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précision les recommandations a chaque cas particulier.

Malgré tout le soin apporté a la rédaction de cet ouvrage, compte tenu de
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I'exhaustivité.

Nous déclinons expressément toute responsabilité quant a l'interprétation et
I'application éventuelles (y compris les dommages éventuels en résultant ou
liés) du contenu de cet ouvrage.

En poursuivant la lecture de cet ouvrage, vous acceptez de fagon expresse
cette condition.

NOTICE - DISCLAIMER :

The information, analyses and conclusions referred to herein are the sole
responsibility of the author(s) thereof.

The information, analyses and conclusions in this document have no legal
force and must not be considered as substituting for legally-enforceable
official regulations. They are intended for the use of experienced
professionals who are alone equipped to judge their pertinence and
applicability and to apply accurately the recommendations to any particular
case.

This document has been drafted with the greatest care but, in view of the
pace of change in science and technology, we cannot guarantee that it
covers all aspects of the topics discussed.

We decline all responsibility whatsoever for how the information herein is
interpreted and used and will accept no liability for any loss or damage

arising therefrom.

Do not read on unless you accept this disclaimer without reservation.




Barrage de Guri en 1978 avant surélévation
(apres surélévation, voir photos et principales caractéristiques p. 108 a 111}

Guri dam in 1978 before heightening
{after heightening, see photographs and main features p. 108 1o 111)
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INTRODUCTION

A.- CONGRES DE LA CIGB TRAITANT DES SURELEVATIONS DE BARRAGES

Les surélévations constituent un chapitre important de 1l‘’ingénierie
des barrages. Plusieurs raisons peuvent les motiver : augmentation de
la revanche et de la capacité d’évacuation des crues, accroissement
du volume de la retenue, etc... Dans chaque cas, l’ingénieur doit
considérer plusieurs types de problémes; ils ont été examinés a fond
dans le Rapport Général relatif a la Question 20 (6éme Congres de la
CIGB, New York, 1958). Les Comptes Rendus de ce Congrés n’étant plus
disponibles, le texte anglais du Rapport Général, accompagné d’un
résumé en frangais, est reproduit en annexe.

Les rapports présentés lors de ce Congrés fournissent une vue
générale du sujet; mais depuis cette date, de nombreux barrages ont
été surélevés. La Question 48 (l3eme Congreés de la CIGB, New Delhi,
1979)* traite des problémes étroitement liés & la surélévation; les
rapports présentés permettent de connalitre les cas les plus récents
de surélévations.

* Les Comptes Rendus de ce Congrés sont encore disponibles au Bureau
Central au prix de FF 850 les 5 volumes, frais de port par voie de
surface compris. Pour le seul Vol.l, relatif & la Question 48, le
prix est de FF 250 seulement.




INTRODUCTION

A.-ICOLD CONGRESSES DEALING WITH DAM HEIGHTENINGS

Dam heightening is a major task in dam engineering. Several reasons
may make it necessary : increased freeboard, spillway capacity,
reservoir volume, etc. In every case the engineer must consider
different kinds of problems which are fully discussed in Question
No.20, General Report, 6th ICOLD Congress, New York, 1958. These
Congress Proceedings being no longer available, the English version
of the General Report is reproduced as an Annex along with a summary

in French.

The papers submitted at this Congress provide a general overview on
the matter but in the period from that date, many more dams have been
heightened. Question 48 (13th ICOLD Congress, New Delhi, 1979)*

dealt with problems closely related to heightening; in the papers
submitted at this Congress more recent cases of dam heightenings can

be found.

Proceedings of the Delhi Congress are still available at Central
Office at cost of FF 850 (5 Vol.), postage by surface mail included.
For Vol.I, dealing with Question 48, price is FF 250 only.




B.- NOUVELLE ENQUETE

En 1985, la Réunion Exécutive de la CIGB a donné mission au Comité de
la Bibliographie et de l1’Information d’établir la liste des barrages

ayant fait l>objet d’une surélévation.

A cette fin, tous les Comités Nationaux ont été priés de fournir les

renseignements nécessailres sous forme de réponses a un questionnaire.

La collecte des informations a été limitée aux cas suivants

- surélévation supérieure a 5Sm;
- surélévation de plus de 10% de la hauteur initiale;

- accroissement de la capacité du réservoir de plus de 10%.

Pour figurer dans nos listes, la surélévation devait satisfaire a

1’un de ces trols criteres.

C.- REPONSES OBTENUES

i) Pays concernés

A fin 1986, 37 Comités Nationaux sur les 77 Comités de 1a CIGB

avaient répondu.

Neuf Comités Nationaux (Argentine, Bulgarie, Chypre, Danemark,
Finlande, Rép.Dém. d’Allemagne, Guatemala, Irlande, Pays-Bas) sur les

37 pays membres n’'ont mentionné aucune surélévation de barrages.

Dans le Registre Mondial des Barrages, il y a 6 autres pays membres

et 3 pays non-membres gui signalent des barrages surélevés.

Les listes sont donc établies avec les renseignements concernant 46
pays.




B.-PRESENT INVENTORY

In 1985 the Executive Meeting of ICOLD entrusted the Committee on
Bibliography and Information with the task of drawing up a list of
heightenings of dams.

For this purpose, all National Committees were requested to provide

the suitable data, on the pertinent forms.

Data collection was restricted to the following cases

- heightenings greater than 5m;
- heightenings greater than 10% of initial height;

~ increased storage capacity greater than 10%.

The dam is considered heightened for the purpose of our list, if one

or more of these three criteria are met.

C.-RESPONSES RECEIVED
i) Countries involved

By the end of 1986, only 37 National Committees had answered, out of
77 National Committees in ICOLD.

Nine National Committees (Argentina, Bulgaria, Cyprus, Denmark,
Finland, German Dem.Rep., Guatemala, Ireland, Netherlands) out of

these 37 reported that no dam has been heightened in their country.

The World Register of Dams reported dam heightenings in another 6

member countries and 3 non-member countries.

Therefore the lists are elaborated on the data related to 46

countries.




ii) Statistiques

Pour ces 46 pays,

surélévations est donné ci-apres

le nombre total de barrages et celui des

Pays Nbre de barrages Pays Nbre de barrages
Total Surélev. Total Surélev.
Angola 10 1 Irlande 15 -
Algérie 21 5 Japon 2142 5
Argentine 86 - Kenya 9 1
Australie 374 25 Liban 5 1
Autriche 112 5 Mexique 487 14
Belgique 15 1 Maroc 29 2
Bolivie 5 1 Nlle-Zélande 72 3
Brésil 489 1 Norvege 219 3
Bulgarie 108 - Pakistan 38 1
Canada 580 1 Papouasie 3 1
Chine 595 1 Paraquay 3 1
Chypre 39 - Pays-Bas 9 -
Danemark [ - Pcortugal 75 2
Egypte 5 1 ‘Roumanie 106 1
Finlande 50 - Afrique du Sud 342 27
France 4389 6 Espagne 690 23
RDA 184 - Sueéde 134 2
RFA 154 2 Suisse 130 8
Gde-Bretagne| 529 12 Thailande 41 1
Guatemala 2 - Turquie 74 2
Guyane 1 - Etats-Unis 5338 84
Italie 408 Venezuela 64 1
Iran 21 Zimbabwe 95 3

Le nombre total de barrages existants dans ces pays est de 32 375

ainsi qu’il résuylte du Registre Mondial des Barrages (édition 1984).

Parmi eux, 26 625 sont des ouvrages en terre et enrochement (82,6%).




ii) Statistics

For these 46 ¢

heightenings a

ountries, total number of dams and number of

re given below

Country Nbr of dams Country Nbr of dams
Total Height. Total Height.
Angola 10 1 Ireland 15 -
Algeria 21 5 Japan 2142 5
Argentina 86 - Kenya 9 1
Australia 374 25 Lebanon 5 1
Austria 112 5 Mexico 487 14
Belgium 15 1 Morocco 29 2
Bolivia 5 1 New-Zealand 72 3
Brazil 489 1 Norway 219 3
Bulgaria 108 - Pakistan 38 1
Canada 580 1 Papua 3 1
China 595 1 Paraguay 3 1
Cyprus 39 - Netherlands 9 -
Denmark 6 - Portugal 75 2
Egypt 5 1 Rumania 106 1
Finland 50 - South Africa 342 27
France 439 6 Spain 690 23
GDR 184 - Sweden 134 2
FRG 154 2 Switzerland 130 8
Great Britain]529 12 Thailand 41 1
Guatemala 2 - Turkey 74 2
Guyana 1 - United States 5338 84
Italy 408 Venezuela 64 1
Iran 21 Zimbabwe 95 3

The total number of dams in these countries is 32 375 as reported in
the World Register of Dams (1984 Edition). Out of this total, 26 625
are earth and rockfill dams (82.6%).




Le nombre de barrages surélevés dans ces pays est de 258 (dont 124
pour les barrages en terre et enrochement).

Soixante-six pour cent des barrages surélevés sont situés dans 5 pays
(Etats-Unis, Afrique du Sud, Australie, Espagne, Grande-Bretagne);

ils représentent 2,35% des barrages existants.

Globalement, le nombre des barrages surélevés représente seulement
0,8% du nombre total des barrages (0,4% des barrages en terre et
enrochement). Mais sans la Chine et ses 18 595 barrages dont un
seulement a été surélevé, le pourcentage passe & 257/13 780 = 1,86%;
il atteint 7% pour 1’Australie.

Le tableau suivant montre que pour 46 pays, c’est essentiellement les
barrages en béton, et parmi eux les barrages-poids, qui font 1l’objet
d’une surélévation.

Barrages Barrages Total
en béton en remblai
poids (74%) 99
volte 18
contreforts 3
voltes multiples 5
deux types 9
Nbre de barrages surélevés 134 124 258
Nbre total de barrages 5 750 26 325 32 375
%t de surélévations 2,3% 0,0046 0,8%
Nbre total de barrages
dans le monde 6 085 29 061 35 146




The number of heightened dams in these countries is 258 (124 earth
and rockfill).

Sixty-six per cent of the heightened dams are situated in 5 countries
(United States, South Africa, Australia, Spain, Great-Britain); they
account for 2.35% of the existing dams.

As a whole, the number of heightened dams is only 0.8% of the
existing dam stock (0.4% of all earth and rockfill dams). But without
China and its 18 595 dams, out of them one only had been heightened,
percentage is 257/13 780 = 1.86%; it amounts to 7% for Australia.

From the Table below, we can see that in 46 countries, heightening is

mainly for concrete dams and, among them, especially for gravity

dams .
Concrete dams Fill dams Total
Gravity (74%) 99
Arch 18
Buttress 3
Multi-arch 5
Two-Type 9
Nbr of dams heightened 134 124 258
Total number of dams 5 750 26 325 32 375
% of heightenings 2,3% 0,0046 0,8%
Total number of dams
in the world 6 085 29 061 35 146
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iii) Détail de la statistique pour 28 pays

Pour les 28 pays sur les 37 qui ont répondu et qui ont signalé des
surélévations, on a présenté des listes séparées pour les barrages en
remblai et ceux en béton (les barrages composites ont été classeés
avec les barrages en béton), et chaque liste est divisée en deux
parties, la premiére correspondant aux surélévations prévues avant la
construction du barrage initial, la deuxiéme & celles proijetées aprés

la construction.

La répartition est la suivante

Béton Remblai Total
Prévues avant 25 16 41
Projetées apreés 93 91 184
Total 118 107 225

On s’apergoit que seulement 18% des surélévations signalées ont é&té

prévues avant la construction du barrage initial. Ce pourcentage est
légeérement plus élevé pour les barrages en béton (21%) Jue pour ceux
en remblai (15%).

José Luis GUITART
Président, Comité
Bibliographie & Information




iii) Detailed statistics for 28 countries

For the 28 countries with heightenings, out of the 37 which have sent
answers, separated lists for fill dams and concrete dams respectively
are given (composite dams are included in the concrete dam list and
each list is divided into two parts : the first one for heightenings

planned before the original construction and the second for

heightening decided after construction.

The dam numbers in the lists are as follows

Concrete Fill dams Total
Planned before 25 16 41
Decided after 93 91 184
Total 118 107 225

These average figures mean that only 18% of the reported heightenings
were planned before construction. The percentage is slightly higher

for concrete dams (21%) than for £ill dams (15%).

José Luis GUITART
Chairman, Committee
Bibliography & Information




ANNEXE ANNEX

En anglais In English
— Rapport Général Q. 20 — General Report Q. 20
par J. Toran (*) by J. Toran (*)
(Congrés de New York, 1958 (New York Congress, 1958
Vol. I) 15 Vol. 1)
En francais In French
— Extrait du — Excerpt from the
Rapport Général Q. 20 General Report Q. 20
(Résumés et Conclusions) 74 (Summary and Conclusions)
(*) Président de la CIGB de 1970 a 1973 (*) ICOLD President from 1970 to 1973
(décédé en 1981). (deceased in 1981).
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COMMISSION INTERNATIONALE G.R. E
DES GRANDS BARRAGES

de la Conférence Mondiale de I'Energie

QUESTION N° 20

SIXIEME CONGRES

DES GRANDS BARRAGES GENERAL REPORT
NEW YORK, 1958

HEIGHTENING OF EXISTING DAMS
INCLUDING METHODS OF CONSTRUCTING NEW
DAMS IN SUCCESSIVE STAGES

Riarrvorrirnr GENERAL -
Josi: TORAN
1.C.C.P.

Espagne

I PART

Lo— INTRODUCTION

« Therefore is the name of it called Babel because
the Lord did there confound the languuge of all
the earth and from there did the Lord scatter
them wbroad upon the face of «ll the earth ».

Genesis 11-9

Nature s hostile to man. and so man has to wrest his
“ habitat . Man wants, besides living, security for it. So he
tries to overcome the hazards of his circumstance. The technician
is in charge of this task. #le has his ideas as tools, and his ingenuity
has to direct the common effort to recreate a nature in its
surroundings favorable to society.

To warm oneself at an eventual fire, to drink water found while
passing by, are natural acts acecessible to an animal. The technician
succeeds in making fire and storing water to provide for future needs.
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Technical action differentiates man from animal. Whenever natural
resources are less, the bigger must be man’s effort to satisfv his
needs. Need is the challenge to technical action.

In Spain, one finds a striking example of the harshness of nature.
arising from the scarcity of water and the turbulence of the rivers
providing what little water there is. This condition has led Spain
to pioneer in dam building. Many examples justify this elaim (1).
Once again, now when we start a new chapter in the Technique of
dam Builders, we find Spain in the forefront and with surprising
advance. Such is the case of the Almansa dam, that was buili
in 1384 with a height of 14 m and was heightened in 1586 by 7 m.
This dam is an archgravity type, still in service today.

Several centuries have elapsed since the heightening of the
Almansa dam, yet the same principle used there has developed
in the construction of huge projects that are the pride of our
present-day civilization.

Ross dam (U.S.A.) — and surpassing them all —- Grand Dixence
dam (Switzerland), the highest structure ever built by man, show
the objectives that might be reached through the heightening
technique,

Fifteen (15) countries have acknowledged the question, with
a total of twenty-nine (29) reports, all of them significant and some
very important.

Algeria (1) G. Saronr, ). SaLva,
Egypt (1) H. Zaxy.
France (3) J. Bernier;

M. Terrasa, H. Viku:
H. CraMmayou.
Germany (1) M. Press.
Great Britain (2) ].M. LintoN BocLk;
P.I. PARKER.

India (1) K.I. Rao, S.K. Daawan:
Ttaly (3)  G. OBERTI;
M. SCALABRINI;

. SEMENZA.

(1) Other cases of Spanish pioneering in the construction of dams

a) Gravity dams Proserpina, Cornalbo (Roman period under Trajun (2.
Alicante (Tibi) 41 m ; 1579-1594 (1), (2), (261, (27).

b) Arch dams Almansa, 1t m. 1381 (1), (2), 127) ; Relleu, 31 m, 1500 121 :
Elche, 23 m, 1632 (1), (2), (27) ; Arguis, S XVII.

¢) Buttress dams Albuera Feria, 22 m, 1717. Head buttress dams. Burgo-
billodo, 26 m, 1928.

d) Dams over 100 m : Camarasa 103 m, (3), (271, 1920 (2) ; Tremp 101 m.
1920 (2).

¢} Dams with power station included under the spillway. Gaitanejo 119209,

f) And also... unfortunately the first great catastrophe caused by the
breakage of a dam. On April 301th, 1802 the Puent dam, the wonder of its
age, suffered a perforation. It was 50 m high : it caused 608 vietims (11, 2).
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Japan (1) M. Kko~Npo, M. KaxiTANI.
Norwcay (1) F. Gronex.

Portugal (1) A.C. Xgrez, [L.C. Pivvo.
Romania (3) C. Mareescu;

R. Priscu, A. Vasiuit, S. CAcCIULESCU;
R. Priscu, M. CONSTANTINESCL.
Spain 3) k. BrcerriL:
(.. CCONRADI:
A, Prusyiaves.
U.S.S.R. (2)  A.Z. Basspviri:
I.. Bossovsky.
U.S. 1. (5) C.J]. HoFFMANN;
C.R. Scorr;
.R. Dixrer. F.A. Hovex:
S.W. STEWART:
1.8B. Cooxr, J.E. SCHUMANN,
Yugoslavia (1) D. Lazarevic.

The first surprise in reading the reporis is the number of
heightenings already performed. For various reasons, and utilizing
different techniques, heightenings have multiplied, especially during
the last thirty (30) vears. Todav, the most ingenious and varied
procedures have already developed in use. Lack of data, especially
on its detail, has not permitted the complete register of heightened
dams. A tenlative one, nevertheless, is included in the following
chapter. It includes more than 100 cases.

To reach general conclusions of a rigorously scientific order, as
to the hest method, procedure, technique, or result, in connection
with this question whieh has already received the contribution of
engineers of highest qualifications in so manv different countries
and with <o many dilferent approaches. iz a very difficult task,
and in any case. too much for me.

The rvesponsibility of a general repori over a question of such
transcendental importance comes to me ml]y because of the support-
ing acknowledgement by 1.C.O.1..D. of the historic dovenship on
the matter that would correspond to Spanish engineering. Besides,
new weight to this responsibility iz added. because of the fact
of representing my Spanish collegues - - so many of whom are better
qualified than T.

With these preliminary qualifications, let me say that my main
goal has been to establish an orderly line. 1 have attempted even
an inductive classification of these hvbrid -— though admirable —
monstrosities that are the heightened dams. For it, I have followed
the easiest wayv to review them all, which is to examine both the
functional and morphological aspects. On several occasions, I felt
the necessity of new words. I did not hesitate even coining them
as requested when T thought it could serve to clarify the wav. Let

17
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us aveid, at least. getting involved in confusion in this new intent
of man to conquer heights. My dreams took me manyv nights to
the Tower of Babel.

1.2 - MISTORICAL SURVEY

2-1 —— HEIGHTENING

Up to 1900

Besides the Almansa dam, alreadv mentioned, honours must
be shared in historical precedence by the curious arch dam of
Pontalto (Italy) (1). Tt was built in 1662 with a height of 5 m.
and it was heightened for the first time in 1752 with the addition
of 13 m. Proportionally this heightening, 2,5 1 probably marks
the record. Later a new heightening up to its present height of 38 m
took place. We <hall come back to this later on,

The examples prior to this century will be complete with the
Parramata dam (Australia) (2). Tt was built in 1838 of masonry
to a height of 12.5 m.Forty vears later concrete was used to add a
further 3.3 m. 0.265 11,

1900-1930

It is this century when important heightenings were undertaken.
The first to be mentioned by reasons of chronological priority and
the importance of the work. which involved great technical
difficalties at the time. iz the heightenine of the Asswan dam
(Eevpt) [H. Zaky R-20]. The purpose of this work was to obtain
another 7 m of storage height by means of a reduction in the
freebeard and a heightening of 5 m in the structure. The original
height was 30 m. Conscquently 0.17 .

Almost <imultaneous!y, in 1913, the Ringedal dam (Norway) (3)
was heightened for the first time. The addition in height was
accompanied by the construction of a “Levv ™ facing in the

o/

upstream face. 11 -+ 4 m; 30 9.

The first hieightening of the Tansa dam in Bombayv (India) (19141)
[K.T.. Rao, R-527] alzo corresponds to this period.

In 1916 an important dam heightening appears; it is the first
one carried out at Lake Spaulding dam (U.S.A.) (41). This is
a constant angle tvpe arch dam, which was planned with a view
to successive heightenings.  This initial height of 68.6 m had an
addition of 10.7 m: 0.16 H.

Between 1920 and 1930 the following heightenings are recorded :

Arguis (Spain) [Becerril R-13] 22.45 + 4.85 m.; 12.5 %. Total
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modification of the gravity section, and Cienfuens (Spain) (3),
10,5 + 10 m; 100 9%. This dam was later heightened another 10 m
always maintaining the same gravity section.

