Brief note on the design construction and
maintenance of large dams and the importance
of the establishment of the international

Congress on large dams

By D. Jovanevie, Civil Engineer, Technical Adviser, Water Resources Depairtnent

Herein is described the historical development of Dam Design and Construction,
The success and foilures of varicus types of dams are enumerated to-gether with the
inherent technical and organizational problems. Brief mication ismade of the role of
the ICOLD as a center of disseminating technical informations on design, construc-
tion. and maintenance of large dams. The present status of Water Resources Develop-
ment in Ethiopia is described.

Introduction

Organic life cannot exist in our planet without
water and it is due to this fact that water has been
always of primary importance in human history,
It is well known also that two-thirds of our planet
is covered with walcr (rivers, lakes, and oceans).

The total average quantity of water which
cvaporates every year from the surface of the earth
{s estimated to be 514 x 10% cu.km. Since the atmos-
phere of the earth contains only 12,3 x 10? cu.km,
all water in the utmosphere cxchanges every 9 days
or 42 times per year.

In the early stages of civilization water was
used mainly for cleaning, drinking and irrigation
purposes. Some of the early dams built for these
purposes were tn Egypt, India and Ceylon. The
first dam which came to existence in Europc was
the Sepura Dam in Spain, constructed in the 12th
century,

Although [rom the beginning of the 20th century
the production of hydroelectric power has stimulated
the construction of dams and creation of artificial
lakes, the increasingly growing dcmand for water
for domestic, industrial and recreation purposes Is
mfluencing the development and creation of reser-
Voirs.

The dams constructed earlier werc mostly of
the embankment type. To-day though the technique
for the design and construction of dams are well
advanced, we are yet returning to the original idea
of building embankment type of dams because of
the lack of adequate sites for other types ol struc-
tures. Out of about 10,000 dams registered in the
world 529 are earth-[ill, 269 concrete gravity dams
7%, conorete arch dams., 4% rickfill. 3%, concrete
buttress dams and 89 of other types or a combin-
ation of the above.

As the demand for hydroenergy stimulated
the construction of dams soon after the First World

War', the first idea to establish International Com-
mission on Large Dams was discussed in the meet-
ing of the World power Conference held in Switzer-
land in 1926. The deeision to establish ICOLD was
tuken in the next meeting held in Paris in (928 and
the objectives of ICOLD were to promote and co-
ordinale improvements in technicai rescarch, design.
construction. maintenance and operation of large
dams.

Since then in 1933 the first Congress was held
in Stockholm, {with 21 member countries) followed
by various meetings held in dilferent countries of
the wortld gencrally at intervals of three years. In
the last {9th) congress held in 1967 in Istanbul 60
member countries were represented, The remarkable
growth in the membership since the establishment
of ICOLD in 1928 shows its importance as a media
for promoting to enginecrs (rom all parts of the
world the modern developments and achievements
in the cesign and construction of large dams through
discussion at International Congresses and through
publications of technical papers.

Types of Dams

As regards the selection of a type of dum
for any particular site many factors have to be taken
into consideration: the two factors of decisive impor-
tunce in this respect arc the stability and cost of the
structure. The different types of dams are described
very briefly below,

Solid gravity concrete dams: are adaptable to
most sites, require little maintcnance and are more
permunent than any other types of dams. But on the
other hand their height is limited by the permissible
beuring capucity ol a loundation. For such type of
dams for example, the maximum permissible dam
height on seil foundation is about 20 m.
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Hollow concrete dams: Produce less unit pres-
sures on a foundation than solid concrete dams
and require only 35-409] of concrete for solid dams.
This type of dam is more attractive especially in
places where the cost of construction material is
expensive.

Arch Dams: Arch dams may be cconomically
built in valleys with banks of good rock formation
and height to chord length ratio not more than 1:3.
This type of dam under favourable conditions may
be the cheapest than any other type of concrcte
dam, but unfortunately good sites for such types
are very scarce. As means of assessing the ultimate
load capacity of arch dams, techniques have
been developed for loading arch dam models
to destruction and such tests normally reveal that
arch dam model has a lactor of safety of 5 to 10.

