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Resumen: Al comenzar el siglo XX el hormigdn armado estaba empezando a difundirse en Espana. Tras
algunos anos utilizdndose en proyectos menores, parecia que habia llegado su consolidacién con la
cubierta del Tercer Depdsito del Canal de Isabel Il en Madrid, importante obra con la que se pretendia
acabar con los problemas de abastecimiento de agua de la capital. Sin embargo, parte de esta cubierta se
hundié el ocho de alboril de 1905, mientras se estalbba construyendo. Muchas personas murieron en el desastre,
que fuvo una gran repercusidn en la convulsa sociedad espanola de la época. En el dmbito técnico su
impacto no fue menor, pues dio lugar a que se cuestionara, tanto denfro como fuera de Espana, la validez

del hormigdédn armado como material de construccion.
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Abstract: Spain saw the introduction of reinforced concrete at the start of the 20th century. After several years
of use in small scale projects, reinforced concrete appeared to have been finally accepted when it was
employed in the roof to the much needed Third Water Storage Deposit at the Isabel Il Canal in Madrid which
aimed to satisfy the water supply problems in the capital. However, part of the roof collapsed on 8 April 1905
while being built. Many people died in a disaster which shocked the Spanish public at the tfime. The disaster
had a similar impact in technical terms as the use of reinforced concrete as a building material was

subsequently questioned both inside and outside Spain.
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1. Introduccién

El 8 de aboril de 1905 se produjo el hundimiento de la cu-
bierta del tercer deposito de aguas del Canal de Isabel Il
en Madrid.

Fue un terrible accidente, en el que perdieron la vida
freinta frabajadores y mds de cincuenta quedaron grave-
mente heridos. Provocd una gran conmocién en la opinidon
publica espanola, alimentando una polémica que duraria
varios anos.

No obstante, su repercusion adn fue mayor en el dmbi-
to de la construccioén, pues al ocurrir en una de las primeras
grandes obras de hormigdn armado de Espana, estuvo
cerca de paralizar el desarrollo de este por entonces nue-
vo material de construccion en nuestro pais.

El desastre ocurrid hace ahora cien anos.

2. El tercer depésito para Madrid

Al empezar el siglo XX el abastecimiento de aguas de
Madrid estaba garantizado con el Canal de Isabel Il. Inau-

1. Introduction

The roof cover of the Canal de Isabel Il third storage
reservoir collapsed in Madrid on 8 April 1905.

It was a terrible accident in which thirty workers lost their
lives and some fifty others were seriously injured. The
incident shocked the Spanish public and gave rise to a
controversy which would last for years.

However, the repercussions were even greater in the
building industry as the accident affected one of the first
large-scale reinforced concrete works to be carried out in
Spain and almost led fo the complete stoppage of, what
was then, a fledgling construction material in the country.

The disaster happened just over one hundred years
ago.

2. The third storage reservoir for Madrid

At the start of the 20th century the water supply to
Madrid was guaranteed by the Canal de Isabel Il water
service. The system was opened in 1858 and was one of the
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gurado en 1858, era una de las grandes obras de nuestra
ingenieria civil decimondnica: una conduccién de setenta
y seis kildmetros de longitud, formada por canales, tuneles,
acueductos y sifones, que desde las presas de Navarejos,
el Pontdn de la Oliva y El Villar traia diariaomente o la capi-
tal 140.000 metros cubicos de agua del Lozoya (1).

Sin embargo, ya desde su puesta en servicio venia
arrastrando el problema de la escasa capacidad de alma-
cenamiento. Inicialmente se habia construido un depdsito
de 58.000 metros culbicos, dos veces y media el volumen
diario estimado para una poblacién de 250.000 habitantes
con un consumo diario de noventa litros (2).

Pero el consumo real desde el primer momento estuvo
por encima de esa cifra, déndose por otro lado un conti-
nuo aumento de la poblacién. De tal forma que dos anos
después de su inauguracion hubo de presentarse un pro-
yecto para la construccion de otro depdsito. Realizado por
el ingeniero de caminos Juan de Ribera, por entfonces di-
rector del Canal, contemplaba una capacidad de 180.000
metros cubicos.

Las obras del que pronto se conoceria como Depdsito
Mayor comenzaron en 1862, pero por diversos problemas
se fueron prolongando (los trabajos de terminacion todavia
se estaban licitando en 1893 (3)). Mientras tanto, el consu-
mo Yy la poblacién no paraban de crecer, obligando a po-
nerlo en servicio adn sin estar concluido.

En 1877 era ya evidente que con el ritmo de crecimien-
to de la capital pronto no bastaria con los dos depdsitos
para asegurar su abastecimiento. Por ofro lado, estaba el
riesgo de que se produjera una averia seria en el canal que
interrumpiese el servicio. En ese caso, con el agua acumu-
lada sélo se podria atender el suministro de agua a Madrid
unos pocos dias.

Ademds estaba el problema de las turbias. En época
de tormentas el agua del rio llegaba al Canal arrastrando
mucha tierra. Cuando llegaba la turbia se suministraba el
agua clara aimacenada en los depositos, pero cuando es-
ta se acababa (lo cual sucedia a menudo, dada la escasa
capacidad) no habia mas remedio que dar el agua sucia
conforme llegaba, con el consiguiente perjuicio para los
consumidores.

Consciente de la gravedad del asunto, el gobierno,
mediante Real Orden promulgada el primero de octubre
de ese ano, encargd que se hiciera el proyecto para cons-
fruir un nuevo depdsito, “que pudiera contener el volumen
consumido por el vecindario de Madrid en un mes”. La ta-
rea fue encomendada a Serafin Freart, ingeniero jefe de
caminos.

Don Serafin rGpidamente se puso manos a la obra, em-
pezando por determinar la capacidad que deberia tener
el nuevo depdsito. Observando la evolucién del consumo
de agua y teniendo en cuenta el incremento probable de
la poblaciéon estimd en 40.000 metros clbicos el volumen
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greatest Spanish civil engineering works of the nineteenth
century: stretching over seventy-six kilometres and formed
by canals, tunnels, aqueducts and siphons which brought
140,000 cubic metres of Lozoya (1) water each day from
the Navarejos, Ponfon de la Oliva and El Villar dams.

The system was plagued by a lack of water storage
capacity from the very time it was opened. The supply was
initially served by a 58,000 cubic metre tank which was two
and a half times over the estimated daily demand for a
population of 250,000 people with a daily consumption of
ninety litres (2).

However, real consumption far outstretched this figure
from the very outset and the shortage was further
heightened by continuous population growth. In response
to these failings it was considered necessary to construct a
new storage reservoir just two years after the opening of the
service. The storage reservoir was designed by the civil
engineer Juan de Ribera, the Canal’s director at the fime,
and was planned to have a capacity of 180,000 cubic
metfres.

The work on what was soon to be known as the
Deposito Mayor, began in 1862, but construction was
handicapped by a number of problems (the finishing work
still being tendered for in 1893(3)). However, the ongoing
rise in both consumption and the population made it
necessary to use the reservoir before it was completed.