In 1923 Oklahoma dam (U.S.A.) was heightened [S.W. Stewart
R-126] 16 + 4.6 m: 29 9%.

1930 onicards

In this year we can see the start of systematic heightenings. The
second heightening of Asswan (Egypt) [H. Zaky R-20] was com-
pleted in 19335 35 + 5 mj 43 %.

Prestressed cables come to the picture

Around 1930 A. Coyne, completing an intellectual process which
grew out of experiences on sea walls accomplished by Considere,
introduced the use of poststressed cables in the field of dam
construction, and with brilliant simplicity solved the reinforcement
and a small heightening of the famous dam of Cheurfas (Algeria)

(0). (7).

This occured some time before Frevssinet definitely proved the
succeess of his general prestressed concrete technique in his work
at the Gare maritime of Brest. It should be good sportmanship to
pick up and clear up this detail which is told by Frevssinet him=elf
(5) in honour to the merit of our great Covne (we : all those dealing
with large dams). In any case " Hommage au génie francais ”’

In 1938 also Frevssinet developed the great possibilities of
A 1 2 1
prestressing in the heightening of the Beni-Bahdel dam (Algeria)

(5). (8).
In 1939 the heightening of Marshall Ford Dam (U.S.A.) rakes

place (9). This is a work of important dimensions 60 + 235 m:
142 9. The heightening is effected by means of an addition to the
upstream face.

On the experience derived from these antecedents, the cases
of heightening occur verv {requentlv in recent vears, amongst
which there are many making use of the prestressed methods.

Todav we can sayv that the experience obtained embraces the
heightening of all classie types or dams. The achievements begin
to be suflicient to derive general conclusions. However, the problem
presents such a challenge to engineering ingenuity that is obvious
that, within the immediate future, we shall see the development
of the tendencies today merely suggested. and the introduction of
svstems which. even though only combining basic ideas already
known, will change the approach to the problem, as well as
its solution.

19
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2.2 — MULTI-HEIGHTENING

As pointed out in one of the cases mentioned before, in many
occasions the heightening of a dam has not been a single operation.
but the pressures of demand have forced to repeat the operation,
seldom foreseen on the previous instance. Here again the record
example corresponds to the little Pontalto dam (Italv) with four
increases in  height after its construction in  1662.  These
hieightenings, hesides that of 1752, took place in 1825, 1850 and
1887: the final formula of Pontalto (Italy) (1) is5 =+ 13 = 7 = 9 -1
m. The original structural tvpe arch gravity was alwavs keplt.

Spain registers the case of Trabia dam [ Becerril R-13] with
three heightenings and one in project according to the formula
15 =12 + 7 + 6 4+ (Il) m.

Tansa dam [ K.T.. Rao R-327 in India built in 1890, has undergone
besides the heightening of 1914 already mentioned, two others in
1925 and 1918, Finally in 1951 it was reinforeed by the =vstem
of prestressed cables.

On account of its technical pecularities, which will be deseribed
later on, we should mention as a elassic case of multi-heightening
that of the Asswan dam with the formula 30 + 5 + 15 -+ (53). The
last heightening in project will be abondoned if building of the
magnificent project of Sadd-el-Aali takes place.

To end this series we shall refer to the caze already mentioned
with  two  heightenings 1 that  of Ringedal dam  (Norwayv)
11 1 4+ 19 m (1913-11-18) and Lake Spaulding 68.6 — 10.7 . 1.6
- 83.90 m.

2.3 - CCONSTRUGTION BY SUCGCESSIVE STAGES

Buildine by staces is the logical consequence of the perfectioning
o P ) o R
of heightening techniques.

We must differentiate between multi-heightening and  <tage
construction. The difference lies in that the former arizes when
not foreseen, or at least without precaulionary measures in the
original construction.

It is not strictly stated in the information we have although it
may be inferred from a study of its profile that the already
mentioned dam, Lake Spaulding, was originally planned to be built
by stages. If not this one, we believe that it will belong to
O’Shaughnessy dam the title of being the first important dam to
which this technique is applied. Built in 1923 with an arch
gravity section to a height of 105.1 m, it was increased in 1938 by
26.1 m up to its total height of 131.2 m. A classic case is the Ross
arch dam, built in 1937 with a height of 93 m and planned for a
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second stage of 56.5 m, achieved in 1943. 1In view of the good
results obtained from this heightening, a second one was undertaken
in 1948 for 35.1 m up to its present height of 164.6 m. An eventual
further heightening of 40.4 m is still under consideration.

At the present time the highest dam of the world is being
buiit by stages. Tt is foreseen that the Grande Dixence dam
(Switzerland) T[C-34 Vih LC.O.I.D. Paris] will come to the
formula 182 + 42 -+ 30 4 30 = 281 m.

Stage construction has now become generally accepted and on
this principle the great arch dams at Cancano (Italy) 173 m (iwo
stages) and also Kurobe dam (Japan) 188 m (three stages) are
constructed or planned.
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3.2 — TaBLE B.

= APROXIMATE DATE
NAKE = =T
0F THE cooNTRY piven = — 5 -
— : e [
TAA s l=1z =
= - z e
| 4z aM0 GoRDO U. S. A. PECOS E-R | IR
ALMANSA SPAIN BARRANCO GRANDE| G(M) | IR ]1384 | 1586
ARDMORE U. S. A. B WS
ARGUIS SPAIN ISUELA G 1926
ASSWAN EGYPT NILE G(M) | IR-P | 1902 | 2912
1933
Pr,
AVON GR. BRITAIN AVON G ¥s
AYERS ISLAND |U. S. A. B 1923 | 1930
BALCH U. 8. A. KINGS A 1927 | 1957
BENBOW U. S. A. B P
BENI BAHDEL ALGERIA TAPNA MA |ws-p
BERNINA SWITZBRLAND G 1942
BHATGAR INDIA G(M) | IR |1890| Pr.
BOLARQUE SPAIN TAJO P
BOYDS CORNERS |U. S. A. : a(M) { ws Pr.
BOYSEN U. S. A. BIG HORN B P 1907 | Pr.
BRISTOL U. S. A. PEMIGEWASSET B P }1924 1932
BURGOMILLODO  |SPAIN DURATON B P
BURGUILLO SPAIN ALBERCHE G P 1913
CADILLAL ARGENTINA B IR {1940
CALA SPAIN CALA G P 1927
CAMPOFRIO SPAIN G
CANCANO ITALY A P 1956 | Pr.
CHEURFAS ALGERTA MEKERRA ¢ IR |1891 {1930
CHICAMBA PORT.EAST AFRICA|REVUE A P
CHORRO SPAIN TURON G P {1921 |1948
CIENFUENS SPAIN FLUMEN G(M) | IR
COAMO PUERTO RICO B
DANVILLE U. S. A. DIX e(m) | ws 1504
DOIRAS IsPAIN NAVIA G P
ELIZABETH U. S. A. B ws
ENKEPE |GERMANY G 1504
ESCABA ARGENTINA B IR |1940
FRERA ITALY A-G | P
| GAPARSA G(M) 1910
i| GIROTTE (LA) FRANCE MA P (1948 | Pr.
| GRANDE DIXENCE [SWITZEBRLAND VAL DES DIX G P
;
GUADAIMELLATO [SPAIN GUADALMBLLATO |G 1952
GUAYABAL |[PUERTO RICO JACAGUAS B IR {1311
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.l 5 5000} 1 20 j
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29| 4| 1,4 0,7 w R 2 i
150 9 i /9/ DAVIS P.1S4/E.NR.N27, 1933 |
29|13 ’ 127 !
7 3 ‘ 126 |
570 7] 42| R L'HOUILLE BLANCHE, 3-IV-1954]
4] 15|22 i 32 |/23%/ CONTESSINI, p. 392. |
27|18 |150 : 52
23|13 13 ;
18| 18 126 i
12] 5 126 |
171 9 126
26 9 13
I 13
60| 15 A ] |126
53 60 99 : /2/ GOMEZ NAVARRO, p. 1170.
26| 6 i 13
137 | 36 : 14-38)
[ 40 15 _4 r 13
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3-2 — TasLE B. (econtinued)
AIMORIMATE GATE
>
NAME 2 =
A COUNRTRY RIVER = = v =
o - hind =
B A & :_’ -t ;’: wi
3 v L -
= - o =
posn) = =z el
— L= <3 L
o =3 [ o
HABRA ALGERIA FERGOUG G 1873
| HAMIZ ALGERIA G 1885 | 1935
| HENLEY SOUTHAFRICA G
H
|| TRABIA SPAIN IRATI g
; Pr.
| JALAPUT INDIA MACHKUND a{M) P
| JORDAN CANADA JORDAN B P {1912
| youx FRANCE G(M) WS 11905
KOYNA INDIA G P
KS0B ALGERTA KSOB MA 1937 | Pr.
KUROBE JAPAN A-G b2
LAGES BRAZIL G P |1908 {1948
LAXE SPAULDING [U. 3. A. YUBA & 1813 11316
1919
LENNEP GERMANY B 1905
LIMBERG AUSTRIA SALABACH A P oj1e51
MARPA U. S. A ALAMITO B IR 1911
MARSHALL FORD [U. S. A. COLORADO g 1939
MATHIS U. S. A. B P
MAUVOISIN W ITZERLAND Iy P
MINGUETCHAOURSK |AZERBAIDJAN KOURA B |P-IR }1952 |1956
MONROE U. S. A, B w3
MONTGOMERY U. 8. A. SOUTH PLATTE R WS {1957 | Pr.
MONT LARRON FRANCE MAULDB A P
MOSVANY INORWAY G 1940
MOUNT UNION U. S. A, B WS
MULLARDOCH iR. BRITAIN G
MULLHOLLAND U. S. A, G-B 1925
NAGARJUNSSAGAR |INDIA o{n}
NEGOVANU SADU A ?
NORDHAUSER GERMARY G
ODOMART JAPAR OTA e P [1935
OKLAHONMA U. S. A NORTE CANADIAN | B ws 11918 |1925
O*SHAUGNESSY . 8. A. HETCH HETCHY A£G WS 11925 {1938
COULE FRANCE a(¥)} P 11924 |1947
OZARK BEACH U. S. &. WHITE B P {1911} Pr.
PARRAMATA IAUSTRALIA A-G IR |1858 {1898
PATILLAS PUERTCG RICO IR
PINEVIEW U. S. A, OGDEX B-R IR 1937
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3-2 — TaBLe B. (continued)
|
ADROXIMATE DATY
o
RRR Y - | .
LE TS couyTRY RIVER = = = =
% PAA s |z | s |«
s 5 = .
| = |z |2z
; - = z ws
I w = & =
— —
||poNTALTO ITALY FERSINA A 1612 |1752
{ 1825
| 1850
| 1887
|BOSSUN KINGGDON | U. S. A, BRAZOS B | IR-P|1340
||PUENTSS VIEJAS | SPAIN LOZOYA G WS 1935
{PUNTA NEGRA B
RASSISSE FRANCE DADOU A
|IRINGEDAL NORWAY G 1913
1918
RODRIGUEZ VEXICO TIJUANA B |WS-IR|1934
RO33 U. S, 4. SKAGIT A 1937 |1943
1948
| Pr.
SABBIONE ITALY SABBIONE B P [1950 | Pr.
SCHWAMMENAUEL | GERMANY RUR B
SENNAR SUDAR NILE G-E | IR 1918 |1925
1952
SHIRAWTA INDIA G P {1320 | Pr.
SPARTAMBURG U. 5. A, B LE!
STEBNBRAS SOUTH AFRICA G WS
TANSA INDIA g-R 1892 {1914
1951
TEHUANTEPEC MEXICO B N | Pr. | Pr.
Pr.
THOKERWADI INDIA el P o|1922
TORRE DEL AGUILA] SPAIN SALADO E IR |1936 |1958
I TOULES SWITZERLAND A P
UTICA U. S. A. B ¥S 11906
i
VADO (EL) SPAIN JARAMA @ ws
VAIONT ITALY VAIONT A Pr.
VENCIAS (LAS) SPAIN A Pr.
VERSE GERMAKRY G
WALWHAR INDIA g(m)| P {1916
WESLEY B. SEALE |U. 3. 4, B-E | WS Pr.
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II PART
II-1 — REASONS FOR HEIGHTENING
1-1 - - EnrorceEp Decision

Very seldom the heightening of a dam is decided by a single
reason out of the many which could justify it. Usnally heightening
resultz of a multi-reason appraisal. Among them to increase the
Licight might not have been the leading purpose. Heightening
oceurs as a consequence,  Let us consider first the correction of design
errors. This is a case which appears with some frequency through
the records.

Reinforcement

We refer to cases of underdesign affecting basicallv the main
section of the structure or the loading hvpotheses.  Aectual loads
overpassing the latter challenge the stability, and the insuflicient
section mayv be corrected with addittonal weight (this is particularly
true for rravity dams which count more numerously in heightening
files). 1If weight has to be added height increase results as a direct
sub-product.

Cheurfas dam in Algeria and Tansa dam and Shirawta dam
[R-327] in India. (in botl uplift pressure being higher than the
estimate) could serve as examples.

Repairs

In other instances, it is not the design errors but inadequate
construction which enforces the repair of a dam. The most frequent
s the bad quality of materials, especially in old masonry dams as
Ringedal dam (Norwav) and Tansa dam (India).  Ti also happens
to relatively modern dams, in which suflicient precautions were
not taken against the attack of water with low pH. e.z., Moswan
dam (Norway).

Reappraisal of Data

The insufficiency of hydraulie data available during the original
design, corrected later by staiistical observations also leads to
heightening. In dams built for the main purpose of flood control
heightening has resulted frequently of two objectives., sometimes
simultaneous :

a) Increase of the storage capacity to smooth the overflow peaks
and
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Spillway

b} to obtain by increasing the water level a higher length on the
spillway crest or to reach a new one by a glen in the reservoir
contour. Oklahoma dam [R-126], Alamo Gordo dam [R-91].

A strange  case which we cannot resist quoting as an
example of changing hypotheses and also of reducing height is
that of Mulholland dam (U.S.A.), which was reinforced with an
earth backfi!ll down stream and reduced in its water level in spite
ol the opinion of the experts consulied who considered this operation
unnecessary, for the simple reason that the population of the
valley down =tream. under a psychosis of collective fear, pressed
the authorities until they obtained the above mentioned changes.

Silring

Dams may also lose their usefulness without anv failure in
their strocture. This happens when silting fills up completely or
reduces substantially the storage capacitv.  We have again as an
example owr old friend the Pontalto dam which through the
centuries had Tost <uccessively its utility as a protection of the city
of Tremto aguin<t Hood<. due to the amount of materials transported
by the Fersina river. It was finally relieved of its [unction by
@ new dam. The Hamiz dam (Algeria) [R-19. TV TCOLD . was
al<o rendered useless due to =ilting in the reservoir and had to bhe
Tieiphtened, The same thing happened to Guavabal dam in Puerto
Rico. hailt in 19110 which in 1912 when the heichtening was
decided, sulfered of deposits amounting 1o 12 ¢, of the reservoir
Capacity,

Silting, in some way a physiographical disease of reservoirs.
i~ ~till the areat enemy of their wtility o store water..  Tis solution
by means of Targe bottom sluice gates (Mera dam. (Ttalv) and
Valh dam. (Czechoslovaguiay). would probably alter the coneept
we have of the structure of dams. Dredeing | R-19. TV 1COTD |
and other svatems have been tried with varied soecess. The
problem of <ilting and its =olution has been the objeetr of Report
N b disenssed during the VY TCOLD. Nothing important has
maodified the conclisions that were then extablished | Drouhin
RG-14 - IV 1COLEDYL Many reservoirs will praectically  die

because of <ilting and will have 10 be hetghtened.

nerease of demane
/ { 1

Between the reasons enforeing heightening, we cannot overlook
the one  corresponding 1o a bigger demand ecoinciding with
unavailability of sites for a new construction. The fact that this
reazon iz seldom imperative leads to deal with it in following
articles,
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1-2 . — Opr1ONAL DECISION

The two elements which, adjective to the existence of water
are required for its use are volume W to store it, and head H for
power. Both being geographical functions should have inevitable
limitations.

Whatever the number of steps in which a water flow is divided
to harness it, the sum of them cannot exceed the difference of levels
between the source and the sea.

Modern techniques (injections, prestressing, etc.), permit the
liydraulic fitting of soils and succeed in correcting their conditions
and ability for dam foundation. The number of valleys suitable for
the construction of reservoirs is consequently increased and so
happens with the total W available for mankind. The limit of W
becomes more inaccurale than the lintit of H, although it
unquestionably exists {for practical uses.

The demand of W is and shall be permanent. But W is not
only a strict function of the inflow regulation, but also of the
demand and for this the eycle of irregularity (based on man’s life
and his water needs under all forms) is daily or at most seasonal. A
total regnlation does not consist in obtaining a constant flow from a
natural variable inflow but in reaching a discharge that could
follow the demand requirements. Consequently the required W
has to be appraised from two terms.

a) A consiant term, the asymptotic value to which, through
an over-years period, the regulation of the available inflow
tends, which is a function of natural variables basically
meteorological.

b) Another term, function of the demand, which requires a
discharge — even with a constant average value
o »
changeable regime.

under a

A yearly regulation is, at the most, sufficient for the consumption’s
cycle of variations, but nevertheless the discharge to suit the demand
may concentrate in very short peaks. In the extreme case in which
it could not be possible to compensate the inflow with the required

outflow, it would be : W = W, + W,.

We have seen before that W, has, and W, has not, a limit.
W. increases with mankind their prime needs of drinking and eating
(irrigation), and shall still increase in spite of trends to nueclear
power. The intermittent utilization of nuclear power plants shall
always be expensive. (Hydro-power apparently will have to be in

charge of peak supply) (19).

The need of W will be bigger than the topographical possibilities.
H and W, the two conditions which are required with water are
limited and so as an obvious consequence results
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1) The necessity of exhaustive profit of remaining sites.
2) The revision of previous developments.

Technique has to move indefectively towards the aforesaid
points. Nowadays, without the control of an absolute economy
planning which, as far as we know, does not exist in anv country,
it is very unusual the case of heightenings which could not be com-
pared, beforehand, to a new dam construction. An option between
both solutions is normally possible. Decision coming from various
reasons basically economical shall be reviewed in the next article.

Better Efficiency

The height of a dam and tbe reservoir volume are absolute
geomeirical dimensions. However, the useful head and actual
storage are relative and depend on water. A proper design could
be rellecied in the final efficiency of the work.

A conventional dam for power purposes, loses the difference
of head beiween the maximum level and the actual level of the
storage, e.g. the dillerence between the head of the level step
occupied by the development and the storage water head at any
moment. In a series development this loss can be avoided in the
second and following steps by heightening the dam and preparing

the corresponding upstream plant for work under head at both
sites,

The use of concentration reservoirs io regulate different flows
derivated from parallel vallevs permits placing the supply channel
te the reservoir close to the dam and with a direct access to the
power house. In this way the powerplant works in « counter-
charge » profiting by the difference of heads.

The level osecillation in regulation of reservoirs enforces a greal
elasticitv in the generators. Its unattainability leads to a loss of
efficiency. 'The heightening of the dam could correct this condition
by placing the volume affected by the regulation on a higher
position which, because of its bigger surface will give a smaller
difference in head under the same regulation. The improvement
of efficiency is obtained in such a case from two terms : a bigger
useful head and a reduction in the head oscillation due to the
regulation. This system means a heightening of the whole reservoir,
its lower part becoming a support of the useful storage.

This is an adequate procedure for the hydro-electric utilization
of reservoirs which have been built basically for regulation with
irrigation purposes.
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II.2 — ECONOMIC TOPICS
2.1 — HEIGHTENING COMPARED WITH NEW CONSTRUCTION

We have reviewed the reasons wich may cause the heightening of
a dam. Let us disregard the cases in which the lack of site suitable
10 build a new dam to meet the new requirements enforces the
lieightening of an existing one, and also those in which the basic
object is to reinforce or improve the existing dam eventually
damaged.

We shall restrict the field of our economic scheme to the cases
in which heightening arises as an optional solution to the building
of a new dam.