Embankment: In sites where the rock for founda-
tion is at a considerable depth, embankment type
of a dam may be cheaper than other type of struc-
ture provided sufficient material for thc construc-
tion of such a dam is available locally or with an
economically reasonable distance. Another impor-
tant factor which should be considered when select-
ing this type of dam is the cost of a spillway.

Brief Review of the Dams Constructed Earlier

Althovgh a number of engineering structures
may be designed with a safety factor of more or less
100%;, this is not true with the design of dams. From
a large area normally covered by a dam only a limited
portion is covered by tests and investigations and
these resuits and characteristics are extrapolated
over the total arca occupied by a dam. The average
of these results are considered for the design of the
structures. Many assumptions employed in ithe
design will depend on the extent and character of
treatment whieh the foundation receives. and un-
fortunately the designer is not always the builder
of the dam.

Half a century ago dams were designed without
considering the effect of uplift and internal water
pressures, It may be mentioned that several failures
ol the earlier dams were due to the lack of knowledge
of this uplift force. In arch dams, the weight of the
structure does not play an important role in the
resistance of external loads and the uplift foree at
the base of such a dam was not considered to be an
important design factor. A survey on the cross-sec-
ttons of concrete gravity dams calculated with and
without uplift forces could indicate the extent of
the magnitude of the influence of such forces on the
stability of a dam.

Scientific explanation of uplift forees was first
given by Maurice Levy in 1895, but his criteria was
accepted only by few engineers while others critisized
him for being unduly severe. Today this criteria is
accepted all over the world and no dam is designed
without taking into account the uplift force.

Similarly the eartbquake force has been intro-
duced recently in the design of dams and engineers
are payirg more attention now-a-days to such a
force in the design of structures.
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Following the occurrence of spectacular acci-
dents in the past few years, UNESCO established a
commission, which after reviewing the suggestion
of the National Commilitee on Large Dams sent 10
all Governments recommendations sefting general
procedure for efficient supervision of projects, con-
struction and inspection of dams. This text is based
essentially on the principle that such structure should
at all stages of its life be closely supervised by com-
petent persons nominated by the Government.
Unfortunately in Ethiopia like in many other co-
untries, the problem is not yet fully realized and
very little supervision is done once the structure is
constructed.

With the increasing number of dams coming
Lo existance, the percentage of dam accidents has
not been decreasing as much as it was hoped for.
Some of the accidents have occurred, in the past,
because of incomplete knowledge in statical analysis
of structures. The accidents related to some earth
dams can be atiributed to the comparatively carly
stage of development of Soil Mcchanics. However.
such a cause of faiture seems to have disappeared.
thanks to the development of modern techniques
and devices for testing and investigating the pro-
perties of construction materials. Yet, still tech-
nical difficulties exist which include the problem
of predicting with precision the maximum floods
and defining accurately the geological condition
of a dam sile.

As classical example of failures which ocaurred
due to insufficient forecast of the maximum pro-
bable flood could be mentioned: Rio Negro {Uruguay}).
Molare (ltaly) and El Habra {Algeria). Tn all of these
cases the wide margin of assumed values of fiood
discharges were considerably smaller than what
actually occurred after the completion of the con-
struction of the structures. None of these floods
could have recasonably been estimated on the basis
of the limited existing records and the theories
of probability alone and therefore no human negli-
gence is to be attributed to these catastrophics.

Among the failure caused by geological cond:-
tions the case of Malpasset Dam could be remem-
bered. The cause of the failure of Malpasset arch
dam has been given different interpretations by
various eminent authorities and the divergence in
opinion resulted from the fact that everything was
washed away and no remains were left for the in-
vestigation of the causes of the unfortunate incident.
There exist comprehensive report on this matter
prepared by the Inquiry Committee that was set up
by the French Government. From the report it
seems that the cause of the failure was the excessive
deformation of the foundation followed by sudden
rupture of the dam.

Another example of failure is the 33.50m high
Vega de Terra Dam in Spain which was constructed
as a masonary buttress dam with an upstream wall
of concrete. On 9th January 1959, the left hand side
of the dam burst when the reservoir was just reach-
ing maximum level for overflow. At first it was
thought that the failure was due to the foundation
dcfect, but the technical analysis showed that the
failure was confined to the dam itself. The upstrcam