By 1877 it was already clear that the two reservoirs
would not meet future demand on account of the rapid
growth rate in the capital’s population. The canal also ran
the risk of a serious breakdown which would interrupt
supply. In the event of any such failure, the water stored in
the reservoirs would only be able to supply Madrid for a few
days. The supply also had a problem with turbid waters. In
times of storms the river water would bring sediment into the
Canal. When the silt arrived, the clear water stored in the
tanks would first be supplied but when this was used up (as
was offen the case due fo the scarce storage capacity)
there was no other alternative but to employ the turbid
waters as they arrived, fo the defriment of consumers.

The Government were aware of the gravity of the
situation and issued an Order in Council on the first of
October of this year ordering a project fo construct a new
storage reservoir “which could hold a month’s supply of
water for the population of Madrid”. The work was
subsequently enfrusted fo the chief civil engineer, Serafin
Freart.

Freart rapidly set to work and first attempted to establish
the capacity required of the new reservoir. Studies were
made of the development in water consumption and the
predicted rise in population and it was, subsequently,
estimated that the city would require 40,000 cubic metres
of water to cover its daily needs. A further study was also
carried out on the period of turbid waters and it was found



necesario para cubrir las necesidades de la Villa en un dia.
Por otro lado, también estudid la duraciéon de las turbias,
concluyendo que estas no pasaban de veinte dias. Asi
pues, pudiendo acumular el agua necesaria para abaste-
cer durante ese plazo a la poblacién se solucionaba el pro-
blema, contfando ademds con un margen razonable para
hacer frente a una averia de importancia.

En consecuencia, determind que habia que conseguir
una capacidad de almacenamiento del orden de 700.000
metros cubicos. Como con los dos depdsitos ya en servicio
se podian almacenar 240.000, el Tercer Depdsito debia te-
ner una capacidad de 450.000 metros cubicos.

El siguiente paso fue elegir el emplazamiento idéneo.
Para ello tuvo en consideracion tanto razones técnicas (al-
tura del agua en la llegada al depédsito, conveniencia de
que el depdsito estuviera enterrado, etc) como econdmi-
cas (principalmente, el coste de los terrenos que habria
que expropiar y las obras accesorias que habria que reali-
zar). Tras analizar varias alfernativas, decidio situar el nuevo
depdsito junto al primero que se construyd, en “la extension
comprendida enfre el acueducto de Villa, el camino de
Amaniel y el de Aceiteros”.

Una vez determinadas su capacidad y localizacion,
quedaba el diseno del depdsito propiamente dicho. De-
biendo tener la misma altura que los anteriores (6,65 me-
tros), se optd por una planta rectangular de 339 x 216 me-
tros. Internamente no se dividiria en compartimentos.

Al estar el depdsito completamente enterrado, el vaso
se formaba con taludes inclinados a 45° y revestidos con
fabrica de ladrillo y mortero hidraulico para evitar filtracio-
nes. En el fondo se disponia una solera de hormigdén de me-
dio metro de espesor. Tanto para esta como para los reves-
timientos se prescribia el empleo de cemento natural de
Zumaya.

La cubierta se resolvia con bdvedas de rosca de ladrillo
de 28 cm de canto, recubiertas por una capa de hormi-
gdn de 10 cm de espesor, sobre la que se extenderia una
capa de tierra que sirviera de aislante térmico. Estas bove-
das quedarian apoyadas sobre arcadas formadas por mu-
ros de ladrillo de 76 cm de espesor, con vanos de aligera-
miento. Se hicieron diversos estudios para determinar la luz
de las bévedas, tfeniendo en cuenta que en su construc-
cién se emplearia el ladrillo tosco de Madrid, cuya mala
calidad era por todos conocida. Los cdlculos tedricos arro-
jaron un resulfado de ocho metros como luz maéxima, valor
que fue contrastado mediante el ensayo de una bdveda
de prueba.

El proyecto del Tercer Depdsito fue finalmente presen-
tado en julio de 1881. Se aprobd mediante Real Orden de
23 de noviembre del missmo ano, aunque disponiendo que
se consfruyeran dos muros estribos en el interior para formar
tres compartimentos y que dos de los cerramientos exterio-
res se formaran con muros verticales. Con estas modifica-
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that these did not tend to last more than twenty days. It
was then considered that by storing the water necessary to
cover supply over this period, this would solve the problem
and would also provide a reasonable margin in the case of
any serious leak or failure in the system.

On the basis of these studies, it was established that the
city’s water supply would need to have a storage capacity
of some 700,000 cubic metres. The first two reservoirs could
already hold 240,000 cubic metres and the Tercer Deposito
or third storage reservoir would then need to have a
capacity of 450,000 cubic metres.

The next step was to select a suitable location. The site
has to meet technical requirements (water height at arrival
fo the reservoir, the need for a covered storage areq, efc.)
and be economically viable (mainly in terms of the cost of
land requiring expropriation and the ancillary works
required). After studying various alternatives it was decided
that the new covered reservoir would be built alongside the
first tank built on the “prolongation between the tfown
agueduct and the Amaniel and Aceiteros roads”.

Once the capacity and location had been established
it was then necessary to consider the design of the reservoir
itself. As the tank had to be the same height as the other
storage facilities (6.65 meftres) a rectangular arrangement
of 339 x 216 metres was selected with no internal
compartments.

As the tank was completely buried, the basin was
formed by 45° sloping banks lined with brickwork and
hydraulic mortar to prevent leaks. The bottom of the basin
was formed by a half mefre thick concrete slab. Both the
slab and the linings employed natural Zumaya cement.

The roof was to be formed by 28 cm thick brick arch
vaults covered by a 10 cm thick concrete layer which
would be covered by a further layer of earth which would
act as insulation. These vaults would be supported on
arcades formed by 76 cm thick brick walling with
clearance spans. Various studies were carried out to
establish the span of the vaults when considering that these
would be built in rough Madrid brickwork which was known
to be of very poor quality. The calculations showed that the
maximum vault span should be no more than eight metres
and this was duly verified by testing on a frial vault.

The design of the Tercer Deposito was finally presented
in July 1881 and was approved by the Order in Council of
23 November of the same year. However, the Order
stipulated that two abutment walls be built within the
interior to form three compartments and that two of the
external enclosures be formed by vertical walls. After these
modiifications had been made the final building estimate
for the reservoir rose to 5,457,336.60 Pesetas.

However, the project was to be delayed for a long time
as the construction of the second fank was encountering
many difficulties.
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ciones, el presupuesto de ejecucion definitivo ascendia a
5.457.336,60 pesetas.

Sin embargo, el proyecto iba a quedar paralizado un
largo fiempo, porque la construccién del segundo deposito
estaba encontrando muchas dificultades.

Asi pues, concentrados todos los recursos en el Depdsi-
fo Mayor, el gobiemo no retomaria la iniciativa hasta 1893,
cuando, mediante Real Decreto de 12 de julio, convenia
en llevar a cabo la construccion del Tercer Depésito. Por di-
ficultades econdmicas se dejaba para mds adelante la
construcciéon de la cubierta, con lo que el presupuesto
quedaba reducido a 2.860.504,35 pesetas (4).

Aprobado el convenio de expropiaciones y adjudica-
das las obras en subasta publica (6) dieron comienzo los
frabgjos de excavacion para la apertura del vaso, que se
desarrollarian con normalidad en los anos siguientes. En
agosto de 1897 se aprobaba un presupuesto adicional de
43.974,16 pesetas (6).