A dam is represented in our sketch by the area OST with a
height H and a reservoir represented by the triangle OSC with W
being its capacity. What will result more economically
advantageous, the construction of a separate dam, S S, T., height
H, in a different location, or the addition to the existing dam of a
new section so that A h = H, ? It is obvious from the sketch
that this addition will result in a new dam O S, T,, and the
reservoir will be the one represented by the area O 8, C,. If a
comparison is made between the dam and the reservoir resulting
from the heightening, and a new dam of the same height, we will
see that the heightening implies an additional construction
corresponding to the reinforcement of the original structure
represented by the area R limited by the points T, S, T,, T,.
R represents the additional work necessary so that the existing
dam may supply the foundation to the new one. On the reservoir
side, however, we get additional storage capacity when comparing
the one obtained from the heightened dam to that of a new dam.
This volume is represented by the area A, limited by the points
C, C,. C.. S. On first appraisal a conclusion may be anticipated : If
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the basic objective ix to obtain an increaze of head. the solution is
not economic. When comparing it to the building of a new dam,
the additional cost of reinforcing the existing dam to support
the new section will make it inadvisable. Iowever, if the main
ohject is the increase of the storage capacity heightening will be
preferable to a new construetion in the case that the increment
obtained in the reservoir, A has a value higher than the cost of
the reinforcement R. In the general case of a multi-purpose for
fread  and  regulation,  heightening  offers with respect to the
construction of a new system, an advantage, which is an increased
reservoir A, and a disadvantage, with regards to cost in view
of the necessity to undertake the construetion of R.

Although the drawing offers only a general solution which
should he adapted to the circumsiances prevailing in each particular
caze, we bhelieve it 1o be sufliciently clear to outline an economie
study and direct the heightening design with special object of a
reduction in R,

In practice the curves giving the areas covered by the reservoir
with respeet to height are not a straight line nor is the cost of a
dam  proportional to height. Tet us point out. however, the
topographical quality of the sketeh under comment, that is its
remaining invariable under any change in the limiting curves
S, T and OG0 Always an area R will represent the dizsadvantage
in cost, and an area A the advantage by reason of the increased
reservoir,

The characreristic graphics of reservoirs have already been
studied by wvarious authors.  R.A. Sutherland formula (18) is
currently accepted and has been proved to adjust to reality. It is
a parabolic formula 5 -= azm for the curves O C,. The parameter
« and the exponent m are functions typical of the basin. Since the
veomelric shape depends upon erosion. and this is a consequence
ef the geological nature of the soil (a climatological influence may
also be considered), it follows that m is a fundamenially geological
function.  More detailed studies about this geometric influence
on reservoirs from geologic naivre are missed, although some
auth: rs have alveady insinuated them (16).  They would open a
track for the standing problesn of reservoir prospection. especially
in research about parallel valleys.

Variation of m ranges between 2 and 4 and the value 2.5 is
normally accepted. The parameter a¢ can only be determined by
dircet measuring of areas affected in each particular case,

The curve 3, T, which gives the variation of the dam areas
in connection with the heights measured from the crest, is also
a parabolic function dependent on the parameters of the gorge
and of the siructural type of the dam. By way of suggestion we
include a table with the approximate feature of these curves,
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adjusting them to the classic types of gorge and of the shape factor
commonly accepted I,/H.

To facilitate the comparison between the two drawings, natural
scales have been used in the first one. In practice. however, it is
preferable the use of logarithmic scales. Besides the curves
characteristic for the dam and for the reservoir should not be
arranged on the same drawing as the magnitudes to be represented
are of a different order.

2-2. — CONSTRUCTION BY STAGES

As we saw in the previous chapter it is an unavoidable law that
ever increasing demand will use up the possibilities of adequate
sites (from both points of view, gorge and basin) for the construction
of storage dams. In spite of the development of soil condilioning
techniques, with an increase of possibilities over spontaneous
geological resources it is obvious that the cases in which an optional
solution is allowed will decrease. The heightening of existing dams
will have to be contemplated ‘“ a fortiori >’ and it will be imperative
the exhaustive utilization of new sites, for the building of dams
which should be designed providing for later heightening. If this
could be established as general statistical principle, the consequence
will be that as the scope of application decreases the moment in
which the optional solution will no longer be available is brought
forward.

This applied not only to fully developed countries, which for the
same reason can see a near end of their topographical resources,
but also 10 underdeveloped countries which should not afford.
faced with a rapidly increasing demand, to solve today’s problem
at the expense of higher costs for future developments.

In the order of absolute economy going bevond the actual
financial costs, to consider the real counter value of the work which
in the last instance is men’s time engaged in work, it is obvious that
the most advantageous solution will be to build the total structure
as soon as possible.

Man distributes his spare time after life requirements between
the terms of the binominal idleness and work. By natural law,
the pressure of demand of the first factor is in continuous increase.
Technique multiplying work output can reduce the working time
and re-establish the equilibrium to a certain extent.

However, the relative possibilities of engineering technique with
regards to this compensation are less as higher is the civilization
level. The benefit and happiness from marginal idleness, which
may be obtained by the application of technique to work, are
more obvious when applied to a more primitive stage. The wheel
caused more happiness and idleness to man than the jet plane.
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The more adjusted is the equilibrium the less effective the
the resources of technique will be; man will demand a higher
compensation for the forsaking of his idleness. Labour becomes
more expensive. This increase in the cost of labour is easier to
forecast when the social environment to be considered is at a hicher
degree of development

Countries technically voung can «till afford doing their work
slowly, and not to use exhaustively the resources provided by nature.
1t is in highly developed countries where the increase in labour
costs can challenge economie balance within a short p.riod. A
healthy ¢stimate and future anticipation resulting from the clear
government vision or even [rom financial survev according to the
cases described above tend to total construction; that i<. 10
heightening and 1o immediate and exhaustive construction ol the
renmaining reserves,

However, to do this in the scale of the technical means today
avatlable surpasses in most cases financial possibilities.  Technique
has exceeded the human modulus in the handling of magnitudes,
even of a financial order. There are no possible financial means
in the world 1oday 1o cover the prevision of future needs. even
to short term if we deal with generations timing.

Onee  the principle of shortage of means s established,
construction by stages becomes an inavoidable solution. Tt is
interesting 1o quote as a confirmation of this theory that previously
in richer countries is where the svstem has been started in full
scale. Tt is in Swilzerland, one the most prosperous couniries,
where the highest dam of the world. the Grande Dixence. is being
built by stages. Further to this, and with great realistic vision,
the work has been undertaken by private enterprise desirous
naturally to obtain a rentability from their investments within a
short delay,

Construction by stages is more expensive; all authors meet in
this opinion. This cost increase must have a compensation, otherwise
the system would not be applied except in the cases of short
financial resources. What factors add to this compensation ? In
the first place exploitation can start at an earlier period, and so
satisly a pressing and remunerative demand. If a higher remunera-
tion is caused by necessity, this will not be frequently the case in
rich countries in which normally the demand is almost satisfied. It
will be only sufficient to study the statistics of consumption per
capita and coefllicient of the increase of the demand. 1o observe
that the laiter is lower as the former is higher.

‘The balancing item in those countries is the inevitable forecast
of higher costs in coming vears. The decision then will result in
comparing the cost of the total work at the moment in which it
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would become avoidable with the cost of construction by stages
starting at the moment. This solution offers two advantage- : a) the
profit of an anticipated exploitation and b) lower absolute costs.

From all this, two different cases should be distinguished in the
economic problem of construction by stages : the case in which
full demand exists (we shall not consider its quality) for the total
production and the caze in which only a demand is ready only
for a part of the foreseen production.  Anticipation for future
demand should then be considered and it will point to exhaustive
utilization.  There is no doubt in the first case, since the balance
arises frem the difference between the rentability of exploitation
and the interest of money which we assume will be favourable. The
extra cost of the work will have to be paid with this difference.

In the sveond caze the problem is more complex. To ab-orh a
hicher cost todav, with the only counterpart of an anticipation
for the future, goes bevond the financial field to enter that of
absolute cconomy.

-3 - - THE THEORY
J3-1. - THE PROBLEM

Approach to a definition

The first contact with the structural problem of heightening
a dam (when it is not necessary to repair damage or correct «ilting
conditions), brings us automatically to the subconscious idea of
reclifying, overcoming or correcting.  From this complex. we get
the rough deflinition of the desizn objective, ©To increase the
existing structure in order to get a higher one able to re-ist the
loads 1o which it shall be submitted (monolithicallv). the same wayv
it would have done had it heen built originally 10 it= final dimen-

ston 7,

H the loads to which the final structure is to ~ubmitted
differ  only on the scale from hypotheses of the original
design, it seems consequent not to change the type of the ~tructure.
The problem becomes one of construction difficulties.  The target
becomes that of getting a bonding at the joint between the existing
dam and the superposed section, suflicient to permit the transfer of
stresses with conlinuily present, and avoiding or reducing local
stresses at the contact surfaces (thermal effects. different elastie
coeflicients, ete.), in order to avoid fissuring detrimental to the
resistance of load and fimpermeability,

Basically, were are facing a renewal of construction with all
the difficulties inherent in an old cold joint. The solution depends
on the position of the joint within the cross section, as local stresses
in the joint coming from the physical differences of the joined
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materials might be additive at the most critical point to the general
pattern of stresses.

The first objection to the above definition is to anticipate in
some way the solution of the problem, directing it to such a
structure that shall behave as having been built originally to its
final height. Such a limitation is perfectly unnecessary, as if the
function is accomplished, there is no interest in disguising its
heightening origin.

The delinition is neither valid, as with respect 1o its ignorance
of the change of hypotheses, if compared with the loads
corresponding to a new dam at its total height. The topographic
conditions of the new section need not correspond to that of the
old dam. (We have to suppose that the initial height did not
result from abstract speculation and that local conditions decided
it}. In any case, the load scheme for the whole dam is never
spontaneously equal to the one corresponding to a single equivalent
dam. If the hvpotheses differ. the solution= will hardlv coincide.

Revision of load hypotheses

The artificial modification of the hypotheses is possible. in a
certain measure, by means of devices available nowadays to
technique, such as prestressing methods, but obviously, it cannot
prejudice the definition. Therefore, we are bound to review the
definition to properly orient our discussion.

Let us proceed to the analysis of the load scheme character-
istic of the heightening of a dam. Tt has not been spontaneous.
Not even today is the proper appraisal of the structural problem
of the heightening reflected in all reports. Its  specific
characteristic is based upon the fact that the superposed section
of the heightened dam is not built upon a structure on the zero
state of stress of external loads. 1f the dam is kept in cervice
during the heightening operation

and this is the onlv interest-
ing case -— its structure is under load and correspondingly
deformed. The load is a function of the reservoir level and
is. for this reason, hazardous. The same applics 1o the condition
of deformation (1).

The stress distribution resulting from this load condition
might not be the most critical which will normally become from
the full reservoir, but at least, is always a maltter of inconvenience
or of uncertainty.

Besides, during the heightening operations, the added section
acts as an extra load. Its behaviour, as such, varies during the
construction processes, during which concrete passes from plastic

(1) See the report of the Swiss Federal Fxperts on the constraction in
successive stages of the Grande Dixence Dam. [C-34 V° 1.C.O.L.D.].
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to elastic condition. Tts physical, mechanical properties change.
This variation is a complicated funciion of time, construction
procedure, and even of the pouring of the new concrete over the
existing structure. Shrinkage, besides the thermal and hydrostatic
variations and the delaved deformations of the old concrete, merged
with the difTerent elastic behaviour between the new and the old
conerete, and all added 1o the difference of age between hoth.
and the immature reaction of the new concrete. affect the siress
distiribution created by the hydrostatic head.

Analysis of stresses

Therefore, the stressed condition, while the heightening
proceeds is the result of a series of causes, all of them of
difficult control and intrinsically variable with time and local
conditions. It is not convenient to incorporate and lock into the
structure this perturbing status. It will happen thus if the bond-
ing were accomplished simultaneously with the heightening.

Resuming, the stress condition within the original dam when
being heightened is the result of superposition over the zero
dixtribution of the elastic effect from the following causes

a) the original bydrostatic load, depending upon the reservoir
level,

b) the temporary loading produced by weight of the progressive.
Iv incorporated section; (it depends on the physical condition
of conerete towards setting),

¢) the siresses in the joint because of the contact of materials
with a different physical-mechanical behaviour.

Bonding, blocking this uncontrolled strained condition and thus
adding it to the stress distribution of the final structure under
load, could get the working stresses beyond the acceptable limits.
Some kind of local. residual stresses coming from the uncontrolled
heightening could be traced in the final dam, invalidating the
original intention of obtaini
structure.

124 })(‘Ilil\'i()l]l‘ (‘([lli\'ill?lll to a new

Even in the trivial case in which the reservoir could be emptied
during the heightening. so permitting the disregard of hydrostatic
load, the assumption of the persistence of the zero stress condition
during the heichtening is unacceptable.  The stress distribution
affected by the weizht of the heightening and the bonding
phenomena mighit basically ¢hange both in its loecation and
magnitude. from that of a dam built monolithically to the ultimate
height,
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Unfavourable prestressing

It 3+ en actnal prestressing that the added section brings
@i a dowry for it difficult structural mating with the original
dam. (Once again *° ces problemes de peau ™, will have a role.)
The dowrv could become a mortgage, jeopardizing the elastic
compatibility of the pair.

It i< obvious that the quantitative values of the residual
stress will differ, depending on  the particular  cireumstances
of the problem. and might perfectly become negligible, or even
favourable, in effeet. Such is the case of a gravity dam in which
the weight of the added section increases the vertical stresses in
the upstream face bevond those obtained through elastic computa-
tion for a monolithic dam (13).

This favourable elfect does not oceur from secondary <tr: s
in the joint produced by shrinkage, which, if uncontrolled. could
alddd tensile siresses in the upstream face. In the case quoted by
Mazao Kondo [R-23 -~ Japan] of the Odomari dam, these ten-il
stresses reach 8 K em2.  (See alzo [C.M. Robertx, R-2. \

LC.OLD. ).

The difflerence between the elastic modulus of the old conerete
and the new, while green, mayv also produce tensile stresses in the
upsiream  face, becanse of the unbalanced distribution between
the old dam and the added section in resisting external loads.  The-x
tensiles stresses are of minor importance, and thev have 1o bhe
considered only 1o provide those simple measures for their
accommodation.

Tentative Definition

The above considerations suggest the following definition that.
for the sake of clarity and an orderly exposition. iz prezented in
detail -

U The design of the heightening of a dam must contemplate
a structural combination of inereased height, taking advantage of
the existing dam reinforced as required. The addition of the new
section, which might be of a different tvpe, may employ the
monolithic merging — or the simple joining — of the two structures.
which must colluborate to resist both mechanical and hydrostatic
loads, corresponding to thie ultimate scheme and residual constraint-
arising from construction conditions. The simple joining may
produce a structure with differentiated units acting separately and
even serving separale functions.”
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3-2 — R¥ESISTING FUNCTIONALISM

Once the definttion is established, the following alternatives
of mechanical action are offered to the designer. The choice
among them depends on the particular conditioning of the problem
(geologic, construction, economic, ete.). In a particular situation.
each of the possible alternatives provide a solution

Designer’s option

(A) --- Elusion of the problem of accommodating the residual
stresses;  the ])r()ce(]ure is to permanent]y maintain the
independence of the old and new sections.  Both shall
work together, without actual integration. (Differentiated
~tructure).

(B) Action on the causes of the perturbing stresses; altering.
when possible, the storage level and planning all block
sectional pours in the heightening in order to eliminate.
reduce, or even reverse residual siresses. Steps must be
taken in order to control secondary stresses in the bond.
Localization of the joint must be considered in order to
place it in the least conflicting zone, anticipating the {ailure
1o eliminate secondary stresses. Resume : Structural integra-
tion (Monolithism, simultaneous with heightening).

(C) - Choice of optimum moment for bonding: maintaining of
structural independence between old and new sections until
causes responsible for the presiressed condition may be
disregarded.  Choice also of the most favourable level of
the hydrostatic head and scheduling in time and location
of joint bonding operation (Post-Monolithism}).

(D) - Nullification or reduction of the causes of the residual
stressed problem; use of the prestressing techniques com-
bined with action on the controllable external loads, to

counteract or redistribute residual stresses — or eventually
reverse them — to the most appropriate sense and value,

FKmplovment of the presiressing techniques 1o counteract
secondary siresses at the joint should not be considered
because of its intricacies.  This purpose is better suited

by schemes (A) or (B).

We are now facing the true picture of 1he heightening problem.
If an aside may be permitted as an instance for a rouch but
expressive cxample, we might say that the problem is not only
the one of getting more passengers on the already full bus, but
in addition, we want the new passengers to reach their destin-
ation, despite the fact that the bus is already in motion. The
solutions are not numerous. The first, and most drastie, is to
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provide another vehicle on the same route; (to provide a new
structure for the additional function to work in parallel with
the existing dam; Scheme (A). The other solution is to push the
passengers into the bus, despite inconvenience.

Options included :

a) To reduce the speed or even to stop the bus, provided we
have the authority, in order to allow the passengers an easy
jump; (Control of water head or counteraction by prestressing
to permit the bonding of the new section at a near zero stress
condition: Schemes (B) and (D).

b) To run parallel 1o the bus and wait for the moment when
the speed of the bus decreases to that of the intended passengers;
(Await a possible decrease of the head, after reaching the reduc-
tion of secondary stresses of the joint, permitting the bond
in approximately the zero siress condition: Scheme (C).

Choice

The designer’s choice of alternative schemes, considering the
optimum economy of the structure, depends upon — we repeat —
local possibilities; considerations of safety: availabilitv and
adaptability of all means.

The 6irst option of our informal example opens a wide panorama
of solutions to the structural problem. We are relieved of the
necessity of maintaining the original type of structure. Tt might
not be the bus, but the taxi, or the bycicle, (cheap solution, if
available, road permitting), the most convenient.

It would be misleading, nevertheless, to extrapolate our example
beyond its objective — purely to fix ideas with an easv demonstra-
tion — because in fact, the existing structure shall never remain
entirely independent and invariable through the heightening
process.  Heightening implies an inerease of function (horizontal
components of hydrostatic head) which can be supported by an
independent structure, but it implies also an increase of the weight
force imposed upon the underlying system (vertical components
of hyvdrostatic pressure acting on the existing storage), which
requires reinforeing the existing dam.

The new structure must satisfv two requirements that despite
having been reflected on the above delinition. should be properls
emphasized before proceeding through the morphological con-
sequences of the undisputed solution. It is so, because these two
requirements shall have positive influence in the final arrangement
of the combined structure. The requirements are :

a) the functional increase;

b) the added load to the existing structure.
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Both objectives can be attained with a single structure, or
may deserve a distinctly separate structure. If this is the case.
a “ horizontal 7 joint must appear. This joint shall separate the
already reconditioned old dam from the section superposed for
increase in function. A typical example of this distinction between
the reinforeing and heightening of structures is the well known
heightening of the Aswan dam. The functional increase was
satisfied by simple addition of a new gravity section: reinforcing
was achieved by building some sort of “buttresses’ on the
downstiream face. The “bultresses * provide the stabilizing weight
necessary to counteract the effect of the extra load.

3-3 TyprorLocy

In some instances, the construction of a reinforcing structure
can be avoided. It mav be unnecessary, either because the existing
structure was overdesigned or its heightening was foreseen, or by
use of special devices. There is great interest in such cases as
we saw in the economical comparison which shows that the cost
of the reinforcing structure poses a true disadvantage on the height-
ening compared to the new construction. The problem of avoiding
the reinforcing structure becomes one of balancing the effects of
the increased load from the inecreased head. The stabilizing
moment must be obtained by adding weight. or by anchorage
to the foundation with stressed cables that incorporate in the
structure the weight of a foundation section.  In some occasions.
it is also possible to act on the external loads. or on the lever arm
cither of the stabilizing force or of the additional hydrostatic
pressure.

The easiest solution arises when it is possible to heighten the
structure bevond the necessary rise in water level. By this. the
necessary stabilizing weight ecan be provided.  This was the
procedure implied in the heightening of the Knnepe dam (3).

The stabilizing action of the additional weight is casily amplified
il the new section overhangs the upstream face.  This arrangement
has been used to advantage in Spain in the Chorro dam. and the
Doiras dam. [A. Presmannes. R-137

The action on the external loads. particularly the uplift. was
utilized in Ringedal dam in Norway (3). The possibility of
emptving the reservoir permitted the construction of a Levy facing.
It permitted the repair and further avoidance of damages occurring
in the upstream face cauzed by acid water attack, plus a reduction
in uplift and implied overturning moment.

Groner (Norway), quotes heightening of dams with an important
slope for the upstream face of the added section. In this way
the net overturning moment of the hydrostatic load increase is
reduced.
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In the design of dams with an overflow spillwav, the tem-
porary surcharge head produced by the flowing water is considered.
The design reserve for this transient load can be emploved for
a permanent heightening of the storage level by providing mobhile
gates,  S.W. Stewart, (II.S.A.), [R-156], describes numerous cases
of heightening. with different purposes, solved by this procedure,
inclwding the already quoted example of Bristol dam (12).

Dircet heighiening by stressed cables

Let us now consider direct lieightenings by anclhiorage to the
foundation by use of stressed cables. The procedure first appeared
in 1930 in Cheurfas dam.  On that occaxion, the basic problem
was the reinforcement of an underdesiened structave which, a-
a consequence, resulted in a small heightening.  Covne, who ix
responsible for the innovation, foresaw, at that time. the extension
of his svstem as a general method for dam heightening  (0).
Afterwards, there have been many oceasions in which Coyne’s
system has been applied and today it is, mest probably. the
most standard and popular procedure. Fourteen out of twentyv-nine
reporis received deal with or consider the emplovment of stressed
cables. The number of suceessful applications i alco significant.
All of them basically coneur with the procedure devized for
Cheurfas dam.

