications, Il y en
a 4, celle de M, Mizukoshi et Mimoura, celle de M, Mc Neice, celle de M,
Fanelli et Giuseppetti, et celle de M, Kettner, sur le calcul des barrages.
Nous avons ensuite deux communications, celle de M, Widmann et celle de M,
Berio sur la sécurité des barrages et enfin 3 communications, celle de M. Ca
rati, celle de 1' ENEL et celle de M, Goffi sur la mesure des contraintes dans
les barrages-voate,

Si vous me permettez, je voudrais faire quelques considérations pré
liminaires dans 1' intention peut-&tre d' orienter un peu la discussion,

[l est certain que les barrages-voQte sont des ouvrages a trois dimen
sions et ce sont sans doute les premiers ou les plus anciens ouvrages que l'on
ait calculé en détail, comme structures & trois dimensions. Mais il faut aus-
sitot faire un premiére consideration, a savoir que surtout dans les barrages
minces, des trois contraintes il y en a deux qui sont importantes tandis que la
troisiéme joue un réle un peu secondaire., Ceci explique que la plupart des
méthodes de calcul employées jusqu' a ce jour sont en fait des méthodes adeux
dimension, On calcule en fait une membrane résistante a la flexion, mais en
négligeant en général la troisiéme dimension, c¢' est-a-dire l'épaisseur.

Un calcul complet devrait & la riguer s' étendre effectivement a 1' état
tridimensionnel, c¢' est-a-dire qu' il faudrait en chaque point tenir compte des
trois contraintes principales.

En réalité nous avons plusieurs méthodes de calcul qui ne tiennent com
pte que de deux contraintes et négligeant latroisieme, alors que dans certains
cas on fait des hypothéses simplificatrices sur la troisiéme contrainte que 1' on
introduit ensuite dans un calcul & deux dimensions.

Il y a donc quelques questions qui se posent.

Premiérement, quelle est la valeur réelle de cette troisiéme contrainte
qui est normale, aux parements? Est-ce qu' 4 1' amont elle est vraiment égale
a la pre ssion hydrostatique ? Ou est-ce qu' il y a une certaine réduction? Nous
avons entendu hier une communication de M. Bonnechére qui faisait allusion a
ce probléme, Enfin de quelle facon peut-on mesurer cette contrainte?
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Deuxiéme point, est-ce que 1' on peut faire abstraction de cette troisiée
me contrainte dans les calculs? Dans quel cas peut-on le faire? Dans quel cas
ne faut-il pas le faire? Je pense par exemple au probléme des fondations, au
probléme aussi de 1' épaisseur du barrage, Jusqu' a quel point un barrage est
mince? Quand commence-t-il a devenir épais? il y a ici des problémes speciaux

comme celui du tampon dans le fond d'une vallée étroite,
Ensuite une troisiéme question se référe au probléme des dérange-

ments locaux dans 1' état de tension et je pense par exemple & la communica-
tion de M. Fanelli,

Si vous voulez bien nous allons inviter les rapporteurs & exposer leurs
travaux et puis nous pourrons passer a la discussion et tenant compte, si vous
pensez que cela vaut la peine, des suggestions que je me suis permis de faire.

V-1 Prof. E. FUMAGALLI

Monsieur le Président, Mesdammes et Messieurs, M. Carati n' est pas ici
et il m' a chargé de renseigner le symposium sur son rapport. J' essayerai de
le faire le mieux, méme si je ne dispose pas de diapositives.