Con el movimiento de tierras en marcha, el ingeniero
Diego Martin Montalvo redactd un proyecto modificado,
que incluia los cambios contemplados en la Real Orden de
23 de noviembre de 1881. Sometido al dictamen de la Jun-
ta Consulfiva de Caminos, Canales y Puertos, fue devuelto
con la orden de introducir algunas variantes en las obras
auxiliares (acueducto de entrada, enfronque de con la red
de distribucion, etc.). No se detuvieron ahi las observacio-
nes, proponiéndose que se estudiara la posibilidad de ha-
cer la cubierta con elementos metdlicos (7).

Para atender las peticiones de la Junta Consultiva se
recurrid al ingeniero de caminos José Nicolau. Este, tras es-
tudiar diversas posibilidades, presentd un nuevo proyecto
para el Tercer Depdsito, que incluia significativas variacio-
nes.

Entre las md&s destacadas estaba la utilizacion de ce-
mento Portland en los morteros de revestimiento, en lugar
del cemento natural previsto inicialmente. También dispuso
la colocacién de una capa de 10 cm de hormigdn de ce-
mento Portland sobre la solera, para la cual no modificd la
prescripcion inicial de hacerla con el cemento de Zumaya.
Estas medidas mejorarian sustancialmente la impermealbili-
zacion del depdsito (8).

También era importante la introduccién de un muro in-
terior que dividia el depdsito en dos compartimentos. Dicho
muro era de seccidn friangular y se haria con fabrica de lo-
drillo, revestida de igual forma que los exteriores.

Pero la principal novedad de su proyecto estaba en la
soluciéon que proponia para la cubierta. Estudid diversas
posibilidades (cubierta hecha sélo con elementos metdli-
cos, cubierta de fdbrica y columnas de fundicién) para
decidirse al final por una apuesta arriesgada: una cubierta
de béveda de ladrillo sobre jécenas metdlicas y pilares de
ladrillo. Lo novedoso de su propuesta radicaba en su siste-
ma de aislamiento, ya que confiaba resolverlo construyen-
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In this way and after focusing all resources on the
second Deposito Mayor, the Government did not resume
action until 1893 when Order in Council of 12 July for the
construction of the Tercer Depdsito. Due to financial
restrictions the roof cover would not be built unfil a later
stage and the budget was, subsequently, reduced to
2,860,504.35 Pesetas (4).

An expropriation agreement was approved and affer
the work had been awarded by public tender (5),
excavation then began for the basin area and the work
continued without incident over the following years. In
August 1897 an additional budget of 43,974.16 Pesetas
(6)was approved.

Once the earthworks were underway, the engineer
Diego Martin Montalvo draffed a modified design which
included the changes indicated in the Order in Council of
23 November 1981. The design was submitted to the
approval of the Roads, Channel and Ports Consultation
Board and was returned with the order to infroduce various
changes in the auxiliary works (enfrance acqueduct,
connection with the supply network, etc. However, the
observations did not stop there and it was proposed that a
viability study be made into the use of steel components (7)
in the roof cover.

The civil engineer José Nicolau was approached in
order to meet the requests of the Consultation Board. After
studying various possibilities, the engineer presented a new
project for the Third Storage Reservoir which included
significant variations from the original design.

One of the most important changes was the use of
Portland cement in the facing mortars instead of the natural
cement originally specified. The engineer also considered
laying a 10 cm thick layer of Portland cement based
concrete over the base slab though this do not alfer the
original specification of the Zumaya cement base. These
indications substantially improved the waterproofing of the
reservoir (8).

Another important factor was the introduction of an
internal wall which separated the basin into two
compartments. The wall was to be triangular in section and
formed in brickwork with the same linings employed in the
external walls.

However, the main innovation of the project lay in the
solution for the reservoir cover. After studying various
possibilities (an entirely metal roof, brick covers and iron
columns) the engineer finally opted for a somewhat daring
proposal in the form of a brick shell cover set on iron girders
and brick columns. The novelty of this proposal lay in the
insulation system as it was decided to resolve this by
constructing two superimposed shells with an infermediate
air cavity.

In order fo demonstrate the feasibility of his design, the
engineer discovered that the system had already been
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do dos bdvedas superpuestas, con una cdmara de aire
entre ellas.

Buscando argumentos que pudieran apoyar su diseno
encontrd que este sistema ya se habia utilizado en un de-
pdsito de la India. Lo estudidé detenidamente, comproban-
do que cumplia los requisitos de aislamiento para el clima
de Madrid. Se decidié finalmente por él tras observar el
comportamiento de un local para pruebas que mandd
construir.

Con estas modificaciones y un ligero gjuste de las di-
mensiones primitivas, su proyecto fue aprobado por Real
Orden de 20 de agosto de 1898, con un presupuesto de
ejecucion de 5.083.990,61 pesetas. El nuevo pliego de con-
diciones técnicas y econémicas, fambién redactado por
D. José, fue aprobado con otra Real Orden, de 17 de octu-
bre del mismo ano (9).

Un mes después tendria lugar la subasta para la adjudi-
cacién de las obras (10), con lo que parecia que por fin
iban a solucionarse las graves deficiencias del abasteci-
miento de Madrid.

Y en efecto, las deficiencias eran serias. Sin resolver
practicamente desde la construccion del Canal, el proble-
ma habia empeorado notablemente en los dltimos anos,
por el gran crecimiento que venia experimentando la capi-
tal. Las frecuentes turbias y las dificulfades para hacer lle-
gar el agua a muchas zonas por falta de carga provoca-
ban constantes quejas de los usuarios. Redundando en el
descontento, la prensa puso en su punto de mira al Canal,
destacando el diario El Liberal por la dureza de sus ata-
ques. El deterioro del servicio llegd a provocar airadas inter-
venciones en el Parlamento, como la del diputado Ruiz Ji-

employed on a reservoir in India. Nicolau studied this design
in detail and it was seen to meet the insulation requirements
for a climate such as Madrid’s. He finally opted for the
system after observing the behaviour of a purpose-built pilot
construction ordered by the engineer.

After these modifications had been made and with a
slight adjustment to the originally specified dimension, the
design was approved by the Order in Council of 20
August 1898 at an estimated construction cost of
5,083,990.61 Pesetas. The new specifications and
estimate, which was also drafted by Nicolau, were
approved by the Order in Council of 17 October of the
same year (9).

The call for tender for the works was released one
month later (10), and it appeared that this would finally
overcome the serious water supply shortages in Madrid.

These shortages were, indeed, serious and had not
been fully solved since the construction of the Canal. The
situation had deteriorated considerably over latter years
on account of the rapid growth of the capital. The
frequency of turbid waters and the difficulties in supplying
water to many areas due to lack of pressure had given
rise to constant complaints by users. The discontent was
heightened by the press of the day which kept the Canal
in the firing line and this was particularly the case of the El
Liberal newspaper which never lost an opportunity to
ferociously criticize the Canal. The deterioration of the
water service led to heated interventions in Parliament,
such as those by the member Ruiz Jimenez, whose furious
opinions were subsequently rebutted by this very same
Revista de Obras Publicas (11).