Fyven in the Fifth 1.C.O.L.D. Congre~:. Covne himself referred
to cases of prestressing methods applied to dams as *° .. new-
comers, the outsiders 7. We must acknowledge them today
with full honours, even if it was only for ils jmportance in
heightening problems.  Covne himself stated the sound theore-
tical legitimacy of his procedure, justifying it as a mere application
of the general principle of the static synthesis of structures, as
per the delinition of Rabut (See French version),

On theoretic grounds, several reports deal with the method.
discussing different aspeets of the same and its possible extinsions.
J.M. Linton Bogle. | R-2 Great Britain], analvses the stress distribu.
tion created by the stressed cables in horizontal sections depending
upon dilferent positions of the cables line of action. all these
positions being bhoth in distance and direction near the upstream
slope.

A.Z. Basseviteh [R-1120 T.S.S.R.; establishes the rigorous
equations on elastic theory for the stress distribution due to the
force applied 10 the cable. He extends his study to the case in
which the cable, alwavs acting vertically, is displaced parallel
to the upstream face. Basseviteh recommends the use of the
rigorous elastic methods as the results obtained through them show
economic advantage with respect to figures reached through
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simplitied mathematical approaches. The discussion of the same
report on the distribution of normal siresses on the foundation
resulting from the stressing load js alzo of interest. as it refess
to the inerease of such stresses at the heel of the dam. with tle
accompany ing decrease in permeability in the foundation materinis.
and the improvement of the anderseepage condition and the Jliding
resistance,  The aforesaid eflfects can be amplified by the addition.
ws per Basseviteh, of a centrally located longitudinal gallery at the
bhase of the dam. This gallery alters the trapezoidal distribution
of stresse- on the foundation. concentrating them at heel and
toe. At the same time. it may usefully serve other purposes, such
as a foundation inspection, uplift reduction. drainage and general
in~trumentation of the dawm behaviour,

D, Lazarevie JH-960 Yaeoshvia| presents ~everal applieations
el stressed cable<s all of them full of interest for their ingenuity.
the deals with hollow gravity dams. and speculates with the use
of cables at various locations and directions.  1le also examines
the wtilization of prestressed eables for anchoring appurtenant
structures in the case of wravitveareh dam<. (See also AL de
Moentmarin and W Terminssian, R-07. V' 1.C.OT.D).

b eravity-areh das, cables mayv be emploved 1o reinforee the
vertical  cantilevers action.  considering them  as curved beans
fixed at the foundation and supported at the other end by the
uppermost arch. 1t iz regrettable that this report is not sub-
~tantiated by data from field experience.

R Priseu and AL Constantinescu [ R34 Romania| develop
ann analvtical <tudy of the anchorage effect, based on classical
hypotheses about tensile stresses at the upstream face and =liding
~tabilityv. They extend their s<tudy to the general caze of a dam
with a significant inclination of the upstream and downstream ~lopes
and they state the formula, giving the stress condition at everv
point of the cros< section.  Thev conclude that prestressing s
more appropriate when the upstream fuce i inclined and also
for dams of comparatively low height. We muost emphasize 1he
interesting discussion of these reporters on the loas of prestressing
action, duce to plastic flow and creeping of conerete. We shall
return, in the following articles, 1o the technology of the subject.
and we shall review it with other reports.

The advantages of the procedure are obvious in connectlion
with stability. It solvex not only the static question. but also
the addition to compressive siresses on the upstream face restrains
fissuring and minimizes the danger of the propagation of uplift
pore pressure. The increase of the vertical loads over the founda-
tion implies also improved sliding resistance and reduces
underseepage and foundation uplift.
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Finally, the creation of artificial compressive siresses on
horizontal sections on the portion of the foundation enclosed
between the bottom of the cables and the base of the dam, implies
an actual mechanical treatment of the material, establishing an
elastic condition that mav improve its bearing capacity (21).

From the economic point of view of direct heightening by use
of presiressed cables is the most advantageous. All the reports
coincide in this point. Mateescu (R-32) and Priscu & Constantinescu
{R-34), have studied the difference in cost with respect to con-
ventional heightening, and their conclusions have been confirmed
by practical experience. Linton Bogle (R-32), Parker (R-44) and
Bellier (R-48) also include figures obtained from practical applica-
tions. Generallv, savings of between 309% and 559 mas
be estimated. These result confirm the information in our possession
from the V° 1.C.O.1.D. from which we saw that the cost of a
ton of ‘‘live weight 7 resulting from prestressed anchorage is
approximately 30 % of the cost of the same weight of concrete.
[ Monimarin & Terminassian. R-07, V* 1.C.O.L.D.].

One disadvantage of the prestressing method is that it does
not provide suflicient base at the crest on which to accommodate
the superposed structure that is to support the increase of the
reservoir. This mav be obviated by removing part of the crest
to fit the heightening section joinling along the isostatic lines or
bv arranging this section overhanging the upstream face.

The superposed section may also be affected by the anchorage.
Habra dam (R-13), (R-32). It mav also be of precast blocks
H. Press R-3.

The only serious objection 1o this system arises from the
properties of concrete which vary according to age and which
are very much influenced by the permanency of the load. Ageing
increases the elastic behaviour under instantaneous loads. but the
permanence of the load puts an accent on ils plastic properties,
This effect added 1o that of shrinkage i< reflected on the total
or partial nulliication of prestressing.  The same  kind  of
phenomena occur in steel, although to a less important degree.

The slow and delaved deformations inherent in the plastic
condition of concrete should be taken into account when planning
the use of stressed steel cables.

From all this it would follow that prestressing techniques do
not sait the dam need for perennity. On the other hand the
artificial mechanism and the subsequent ** biological >> manifestations
of prestressing are opposed to the inert and objective nature of the
dam. The problem mayv disappear if the “ biology ”” of concrete
in great masses becomes mastered, but at present we cannot as
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vet depend on prestressing for the same duration we expect
from the dam.

The difficulties mentioned do not exist, however. during
the phases of construction by stages. Then, durability is not
imperative and prestressing can show all its advantages, not only
with respect to a reduction of the temporary cross section hut also
offering the possibility of adjusting the stress distribution in the
structure to the most convenient status at the moment of resuming
construction. A regulating stress on the cables previously installed
for that purpose may abolich the effects of the loading and com-
pensate the honding stresses,

The specific disadvantages of construction by stages, a) excessive
volume of construction with the consequent increment in the
initial investment, which may well become prohibitive. and
by dilficulties peculiar to load eflect when resuming construction.
may be easily solved by use of prestressing methods. We wonder
why, up to this date, no cases are registered of its utilization for
this purpose,

As a last point we canuot help but remember an obseryvation
made by Droubin (8) and emphasized by Covne (21). Never in
the history of humanity have bigger forces heen controlled with
less mass. [t our mind wander about prestressed ecables which
may well hbecome the needed reins for control of macrostructures.

Structural Sections

Between the three parts which in the end will make up the
final structure (original dam, reinforcing and added cections).
there are three boundaries : the horizontal one, bhasis of the
superposed structure, which is compulsory and consubstantial with
the heightening.  The sccond boundary separating the main body
from the reinforecement may not exist (direct heightening) but it
is very important in the mechanical pf‘rf()rmun('e of the complete
structure.  The third is 1he frontier between the reinforeement
and the added <ection.

The nature of the joints in these boundaries and it~ influence
with respect 1o monolithism of the complete dam give us the key
to the typological analysis of the heightening. As there are three
Joints each with two possible manners of construction, (there is
no point at the moment in differentiating between monolithism
simultaneous to the heightening and postmonolithism) the resulting
basic types would be eight. The number of possibilities is reduced,
however, with some previous considerations related to horizontal
joints, which normally coincide in a single one at the separation
of the superstructure from the dam and the reinforcement.
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The principal joint, that is the one separating the existing dam
from its heightening, will normally be monolithic; reasons for it
are ; the weight of the superposed body, and the hydraulic
requirements which make it difficult to adopt any other
arrangement,

A technical solution to the independence of this joint would
largely increase the structural possibilities, not only of the height-
ening but of the basic dam design. Solutions of independent
arches (1) would become possible and above all, the analytical
problem, especially complex because of the forced monolithie
solidarity of the complete structure, would be simplified.
Achievement of free sliding at this joint, together with
impermeability satisfaction could put a limit to the influence of
the vertical cantilevers. They would also provide a solution to
many cases of heightening still pending.

The joint between the superposed siructure and the reinforcement
cither does not exist, as in the case when these two bodies are
independent, or it will he necessarilv. monolithic.  The reasons
for this are the same as in the previous case.  Disadvantage for
monolithism comes from dimensional discontinuity. The elastic
alterations consequent with the latter mav be easily discarded
since such discontinuity, owing to the different thickness between
the reinforcement and the base of the superposed bodyv at the
lieight of the crest, is unimportant as it is precisely al this point
where the dam reaches its smallest thickness.

Two of the joints are necessarily monolithic. The typological
analysis will therefore be reduced to the morphologie consequences
derived from the eventual bonding of the joint between ihe
reinforcement and the original structure,

It should be pointed out here that no differentiation should be
made between : a) those cases in whiclhh the horizontal joints
between the original dam and the added sections become a single
one and b) those in which this boundary following an isostalic
line is not horizontal. This does not alter our basic classification.
since these particular cases may be easily isolated within the typolo-
gical groups described hereafier.

Subject 10 the previous reservations, our analysis is reduced
to the possibilities of bonding in the joint between the reinforcement

(1} This, howewer, has bheen solved with good success in some practical
applications, which  focus the interest on the technical perfectioning of
this type of joint. See the €C-13 V° I1.C.O.L.D. of Prof Pefia Beeuf
about the dums of Deina (42 m), Benageber (40 m) and Tiemblo. All of
them belong to the independent arch type. Also D. Lazarevic R-90 (Yugos-
lavia) quotes successful achievements of this type of joint in his country,
particularly that of the circular dam of Niksic subjet of C€-16 at the V°
I.C.0.L.D. of A. Bozovic.
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and the existing dam, including in these cases those in which the
heightening and the reinforcement form a single structural section.

When an independent structure is accepted to meet the increase
of function, there should be no objections to a change in its
form in order to follow in the best manner the local conditions.
Differentiated heightenings may therefore be metamorphic.

The enclosed table should better clarify our track.

i
1

| METAMORPHISM " IDIOMORPHISM
2 5 I 2
= % |MOssVAN [F. GRONER R-50] |THE ONION [C. SEMENZA R-961
B |asoum e | IS aTEEsCU Rzl
E o= eightening ' 201 Kelen /3/ Case of
& |THE EXEMPLES OF [D. LAZAREVIC R-90) gravity dams
33 5
\E BURGOMILLODO  {E. BECERRIL R-13] |ODOMARI  [M. KONDO R-23]
= BALCH {J.B. COOKE et
| 2 JE. SCHUMANN
| 3 R127
2 ROSS /15/
L0 >
)
3
Zz = |4 6
5|2
= T |LAGES /14/ GRANDE
£ DIXENCE 13/
e MUNDARING  [C.M. ROBERTS
| g WEIR R-12]
| = MULLADOCH  |V° C.1.G.B.]
| 8 ASSOUAN ‘
B (Ist heightening) H. ZAKY R-20]

Once the principle of independence of sections is established,
there is no need 1o extend the original dam, which will either
become absorbed by the final structure or will remain working in
collaboration with the new one in the joint performance of the
increased functions. Such is the case in Bever dam where direct
heightening could solve the hydraulic function (impermeability),
leaving, however, unsolved the stability problem. 1In order to
provide for the latter, for both the original overloaded dam and
the superposed seclion, it was necessary to involve the whole
body in an earth fill embankment. This is a clear case of
metamorphism with complete dissociation of functions. Here a

51



G. R. E 310

difference may be observed not only between the sections performing
the various functions of resistance but also between these and the
structure supplyving the hydraulic function.

The classic example of the second heightening of Asswan musi
also be mentioned 1o underline its obvious metamorphism as well
as the total independence between the added reinforcing section
and the one superposed to provide for the increase of funetion.
Total freedom in the reinforcement joint was obtained by means
of interposing a stainless wrought iron plate, so permitting the
sliding of the " butresses 7’ over the downstream face of the old
structure.  For sake of routine we keep naming these devices
“butresses 7 in spite of the faet that because ils unconstrained
possibility of sliding, they do not absorb any longitudinal com-
presston other than the one derived from their own weight.

Nothing objects for exireme cases of resisting performance
accomplished by independent sections.  Some of these cases are
studied by D. Lazarevie (R-90). The most interesting example
is the one in which an independent arch is added to an arch-
gravity dam. 'The reinforcement is obtained by means of another
arch placed downstream at the height of the old crest and applied
to the face, but with complete mechanical independence.  Spaee
between the dam and the reinforcing areh mav be filled with
water. This permits to obtain a horizontal reaciive load capable
of compensating the hidrostatic overhead from the heightened
reservoir level.

We understand that Frevssinet also designed a heightening of
thi= type, substituting. however, the effect of the hvdraulic load
by jacks. The object in fact is to arrange an independent rib 1o
provide the basis for reactive loads acting on the main structure.

Structural differenciation and idiomorphism

In theory no objections could be raised to maintaining the
principle of structural differentiation keeping. however. the original
form.  This would lead us to final struetures that. belonging 1o
the elassic types, would have a free movement joint. separating
the original body from the added section.  From the point of view
of elastic behaviour this compound can give a perfect performance.
and in some cases with obvious advantage over monolithism. This
is the case in the arch tyvpe dams, for which Scalabrini (R-38)
analytically and Oberti (R-14) experimentally have studied that the
normal siresses on the abutments are lower when the ring is formed
by two concentric and adjacent arches, than when single arch
is used.

C. Mateescu (R-32) and also Semenza (R-86) have reached the
sume conclusion. The latter has launched the expressive name of
“ onion type " for this type of structures.
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In the case of gravity dams, the heightening over the downstream
face by means of an independent slab permits a better distribution
of stresses on the foundation. than the one allowed by the monolithic
dam (3).

The fact that no realizations of the differentiated and idiomorphic
tvpe are recorded, is not due to theoretical nor mechaniecal reasons.
The obvious disadvantages from hydraulic and practical points of
view are the ones against this solution.  The danger of entrance
of water through the joint is alwavs present. Failure of the draining
svstem would cause a very dangerous hyvdrostatie uplife, which could
challenge stability, This also occur if, because construetion imper-
fection, the desired independence was not achieved. A concentration
of local streszes could arise by friction.

There is an interesting observation made by Scalabrini on this
point, which is also picked up by Mateescu. They point out that
the crest zone of the old dam is more influenced by the cantilever
action after the heightening than before it, and this results in
radial compression whieh inerease the frictions between the adjacent
arches,

Monolithism

The bonding ¢f the joints can be done simultancously to
Fhe bonding of the joint be It Iy 1
the heightening or deferred, as previously mentioned. (To designate
1ese possibilities we indulge for use of the prefixes " sin”’ and
u I bilit Tulge f ! f the pref )
“post with the word monolithism).

Generally the metamorphic and monolithie heightenings hold
little interest. A change of form occasions sharp dimensional
differences, and thesze may infer elastic disturbances in the points
of boundary discontinuity. The problem has further complications
when attempting monolithism at the same time as heightening; then
the stresses inherent to heightening would have to be dealt with
at the worst zone, exactly in that place where the elastie disturbance
owing to a change of form, would be enough to justify a critical
condition. The smallest section takes worst beating at the point
of dimensional discontinuity.

Even though both alternatives may be unsatisfactory, the
heightening of a buttress dam by completely filling the space
between the buttresses in order to convert it into a gravity dam,
is preferable to the contrary case. The formula has been studied
(22), in conjunction with monolithism, as an economic solution for
construction by stages. There is in Spain the classic example
of Burgomillodo dam, in which good results have been obtained.
In this case the bonding of the joint took place at the same time as
the filling between the butresses.
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In Lages dam (Brazil) (14), radial buttresses were built against
the gravity curve face. The very well planned precautions taken
during construction and above all the scheduling of postmonolithism
(four years until final bonding of the joints) have suceeded in spite
of the theoretical difficuliies explained above.

Sin monolithism

The problem is more important for construction than for
design. To determine the slope of the gravity dams heightened by
this system, laking into account the effect of the load. does not
present serious difficulties and several reports refer 1o it [Becerril
R-13]. M. Kondo R-23]. In the buttressed dam the problem of
design is even easier.

Very important works have succeded with  this type of
heightening; the most popular is the Ross arelt dam (15).  The
heightening of the Baleh areh dam (U.5.A.) [J.B. Cooke, J.L.
Schumann, R-127] is very inleresting for the meticulous technique
emploved. In gravity dams, the one of Odomari, Japan, gives
us the solution to all the problems which can be foreseen today.

» cannot leave this type ol heightening without mentioning
the O’Shaughnessey dam, especially because of the time in which
it was achieved,

Postmonolithism

It comes to the end of our discussion the type of heightening
which undoubtedly offers greater possibilities to develop. To
keep the joint open until the moment in which the best position
of the water head is reached once the secondary siresses at the
joint have disappeared seems to be the best solution 1o avoid
residual stresses. This can be obtained without changes in the
structure being necessary, and without the necessity of emploving
artificious procedures which are only [ully justified when they
were previously foreseen, that is in the case of construction by
stages.

Works already accomplished according to this procedure of
postmonolithism provide a sufficient basis to derive at definite
conclusions, The Grande Dixence dam which we have already
mentioned is the outstanding example. The special polilithic
procedure followed in its construction was shown to be of more
advantage than the superposition of a monolithic slab. 1t permitted
a better coordination of the practical possibilities of conecrete
pouring, also facilitating the elimination of heat from setting,
because of the larger radiating surface of the small blocks.
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It is not necessary to resort to polilithic construction in cases
of less importance. In the V° Congress we had a report from
C.M. Roberts which described in detail the heightening of the
dam of Mullardoch (Scottland) similar to that of Mundaring Weir
(Australia). In both the monolithic slab was kept almost, freely
supported over the downstream face, until reaching the best moment
for bonding. In the following chapter we shall discuss the means
emploved to keep the joint open.

Oberti, and Basseviteh, call especial attention to the possibilities
of structural sectioning, not only bv simple differentiation of the
supporting section, but alko extending the procedure to an actually
polilithie construction.  The object of this would be to create a
planned stress distribution. which would afterwards be incorporated
and blocked by following the sheme of joint bonding studied 1o
that effect. Basseviteh also includes several examples which we
regret are not referred to practical experience data.

The svstem which mav be properly called postmonolithism
enjoys  all the advantages derived from a siress redisiribution
affecting the most convenient zones. This can be achieved by
simple interaction of the various sections in which the structure
may be divided. In many cases the only force, which need 1o
be emploved is that resulting from the own weight of each section.
The author also discusses ingenious devices to create prestressing
in cables, using the weight of the various sections of the dam
conveniently arranged to act on its balance.

May not this be the occasion to question the great taboo of
monolithism ?

An extreme case is the Meffrouch dam [G. Safont et J. Salva,
R-101] now under construction. Complete polylithism becomes stone.
masonry. A system of eables and grouling achieves the connection
by prestressing. (Geometrical beauty but in pre-fabricated blocks).

Wandering about metamorphism

On the same line of prejudice reappraisal a call for attention
cannot be avoided about the perfect functioning of compound
structures : the ones resulting from heightening as well as those
originally constructed in that manner for other reasons. The
experience obtained in this field up to the moment is not sufficient
to draw a general conclusion, However, the cases registered appeal
to the imagination, because of the possibilities which could be
derived if foresaking the prejudice of systematically applving pure
or at least elassic types in dam design.

H. Press mentioned at the V° Congress the Oker dam which
probably constitutes an extreme case. In order to comply with
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the zeometrical conditions of the valley the most economic solution
was that of adding a gravity section to a arch-gravity dam. This
tvpe should be called arch-gravity + gravity. There is no reason
to preclude this solution in many heightening problems. It is
perfectly adequate for the heightening of spillways especially when
anchoring the superposed section by means of prestressed cabies.

If we proceed beyond the subject of heightening we shall find
that many arch dams have required a gravity section to adapt them
to geological conditions. This was the case in Tignes and Mareges.
The famous Ttalian “ pulvinos 7 may be well qualified a5 compound
structures,  Lately, the dam of Peixoto, Brazil (arch between two
large gravity section with crest spillway) brings another example
of a clhiange in the type of the struclture to suit site conditions.

When heightening a dam, but also when building a new one,
it has to be faced the problem of adapting it to the shape and
geological nature of the gorge. The strict geometry of a dam of a
pure structural type scldom matches completely the hazardous
geology. There are, of course, more versatile types of dams, but
the most (drastic) solution would undoubtedly be the development
of a technique combining various types of structure.