Le rapport renseigne sur un probléeme d' ordre général qui concern le con-
trole des barrages. A 1' époque de 1' exécution du barrage de Frera (Falck) on
avait discuté s' il était convenable d' accepter les courbes d' étalonnage des exten
sometres & plonger dans le barrage telles qu' elles étaient fournies par le contr6-
le en laboratoire de 1' instrument nu. En effet le comportement de 1" instrument
dans le béton résulte trop souvent irrégulier. Par conséquent, le Prof. Oberti,
ingénieur conseil, avait proposé de plonger auparavant les instruments de mesu-
res (extensometres Galileo) a 1' intérieur des blocs d' un meétre cube de béton,
Par cette technique on réalise deux avantages. Le premier c' est d' obtenir lami
se en place en laboratoire avec tous les soins qu' il n' est pas possible de réaliser
en chantier, 1' autre c' est qu' aprés endourcissement du béton il fut possible d'ob
tenir par la presse de 2, 000 ton disponible 4 1' ISMES une courbe d' étalonnage p]IlS
croyable et souvent déplacée par rapport a4 celle fournie par 1' instrument nu, Avec
un nombre suffisant d' instruments, le bloc mis en place dans le barrage représen-
te un tensometre trés valable pour l1a mesure des contraintes. Par une telle techni
que on est arrivé a évaluer d' une manieére tout a fait satisfaisante les variations
des contraintes & 1' intérieur du barrage. Les mesures ont été effectuées en cor-
respondance de trois consoles et des arcs horizontaux. Pendant plusieurs années
on a pu €valuer les variations des cycles successifs saisonnaires de mise en char
ge du barrage, cycles qui se repeétent toutes les années d' une maniére assez régu
liére,

Ce que 1' on a néanmoins constaté c' est que les variations des déformations
mesurées aprés un certain nombre d' années se reduisaient peu a peu, jusqu' a une
valeur de presque la moitié, par rapport a 1' origine. Une recherche critique du
phénoméne avait permis d' avancer toutes les hypothéses, méme les plus négati-
ves. Enfin le coniréle du module d' élasticité déterminé sur des carotes tirées r¢
cemment du barrage a démontré que la valeur du module, par effet d' endourcisse
ment aprés de nombreuses années, était presque doublée. Cela a permis de justi
fier d' une maniére tout a fait convaincante le fonctionnement des instruments,
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IV-5 Prof, M. FANELLI

Ladies and gentlemen, the paper we presented to this seminar is a classical
exercise on finiteelement analysis of an arch dam having an inspection gallery
through its thickness, As such this problem does not seem to have any peculiar in
terest, but we presented it in order to bring to light some points and I will try now
to outline the interest we think these points can reveal.

First of all I think we showed, at least by way of example, that finite elements
computation can complement physical models in some cases where, by way of com-
plicated or recessed shapes in zones subjected to triaxial stresses, the physical
model could present some difficulties - and I think that this aspect of complementa
rity between two entirely different means could be of some help in such cases., Of
course we tried to gather some information from the particular case we examined,
because this case of an inspection gallery running through the thickness of an arch
dam is of some interest in itself, Very often we find that along the sides of such
inspection tunnels there are cracks - many times horizontal cracks - running for
a considerable length and it is interesting to try to ascertain whether such cracks
are due to loads or to thermal effects.

So we tried first with live loads to find the stress concentrations, if any, a-
round such inspection tunnels and the conclusion we came to is that in the case of
an arch dam the live load, namely water pressure on the upstream face, does not
seem to have any particular adverse effect on stress concentration around this in-
spection tunnel. So that we are left with the suspicion that where we find these
cracks in actual dams, they are probably due to some thermal or hygroscopic ef-
fect. This is an interesting point and of course one should be willing to go further
and analyze such effects by our mathematical model - and at least in the realm of
elasticity there is not any particular difficulty to doing so in principle. But there
are practical difficulties. One of these is that it is very difficult to know in detail
the thermal and hygrometric situation in the material surrpunding such tunnels, So
we are practically left with little or no information at all about the input data that
we should feed into our mathematical model.

The second factor which adversely affects our possibility to do such calculations
is that, as everydesigner of archdams well knows, if we try to do an analysis of
thermal stresses in dam - especially in an arch dam - and we assume the same
elastic modulus that we use for live loads, we will end up with very severe thermal
stresses, which do not appear to have any possibility of occurring in reality. So
much so that many dam regulations, and among them the old Italian regulations on
dam construction, allow the designer to select a very low elasticity modulus, re-
duced by as much as 50%, to calculate his figures for thermal stresses. So you
see that this is a very important problem because for arch dams thermal effects
certainly cannot be neglected and it is very important that we should know which
physical parameters to use for our mathematical model. There is a certain contra
diction here., From our experience of comparing computations of displacements
and observed displacements in actual dams we see that we achieve a fairly good
correspondance between theory and observations and so we cannot draw any infe-
rence from this about how we should differentiate between the material properties
that we should use with one kind of load and the other kind of load. I'll try to make
myself clear,