Fig. 1. Proyecto
de José Nicolau.
Seccion
transversal con
sistemna de
aislamiento de
doble béveda.
Seccién por
muro divisorio.
Publicado enla
R.O.P./Design by
Jose Nicolau.
Cross-section
with double shell
insulation
system. Dividing
wall section.
Published in the
R.O.P.
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ménez, cuyos acalorados juicios se encargd de rebatir la
Revista de Obras Pdblicas (11).

Sin embargo, nuevas complicaciones iban a paralizar
otfra vez la construccidn del Tercer Depdsito. Esta vez se tra-
taba de problemas relacionados con el terreno. Con las
excavaciones en curso empezaron a producirse socavo-
nes y derrumbes, originados por la presencia de antiguas
minas o galerias que cruzaban todo el subsuelo de la obra.

Para resolver este grave problema, se presentd un pri-
mer proyecto de consolidacion del terreno, que fue apro-
bado mediante Real Decreto de 19 septiembre de 1900
(12). Al mismo tiempo se adjudicaban por administracion
las obras, que consistion bdsicamente en el macizado de
los minados con fébricas de ladrillo y mortero hidraulico.

El avance de los trabajos revelaria la importante magni-
tud del problema, con galerias generalizadas, algunas has-
ta a 32 m de profundidad (13). Con el sistema de consoli-
dacién adoptado no se podia hacer frente a una opera-
cién de tal envergadura, por lo que hubo de plantearse su
sustituciéon. Vino a anadir més lena al fuego una nueva po-
|émica, relacionada con el efecto que sobre la salubridad
de las aguas almacenadas podria tener la proximidad al
antiguo cementerio de la Sacramental de San Martin.

Para disipar todas las dudas, el gobierno, mediante Re-
al Orden del10 de agosto de 1901, cred una comisién for-
mada por cinco inspectores del cuerpo de ingenieros de
caminos, con la misién de resolver “fodas las incidencias re-
lacionadas con la construccion del depdsito” (14).

La comisién, presidida por el inspector jefe Rogelio In-
chaurrandieta, se ocupd en primer lugar de atajar el pro-
blema de los minados. En enero de 1902 se aprobaban los
ensayos para un nuevo sistema de consolidaciéon (15), cu-
yo proyecto definitivo se aprobd mediante Real Decreto
de 30 de enero de 1903 (16). Consistia el nuevo procedi-
miento en extraer el terreno movido hasta alcanzar el firme
bajo las galerias, rellenando posteriormente el hueco con
fierra apisonada. Los trabajos de consolidacién se iniciaron
con energia, de forma que seis meses después se habian
extraido veinte mil metros clbicos de tierras y macizado
otros quince mil. Concluirian definitivamente a finales
de1908.

Con el problema de los minados en vias de resolverse,
la comision pasd a replantearse la soluciéon del ingeniero Ni-
colau para la cubierta. Ademds de la poca confianza que
inspiralba el sistema de aislamiento mediante cdmara de
aire, la construccion de las bdvedas de fabrica tradiciona-
les hubiera dilatado la terminaciéon del depdsito un tiempo
ya imposible de aceptar.

Por tanto, se decidid sustituirla por una cubierta de hor-
migdn armado, por entonces novedoso material de cons-
fruccién que, si bien no era la primera vez en nuestro pais
que se ufilizaba en un depdsito, nunca antes se habia em-
pleado en uno de tal envergadura. Poderosas razones de
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However, further complications were to impede the
construction of the Tercer Deposito once more. On this
occasion the problems were related to the soil conditions
as the initial groundworks had been handicapped by
subsidence and collapses on account of the old mines and
galleries which riddled the entire subsoil of the site.

A preliminary soil consolidation project was presented
to overcome this serious problem and was duly approved
by Royal Decree of 19 September 1900 (12). This same
decree awarded the site management of these works
which basically consisted of packing out the mined areas
with brickwork and hydraulic mortar.

The scale of the problem was revealed as the work
progressed with galleries being seen fo cross the area with
some going down to depths of 32 metres (13). The
established soil consolidation system could not allow an
operation of such scale and it was necessary to consider an
alternative. Further fuel was added to fire a new
controversy in the form of the salubrity of the stored waters
in view of their proximity to the Cemetery of the
Brotherhood of Saint Martin.

In order to remove any doubts, the Government, by
Order in Council of 10 August 1901, created a commission
formed by five inspectors from the engineers corps to
resolve “all factors related to the construction of the
storage reservoir” (14).

The commission, presided by the chief inspector Rogelio
Inchaurrandieta, first considered the problem of the mine
workings. In January 1902, tests were approved for a new
consolidation system (15), and the final project for the same
was approved by Royal Decree of 30 January 1903 (16).
The new procedure consisted of removing the moved soil
until reaching solid ground below the galleries and then
backfiling the void with compacted soil. The consolidation
works were started with a great deal of impetus and six
months later some twenty thousand cubic metres of soil
had been removed and a further fiffeen thousand cubic
metres compacted. The consolidation works were finally
completed at the end of 1903.

Once the problems of soil compaction appeared fo be
solved, the commission then turned their attention to
Nicolau’s cover design. In addition to the small degree of
confidence inspired by the air cavity insulation system, the
construction of traditional brickwork vaults would further
delay the completion of the reservoir beyond all
acceptable limits.

The commission subsequently decided to replace the
system by a reinforced concrete roof. Reinforced concrete
was a relatively new building material in Spain at the time
and, while this was not the first occasion in which it had been
employed in a covered reservoir in Spain, it was certain the
first time it had ever been considered on a work of such
scale. There were very strong reasons of cost and schedule



coste y plazo de ejecucidén motivaron la adopciéon, por
unanimidad de todos los miembros de la comisién, de tan
trascendental decision. Para el aislamiento se retomaba la
idea inicial de una capa de tierra sobre la cubierta.

Este nuevo material de construccion llevaba quince
anos utilizdndose regularmente en el extranjero. En Espana
estaba empezando a difundirse, habiendo ya algunos
constructores con experiencia. Se habia empleado en edi-
ficacion y obra civil, principalmente en fdlbricas y puentes.
También se habian construido algunos depdsitos, aungue
no tan importantes como el de Madrid. En realidad, esta
seria una de las mds grandes obras de hormigdn armado
construidas hasta enfonces en todo el mundo.

El concurso para la “constfruccion de la cubierta y pila-
res del tercer depdsito del Canal de Isabel ll, empleando
hormigén o cemento armado” se autorizd mediante Real
Orden de 10 de diciembre de 1901, fijGndose el 13 de
agosto de 1902 como fecha limite para admitir proposicio-
nes (17).

Mientras tanto, en octubre de 1902 se anunciaba un
concurso para el suministro de “ladrillos toscos recochos
destinados a las obras del tercer depdsito” (18), prueba de
que los cerramientos y el muro divisorio inferior se estaban
ejecutando conforme al proyecto de Nicolau. Mds adelan-
te (mayo de 1903) se decidioé la construccion de dos nue-
vos muros divisorios interiores, pero esta vez de hormigdn ar-
mado (19).

De este modo, el depdsito estalba definitivamente con-
formado. Unicamente restabal la solucién de la cubierta, la
cual tendria que salir del concurso. Entre las empresas parti-
cipantes, una de las que a priori fenia mas posibilidades de
salir vencedora era la que José Eugenio Ribera habia crea-
do seis anos antes.