IFollow nature and eventually remodel nature to meet our need
must always direct design,

In Mont-Larron dam [M. Terrassa, R-49]| a heigthening was
performed transforming the original arch dam mto a multi-arch
type profiting of two existing rock-ridges for foundation of the
intermediate butresses.

Experiences are already on record of almost all possible com-
binations with existing types. Necessity will, in the last instance,
pave the way towards its complete development.

H-1 - - TECANOLOGY
4-1 - Tne goinr
The phenomena to be observed in the joint, stress-and strain
problems have two causes :
a) The elastic behaviour of the structure.

b) The physical-mechanical properties typical of the new concrete
while soft, and in any case, the differences of behaviour with
respect to old concrete,

When a monolithic operation of the structure is desired
correcting of deformations caused by elastic behaviour, and con-
sequently the corresponding stresses, is a problem of design. The
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solution consists in placing the joint in the least harming position.
Becerril (R-13) has studied thiz in detail for gravity dams. The
final objective is Lo obtain that no stresses occur inherent 1o the
clastic behaviour of the monolithic structure, which mav jeopardise
the construetive perfection of the desired bonding.

Naturallv, we are referring 1o the deformation created under the
final load schieme. However, there 1s another status of elastic defor-
mation. This is the one corresponding to the hyvdrostatic load if the
heightening is carried out while the dam is in service. To compensate
these deformations is more complex. Tt may be attempted, however.
and so does M. Kondo (R-23). He studies the increase of downs-
tream =lope in a gravity dam able to compensate the reduction of
compressive stresses in the upstream face of the dam heightened
under toad. The best and most practical solution is, postmonolithism.
taking advantage of the optimum load status,

I a totally independent operationn of the various structural
parts of the dam is intended, the construction should be directed
to avoid the appearance of unforeseen stresses, basically by friction,
which may alter the hypothesis of free sliding.  This was the
solution given to the =econd heightening of Asswan dam (R-5).
T mm stainless plates were used there, which made this a rather
expensive solution.

It is possible to achieve a practical structural independence by
an adequate designed location of the joint in the zone of minimum
shearing stress and by means of a careful treatment of the conitact
surfaces to eliminate any roughness. This is the believe of
Semenza (onion dan), Scalabrini and Mateescu, and although none
of them have deseribed any cases in which this method has been
applied, all of them coincide in its advantages,

The deformations caused by the load status in the original dam
bear some influence even in the case of structural independence.
But we do not believe that specifically in the arch dam, even if
the difficulties mentioned above were solved, a direct contact could
be obtained with the dam in service while heightening unless
emploving a special * clavage 7 system to be tightened with the
reservoir emply.

With respect to the phenomena of group b, the problem is
different and so will be the provisions depending on whether
monolithism simultaneous to construction is desired, or the design
corresponds to postmonolithism.

Cooling

If the bonding is done while construction is in progress precau-
tions should be taken to minimize the phenomena of concrete
setting especially that of shrinkage. The most effective method
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is cooling. This was used for the first time in the O’Shaugnessev
dam (11). The water of the reservoir was first tried. This proved
to be insuflicient and a complete refrigerating plant had to be
installed in order to obtain the desired reduction of temperature
in the new concrete.

This method of artificial and mechanical refrigeration of con-
crete was also followed in the Ross dam (15). The same svstem
of horizontal tubing embedded in concrete mass was applied, bu
using a brine of caleium chloride as refrigerating agent. instead
of water.

M. Kondo (R-23) in the Odomari dam. after a careful studv
decided to use the water of the reservoir, but drawn from an
appropriate depth to obtain the desired temperature.

Generallv. refrigeration should be applied both to aggregate
and water as well as to the poured concrete and should be
maintained as long as necessary in order to eliminate shrinkage.

Refrigeration may be completed with other measures such
as the use of = fly ash 7 and puzzolan. It is also interesting to
control the quality of cement and especially the use of conerete
with a rigorous granulomeiry.

Binders

In the Balch dam, California [J.-B. Cooke, J.E. Schumann.
R-28| “* prepakt” conerete is being used (construction seems 1o
be still under wav). The advantage of its use has two aspects,
both contributing towards a better behaviour in shrinkage. The
first one better compacting up to contact of the aggregate. The
second less increase in the temperature due to concrete selting
because of the influence of puzzolan added in the mixture.

X3

In spite of the advantages of using ** prepakt ’°, in Balch dam
it has been found necessarv to use ice for cooling the ingredients
of concrete, and most especially to maintain a strict control of the
inner temperature of old and new concrete. This was done by
embedding thermo-couples in the mass to regulate the temperature
in the new concrete pouring.

The difference of mechanical behaviour of concrete, caused
by its age, is of no importance in postmonolithism, but if bonding
is carried out simultaneously with construction, the hvdrostatic
load must be controlled. There is no problem if the reservoir
is emptied, but if it is kept in service, load increase up to
its final elevation should be avoided until the green concrete
has reached its elastic maturity to functionally cooperate with the
original dam.
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The above refers 1o an action over the causes of the phenomena
in the joint applicable both to group « and group b but the effects
ol provisions is by no means complete. In order 1o obtain the
final monolithism of the structure. precautions should he taken
also in the design of the joint and treatment of itx xurfaces to
obtain the best bracing.

Keys
In all cases of monolithism. cither <imultaneous or not. the
conerete should be vigorouslv worked until an extremely rough

surface is obtained.  Any Keving or toothing deviee will greatly
improve the jointure. There are many tvpes of kevs which may
be used 10 this effect. A classic bvpe s the “wallle tvpe 7 used

in the Ross dam. Scalabrini comments on this solution a~ well
as on those of the Limberg (Austria) and Mauvoisin (Switzerland)
dam, in which the squared throughs were substituted with traigh
shapes but bigger, longer and horizontally placed. The conclusion
reached by Scalabrini is that sueh devices are not necessary to
insure the monolithism of the arch dam.  These mayv be avoided
and =0 reduce the extra cost of forms by means of a careful grouting
of the joint. Al this if possible to design the location of the
joint in a zone of minimum resulting deformations.

Semenza proposes lo achieve solidarity by means of ribs on
the face placed in accordance with the construction joints.  This
solution when extrapolated if hightening i= presumed. advizes
construction of inter-joint blocks with total thickness. 1t is the
case of the central section of the O’Shaugnessev dam.  This svsiem
saves cost by the construction of blocks with a T shape horizontal
section, but in this case Semenza advises the use of a light steel
reinforcement Lo counteract the stresses caused by dimensional
discontinuity, and also the different c<hrinkage behaviour of the
two sections  with different irradiating ratio  (volume exposed
surface).

In Grande Dixence dam, the vertical and longitudinal joints of
the blocks in a polilithic construction were placed in a saw-iooth
form with faces approximately normal to the direction of the
isostatic lines.

Summing up and as general rule, it would seem that keving is
more effective in gravity dams than in the longitudinal joint of
arch dams.

Grouting
The technique of joint grouting will not be discussed here. We
shall mention, however, the report R-127 by J.B. Cooke and J.FE.

Schumann. Tt describes the wav in which this has been done in
the Baleh dam and the series of precaulions taken.

It is interesting, however, to point out thai in order to maintain
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the surfaces of the joint in place during injection. it would be
advisable to use a light reinforcement to absorb the normal stresses
created l)y the groul pressure, and use them to insure a resistance
to sliding |Scalabrini. R-38].

Interlochs

Metallic interlocks in the joint is the common solution. They
were used in the first heightening of Asswan in which the injection
was of neat cement, To avoid fissuring in the internal surface of
the added section, whicl is more difficult to be cooled, it would
be advisable to place a light mesh reinforcement with the object of
distributing and micrifying shrinkage fissures.

When monolithism iz deferred. or in cases where structural
independence is desired, a difficulty appears when trving to maintain
the separation between the original dawm and the added section.
This may be obviated by the arrangement of a slot in the joint and
supporting the new section through a rib system. When forms are
removed slots may be filled with Jdry aggregate, giving a better
support lo the added section.  Afterwards it is all injected while the
bhonding is done. The use of ““ prepact ” concrete seems obvious.

The metallic interlocks may also play a part in the support of
the superimposed section by acting as pitmans in the relative
deformations with respect to the original dam.

Drainage

More dangerous than the appearance of secondary stresses in
the joint, is the eventual hydrostatic load resulting from fissuring
which might connect it with the reservoir. This is the great disad-
vantage of the longitudinal joints, especially in thin structures
(arch dams).  Any carelessness in construction may be the cause
of it; To avoid such occurrence an efficient drainage of the joint
should be provided, in order to relieve any accidental hydrostatic
load. In arch dams the drainage is directed towards the downstream
face (Balch dam), while in the gravity dams collecting passages
should be included within the dam section.

In the horizontal joint supporting the heightening it is normal
to arrange a grooving Baleh, Chicamba, Take Spaulding.

4.2 — FOUNDATION

Not muchi can be said about the foundation problem. Dynamite
excavation in the vicinity of any structure is always unadvisable.
The conclusion is that should be avoided except in very clear
cases in which the firmness of the ground will permit a good
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support of the reinforecing section. 1t is partly for this reason that
direct heightenings by use of prestressed cables is so popular. In
vault dams the subject is as delicate as in gravity dams.

Apart from safety reasons, always relative, (in fact it is difficult
to jeopardize the stability of the work whilst its quality might be
seriously affected), it is advisable to avoid enlarging the foundations
in view of the increase in cost involved. In case of construction
by stages all reportz coineide in the advisability of building. during
the first stage, the foundation for the total structure, or at least
its excavation. Tt is precisely from this that a higher cost of
the first stage is derived. Could not this higher cost be compensated
reducing the temporary sections by using prestressed cables 7 We
know of no cases in which this has been done. However, the
advantage is not onlv of an economical nature. but is also reflected
in the mechanical operation of the structure. since with alreadv
properly installed cables it would be possible. regulating their
tension., to compensate the effect of the load during the heigh-
tening, bringing now the structure back 1o a zero stress disiribution.

‘The pos=ibilities of prestressed concrete in foundation problems
should not be omitted.  The Beni-Bahdel dam is a characteristic
example,

Heightening may, in muay cazes imply the u=e for support of
a geologic area different 1o that of the original dam. and also to
modify the direction and magnitude of the resultant up to become
unbearable by the <oil foundation. In Beni-Bahdel dam.
this resultant was modified by means of prestressed ciruts. This
systemn may undoubtedly be extended.

To put an end to the foundation problems, we Dbring up
the observation made by Semenza about the case of construction
by stages in which the foundation is entirely built during the
first stage. In these structures the use of a light reinforcement mayv
be neeescarv.

423 SPILEWAY

It i« interesting to note that there is no mention in the reports
received, of what seems to be one of the major technieal difficulties
of heightening, namely the construction of the spillway if the dam
is 1o be kept in service,

All the problems of a heightening which we have discussed
are based on the hvdrostatic load acting as a parameter; the
existence of a crest spillway implies the possibility that this
parameter becomes a hazardous and accidental variable. This
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will influence the construction technique of heightening, since it
will first ask for a seasonal planning, and a fast construction, safe
from overflow emergencies.

The mentioned solution, as used by H. Press on the basis
of prefabricated blocks anchored over the crest spillway with
prestressed cables, though fast and efficient, is only applicable
when the increase in height does not affect much the impact
of the nappe over the waste channel.

Dexter mentions in his report the necessity to modify all the
auxiliary works, by reason of the influence which the increase
in height may bear on their dimensions and operation. This is
particularly important with respect to the devices for dissipation
of energy at the foot of the spillway; the funtioning of these is
predetermined by the velocity of the water, obviously altered by
a modification in the height.

We cannot consider the subject of the spillway in connection
with the heightening, without facing the problem — always present
-— of the very existence of the spillway. The most common death
of a reservoir is caused by silting. Heightening may restore
its utility to a dam; heightening, in an ideal extrapolation,
might also avoid the necessity of a crest spillway. Would not both
reasons lead us to the solation of a low gates spillway which may
alleviate silting without the necessity to deal with great overflows.
which might well be absorbed in a properly capable reservoir ? I do
not intend to answer this question; only to point out once again
this unsolved problem of the theory of dams. Great spillways
mean great losses of water. How long can we afford this ?

4-4 — ARTIFICIAL PRESTRESSING

We have already commented on the Bassevitch report broadening
the subject, already outlined by the same writer during the 4th
Congress, about the utilization of means other than jacks for
prestressing cables. Basseviteh deseribes several methods all directed
tewards the same objective. Te explains with more detail the injec-
tion between the main and the ecable anchorage sections and the
use between the main and the cable anchorage sections and the
use of the dam own weight by ingeniously arranged sections that
tilt under control.

The method most widely used up to this date is hidraulies jacks
Freyssinet type.

Ir does not deserve to go [urther on presiressed cable technology,
of which there is very complete information in various reports. lLet
us mention, as an example, P.I. Parker (R-44) for the detailed
description of various cases and the compared economical study of
the different aspects.
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The cables are normally composed of 1/5”° wires, in a number
depending on the load reached in prestressing, which may
vary from 70 mT as in Tansa dam (India), up to 1,400 mT in
the Howden dam (England). Parker sees no difficulties in obtaining
loads of 3.000 or 4.000 mT without variation of the present
anchoring and stressing procedures.

The diameter of the cable holes varies from 2 1/2°" for cables
of 70 m'T to 14" for cables of 1,400 mT. Special attention should
be paid to the consiruction of these holes, since it represents
one of the most important items of cost. Percussion may be used
for diameters up to 4 and depths of 60 m: larger dimensions
require rotary equipment. 4’7 diameter is for 200 mT cables, which
offer the bhest economic advantage of this method.

The stressing heads are normally built of concrete; the wires of
the cable supply the reinforcement. Also in some cases special
heads are used (Tansa). Toad distributing slabs should be arranged
between the heads and the dam. A sag tension normally between
15 and 20 %, should he taken into consideration when ecalculating
the prestressing.

The grouting of the holes is most important since it should
secure lthe permanent protection of the steel in order to avoid any
corrosion.  The modern use of cables composed of parallel wires
permits the inclusion of mortar between wires. This operation
must be watched very carefully, since also a second operation
will depend on 1it, namely an improvement in the quality of
the surrounding concrete in old and bad qualitv dams.

1I-5 - FARTH-FILL DAMS

We have seen that the main question in the heightening of
concrete dams is based on the following points : a) the joint between
the original and the new sections, b) the elastic problem derived
from the fact that the building of the added section is effected
while the original one is deformed. Conscquently the appraisal of
the heightening problem referring to earth-hll dams should be
considered with respect to the same questions.

When the materials are loose there is no difficulty in the joint.
If the balance is merelv based on the interparticle friction, there is
no reason why the solution of continuity marked by joint could be
detected (it is easy to take the necessary precautions to insure
the homogeneity of the adjoining materials so the ¢ statistical ”’
contact plane may disappear). The same is applicable when
the materials are very cohesive and their totally plastic behaviour
places them in a condition similar to that of non-cohesive materials
with regards to deformations. This is the case of clays in which the
deformations due to loads are not reversible.
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Since the problem. in both points a and b is basicallv a matter
of behaviour in deformations, the difficulties will inecrease
progressively as the material: to be used move apart from the ex-
treme mentioned conditions, which, in the last instance. coincide
i the point of their no reversibility. Further. and when comparing
the difficulties  with  those encountered in bonding between
concretes, many other variables <hould bhe considered, or at least
the difference in intensity by which the phyvsical-mechanieal
reaction of the materials is affected.  Such are compacting. age.
weathering, hveroscopic stalus, ete., which are conditions of
the material very difficult to reproduce or. at least. of no casv
control when artificially duplicated.

Since the two extremes which limit, to physical-mechanical
effects, the whole range of soil materials are suitable for bonding.
there is no apparent reason why the same should not be the case
for medium (lean plastic) soils, least of all if the Tow tixotropie
senxivity of the materials is taken into account. The difficulty i< not
theoretical but practical.

The conclusion reached ix that in earth dams the problem of
the joint is more difficult that in hard dams, if physical-mechanical
homogeneity and continuity are desired.

The material normally used in the nucleus is pure clav. The
heightening should be effected with the same material for -ake
of the function of impermeability which it should supply. Plasticity
will insure the mechanical behaviour of the joint whilst imper-
meability can be guaranteed by the condition that the widih should
be at least twice the maximum water nead. [C.R. Seott R-92].

In the main section of the dam the most frequent solution i to
avoid the problem of obtaining a homogeneity between the existing
material and the one incorporated, taking advantage of the stability
through deformations of clearlv grannlar and non-cohesive materials,
This type of material is the one used in heightenings, thus avoiding
any danger of bearing loss because of an eventual deformation of the
supporting section.  In the four cases presented, Schwammenauel
dam (Germany, F.R.) JIL. Press R-37, Torre del Aguila (Spain)
[C. Conradi R-17]). and Alama Gordo and Pine View (L.S.A))
[C.J. Hoffman R-91] ¢lean granular materials were u<ed in the
heightening.

In general it would be senseless to consider the state of déforma-
tion in earth dams. To the exient that cohesion is not taken into
consideration, the earth dams do not offer a plastic behaviour:
hesides the deformations are neither reversible and for this reason
the problem of eventual blocking of stresses in the heightening does
not arise. All this, of course, without any positivness, since the
concepts of elasticity and plasticity are only verv relative ones in
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soils in which the mechanical behaviour corresponds to an interme-
diate stage between these two conditions, and which is further
influenced by other phenomena of more difficult theoretical control,
such as pore pressure and, in the whole, characteristic tixotropy.
Consequently, the difference we have outlined only exists as sharply
as we have established, in the extreme cases in which there is
absolutely no cohesion or in the presence of a totally plastic
condition.

For the above reasons the stability of the whole structure should
be checked in the same way as for a zoned dam, since the of the
heightening {ill alwavs constitutes a zone, even when the existing
dam is a homogeneous one. There is no point in abandoning
our line with the considerations which would justify that this
checking on stability should continue to be effected by means of
the trial line method in successive readjustments. Obviously
checking should be also done in the joint plane between the old
filling and the addition, which. in some cases, may be a specially
weak surface; we have already stated that a special element to insure
the necessary friction will be necessary.

The main disadvantage of this method springs from its cost.
Homogeneous dams are built in that way because granular materials
are scarce in site or very expensive to exploit. A heightening
effected in accordance with the outlined scheme will therefore be
expensive in those cases. As an example we see that the cost
of the Torre del Aguila heightening was 49 9, higher than
the estimate in a previous design, in which it was proposed to use
the same materials which formed the body of the dam. The decision
10 follow the new design was taken in view of the difficulty 10 obtain
a bonding with the old soils. These appeared very cecmented, which
is obviously due to their high calcium carbonate content (60 9%).

The report on the Montgomery dam presented by G.W. Scott
(U.S.A.), deals with a tvpe of dam built with rock fill and with
waterproof screen made of bituminous concrete. This type of dam
was selected in view of the greater heightening facility. There is
no doubt that a perfect bonding shall be achieved as much at
the rock fill joint as at the bituminous concrete screen.

Mingesetchaoursck dam studied by .. Bossovsky (U.S.S.R.) is
a special case, since the increase in height was decided during
canstruction, and therefore the problems of bonding we have
referred to were not present. This is a very interesting case
constituting a reversal 1o the hydraulic fill method out of use during
the last years, perhaps not so much on account of the accidents
it caused at a time, as by the rapid development of earth moving
and consolidating equipment. Tt might be possible that if the efforts
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devoted during the last years by the Soil Mechanies to the studv
of mechanical compacting should have been directed toward
hvdraulic-fill, this would now be in a more advantageous position.
The careful control during construction, allowed in the case studied
by I.. Bossovsky. to check step by step the safety facior of the
structure,  This wax found to be higher than what had been
estimated, a fact which decided 1he increazing of the height of the
dam. From the data presented we may deduce that the tixotropic
sensitivity was high. at least before the final consolidation; this
could he one of the ohjections against hvdraulic fill, and also
and very especially the possibility of a sediment of the sand below
the eritical density, which would result in a work very sensitive
to dvnamic effects,  This question has deserved careful attention
in the dam of Mingesetchaoursk. located in a seismie region. and
by use of little known techniques it was possible 10 determine the
sensitivity to dynamic action. It is possible that amongst the
developments which modern Soil Mechanies may contribute to
the uce of hvdraulic fill, the means may be found 10 use deep
vibrators during construction to improve the density and stability
of candy soild.

IT-o  SUMMARY AND CONCLUSTONS

Vore water

1) Dam construction Keeps going at an ever inereasing rate the
world over.  Nothing permits to think the peak has been attained.
It is presumable. in high developed countries, that within a <hort
delay some of the objectives leading dam  conztruction can be
achieved. Such is the case for flood control. navigation, riverbed,
relocation or even irrigation that shall reach its limit because of
lack of land worth of reclamation.