Whatever value we assume for the elastic modulus for thermal effect, as long
as we do not change the expansion coefficient we wind up - as you well know - al-
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ways with the same results on displacements, but of course we wind up with diffe-
rent results for stresses. It is very difficult to measure stresses directly. Prac
tically the only thing that we can measure directly with any certainty are displace-
ments or unit deformations around some point. Thus in the interpretation it is
very difficult to separate the effects of live loads and thermal loads - and I propo-
se this subject for discussion because it seems to me, at least according to my

own judgement and information, that this is very much an open point.
By way of a parenthesis I would like to show you some results of our compa

risons between computed and observed displacements for arch dams.In'fig. 1 you
see the crown section of a thin arch dam, and on this (Neves} as on a number of
other ones we tried a certain method of predicting displacement values from ob-
served temperature in a certain number of points (from embedded thermometers)
and from water level variations, The results of such computations are given in
Fig. 2: the first diagram represents the water level variations, the second dia-
gram the hydrostatic component of the displacement in a certain point, the third
diagram the time dependent component which was statistically computed from a
comparison between computations and observations, the fourth diagram the ther-
mal component of elastic displacements as from the computations, the fifth dia-
gram the comparison between computed and observed values - you see that they
are very very close and sometimes you cannot distinguish between them - and
the last diagram shows the difference between the two.

I point out the comparison between predicted and observed displacement which
seems to me to be very good. Now for another point (Fig. 3) where the maximum
absolute values of displacement were found, and you see that the comparison is uni
formly good for all points and all I want to infer from this comparison is that an
elastic mathematical model, at least after a certain initial time during which we
observe time dependent effects (but these effects die out after a certain time) can
reproduce quite faithfully the displacement behaviour of such structures. But this
goes only insofar as displacements are involved, As soon as you try to analyze
strains, for instance if you have some embedded extensometers in the concrete,
you wind up with comparisons between computations and observations which are worse
by at least on order of magnitude - and this relates in my opinion to the fact I was
referring to a moment ago.

For this subject of comparison between computations and observations which
can be translated into a very efficient method of continuous control of the safety of
such structures, I can give some more details later on if any of the delegates would
find it interesting.

Closing this parenthesis I would take advantage of this chance to point out the
necessity of developing advanced rheological models for concrete, taking into
account both time dependence and thermal effects. In particular it seems to me
that the different advanced rheological models that we have seen for instance this
morning or other advanced models that one could think of, should be reviewed in
the light of a consistent thermodynamic approach to the behaviour of composite
materials. In particular one should want to explain why apparently thermal effects

produce so little stresses in our structures, a thing which we are unable to explain
at the moment, Anyway such advanced models should retain a fundamental quality,
at least for engineers: they should be simple enough to encourage engineers to
apply them and to incorporate them into their mathematical tools. I think I have
nothing more to say and thank you for your attention.
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IV-6 Mr, R.D. KETTNER

Mr. Chairman, Ladies and Gentlemen, I shall be very brief in giving just a
few additional comments to my paper on the use of Lagrangian polynomials in the
analysis of arch dams by the load distribution method.

In those grid lines having no node points at the end, that is at the boundary
or the abutment respectively, the adjustement loads have to be extrapolated in
some way.

The most critical grid line in this sense i$ for the most part the crest arch:
since it is the longest grid line it generally contains the highest number of nodes
and thus the polynomials have the highest degree compared with other (shorter)
grid lines.

So the polynomial functions may become, at the ends near to the abutments,
wavy or fluttering when the polynomial is of high degree. In order to overcome
this obstacle and to avoid misleading loading distributions in these areas (i.e. in
the abutment zone at the crest) it was found best to equal the function value in the
abutment point with the value in the nearest node point.

In the concluding remarks in my paper 1 therefore mentioned the possibility
of using Spline functions instead of Lagrangian polynomials, which may be an easier
tool with respect to the necessary extrapolation at abutments of the crest arch. But
this still has to be studied,

So much for my contribution - and now, referring to the paper of Dr. Widmann,
who unfortunately could not participate in this Seminar, I can say that he told me
he had no additional comments to his paper.
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