3. José Eugenio Ribera y el hormigén armado

Entre los ingenieros de caminos, el nombre de José Eu-
genio Ribera Dutaste infunde un merecido respeto. Muy jus-
tamente se le considera como uno de los mejores que ha-
yan ejercido nunca esta profesidn en nuestro pais. Primero
por su extensa lista de realizaciones, muchas de ellas refe-
rencia de la ingenieria civil espanola. Después, por su labor
de divulgaciéon y ensefanza. Pero a nivel general es mads
conocido por ser quien introdujo y mds contribuyd a la difu-
sion del hormigdn armado en Espana, en las primeras dé-
cadas del siglo XX.

Nacié en 1864 en Lisboa, donde su padre, fambién in-
geniero, frabajaba en la construccion de ferrocarriles. En
1887 termind la carrera, siendo destinado como ingeniero
del Estado a Asturias.

Alli comenzd una fecunda trayectoria profesional. Tra-
bajé en puentes (como el viaducto metdlico de Ribadese-
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behind this far-reaching decision which was unanimously
adopted by all the members of the commission. With regards
fo the insulation, the commission returned fo the original ideal
of an earth layer over the roofing.

Reinforced concrete had been regularly employed
abroad for fifteen years by this time and was becoming
more wide-spread in Spain with a number of contractors
already experienced in this new material. Reinforced
concrete had been employed in building and civil works,
mainly in factories and bridges. Several water deposits
had been built in this material but none of these were as
extensive as the Madrid reservoir. In all reality this was to
be one of the largest reinforced concrete structures ever
to be built in the world.

The call for tender for the “construction of a roof and
columns for the third storage reservoir of the Canal de
Isabel Il using reinforced concrete or cement” was
authorised by Order in Council of 10 December 1901, and
tender proposals had fo be in by 13 August 1902 (17).

In October 1902 a call for tender was announced for
the supply of “rough, refired bricks for the work on the third
water storage reservoir” (18), this being proof that the outer
walls and the interior dividing walls were to be built
according fo Nicolau’s design. Later on, in May 1903, it was
decided tfo install a further two interior dividing walls, but this
time in reinforced concrete (19).

The water storage tank was finally taking shape and the
only outstanding aspect was that of the roof cover solution
which was still pending tender submission. One of the
bidding companies had been created by José Eugenio
Ribera six years earlier and this company, at the outset,
appeared to be the most likely successful bidder.

3. José Eugenio Ribera and reinforced concrete

The name of José Eugenio Ribera Dutaste inspires great
respect among civil engineers and he is rightly considered
to be one of the best engineers ever produced by Spain.
This reputation is not only based on his extensive list of
constructions, many of which serving as references in
Spanish civil engineering, but also on his teaching and
promotion work. However, at a more general level, he is
more well known as the person who infroduced reinforced
concrete in Spain and who did more than anyone to
encourage its use in the country over the early part of the
20 century.

Ribera was born in Lisbon in 1864, where his father, also
an engineer, worked on the building of railways. He finished
his studlies in 1887 and was posted to the State of Asturias as
an engineer.

There he began his prolific professional life, working on
bridges (such as the Ribadesella steel viaduct) and diverse
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lla) y diversas obras portuarias, ddndose a conocer como
un brillante ingeniero, con varios libros y articulos publica-
dos.

Por entonces el hormigdn armado estaba empezando
a difundirse con gran éxito, sobre todo en Alemania y Fran-
cia. Varias empresas, cada una con su propia patente, se
dedicaban a disenar y construir obras con el nuevo mate-
rial. En 1895, con ocasién de un vigje a Suiza, Ribera entrd
en confacto con la mds activa de todas, la francesa Hen-
nebigque. Atraido por las ventajas de la nueva técnica
constructiva, desde 1898 se convirti® en concesionario pa-
ra Espana de la firma francesa, disenando sus primeras
obras con su patente.

En 1899 abandond el servicio al Estado para convertirse
con su propia empresa, “J. Eugenio Ribera y Cia”, en con-
fratista de obras de hormigdn armado. Se lanzd a construir
obras de todo tipo (puentes, fabricas, edificios publicos,
depdsitos, ...), principalmente en el Norte de Espana.

A partir de 1902, consagrado ya como constructor de
prestigio, ufiliza su propio sistema, que da a conocer en un
libro (20). Recibe encargos muy importantes, como la cu-
bierta del nuevo depdsito de aguas de Gijon, de 5000 m?2, y
se impone en concursos como el del puente de Maria Cris-
fina en San Sebastian.

Arropado por el éxito, y con la confianza que le daba
su ya dilatada experiencia, el futuro para el hormigdén ar-
mado se le antojaba prometedor. De tal forma que en una
conferencia pronunciada ese ano en el Ateneo llegd a
afirmar que “seria la base de la construccion en el siglo
que empezaba” (21).

Ciertamente no le faltaba razdn, pero antes de que
eso sucediera el nuevo material tendria que hacer frente
todavia a duras pruebas. El gran ingeniero no podia por
entonces imaginar que muy pronto él se convertiria en pro-
tagonista de la mas dificil de fodas.

4. El concurso

La gigantesca obra de hormigdn armado del Tercer
Depdsito atrajo la atencidén de muchas empresas, tenien-
do que ampliarse cuatro meses el plazo de admision de
proposiciones para dar fiempo a las empresas del extran-
jero (22).

En las bases del concurso apenas se condicionaba el
diseno de la cubierta, dando libertad a los concursantes
para proponer el sistema que considerasen mds oportuno
(tfan sélo se fijaba la distribucion de los pilares, 735 por com-
partimento). Los cdlculos debian partir de dos premisas; la
cubierta tendria que ser capaz de soportar una carga de
700 kg/m?2, ademds del peso propio; y los pilares no debian
fransmitir a la solera presiones superiores a 4,50 kg/cm?2. Por
ofra parte, en el pliego debian quedar reflejadas las condi-
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port works and soon gaining a reputation as a brilliant
engineer with various books and articles to his name.

At this fime reinforced concrete was beginning fo make
a successful breakthrough particularly in Germany and
France. Several companies, each with their own patents,
were dedicated to the design and construction of works in
this new material. In 1895 and coinciding with a trip to
Switzerland, Ribera came info contact with the most active
of these companies, the French firm Hennebique. Ribera
was atfracted fo the advantages of this new construction
technique and in 1898 became a concessionaire in Spain
for the French company and designed his first works under
their patent.

In 1899 he left the State service to start up his own
business, “J. Eugenio Ribera & Co”, as reinforced concrefe
confractor. His company built all manner of constructions
(bridges, factories, public buildings, reservoirs...) mainly in
the north of Spain.

As from 1902, and now established as a prestigious
contractor, he began to employ his own system which was
duly published in book form (20). He received very
important contracts, such as the roof to the 5000 m? new
storage reservoir in Gijon and he successfully bidded for
others such as the Maria Cristina bridge in San Sebastian.

Encouraged by success and with the confidence
provided by his already long-standing experience, Ribera
considered the future of reinforced concrete to be a
promising one. In a conference given this same year to
the scientific community, he stated that reinforced
concrete “would be the basis for all construction in the
new century” (21).