Powerwise the matter is prezently subject 1o full discussion in
face of the nuclear energy possibilities, 1t seems. however, that
opinions agree that nuclear energy development will depend upon
water resources.  Nuclear plants require tremendous supplies of
water.  Besides and in spite of the reported improvements of the
nuclear plants towards a better adaptability to satisfy the load
factor. it is generally aceepted that hvdropower is bound to provide
for the demand peaks.

Water supply both for human and industrisl consumption has
not a foreseeable limit. Construction of reservoirs has to be
continued and even intensified in view of the rapid demographic
and industrial increase. It is estimated that the world population
will be doubled within the next forty vears.
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Limited stites

2) In view of these pressing demands an integral utilization of
the available water should be undertaken. As the capacity of sites
with topographic and geologic conditions suitable for new reservoirs
doesn’t meet the storage requirements, it becomes imperative :

a) To undertake a revision of all existing dams up to the
total utilization of the site (heightening of dams).

b) To plan construction of new dams for the exhaustive
utilization of natural resources (construction bv stages).
improvement of natural conditions

3) When crealing a reservoir man limits his action as to plug
the basin created by nature. The diminishing availability of almost
complete natural reservoirs leads to an increasing man-made com-
plement of nature. Impermeability and bearing requirements implie
the correction of soils for abutments and foundations. Scarcity also
compels construction on seismic zones and carstic soils which years
ago whould have been discarded.

All this must be considered for an exhaustive utilization. This
also applies when planning the heightening of existing dams (in
many dams the height was limited by geological condition which
would not support a larger structure or would not permit the
utilization of the reservoir from certain elevation up).

Hidraulic potential

4) The value of water increases with altitude. It improves
the control of the field of necessity. The ideal solution would be
to count with reservoirs capable to regulate all hydraulic resources
in conjunction with Jdemand, at the same altitude of the sources.
This is in fact the maximum potential of utilization.

It would be interesting to have statistical data about the rate
of hydraulic development towards that goal. A reservoir reduces
the hydraulic entropy. It would be easy 1o establish a rule to
determine the maximum entropy. It could refer to total volumes
or to not regulated flows. The latter would impart the factor a
Liigher practical quality,

Here we refer to regulating reservoirs and not to those which
merely act providing head for power; in these the water is a
structural element creating a discontinuity in the water level grade
without alteration of the hydraulic potential,

Heightening's efficiency

5) The capacity of the reservoir increases as a potential function
with an exponent higher than one with respect to its height. There
are many factors, however, intervening against this advantage
in volume. Such are :

a) Evaporation, a function of the surface, b) Permeability of the
soil influenced by the water load, ¢) Silting and d) Efficiency of
the regulation that is occuppancy factor of the reservoir, which
will decrease as the storage volume increases.
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6) Integral utilization, most imperative to mankind, is not,
therefore, a mere structural problem. Hydrology, geology,
climatology and finally a thorough large scope economic planning
should ail be considered when establishing a policy. Coordination
of the various demands of water will be the decisive factor.
Everything leads to believe that the freedom of action of the user
and the designer of dams will be restricted and subject to the
requirements of common wellare.

Elastic emergy storage

7) The problem of a dam cannot be considered as an abstract
proposition. A maximum utilization of the natural resources
should be aimed at — we repeat — regarding the dam as a com-
plement to nature in the creation of the reservoir. When
heightening, furtherwise, the remaining resources of nature should
also be utilized, as well as the unexploited pessibilities of the
original structure.

A margin of stability can frequently be found in existing dams.
It is certain in an absolute wav and very often true to practical
effects, that an availuble elastic resistance margin is present in
the existing structure. A concenirated localization of the maximum
stresses and the small working siresses to which the material is
subject in the classic types of dams. allow at least in certain zones
for further loading without going bevond the acceptable working
stresses. In this aspect the structure of the existing dam acts as an
storage of elastic energy which must be used 1o increase the bearing
function.

Structural comparison of the heightening

8) The structural problems of heightening offer some advantages
when compared to those of a new dam. The existing dam always
implies a basis of geometrical regularization of the natural contour
of the gorge. At least the homogeinity of its materials is
another favourable condition for a better distribution of loads over
the foundations. The basic difficulties are to be found in the
following : a) Delormation status of the sirueture over which
construction is to be done. b) The joint and especially the
bonding. ¢) Enlargement of the foundation. d) Suitable adaptation
of appurtenant works (spillway, stilling devices, valves, drainage,
ete.).

Heightening technique

9) Using present techniques, with their possibilities to control
the temperature of setting, the shrinkage of concrete, grouting
and ‘‘ prepackt ”’ concrete, the bonding of the joint can be safely
undertaken. This can be further improved by such precauvtions
as the use of keys and by designing the joint following isostatics
lines. However, postmonolithie construction appears as the
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advisable solution, since apart from eliminating the problems of
control in the joint present in other cases, it solves the elastic
problem of blocking of stresses that occurs if construction and
bonding are done simultaneously on a deformed structure.

Stressed cables

10) The use of prestressed cables permits the utilization in
the heightening of the resources of stability and elastic energy
remaining in the primitive structure and also in the foundation. By
this means new structures may be added to the original dam, such
as spillway piers and even the heightening body itself. Using
prestressed anchoring that incorporates the weight of the whole
affected section to the structure, the ground can participate in the
structural balance as actual weight,

There are also many ingenious devices which permit an
improvement in the ground bearing conditions and those of the
structural loads to which it is subject.

Objection to stressed cables

iI1) However, the use of prestressed cables, although solving
many acute problems, would seem an emergency solution rather
than a permanent one. In a dam, durability should mean
perpetuity.

Dam construction has been bypassing conventional reinforced
concrete. In general a certain dislike has been manifest to the
inclusion of steel. The dam which complements and is incorporated
1o nature seems to require a rocky and inert existence. We cannot
claim to be categorical in these affirmations, but obviously it is
still a long way to a complete knowledge of the ** biological ™’
behaviour of great masses of concrete. Also, it would involve
some risk to depend on metallic materials and mechanisms exposed
in places of difficult access, 1o natural destruetive agents.

Eventual prestressing

12) Creeping of the prestressed cables occurs as a consequence
of the yielding of steel, but to a higher degree, as a consequence
of the plastic hehaviour of concrete subject to permanent loads,
However, the elastic conditions of concrete under instantaneous
loads improve with age. From all this it would seem advantageous
the use of prestressing devices in a general manner, or limited
to some zones of the profile, so that they would onlv act under
those load conditions statisticallv less frequent and shorter.

It is easy to imagine svstems which would stress the cables
at critical moments such as those corresponding to the maximum
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load, overloads caused by flowing overhead or even at the emptying
of the reservoir. A mechanism such as hydraulic accumulators
could be used to bring about the prestressing of cables at the
required moment. This would correspond to an *‘ opening of the
gates”’ of elastic energy stored in the dam for nse in emergency
cases. The incidental overstressing conditioned to the appearance
of ephemeral exira loads, suits the specific characteristics of the
materials.  The objections to mechanicism for sake of everlasting
dependability persist and need to be emphasized in this speculative
survey of solutions.

13) In spite of the previous objections, any system is valid
in heightenings.  The problem is preconditioned by the existing
structure.  The solution must necessarily be casuvistie, and all
procedures are good if the function is achieved.

Construction by stages

14) Tn construection by stages we enjov a larger degree of freedom
and the field is wider.  Without restriction to ingenuity it should
be endeavoured to restrain design to a formalistic theory.

It seems that presiressing is able to become an important aid
towards reduction of construction costs during the provisional
stages, providing reduced profiles to compensate the excess in
foundation.

Monclithism should be accepted with all kinds of reservations.
The suitable placing of the joint in zones of minimum shearing
effective stress obviales or minimizes the bonding problem. 1
impermeability of the horizontal joints could be casilv attained
the number of satisfying types of structures  composed by
independent sections would increase.

The advantage of postmonolithic construction, with complete
development of the possibilities 1o use interaction between the
various structural bodies. in order to ereate a favourable stress
distribution both in the foundation and in the structure. results
obvious.

The reduction in the -ize of the blocks towards an actual
pelilithism would offer great advantages with regards 1o the degree
of general isostasyv of the =tructure, which has to increase 10 meel
the requirements of adaptability to unreliable or heterogeneous
foundations.

Concrete for hydraulic use should be prestressed. Tt appears
that a technique for the creation of these presiressing with or
without the use of cables, will develop within the foresseable future.
This technique might be extended for application to foundations
to improve its hvdraulic and bearing conditions.
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The title of the question under discussion is but a version. or at
least a technologically limited fraction of a wider one on which it
will be imperative to focus atiention. This is the integral ntiliza-
tion of the water resources and the means 1o achieve it. that is.
large dams,

In order to determine the objectives. it will become enforced
1o oblain statistical data in order to establish a correlation between
human needs, both demographic and industrial. and the availability
of water and suitable <ites for dam construction.  In the ahsence
of accurate figures we can =<till anticipate the conelusion that
fatally imposes :

ay A coordination poliey for the vee of water.  This i~ casily
attainable since only ~simple geometrical conditions (head discharge)
are necessary to satisfy the various demanding calls,  The theory
of the reservoir and that of itx multiple and integral utilization
~hould be developed.  Many points have already been ~tudied and a
simple compitation would prove u<eful and effective,

b) A poliey of svstematic prospection of sites and exhaustive
utilization of the vailable ones.

The industrial civilization 1o which we belong, humanity itsell
were born at the riverside. Civilization has been transmitied
through the seax, and it mav be possible that in the future even
man’s subsistence will come from sea. However. man’s < habitat ™
is the continent and on it civilization has progressed and will
continue 1o progress dependent on the availability of water. (Tt is
curious to observe through History the luvial, maritime or con-
tinental - reaction of various civilization=. in connection with their
challenge to expansion).

Dams to control the water required by mankind will inecrease
in size every dav and will become actual macrostructures, In less
than forty vears the maximum height reached by w dam, which
was 100 meters in 19200 has risen to nearly 300 meterz.  Technoloo
has gone bevond acceptable extrapolations {from the starting point.
The same has oceurred to modulus of all kinds. A general revision
appears imperative especially of the theory on which the <irateeic
approach to the new problems should be ha<ed.
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JI-6 - - RESUME ET CONCLUSIONS

L ean

I. - Le ryvthme de construction des barrages va croissant dans
le monde entier. Il est possible que, dans des pays tres développés,
certains des objectifs qu’elle poursuit se voient bientot satisfaits. 11
peat en étre ainsi pour le contrdle des crues, la correction physio-
graphique des lits des cours d’eau, la navigation fluviale et méme
Iirrigation faute de terrains cultivables.

Pour ce qui est de I'énergie. le théme est en discussion en face
de énergie nucléaire. Il semble que les conelusions concordent sur
le fait que le développement de cette dernicre dépendra en grande
partie des disponibilités hydrauliques. Les installations nucléaires
exigent des débits énormes d'eau traitée. De plus, malgré les
erands progres que Uon enregistre dans "amélioration du coeffi-
cient de variation de charge des installations nucléaires, il semble
qu'il faille tendre vers Putilisation de I'¢nergie hydro-électrique
pour satisfaire les pointes de consommations,

L approvisionnement en eau. tant i Pusage de 'homme qu’a
celui des industries n"a pas de limitation en vue. L’aménagement
de retenues doit se poursuivre et sintensificr en fonction de la
croissance démographique et industrielle aceélérée de humanite
on sattend 2 ee que la population do monde double dans les
40 prochaines annérs.

Nonmtbre limité des emplacements

2. - Devant de telles exigences, il faut arriver a Dutilisation
intégrale de I'eaw disponible. Comme les ressources topographiques
et géologiques qui permettent la construction de réservoirs, sont
plus faibles que les exigences de Pemmagasinage, il s’impose

a) de réformer toutes les relenues existantes jusqu’a leur
utilization intégrale (surélévation de barrages) ;

b) de planifier la construction des nouveaux barrages en vue de
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tirer parti de maniére exhaustive des possibilités naturelles
(construction par étapes).

Amélioration des conditions naturelles

3. — Pour créer une retenue, 'homme se limile & construire
un barrage qui serve de bouchon au vase eréé par la nature elle-
méme. A la raréfaction des sites utilisables comme retenue, cor-
respond une intervention accrue de 'homme pour suppléer la
nature. Les exigences de Uimperiacabilité et de la résistance
conduisent a la correction des sols et au traitement mécanique des
appuis et des fondations. De méme la rareté des sites oblige a
construire dans des zones sismiques ou danz des terrains karstiques
que 1'on aurait antérieurement écartés.

Tout cela doit étre considéré dans Dutilisation intéerale et
comple déja dans I’étude des surélévations des retenues existantes.
Nombreux sont en effet les barrages dont la hauteur a été limitée
pour des raisons géologiques qui s’opposaient a la construction

{d’un ouvrage plus grand ou a 'utilisation du réservoir an-dessus
d’une certaine cote.

Potentiel hydraulique

4. --- La valeur de I'eau croit avee 'altitude. La hauteur permet
de dominer le champ des besoins. I'idéal serait de disposer des
réservoirs capables de régularizer toutes les ressources hvdrauliques
suivant les exigences de la demande, o 'altitude méme des sources.
’est en définitive, le potentiel maximum d’utilisation.

Il serait intéressant de disposer de données statistiques sur le
rythme du développement hvdraulique avee cet objectif en vue.
Une retenue diminue 'entropie hydraulique. Il sera facile d’établir
un critere pour déterminer lentropie maxima. On pourrait se
référer soit & des volumes totaux, soit a des débits non régularisés,
cetie derniere ¢ventualité donnant une meillenre qualité pratique
au coefficient.

Nous voulons parler des réservoirs régulateurs et non de réser-
voirs (ui interposés sur un cours d’eau, n’ont d’autre objet que de
créer une chute en vue de recueilliv de énergic. 1. eau joue
ici comme ¢lément structural en eréant une discontinuité dans la
ligne de pente sans altération du potentiel hvdraulique,
Rendement de Uaccroissement des retenues

5. - La capacité d’une retenue augmente plus que linéairement
en fonction de sa hauteur, mais plusieurs facteurs interviennent
i 1’enconire de cet accroissement de rendement volumétrique. Ce
sont

a) I’évaporation proportionnelle a la surface;

b) la perméabilité du terrain, fonction de la charge d’eau;
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¢) 'envasement et

d) le rendement de la régularisation, c¢’est-a-dire le pourcentage
d’occupation du réservoir eréé, qui diminue a mesure que
volume augmente.

Vision d'ensemble

6. - On ne peut réduire par conséquent 'utilisation intégrale,
qui est impérative pour I’humanité a un simple probleme de
constructeurs. L’hydrologie, la géologie, la physiographie, la
climatologte et, en dernicre instance, une planification économique
d’ordre supcrieur, doivent intervenir dans la fixation d’une poli-
tique. C'est la coordination des diverses demandes en ressources
bydrauliques qui décidera; mais tout laisse a penser que la liberté
d’action de 'usager et du projeteur des barrages, dont le champ
d’action est malgré tont plus réduit, se trouvera restreinte par
"obligation de s’assujetlir aux exigences du bien commun.

7. — Le probleme du barrage ne peut pas se poser dans
{’abstrait. 1l faut arriver a s’ajuster au maximum aux ressources
naturelles, le barrage apparaissant comme un complément a la
nature pour créer le réservoir. Dans une surélévation, il faut ticher
de tirer parti, non seulement des possibilités naturelles rémanentes,
mais aussi des ressources inexploitées de la structure antérieure.

Mise en valeur des réserves structurales

Il est fréquent de trouver, en des barrages déja construits, une
marge de stabilité. On est absolument assuré et souvent pratique-
ment certain que la structure existante présente une marge élastique
utilisable. La localisation des fatigues maxima et les faibles taux
de travail auxquels est soumis le matériau dans les barrages de
type c¢lastique, permetient, au moins dans certaines zones, de
nouvelles contraintes sans que solent dépassés les taux de travail
acceptables. La structure du barrage existant se présente i ce
point de vue comme un réservoir d’énergie élastique que ['on
doit utiliser pour 'accroissement de sa fonction résistante.

Compuraison structurale de la surélévation

8. — Le probleme structural de la surélévation présente des
avanlages sur celui du barrage nouveau. Le barrage existant est
toujours un commencement de régularisation géométrique du
contour naturel du site. Moins son matériau est homogene, plus
les circonstances sont favorables & une meilleure répartition de la
charge sur la fondation. les difficultés résident dans les points
suivants

a) Détat de déformation de la structnre sur laquelle il s agit de

construire;
b) le joint et en particulier sa soudure;

¢) augmentation des fondations;
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d) Dadaptation des installations auxiliaires (déversoir. amor-
tisseur d'énergie. vannes de fond, etc.).

Technique de surélévation

9. — lLa technique actuelle, compte tenu de ses possibilités
d’action sur la chaleur de prise, le retrait, les injections. peut
s’attaquer avee sécurité au probléeme de la soudure du joint. Cette
séeurité est accrue par des précautions telles que tenons, agrafes et
dessin du joint suivant les lignes isostatiques. Toutefois. la cons-
truction postmonolithique semble a conseiller, car en sus d’éliminer
les problemes que pose le joint. elle résout le probleme élastique
de blocage deés contraintes quand on construit et soude simultané-
ment sur un =tructore déformée,

Les eables tendus

10. -~ L’emploi de e¢ables tendus permet a la surélévation
d"exploiter les ressources de stabilité et d’énergie ¢lastique réma-
nente de la structure primitive ainsi que de la fondation elle-méme.
Ils permettent de fixer sur le barrage primitif des structures nou-
velles comme des piles de déversoir ou la surélévation elle-méme.

De méme ils permettent de faire participer a I'équilibre strue-
taral le terrain lui-méme et d’incorporer a Nouvrage le poids de
toute la zone influencée par ancrage.

Plusicurs dispositifs ingénieux permettent aussi dagir. en les
améliorant. sur les conditions de résistance du terrain ou ~ur la
résultante des charges strueturales,

Objection aux eables tendus

. Teutefois. emploi de edbles tendus, qui résout beau-
coup de problemes difficiles. semble mieux adapté a une inter-
venlion chirurgicale sur la structure qu'd une transformation per-
manente, Pour barrage. la permanence doit étre a pérennité.

[.a construction des barrages a écarté peu & peu le béton arme
conventionnel. et manifeste en géncéral une certaine répugnance a
toute intromission Jdu mdétal et des mécanismes. Par un effet
de mimdétisme. le barrage qui compleéte Ja nature et 'v incorpore.
semble exiger une existence pétrifice et inerte. Nous ne pouvon-
prétendre mellre en avant ces affirmations, mais il n'v a pas de
doute que le chemin est encore long pour arriver a dominer [l
comportement « biologique » du béton en grandes masses, et qu’il
est risqué au surplus de dépendre de matériaux métalliques et de
mécanismes exposés aux agents destructeurs naturels en des endroits
d’acces difficile.

12. — Le relachement de la tension des cables est conséquence
du fluage de 'acier lui-méme, mais dans une plus grande mesure
de celui du béton sous les charges permanentes.
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Néanmoins, le béton améliore avec 1’age sa condition élastique
en présence de charges instantanées. De la parait découler qu’il
convient d’employer des dispositifs de précontrainte, généralisés
ou limités 2 des zones déterminées du profil, entrant en jeu uni-
quement dans des conditions de charge statistiquement moins
fréquentes et plus courtes.

La précontrainte occasionnelle

On peut facilement imaginer des systéemes qui feraient fonction-
ner les cibles exclusivement dans les moments critiques, par
exemple sous la charge maxima. sous la surcharge due a I’élévation
de la lame déversante ou méme lors de la vidange de la retenue.
Pour metire les cibles en tension au moment voulu on pourrait
employer des accumulateurs hydrauliques ou tout autre mécanisme.
Cela correspondrait a ouvrir les vannes de 1’énergie élastique
emmagasinée dans le barrage pour étre employée en cas d’urgence.
La surtension occasionnelle, conditionnée par l’apparition d’une
surcharge extraordinaire et éphémeére, s’ajuste parfaitement aux
propriétés spécifiques des matériaux. Les objections contre les
mécanismes pour des raisons de longévité subsistent et s’accen-
tuent dans cette pure exploration spéculative.

13. — En dépit des objections ci-dessus, tout systéme est
valable pour la surélévation : le probléme est préconditionné par
I’ouvrage existant. La solution doit étre forcément casuistique et
tout procédé est bon si la fonction est remplie.

14. — Pour la construction par étapes, le degré de liberté est
plus grand et le champ plus étendu. Sans restreindre l’invention,
il faut centrer le théme en systémes plus rigoristes. Il semble que
la précontrainte pourra constituer une aide importante pour
réduire la construction pendant les étapes de durée limitée. Elle
permettra le maintien de profils réduits en compensation de
I"exces de fondations.

Construction par étapes

Le monolithisme doit étre accepté avec toutes sortes de réserves.
La localisation des joints dans les zones ou Peffort ‘tangentiel est
minimum permet d’éviter ou de minimiser le probléme de la
soudure. Si ’on réussissait a rendre imperméables les joints hori-
zontaux, les types acceptables de structures composées de sections
indépendantes, se multiplieraient. La construction postmonolithique
convient évidemment, avec le développsment de la possibilité de
tirer parti de ’intéraction des divers éléments structuraux pour
créer une distribution favorable des contraintes aussi bien dans la
fondation que dans 1’ouvrage.

La réduction de la dimension des blocs jusqu’a 1’authentique

polylithisme procurera des avantages considérables en ce qui
concerne le degré d’isostatisme d’ensemble de ’ouvrage, qui devra
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augmenter en fonction de 1’adaptabilité a des terrains débiles ou
hétérogénes.

Le béton remplissant une fonction hydraulique doit étre pré-
contraint. J1 semble que la technique permettant avec ou sans
cables, d’obtenir cette précompression ne tardera pas a se déve-
lopper. Elle pourra s’étendre au terrain et a la fondation pour
améliorer leurs caractéristiques hydrauliques et mécaniques.

Le titre de la question que nous étudions n’est qu’un aspect
ou, du moins une fraction, strictement technologique d’une autre
question plus vaste sur laquelle il est nécessaire et pressant de
centrer Iattention. Il s’agit de ’exploitation intégrale des ressources
en eau, et des moyens pour y parvenir, c’est-a-dire des Grands
Barrages.

Pour rester objectifs, il est impératif d’organiser une infor-
mation statistique qui permette d’établir une corrélation entre
les besoins de I’humanité, tant démographiques qu’industriels, et
les disponibilités en eau et en emplacements convenant a la
construction de réservoirs. Sans attendre de précision quantitative,
on peut anticiper la conclusion qui s’impose fatalement :

a) Une politique de coordination des emplois de 1’eau, facile a
réaliser du fait que de simples conditions géométriques (hauteurs.
débits) sont requises pour satisfaire aux demandes d’origines
diverses. Il faut développer la théorie des retenues et de leur
exploitation multiple et conjuguée. Beaucoup de points sont
déja étudiés et une simple compilation sera utile et efficace;

b) Une politique de prospection systématique des sites et d’uti-
lisation exhaustive de ceux qui existent.

La civilisation industrielle a laquelle nous appartenons, 1’huma-
nité elle-méme, ont une origine fluviale. La civilisation s’est
transmise a travers les mers, qui assureront peut-étre dans le futur
la subsistance alimentaire, mais ’habitat de I’homme est le conti-
nent sur lequel la civilisation a progressé et progressera en fonction
dis disponibiltés en eau. (La constatation dans I’histoire, de la
réaction — fluviale, maritime ou continentale — des diverses civili-
sations, est curieuse, par contraste avec leur projection expansive).

Les barrages, pour contrdler I’eau dont 1’humanité a besoin,
devront étre chaque jour plus grands, macrostructures authen-
tiques. En moins de quarante ans, la hauteur maxima atteinte par
un barrage, qui était de 100 meétres dans les années 20, frise les
300 metres. Les ressources de la technique ont dépassé les extra-
polations acceptables, compte tenu des bases de départ. De méme,
les modules de tous ordres ont été dépassés. Une révision générale
parait obligatoire et, naturellement, celle de la théorie sur laquelle
devra s’appuyer la stratégie en face du probléme nouveau.
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TABLEAUX - NOTES EXPLICATIVES

l.es codes sont les suivants

- colonne "Type"

TE Terre

ER Enrochement

PG Poids

CB Contretforts

VA volte

MV Voldtes multiples

colonne "bhestination

1 Irrigation

H Hydroelectrique

I Défense contre les crues

N Navigation

3 Services de 1istribution d’eau
R Buts récréatifs

- colonne "Evacuateur de crue"

L Déversoir libre
\Y Deversoir avec vannes

La colonne "WRD/RMB" comporte les références du Registre Mondial des
Barrages, année d‘'édition et page correspondante.

si deux codifications sont rassemblées dans une méme colonne, la
premiére correspond au barrage d‘origine et la seconde au barrage
suréleve.

Dans la colonne de droite sont indiquées les publications de
référence ou observations disponibles.
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TABLES - EXPLANATORY NOTES

The keys are

- Under the heading "Type"

TE Earth

ER Rockfill
PG Gravity

cB Buttress
VA Arch

MV Multi-arch

- Under "Purpose"

Irrigation
Hydroelectric
Flood control

Z O m =

Navigation

w

; Water supply
R Recreational

- Under "Spillway type"

L Uncontrolled spillway
v Controlled spillway

The "WRD/RMB" column contains the reference to the World Register of

Dams, Edition Year and (page).
I1f two figures or symbols are in one column, the upper corresponds to

the initial dam and the lower to the heightened dam.

In the last column is included the bibliography references and

remarks if available.
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GURI DAM HEIGHTENING
Final Normal HW.

EL270

El272

Finat Crest €1.250.20 3

(Aeration Ramp)

ELL220 —

intermediate

1st Stage Normal —3 —_—
Hw. E|. 215 —i

Intermediate Stages
During Raising of Spiliway

Existing Crest E|.|95.20:L_

Existing

e TR Spiliway
Air Duct
0 20
— TYPICAL SECTION THROUGH SPILLWAY
Meters
Final Normai H.W.
~—El 272,0
E_EZ_LJOT T 1
1st Stage
Normal H.W.
E1 215,0—
=~ “
2 —__ExistingDam
/ . (Substage )
K X . 650 M.T. Cranes
8 B > .
‘n . < 1 148,0
Wiy D NormalMax. T.W.
Grout Curtamj” ]f‘ Drain Holes i OB V—: €l i28,0
I D &y =
£l 103,02\ L o _, 2

SECTION THROUGH RAISED DAM AND POWERHOUSE NO. 1

95



(61Z) | 866l ¥4 1| zsot! ost | g9 | a0 | ” 1i1s3yy
b — H m S3rvi sarvi, ——=
7861 | LO6!L ¢ 1| 66t g, 89 St od | ! lizvyg
(ZiZ) | 1est | s8L | A | w9z | gevt| 89 O/, ] i 3IND19138
UH3 3903110 v1| 3ddzN0 V1| s
%860 | 9/81 ¢ 1 €€l | 092 4% 9d | ' WN19o138
(902) 19961 | 89¢ 1 L6l 69 6€ i ans
S - H | od FNEERR
7860 | GTHL | 861 1 | Lgt £9 9¢ 33S431INdS i 3HOIY LNV
(902) S96L | 87 | 1| ¢St | vz | 62 o . VI¥LSNVY
: - R Hlod| N34V dHoN
%861 | GZ6l 0 1 ter o9z ¥4 33SY¥31NdS
"WYQ M3IN NI TIvm 301 (toZ) | 1461 | 00L7L! A 02ZL | 08S¢E S8 I 43 ‘L«‘A‘Lwaﬂq VIVONY,
SV A3SITNLN WVYQ ALIAVYO| vget 19€60] 0L | 1 | SLE (el 19 od ONVAM
(€60) 0961 | zeve | 11 s8L | 06 | g Wil |
s, | 9d 311700 ] NOLONITIIM
7961 | €E6L | ZE7L | 1 te 9z (014 5
(06L) | 166t | 6LOL} A | 9¢ vzl 92
S | od YN3I13IH| ONIYVANNK
vg6l | ZO6L | 088 | 1| (¢ 29 65
(v61)| 296t | 0zZoi| A | €L% | SOl 85 31IvHISOY
- - S | VA IVONI¥VAVYXNO | G108 INNOW —
786l  8E6L | 0ZOL| 1| Z0E | 0Ot %5 ¥ 1 IVYLSNY
1861 NI @3NOISN3IL 1SOd| (061)| ZZs6t| otz | 1 Z 8 0z |oly oq ¥3I3YD| ATNYI
6061 NI WSD d3SIvY| 7861 | 2681 é 3| £0 L St S ¥Nd 18N2
(T6L)| ZEBL | EEL A {6 | 66 9z 3
: i %o anave] A3nave
861 [ 716(] ¢ 3 vz | € 9t od
(761); 9961 | 1S9 A L7S | 86l (9
1TVYM H | VA| LIN3IMY3d HYV1D
Q3SS3YIS-34d AG Q3ISIVYH| 7861 (6761 | 996 | A | Ste | €6l (9
SNOILVANIERO (8/cw) | D} (gwu) [(gWeOh)! _ (W) lo|p
» o «|® » I | olm
SXuYRIY “ “ 3 B~ m mm s £ m m £ mm 7 | nv3,0 sunoo NON sAvd
IIndvueonaig : 2 m CIslX 2 | RIgImIEES m
AHIYHSOMEIE ®le|m™ m m mm g m m S|2 3 m waAIN INVYN ANINNOD
slo | m 3 -

NOIIDNYLISNOD V1 S34¥dVY INAI¥D NOILVAZTIIYNS/ NOILINYLISNOD 4314V QINNVId ONINILHOIIH
S3LXIW L3 NOL3E N3 S39VyYVE/ SWVQ 3LISOdWOD ANV 3I13YINOD

S39VHHVE 30 NOILVAIIIYNS / ONINILHOI3ZH WVQ 8912707031

96



STY/gy O|(LES) [ BLBL| OZ | A | UL | g7l | &Y
. H|od| vao¥nx| vaounx
SS3IYONOO Q100! ~WX| veet |€€61 | 92 | A | v | (v | € NOd VT
(869) | 0861 | 009 | A | €l | €91 | €9 5/ | NVdYT
—_— 3| od VANOL| IWYXVYMYH |
786t | 2961 | 078 K | |
(816) | 761 | 801 : : M #
_ : od | NNV ¥913dS
7861 | 8G6( | 95 1 u ~
(7ig) | tost | osg | 1 % !
_— . YN AMNEAS| A1130534d |
7861 | LE6I ¢ 1 €0 k | T._zwfumm
(916) jts6l | ¢ | 1 gzz |6 | 8 | | % IANVYO
. o . — H | 9d  HOINNYO| HOO¥VIINW| —r
€660 '1d3S "3D°1°00Md| v86L | 16l | ¢ | 1| ¢ ¢ | | | | . Niviiye
(60s)[8z6t | ez |1 [ev e | | | ] | Lv3yo
—_ . - S |9d]| AAYIW| HoivNdng
7861 | 9681 | & T ¢ 3 M ol
(Glg) | L9t 2z | 1 set | 0 TR
— S | 0d [MOOHE ¥ILNY WouY
ONINOISNIL-SOd A8 Q3SIvY| 986! ﬁ Zvel | st | 11590 | ¢ | wl n !
aET coue [ v weo [en D ogy | ’ rz% zom_<m, yors
— ! 30V 18
S1Y/870 SSIINOD Q1001 X .;WU ;Q ¢ | 17600 0L |zt ™ | ﬁ
T D A T — i Jl !
iy (6L7) 2: 1 981 | BZL | (g f
S14/870 SSIMONOD 01001~ X | 9t B 4_ i | og CLv3me ) 30|
18 4/020 SSIYONOD Q1021 ~'TA| »g6! W ng ; JT 69 Ly £t I *
ONINOISNIF150d Ag 435IV 08 Al 11 ol e T d,
S (g0 SaBONDD Qr001 x| (BL7) 798 09 U1 vt o -2 s edi amaunil  xnor
874/020 SSIHONOD 010D1-"IA| 7861 | 9061 | 03 | 1|80 | 8 | g I “ ﬂ
T = —— , —  IINVY4
(617)] 8761 | 0071 | A | v | ST 09 lwws og AVI3A, 3LLITVAVY
| 786t viet | ¢ 1) s Jﬁ é 62 | S| _ na NONSIT, utoN<Iu<:
(6L%) | czet | ose | 1| L |ty T o ?zﬁolzou:
e T H | 3snawd v !
7861 TNm. ¢ R vN H GE 9¢ oa, ) mmmzouw
Amhq: (761 noTIINOS |
L T lveeifols ;:}mw ° Tf )

97



R RCE-1 AVA- YIS -" Y2 1 tt 61l 7€ f ;
§G6L Ni W'z ; , V A [NOOHISHYZLS | IHOOdST44NE |
| 40ONISIVY ILVICIWEILNI| 7860 GEBL| 964 | 1 | & ot 62 | 7
, - !
€960 NI gzl (181 (696, 029 | 1 | sl 8y e mx& X3 18004508l
40 ONISIVY 31VIOINYIING 7861 « €E6L 1 029 | 1 | ¥ < 8t | T ]
(€G1) teel | 887! A | 62 0€e 7€ a AgAA31 INISVETY
7861 | ZS6L| 8571 L 1| 1z i (e Odt
699) | z860 | v 1] et | s | ez || NY
w : : s log| S92 o SIVEN avonLyod
ONISSINLSIHd AG Q3SIvY| 7861 | 796l | ¢ 1 80 i Tt 72 sO10d 2
(€s9) | Lz61]| ©§ 7] e81 | §z %4
S |Od| 3HINVLIIVM| JUINVLIVM 30NVI3Z
7860 | 016l 0% 11 Lo é 0z - 3T13ANON
(£69) 1 661 S€8 | T | L10 | ZT | &2 W vn | vavavonyi $11v4|ONVIVIZ M3N
786l | w6l | ¢ T 10 | T £2 NIYVIOW
(Z18) | 0861 07221 A | 8L 002 | L M o . 1SNov
- 14.N
7861 | GE6L | 00SL| A | 28 | 0oSt | 29 ! R3NVL VIV J0H VN
(Z19) | 696 | 0G4t 1 | (62 | 002 | 89 M, mw 1138 vazsNYY 13 OJJ0HON
%860 | Se6L| 008L| 1 | SEz | 260 | €9 I} 9d
€zu/0z ©|08S) | 8S6L| ¥08 | A | LE . BLL | % i | og Y10 YOO
SSIHONOD Q10D - IA] 78611 SE6L] 0OLS | A | 81 0t | €9 NOdV
(e8s) | w860 | S0t | 1| €¢ | 92 | s¢ NYdY(
S | 9d VO3NVYH ONVYUYN
vg6L | SE6L| 190 | 1 | L0 | &L £5
SNOILVANE$80 (s/gw) | 4@ (qwu) [(gWeOh)| (W) 1oy
» o | % X x ]
SAHYRIY “ “ z|= z z mm m glgl=|g9is 2 | nv3,q sanoo won sAvd
3IHdYEOONEIR P8 B & o 52 2 |E m m SRR
i o -
Angvusonais | | m m mm g m m » w 5 YAAI N INVYN ANLNNOD

NOILONYLISNOD V1 S3¥dV 3

NA3¥d NOILVAIIIUNS/ NOILONYISNOD HILIV OINNVId ONINILIHOI3H

SALXIW 13 NOL3€ N3 S39vHYvE/ SWVQ 3LISOdWOD QNV JLIHINQD

S39VHY¥VE 30 NOLLVA3TIIYUNS /7 ONINILHOIZK

NVa

8910/

370931

98



(7510) | 9961 | SGI A Y 114 s |l Y LZHA YRIZAO
7861 | LGBL| SGI [ 1| 10 ‘ gt z
B (est) [ 186t} 000t | 11 sl S67 | 8% =
s TISNALLILS | JOOTHSNALLAIS
7861 | %S6L | €96 | 1| § s | e od [0
766l NI G3NOISNI1 1SOd| (zo1) | wset | 187 [ 1| »¢ | 9g 9¢
8261 NI WglL - S | od| Sv¥AN3I3LS| SvdEN3ILS
40 ONISIVY 3LVIGIWY3LNI| 7861 | [ Z6L | ES 1€ LL | st
W,‘Il\ (su) | 626t | sot | 1|tz g8 [192 o | Lavava/anvs | any anvs
7861 | 5061 | st | 1| 80 | (L |S®(
L S S S ;
(est) @96t | 0zy | 1) ot [ e Jee [ 10
; SO0THGIT.
7860 { 2S61| 027 | 1| 9 Zt | oeg | ‘ 14004
" (zsu]eost | ov9 | A| ts | vt | 17 ﬂ
- , ; L] vA 31373rN ERERE Y
786l 1876l 079 | 1 | & | ¢ tr
T (esvloset| sczt| 1] 22 ﬁf; 7 |
i } | . {5 lod. NOHHVN NOOHWN
v861 | 9961 | 979 | 1| L | 65 | €8 | |
T (zs1)| ce6t] 9sez] 1] 09t | siv | es | ~ ] %xmoh
ﬁ od INV4(10
786l | 686l | OSWT v 802 | €z | 77 | | ans na
- Ov5 | OEBC 1 ) 80« S A N I S
(zs1) | 8961 | 058 | 1! 91 €€ 8¢ W ENVIECEL
_— ‘ ” 11 /vA|  SONVI3L0OdSAZIONT  —
| 786l ge6l] os8 | 1| zi st | et ﬁ V144V
- (sn) . tzel | ozm | 7 | v ezt | sz | g | : H1NOS
B _
S | . SR o B uﬁa Y3LSON3IY S 31ddON
V861 Sz61| ¢ 1|8 | 6l |
r — + N
(zsh essl | mzi| 1] Lt sz | . omm 2nONISHN .
‘No‘m,mqm_ i) 1 e ot 8l ,
(1G0) | 1L61| z2€z| A | 21T ﬂmo 65 val 31005085 "
7861 ST6(| zzez| 1| @91 | 89 | 68 H, ‘
T T Tush | e9st| oest| A tzv oc | v
i L |J.|l I | od| SINV4IT0! wynmmnvid
7861 Se60] ¢ | 119 | €5 | £
s e ; = : —]
(os0 [6tet| 8a | 1| z80 | 6L | SST | ¢ | og N -
| 7861 ,% LOBt b 2 1950 | 89 |szZ | ‘

99




786t | €0z [A/4] T 86 | stz 5 !
: { ﬁw NOIDVNHYING TVewHdvdss 13
Out6l {981 | 1| £t 8% | ST VA
Lgel | 009L] A | ¢z | OSE | 16 3NOVdS3
o4 | 3HOMIEIYIOTHNONNE 13 ey
£LA0ZO SSIAYONCD G101 1A ciet| 008 | A | O6L | 262 | I8 Nivds
8660|0592 A | w21 | (€2 | 86
9d 7IAVYN vHI00,
YE61 10002 A | 86 | €22 | 68 Svaloa
L960 ] 8Z9 | A | 7L | SEL | ML IMOHIVAYND
d NOYNL
tZ6L| 00Z | A | OE | OFt | OL 30 30N0D
986t 0 | V| €V 0s | s¢ i
- 9d | 01540dWVD] O1440dNVD
ELHAZ D SSIMONOD A1004 1A £88t| €L | 1| 62 é 62
£180Z & SSIHONOD 31021 1A 7661 [ Q081 | A (€ | 091 | 9Y
e , - . 9d Orvil 3INOHVIOH
£€-2 SSIHONOD Q71001 A 0161 ¢ 11 ‘ ¢ 9¢
8961 08 | A z 7 €
e od T1yyI03IE| 11883034
pE6t| 6 | 1} 80 | St | ST
6264 | 2ZL | 0 £ €1 62
£LH/0Z 0 . : od v13nst SNy
SSAYONOD UI0D! 1A 0Lt] ¢ |7 ( 3 sz
1g6t| 08 | A | 62Z | 98 67
- 9d YNIYOL vSY
R tzet! vzo | 1 9Tt | 09 rdd
9gst| 8y | 7 z ) sz
£14/020 : . oq JQNYES vonvWy
SSIHUONOD Q0D 1A 788t & 1 ¢ 2 61 VA
9861[0006Z| A | 08€(| 08€1| €9 DNSNG 3N0AY
9561 NI W9 40 m: ERN IVVA WVQTYYA e
ONISIVY FLVIATWHILNI se6L| L60S | 1 | o0ss | ovy | %S (2% ¥DI44Y HINOS
SNOILVANF §80 (1/gw) | BT gwy) [(eWOh ] (%1 1oy
» & <3 x x m
SauvnIY “ “ z|x mm mm a Bl 812181918 2 |ova,asunod NON savd
JHdvusonalg SloImia| 8 2 5% 2 4 m mlEEG] @
S m 32 |8 $i8i5|" ¥RAIY ANVYN AMLNNOD
AHdvNBOMIEIE 2 w mu > |k g *1%12