While he was certainly not wrong, reinforced concrete
would have to go through a number of difficult challenges
before this would happen. At the time of making these
comments, the great engineer could not possibly envisage
that he was soon fo become the protagonist of the most
difficult challenge of all.

4. The call for tenders

The vast reinforced concrete work of the Third Water
Reservoir attracted the attention of many companies and
the tender period had to be extended by four months to
allow foreign companies to bid (22).

The tender conditions made few restrictions on the
design of the roof cover and gave bidders a free reign to
propose the system they considered most appropriate (the
conditions only established the arrangement of the
columns, with 735 being indicated for each compartment).
The calculations had to be based on two premises: the roof
cover would have fo be capable of supporting a load of
700 kg/m? in addition to its deadweight; and the columns



ciones de los materiales, los procedimientos, las pruebas de
carga y los plazos de ejecucion (23).

Se presentaron catorce proposiciones, con grandes vo-
riaciones de presupuesto y plazo de ejecucion entre ellas
como se ve en el cuadro 1.

La eleccién correria a cargo del Consejo de Obras Pu-
blicas, previa consulta de diversos técnicos (24). Los inge-
nieros Carlos Santamaria, encargado de las obras, y Anto-
nio Prieto, secretario de la comisién del tercer deposito, se
encargaron de hacer el informe preliminar.

En primer lugar, desecharon la proposicion del ingenie-
ro italiano Parboni por no gjustarse a las bases del concur-
S0, ya que se referia a la construccion del depdsito com-
pleto. Ademds, no presentaba el proyecto y tenia un coste
desorbitado.

También rechazaron la proposiciéon de A. Matrai, inge-
niero hdngaro que habia registrado algunos anos antes
una patente de construccidon de hormigdn armado. Su sis-
tema de forjados, compuestos por un tejido de alambres
embebido en losas de hormigdn, habia fenido cierta fortu-
na en Francia. Sin embargo, su utilizacién en la cubierta del
depdsito no convencia a Santa Maria y Prieto, para quie-
nes con su propuesta no se garantizaba ni la impermeabili-
dad ni la capacidad de desague.

El resto de las proposiciones, que si se admitieron a estu-
dio, se repartieron en tres grupos, segln su diseno esfructu-
ral. En el primero estalban las de solucién con cubierta pla-
na (Jalvo, Odorico, Gabellini, Draguet y Sestao). Destaca-
ba la propuesta de la Compania del Hormigdn Armado de
Sestao, con una solucién tradicional de losa de hormigdn
armado, sobre viguetas y jdcenas del mismo material. Ade-
mds de tener el presupuesto mds bajo de este grupo, esta-
ba avalada por el creciente nimero de obras que esta
empresa, de capital y direccidn franceses, estaba llevando
a cabo por toda Espana.

El arquitecto Mauricio Jalvo también presentd una pro-
puesta de cubierta plana apoyada sobre vigas y viguetas,
aungue por su elevado presupuesto no tenia muchas posi-
bilidades de resultar elegida. Este arquitecto, ofro de los
grandes pioneros del hormigdn armado en Espana, tendria
un papel destacado tras la catdstrofe, actuando como
perito del Ayuntamiento.

Las proposiciones del segundo grupo (Habrich y Henne-
bique) en lo sustancial diferian poco de las del primero. La
empresa alemana Habrich presentd una cubierta de losas
con pequena curvatura, poco atractiva por su elevado
presupuesto y su dilatado plazo de ejecucion.

En este segundo grupo también se englobaron las dos
proposiciones que hizo la firma francesa Hennebigque. Sien-
do la principal empresa dedicada a la consfruccién con
hormigdén armado en todo el mundo, no podia dejar de
presentarse a un concurso de tanta relevancia como el del
Tercer Deposito.
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Cuadro 1/Table 1

Presupuesto (ptas.) Plazo ejecucion

© NO O WN —

N w N — OO

Parboni
Jalvo
Habrich
Odorico
Gabellini
Hennebique
Hennebique
Draguet
Matrai
Odorico
Cia. Sestao
Zafra

Zafra

Ribera

4.600.000,00 sin determinar
3.236.586,30 34 meses
2.970.968,08 40 meses
2.738.000,00 450 dias
2.295.168,00 18 meses
2.251.783,20 24 meses
2.082.687,60 24 meses
2.059.920,00 16 meses
2.031.000,52 24 meses
1.993.000,00 450 dias
1.901.602,61 24 meses
1.720.061,43 14 meses
1.600.889,14 20 meses
1.562.845,10 12 meses

could not transfer loads of over 4.50 kg/cm? to the base. In
turn, the bids were required fo indicate material conditions,
procedures, load tests and construction period (23).

Fourteen tenders were received with large variations in
terms of price estimate and constructions fime (Table 1).

Awarding of the contract fell to the Public Works
Council after prior consultation with several technicians
(24). The engineers Carlos Santamaria, the project
manager, and Antonio Prieto, the secretary for the
assignment of the third water reservoir, were enfrusted with
the preparation of a preliminary report.

The proposal tendered by the Italian engineer Parboni
was discarded as it did not meet the tender conditions and,
instead, referred fo the constfruction of the entire covered
reservoir. This proposal also failed fo present a design and
the cost was considered to be far too excessive.

The council also rejected the tender by the Hungarian
engineer, A. Matrai, who some years earlier had registered
a reinforced concrete construction patent. His system of
slabs, composed of a mesh of wires embedded in concrete
slabs, had received certain renown in France. However, the
use of this method in the reservoir cover did not convince
Santa Maria and Prieto as they felt that the proposal did not
guarantee waterproofing or drainage capacity.

The rest of the tenders admitted fo study were divided
info three groups according to structural design. The first
group consisted of flat roof solutions (Jalvo, Odorico,
Gabeliini, Draguet and Sestao). The proposal made by the
Compania del Hormigon Armado de Sestao (Sestao
Reinforced Concrete Company) stood out in this list with a
traditional solution of a reinforced concrete slab set on
reinforced concrete joists and beams. This was also the
lowest estimate in the group and was backed by the
growing number of works that this French financed and run
company were carrying out all over Spain.
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Fundada por Francois Hennebique en 1892, tenia con-
cesionarios repartidos por mdas de freinta paises, que se
apoyaban en la oficina técnica central con sede en Paris.
De esta forma, llevaba proyectadas y construidas mas de
siete mil obras en 1905.

Con el aval de su gran prestigio presentd dos proposi-
ciones para la cubierta, resueltas ambas con una solucion
de bbévedas muy rebajadas y vigas arqueadas, ya emplea-
da con éxito en el cubrimiento del ferrocarril des Mouline-
aux, en la Exposicidn Universal de Paris de 1900.

La organizacién Hennebique garantizaba su estabili-
dad para una sobrecarga de hasta 3500 kg/m2. Con su co-
nocida habilidad para la propaganda, sugeria que incluso
se podria construir “un jardin publico sobre este tercer de-
posito, llevando el espesor de las tierras a un metro sin nin-
gun inconveniente” (25).