NOILINMLISNOD v G384V 3nA3™d NOILVAITIUNS/ NOILINYISNOD ¥3L3V

Q3NNY1d ONINIALHOIEH

SILXIW 13 NOL3Ig N3 S3IovHyvE/ SWVYD 31LISOdW0D QNV 313HINOD

S$3OVHYVE 30 NOILVAITIIYNS / ONINILHOIIH WVQ

8910/ 047021

100




(zee)jeest | s9 |11 1o |8 62 o
H | 9d | HOVENZTISN N31SNW
€7 ¥/650 SSIHONOD QIO -AX| EL6L (8061 | »¢ | 1| - € w
861 | 8¢ Tt g9l
. c86 0 N‘ m H | 9d HOVENIQTYLSO 181
£2 /650 SSIYONOD Q1001 - AX 16t 9 11 - |80 | so
Colegst ] ogt | V| 1o | vE | 8l 35SINS
‘ H [9d| SITH3S | ZLRLISIT3ddvH e
6 d9 SSIMONOD Q101 -AX el | o7 | 1] - i 0t ONVIYIZLMS
(Zes) (7261 | S8 118l gl 97 i oy lvrvs 00w -
£L60 [ 2160 | S 1] 0l £2 ans
(zze) | 276l | S LR -T2 5l
H | Od l0ONVIE 0OV™1 |QHON WNINY3g
€L61 | 6L | SS T g 4l
(€89)| 89611 09¢ | A | 00Zl| 0§ £ 31 303ns
H 3L437I3NS | SHOJONVHEN acheuali
ve6l (8260 ¢ | e | ¢ | ¢ | ¢z /8o NIOIMS
(98€) | £68L | 086 | 1 | 71 09 6% 5
s 11 9d | YNIHONT  DNMILINIICTVA
2961 | 508 | zi00 | 1 ¢ ¢ g N
(707 | 7861 | 007 | A | SUL | 621 | 99
1|94 WwINID vyN0D3011N
89M/g%0 SSRONOD Q1001 111X | 7861 | L9861 | 00 | A ¢ | 671 | 18
(56 ( K {
€) | L9601 02 | A | 9 4 2 | ylogl waon —
w86l €860 1 6.2 | 11 L | ot Lz
(60%) | 7461 | 9%2¢ | A | 8€% | (€7 | 16
— H|9d| wINID ONVIQIN
. 786l | 9961 | 000E | A | ZlE | ¢ 6L
£1H/020 SSIAONOD Q0D IA  (e8e) [ £w61 | £8C | VA 9L sh hy
7€61 NI W9 40 ONISIVY . , : . H | 9d 1LVl vigvyl
626INI W JO ONISlvy 786L | GZ6L | & | 1 ¢ ¢ o
(06} | G961 | Ol | A | 291 | 0OE% i9
82 ¥/L%70 SSIHONCDTI0DI 11X Sf14| 04 QVTEATVAVIOQIVTIFNTVAVNY
6 4/8E0 SSAMONOD Q1031 x | 7861 | 8T6L | 006 AL Ot GZ¢ 54 \u
[ ONISS3Y1S3dd AF Q3SIVY| (o) | £461 | 005 | A | 85 | 26 | 0§
89 4/87 O S | od| VD23IW OHONVS 13
r SSIAHONOD QIO UIX | 7861 | 296t 08¢l A I3 & 4%

101



w (EZE) | GZT6I | LEOS | A S0l 87 8Z m\
€L61 | 9761 T . A B 0z o H 9d| MH0J AINVYD | STIVH IVINOD
(8Z%) | 181 0SSZ | A €Tt LS S'lS
S | VA ZINAVINVS |
7861 | 0Z61 068 1 1ot 97 £7 v ¥VLIvHEIo
9z%) | LT6L St A ¢ ¢ [ X4
( ) " H 19d! VEMYIVI | X33 ONIMSIY]
7861 | 9161 [4 1 é A 781
. 0761 8¢t 1 4 ¢ Ll m\
- VAl 3INId LN 3SI8dHIINT
9261t ¢ =] s ¢ st 1
wenh (st | ¢ | A | ¢ ¢ | 8wz SINA-Sivi3
—_— - H | 9d VYEMVLVYD VYEMVIVI ‘v'sn
7861 | 7061 é hi é é L
A G9E | S09 | 15 P/ |od
(Z77) | Y861 LIES 9 u\ NOLSTOH INOOS
7861 | ZS61 | §S9S | A 0zZ¢e 08s 87 H| 7 31
LI6 17s A ot A 0§
—_— ] H | 9d M3340 919 | € MI3¥D 918
ALY I 1 é é 8¢
. L161 17S A 01t é 9¢
é €161 L 1 2 2 vz H | 9d| 3382918 | Z X334D 918
LIGY 176 A 0l é 4}
B 2 - - H |9d| X334) 9i9 | ¥33¥2 918
el6l [ 1 é ¢ 07
(90¢) | ZLst 0s1 é LEY 0zz S9 m\ ns NSHO 31ndyNL
- N /1 9d ANSHOd A d ———
7861 | 8761 - ¢ 171 LL 77 \— AINynt
(€26) zs61 | 98 | A | 6€S | 9¢ | Lz 3sSI0S
H | 9d SSO04 vy0Id —_—
€L61 | 0Z61 é A R4 3 ¢ 0l ONVINIZZIMS
SNOILVANZ 880 N e/ew) i Q1 (g4 ) [(g¥eOh | %7 To iy
SHuUYNIY | @ “ z < m m um M w m z m 4 m < | nv3,a sunoo nowM sAvd
amavusonate [T~z m C g% z mlEIEIS 2
anavueonaie | 1S 1" n £ 3 g s|gi3|" ¥IAI Y ANVYN AMLNNOD
3 w AR 3 all

NOILONYISNOD V1 SIULV 3NAINd zo_.—<>w.._m~3w\zo:,uzm»mZOu 4314V Q3INNVId ONIN3LHOI3H
S3IIXIN 13 NOL38 N3 S3ovyyvd \mz<o 311SOdW02 OGNV 313HINOD

S39vVHYVE 30 NOILVAITIIYNS 7/ ONINILHOIIH WVQ 8910/4Q7021

102




3 L ! A
4 |
. P R —
|
(SZ¢) [ s86L( Osvz| 11 0z | 700 | ¢4 s laol  amwvass m;ﬁmu%
$318VD A8 03SS3UISINA| ¥861 | LS6L| 009Z| 1| S5t | 6% | o _
(cze) | 196t oﬁL 1] se | 91 | | 3mavaniz
$318Y) 03SAYLSINd te _
1| va 202ZYW 30ZYNW
A8 GINBHIONZYULS SINIWINGY | %86l | 026 & | 1| z2 | 9t | v¢ B
8z6( 0us8 | 11999 | ¢ | g9z |
—_— ¢ : H | od |[¥S00dY11vL S3LVA
zost ! ¢ 1) w2l ¢ |zu
S A I N T I L TR OTTMISTIVA MOTTIM
¢ v MOTTIMISTTVA M
et ¢ | ¢ | g0 | ¢ SD H
€861 | 966 | 1| S00 | ¢ | €81
_ ‘ : s B w3Rovoven|  vovaan
SS6L| 8L | 1] €00 | ¢ | gal |
O€6L | 0788 | A | S22 | Sil | 68l co0ar] ﬁ,
—_— ; H 1od | vSOOdVIIVL  MOTNAHL
“ leest! ¢ |11 6 AR
(897) | 0861 | %67 | A | @8E | (91 (e W
_ a L H | 83 36 NOWOTOS| 3%V NOWO 105
v 9860 0€6i | ¢ | ¢ é ¢ S VA k
8L60 | 00L7 | A | 78t ¢ 6l ]
é o e : H | od Qo8 | SIVOHS ¥Yvd
| T lwmwetjoess | 1] sz | ¢ | su M
®ie) | ec60| 9mve | A | €2 | ov | cez ﬁ
SZ6l NI % Y/ 1 od | AMDAHDMON | AMDNHDITON
ONISIVY 3LVIGIWYILINI| €260 €16l ¢ | 1| < ¢ | gu | H |
(927) | B8l o] A | Gze | ¢ | s6€ | [, vS009 v
7860 [ 7161 & A | sLL & v9z | L

103



Zv6)1| 68 |[N/q] 1t 6 os Wil
M.NWMV_ Y e e R : H|AW| VUNIN3A ‘M.wz<w>
9261 ¢ é é ¢ ¢ FIRE 2N
(ogg) (2261 €¢ R 9 €€ oz —
- 4{4 ] H | 43| 343dWVID ON1AY.Q ATV
¥861fc 61| & | ¢ ‘ ¢ ¢ 09v1
1261 ss€ | A | 91 €s | 92
0ss) IR H |l eda| viosuv 09v13002
¥86112 61 é ¢ é é ¢
——t— o R 1 1 -
) 1261 1% [ L20 ¢ 12
(05 8) — 1 | 94| ONNAVAYED | wNITT3IWOD
9681| ¢ ¢ é é ¢
zei| ooe | A | 662 | 6§ ov
(oss) | £ Ml oq| 3LN3oMOs | FZIAVD
vs61| ‘ ‘ ‘ ‘ . o9v1
I il Alooos|svs | €6 |H/ 31dA93
(825) | 6561006 1Foq 37N I NVYMSY —
¥861i2061| ¢ | ¢ ¢ |oog | e | I | o4 14493
.
- 94| 3IVS 4vS | svz3Iauvz
v86llever| ¢ | ¢ ¢ é i
[ u —
¢ |0061| A| &2 09 sy
(691) % 1L AW g0SH 805
v861|6C61 é ¢ I3 ¢ 13
sce6tlooozl 17| 95 |oz2e | o9
691) : 5/1] w3 YNIW vagvHyvg | 31830V
vesi} ¢ 2 2 ¢ é vid391v
(691)|S€61| 08 | v v Lg
Y — : 1 | 9¢| vHNINIW SV4HNIHD
z881) ¢ ¢ 3 & ¢
9 [SE61[08L | A | 12 02 £s
ve6 ! . T - 1 | 9d|3HOVivENY ZIWVH
8 6.81 [ [ [ ¢ ¢
SNOILVANISEO » IR E RN GCEUIENAL 2
» ~
Snvwway | 2 “ z| < mm g g |2 2 m : ma 2| nva,asunon MON sivd
I NAYEBOITEIS ololm >l 25 mm 2 m .m. m|& um N
» = -— m
AHIYNDO011818 m m um - m ' » m m MIAIY INVYN AMINNOD
. gl 2

S3YINIW SAvd = S3ovuHVE S30 TVIONOW 3HLISIO3Y 37 SNVG SIINOILNIW SNOILVAINZENS
SIIHANNOD HIGWIW = SWVQ 40 H31SI93¥ QTHOM 3IHL NI d31HOd3H SONINILHOIZH

S$39vHYVE 30 NOILVAITI3ENS / ONINILHOIIH WVQ 8912/ 437001

104



8,61 »1 |1 | ez |ove | o2
829) t |31 | 30VNH343L vnov
ve6ligcet] ¢ ¢ ‘ é ‘ 30 0ro
(vzoy|' B8 062 |11 2z |22 | i€ 1 | 60 | ona3a nys| VOHOP vHO3Id
*861)|,66! ¢ ¢ é B é 0H33d NvS
A/qloeze|oozol| 98 (INOHVYW .ﬂqu
(v 29) | ¥ 96 1{0s¥ai| A/q(0 W
—m — M, | 34| 318304 Oy 09
ve6llocei| . ¢ ¢ ¢ 1 S IRENEIT]
b29) | 64611001 | 1 | c» ¢ vl OAvHE OAvYE
——t—— 1 |31
vae o T : : : : 30 vr3d 30 vr3Id
(ee9) |28 61 é AiLIZlI|v8OE]| LE 5
»8 61 - 4 : /{34 vNe sinos
Bv61l ¢ || ¢ ¢ ¢ INOIXIN
(2z9) |9261| 0v2 | 1| ve [ G665 | 2¢ -
ve 6! . — %, 131 319w0 500 | oWxNva 031x3n
6¥61l ¢ ¢ ¢ ¢
(179) |08611 068 | 11 €1 | & 1092 b5 | | oygynay [3NITT¥07T3)
veeilovel|l ¢ | ¢ | ¢ i é ! N09MBO OMVATY
(129) (0986621 | 1| s9 | vo1 | 22 v138v3
1| 31] svrvd sv1
861 lchei| o | ol ¢ ‘ ‘ QVaINIYL 350
(129) | #9611 009 | A| v8 | 009 9v W, |4 v17134H0W
—1 | 34 01ZLNIOD
¥861i6cei| ¢ ¢ | ¢ ¢ ¢ ! 30 30Nvyo —
¢ P B I ¢ 2
(619) — 1 ]ed | wiouve 0105 13
¥861icoe1| ¢ | ¢ | ¢ ¢ ¢
$961[0022| A {961 | g1 | 22
(19g) | ————- H|lo | OMNVIIW |371713NNYIAVL
¥86llggei|l0022| A ¢ ¢ 2
wss) [o} &N nNan B OO.W\AJ\\’]A Y4 " AW ¥1070 ¥10 20
v86i{626!1 A ¢ é & &
(geg) |9/2v6l R A A 12 ﬁ 29 o¢ " o 0270 0ZZNn Y1
v! |29 | N
*861|,26, e e e | e . e o owaﬂ\L

105



(€29)| ¢ | ovi | 1| 2z |o0¥z] Of |, IINVANOY
»B 6! S s| 3L [YNYINOOVYHO VNHINOOYYG &~ ——
8961 | ¢ ¢ | ve é v VINVWO ¥
¢ ¢ | ¢ ¢ ¢ X% (NZvnoa) AVNOVYVd
mmmv_ L ] Wl w3a| nzvnoa ¥OIN3d NS LA,
9.6110086| 1 {080¥| ig6 | S8E AVHYOV AVNOVYYd
(1g9) | 94611 09 3 9 ) 8y
S 1] od| VIINHIND VIINKHIND
¥861 0161 o ¢ ¢ ¢ ¢
(ige) | s461| o019 [ 1 |oosz| 100 | 21 n 1
21 : _ (31| S8 SOV a3 | 3noixan
¥86!1gge ¢ é ¢ ¢ 3 0AO YNV
4 3- -
(129) | 8961|0016] 1 99 | 909 | z¢ oNO
! ] 1|31 v¥3v) V1 0JIX3IW
Y861 |296(| o ¢ ¢ i ¢ 13a o 3
(g29) | 0461 Ov2 | 1 | gv | w21 | 2¢ NYZ0d3l
L — , 1131 0 YONVI8 YN3d
86 [6c6l| ¢ ¢ ¢ ¢ ¢ SOINVS
SNOILYANISEO » {8/ gw) um (gw w) HgwWeOt) uz_: R
» ") » < o c
srevnav ) lzla A0 8 |2 2 .m. - wa 2| nvao sunoo nON SAvd
IIHYYYO0IIRI8 ololm > AN m" m m m n|E um -
> - = |2 ™
AMAY¥5 011818 m m 5 R 3 m 9 »|9 e MIAIN ANYN A¥LINNOD
m ml 3 -

S3YENIN SAVd= SIOVHYYE $3C TIVIONOW 3HLSI193Y4 37 SNVQ SIINOILNIN SNOILVAINIINAS
SIIYLNNOD ¥3BW3N = SWVQ 40 ¥3LSI93Y QINOM 3IHL NI Q3LYOJIY SONINILHOIIH

S39VHHVA 30 NOILVAIIIYNS / ONINILHOIIH WvQ 89123/7Q702lI

106



167

e g f.,.\_1;,ix;L.%a,,,,is-:i-:tl_
o VR SN [N N | I
{994} LL6H 002 1 fee ¢ -1t 31SVN0dvd
e T e e Hlwa| oivd NWANIYIS
78614 €961 P4 A < 2 14 vNdvd
8L} N\. ooow .1) 0y 00Le mwf " §3 [P— ONIQY ANVANY
19611 ¢ | oozl 1 y ¢ ss _ “aNVS VNVANO
2L} 2 b3 3 3 ¢ | sie YIOONY
: 4 M ] wAl vznvno FGNVENYD
vgs¢ | c96t b ooooe| 1| oz | oot | 89 YI00NY
- Y
SNOILYAHISEO R tygu | 4] ew e T8 ol
v » < © c
Sruvmay “ lzlai 2|08l 2 |® 2 m x m“ 4| nv3,aswnod noN SAve
I HAYH0ITHIE wlolmial e m mu M 3 m. miA|RIS] o
m ol ] »lels m viALN INYN AMLINNDD
H
ANdYHO 01818 2 m 2l m 2 =k

SIAYAWIN-NON SAVd:= SIOVYYEVE SO TVIONOW 3MLSIO3Y 371 SNVG SI3INOIININ SNOILVAIIINNS
SIIYLNNQD HIABWIN - NON* SWVQ JO 33151934 0THOM IHL NI 03418043y SONINILHOIIN

S30VHHVE 30 NOILVA3T3IYNS / ONIN3LHOIZH Wvd 8910/07031




(B BIny 421D} 12l0dg LNLY fo 280§ [pHLY [O BULSPUIL S 1Dy

(UONEAZ[RINS Saidr) 1INy 3p TUAWIERUIWER | 2P NIAUYDITP OPudY

108



Une importante surélévation de barrage parmi les plus récentes,
celle du Barrage de Guri sur la riviére Caroni (Venezuela)

— la hauteur au-dessus de la fondation passe de 110 4 162 m
— la retenue devient la 7¢ plus grande au monde (135 km?)

One of the major recent heightenings of dams,

Guri Dam on the Caroni River (Venezuela)

— height above foundation increased from 110 to 162 m
— reservoir is the 7th man-made lake in terms of capacity (135 km?)

SIGNIFICANT DATA OF GURI PROJECT

RESERVOIR

Catchment area

Minimum operating level elev.
Normal water level elev.
Maximum water level elev.
Area at normal water level
Volume at normal water level
Volume at minimum water level
Probable maximum flood

CONCRETE DAMS

Type of dam

Roadway elev.

Parapet elev.

Height above toundation

Height above riverbed

Length of the right gravity dam
Length of the left gravity dam
Downstream nominal slope

Crest width of the right gravity dam
Crest width of the left gravity dam
Maximum depth of the grout curtain
Concrete volume

SPILLWAY

Type of spillway

Type of gates

Crest elev.

Gate size (w x h)

Capacity at normal water level
Maximum capacity

Concrete volume

Length

Ist Stage
(1968-78)*

85 000 km?
195 m

215 (1)
219.50 (2)
765 km?

17 km? (3)
5.9 km’*

48 100 m?/s

Gravity

220 m
22091 m
110 m

100 m

483 m

179 m
1/0.75
2.50-16.25 m
3m

75 m

{127 000 m*

Creager Profile
Radial

19520 m

1523 x 20.76 m (1)
27 000 m*/s

40 000 m*/s

327 000 m?

183.76 m

Final Stage
(1983-86)*

85 000 km?
240 m

270 (1)

271 (2)
4250 km®
135 km? (3)
49.6 km?
48 100 m*/s

Gravity

272 m
273.30m
162 m

152 m

1073 m

169 m
1/0.75
2.50-21 m
Varies 11.45 m max.
15 m

5280 000 m?

Creager Profile
Radial

250.20 m

1524 x 20.76 m (1)
27 000 mt/s

30 000 m*/s

746 000 m*

183.76 m
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RIGHT EARTH AND ROCKFILL DAM

Crest length 220 m
Maximum height above foundation 90 m
Crest elevation 221.30 m
Crest width . 12 m
Upstream slope 1/2.5
Downstream slope 1/1.75

Total volume 2 089 000 m’

LEFT EARTH AND ROCKFILL DAM

Crest length

Maximum height above foundation
Crest elevation

Crest width

Upstream slope

Downstream slope

Total volume

POWERHOUSE No.
Number of units 10

Rated capacity per unit 180 to 370 MW
Total installed capacity 2660 m

POWERHOUSE No. 2

Number of units
Rated capacity per unit
Total installed capacity

POWERHOUSES No. | + No. 2

Number of units
Total installed capacity
Average output

POWERHOUSE No. 3 in 2050

Planned extension

POWERHOUSES No. 1 + No.2 + No.3
Total installed capacity (planned)

(*) Ist date : first units in service
2nd date : all units in service
(1) 1.50 m of gates extension is not included
(2) Operation of fusible dike starts
3) 1 km* = 10" m*
(4) 1 TWh = 10" kWh

4 000 m

97 m

277 m

Il m

1/3

1/2.5

47 430 000 m*

2000 m

102 m

276 m

Il m

173

[72.5

21 700 000 m?

10
218 to 400 MW
3005 MW

10
610 MW
6 100 MW

26
9105 MW
50 TWh (43

10 000 MW

20 000 MW
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Par pure coincidence, ce Bulletin est €dité au moment ou se tient pour la 2¢ fois
aux Etats-Unis un Congrés de la CIGB (San Francisco - juin 1988). Il y a trente ans,

la surélévation des barrages était traitée pour la premiére fois dans un Congres :
c’était a New York en 1958.

Incidentally, this Bulletin is issued at the same time as an ICOLD Congress is held
Jor the second time in USA (San Francisco - June 1988). Thirty years ago, dam

heightenings were dealt with, for the first time in an ICOLD Congress : it was in New
York in 1958.
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