En el dlifimo grupo se encuadraban tres proyectos que
resolvian la cubierta con bévedas. La casa Odorico, que
también habia hecho una propuesta de cubierta plana,
presentaba otra, mas econdmica, de bbévedas de arista
apoyadas directamente sobre los pilares. Las otros dos eran
propuestas de sendos ingenieros de caminos espanoles,
José Eugenio Ribera y Juan Manuel de Zafra.

El primero, como ya se ha comentado, era el gran es-
pecialista espanol del momento. Cuando se convocd el

Fig. 2. Esquema
de las pruebas de
cargaen el
depédsito de Gijon.
Publicado en

“El Cemento
Armado”/Arrange
ment of load tests
on the Gijon
water deposit.
Published in “El
Cemento
Armado”.
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The architect Mauricio Jalvo also presented a proposal
for a flat roof set on beams and joists, but its high price gave
the project little chance of success. This architect was
another of the leading pioneers in reinforced concrete in
Spain and was to have a very important role in the wake of
the disaster, acting in the capacity as a council expert.

The proposals of the second group (Habrich and
Hennebique) differed slightly those of the first group. The
German company Habrich presented a slab cover with a
slight curvature but this was considered inappropriate on
account of its high price and long construction period.

This second group included two proposals made by the
French firm Hennebique. This company were responsible for
reinforced concrete constructions throughout the world
and they could not fail to take part in such a highly relevant
call for tenders such as that of the Third Water Reservoir.

The company had been founded by Francois
Hennebique in 1892 and had concessionaires in over thirty
countries backed up by a central technical office in Paris. In
this way the company had designed and built over seven
thousand works in 1905.

On the back of their great prestige, the company
presented two proposals for the cover, both employing a
very flat arch solutfion with arched beams which had been
successfully employed in the roofing fo the des Moulineaux
railway at the Paris Universal Exposition of 1900.

The Hennebique organization guaranteed the stability
of the structure for live loads of up to 3500 kg/m?2. With their
renowned ability for publicity, the company also suggested
that it would be possible to build “a public park over the
third water reservoir by raising the soil cover to one metre
which would not pose any problems” (25).

The final group was formed by three tenders which all
offered vaulted roof cover solutions. The Odorico company,
which had also presented a proposal for a flat roof,
tendered an additional and more economical solution with
groin arches supported directly on columns. The other two
proposals were by the Spanish civil engineers, Jose Eugenio
Ribera and Juan Manuel de Zafra.

The first of these and as indicated earlier was the great
Spanish specialist of the day. When the call for tfenders went
out, Ribera was building the Gijon water reservoir for which
he had designed a vaulted roof set on beams which were,
in turn, supported on columns. These 3.8 metre span arches
flattened out by 1/10 were 6 cm thick at the key and 12 cm
thick at the spring. They were designed in accordance with
the Monier system with the reinforcement formed by round
bars set in a rectangular grid.

The 20 x 30 cm beams and the 20 cm square section
columns were to be formed in reinforced concrete, though
on this occasion employing a system patented by Ribera.

Test roof arches were constructed to verify the stability
of the design and these were subjected to load testing.



concurso estaba construyendo el depdsito de aguas de
Gijén, para el que habia proyectado una cubierta forma-
da por bbévedas apoyadas en jacenas, las cuales descan-
saban a su vez sobre los pilares. Dichas bdvedas, de 3,80
metros de luz y rebajadas al 1/10, tenian un espesor de 6
cm en la clave por 12 cm en los arranques. Estaban disena-
das de acuerdo con el sistemna Monier, con una armadura
formada por barras redondas en reticula ortogonal.

Las jacenas tenian escuadrias de 20 x 30 cm vy pilares
de seccidn cuadrada de 20 cm de lado, realizados en hor-
migdn armado, aunque esta vez del sistema patentado
por Ribera.

Para comprobar la estabilidad del diseno se construye-
ron unas bévedas de prueba, a las que se sometid a un en-
sayo de carga. Limitada la prueba a dos bbévedas, se fue-
ron repartiendo uniformemente sacos de cemento sobre
ellas, incrementando la carga hasta que se rompieran. Pues
bien, agotada la provision de sacos, las bévedas aldn segui-
an en pie sin mostrar sinftomas de rotura (con una sobrecar-
ga de 1600 kg/m?2, cuatro veces superior a la prevista).

Entonces se decidid contfinuar la experiencia descom-
pensando la carga en las bdvedas. Se quitaron sacos de
una para colocarlos en la ofra, hasta que se produjo la ro-
tura, para unos valores de la sobrecarga de 2200 kg/m?2
(cinco veces la carga de proyecto) y 1000 kg/m?, respecti-
vamente.

Los pilares también mostraron una resistencia excepcio-
nal en la prueba, siendo necesario un empuje horizontal de
5700 kg para romperlos. Esto condujo a Ribera a estimar
que no hacian falta arriostramientos de las bévedas en
sentido tfransversal a las mismas.

Completamente satisfecho de su diseno, consideraba
“que para vencer su resistencia y estabilidad seria necesa-
rio recurrir a una verdadera traicion” (26). Asi que lo adoptd
también para el Tercer Depdsito, aunque en este se arries-
g6 bastante mads, ya que para unas luces mayores (seis
metros frente a los cuatro de Gijdon), utilizd bévedas mas li-
vianas (6 cm de espesor en la clave y 10 cm en los arran-
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Fig. 3. Prueba de
dos bdévedas para
el depodsito de
Gijon.
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Testing was limited fo two arches and the idea was fo
evenly place sacks of cement on the same and to increase
the load until the arches failed. However, they ran out of
sacks while the arches were still standing and before they
showed any sign of failure (with a live load of 1600 kg/m?,
which was four times the predicted load).

It was decided to continue the testing by redistributing
the load on the arches. Sacks were removed from one arch
and placed on the other until breaking point which finally
occurred at live loads of 2200 kg/m? (five times the design
load) and 1000 kg/m? respectively.

The columns also revealed excellent strength in testing
and it was necessary to apply a 5700 kg horizontal force to
break the columns. This led Ribera to the conclusion that it
was not necessary to brace the arches in the transversal
direction to the same.

Ribera was entirely satisfied with his design and
considered “that it would be necessary to resort to insidious
means to overcome their strength and stability” (26). He
subsequently decided to employ this method in the Third
Water Reservoir, though here he took even greater risks as,
in spite of the greater spans (six metres as opposed fo the
four metre span arches in Gijon), he employed slimmer
arches (6 cm thick at the key and 10 cm at the arch spring);
0.50 m thick and 4.03 m span frapezoidal section beams;
and 8.40 m high by 25 cm wide square section columns
reinforced with four 15 mm diameter bars.

While the design columns and arches were correctly
dimensioned to withstand stress in the normal situation of
the finished work (with static loads uniformly distributed
over the vaults), they were not calculated to resist
horizontal stresses which could appear in the case of
decompensated loads. In the light of the test results
obtained in Gijon, Ribera did not consider it necessary to
do so and he ftrusted that all the components would act
in unison to resist these stresses without affecting the
assembly.

In this way Ribera obtained an economic structure
which was easy to build as there was no cross bracing and
the arches could be built with a slip form. For this reason,
Ribera’s proposal was the cheapest of all the tenders and
the one requiring the shortest construction time.

However, Ribera’s tender was very close to another
arch roof project presented by Juan Manuel de Zafra. Cross
bracing was provided for in this latter project and the
estimate only rose an insignificant amount of Pesetas 38,000
over that of Ribera’s. The project considered 4 cm thick
curved plates set on a grid of parabolic infrados beams
with a minimum depth of 40 cm and cruciform section
columns. By incorporating bracing in two perpendicular
directions, Zafra’s project was safer than Ribera’s but was
more difficult fo build and the scheduled construction time
was, subsequently, eight months longer.
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ques); jacenas de seccion trapecial de medio metro de
canto y de 4.03 metros de luz; y pilares de seccién cuadra-
da de 25 cm de lado y 8,40 m de altura, armados con cua-
fro redondos de 15 mm de didmetro.

Correctamente dimensionados para resistir los esfuerzos
originados en la situaciéon normal de la obra terminada
(con cargas estaticas uniformemente repartidas sobre las
bdvedas), los pilares y bdvedas del proyecto no estaban
calculados para resistir esfuerzos horizontales, que podian
aparecer en caso de cargas descompensadas. A la vista
de los resultados de los ensayos de Gijon, Ribera juzgd que
no era necesario hacerlo, confiando en que todos los ele-
mentos actuando solidariamente podrian resistir dichos es-
fuerzos sin que el conjunto resultara danado.

De esta forma conseguia una estructura econémica y
facil de ejecutar, pues al no haber arriostramientos trans-
versales, se podian ir construyendo las bévedas con un en-
cofrado deslizante. De esta forma, la proposicion de Ribera
resultd ser la mas barata de todas y la de menor plazo de
ejecucion.

No obstante, en el presupuesto se quedd muy cerca
del otfro proyecto de cubierta con bdvedas, presentado
por Juan Manuel de Zafra. Este, que si tenia arriostramientos
fransversales, lo superaba por la insignificante cantidad de
38.000 pesetas. Consistia en placas curvadas de 4 cm de
espesor, apoyadas sobre una cuadricula de vigas de intra-
dos parabdlico con un canto minimo de 40 cm y pilares de
seccion cruciforme. Al incorporar arriostramientos en dos di-
recciones perpendiculares, el proyecto de Zafra resultaba
mds seguro que el de Ribera, pero también mas dificil de
ejecutar, por lo que su plazo de ejecuciéon era ocho meses
mMayor.

Ademds, por aquel entonces Zafra, que seria luego una
de las grandes figuras del hormigdn armado en Espana, es-
tfaba dando sus primeros pasos con el nuevo material y no
podia presentar, como Ribera, una lista de realizaciones
importantes que le avalaran.

Los ingenieros Santamaria y Prieto estudiaron todas las
proposiciones y se dispusieron a tomar una decision.

En primer lugar descartaron las de Habrich y Draguet
por no cumplir una de las bases del concurso, la limitacion
de la carga transmitida a la solera.

Analizando a continuacién los cdlculos de las proposi-
ciones restantes, no encontraron Ninguno que les conven-
ciera. El hormigdn armado lleva poco tiempo utilizéndose y
tfodavia no tenia una base tedrica seria. Los diferentes siste-
mas estaban fundados en la experiencia, pretendiendo jus-
fificarse muchas veces con hipdtesis dudosas, cuando no
disparatadas. No pudiendo confiar en los célculos, decidie-
ron que la validez de cada proposicidon deberia ser com-
probada con procedimientos empiricos.

Vistas asi las cosas, los aspectos econdmicos resultaban
fundamentales para tomar una decision. De acuerdo con

Fig. 4. Vista
esquemdatica del
disefio de Ribera

para el Tercer
Depésito.
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Nationale de
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Ribera’s design for
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Furthermore, at that moment in time Zafra, who was
later to become one of the leading proponents of
reinforced concrete in Spain, was still becoming initiated
with the new material and could not present such an
impressive curriculum as Ribera’s.

The engineers Santamaria and Prieto studied all the
proposals and prepared to come to a decision.

They first discarded the tenders of Habrich and
Draguet as these did not comply with one of the tender
conditions concerning the restriction of load tfransferred
to the base.

After studying the calculations of the remaining
proposals, they could not find one which convinced
them. Reinforced concrete had only been employed for
a relatively short time and a serious theoretical basis was
yet to be prepared. The different systems were based on
experience and on many occasions were justified on
doubtful, if not totally ridiculous, assumptions. As they
could not trust the calculations they decided fo verify the
validity of each proposal by empirical methods.

Under these conditions, economic aspects fook on an
essential role in the decision making process. In
accordance with this criteria, arch solutions were
preferable to flat roof solutions and here, on the same



este criterio, las soluciones con bdévedas eran preferibles a
las planas. Y entre ellas, por el mismo razonamiento, la elec-
cién debia recaer en la propuesta de Ribera, la de menor
presupuesto y mds corto plazo de ejecucion.

Sin embargo, su arriesgado diseno estructural suscitaba
serias dudas. A pesar de que Ribera, apoyado en los resul-
tados de sus pruebas de Gijon, garantizaba que era capaz
de resistir los esfuerzos horizontales, Santamaria y Prieto no
estaban tan seguros. Sobre todo temian que, al no haber
arriostramientos perpendiculares a la direccion de las bd-
vedas, el fallo de una de ellas se transmitiera a las conti-
guas, provocando el colapso de toda la cubierta.

En su informe, hicieron constar claramente que el pro-
yecto de Zafra, que si tenia el doble arriostramiento, garan-
tizalba mejor la estabilidad frente a esfuerzos horizontales y
evitaba la propagacion de un fallo parcial.

Pero al final se inclinaron por la propuesta de Ribera, si
bien se debia confirmar su estabilidad mediante ensayos. Si
estos no resultaban satisfactorios, debia considerarse la
propuesta de Zafra como segunda alternativa. En caso de
que la estabilidad de esta tampoco quedara contrastada
en las pruebas, habria que recurrir a construir una cubierta
plana, siendo en este caso la propuesta de la Compania
de Sestao la opcidén preferente.

De este modo, las conclusiones quedaban inequivoca-
mente vinculadas a la realizacion de dos pruebas, compa-
cidad de los hormigones y resistencia general de la cubier-
ta. Si bien la primera no ofrecia ninguna dificultad, no ocu-
ria lo mismo con la segunda, pues exigia la construccion
de un trozo de cubierta y someterlo a cargas hasta provo-
car su rotura.

Una vez emitido el informe preliminar de Santamaria y
Prieto, correspondié informar al Ingeniero Jefe de obras pu-
blicas, Alfredo Alvarez Cascos. Este, no teniendo nada que
anadir, suscribid infegramente el informe de aquellos.

A continuacion, llegd el tumno del momentdneamente
Director del Canal, Rogelio Inchaurrandieta. Concentrando
su aftencién en las propuestas de Ribera y Zafra, hacia su-
yas las conclusiones de Santamaria y Prieto, asumidas tam-
bién por el Ingeniero Jefe Alvarez Cascos. Sin embargo, dis-
crepaba en cuanto a la conveniencia de hacer la prueba
de estabilidad que agquellos proponian.

Consideraba en su informe que con el diseno de Zafra
quedaba descartada la posibilidad de transmision de una
averia local, por lo que las pruebas no serian necesarias. Sin
embargo, con el de Ribera, que no incorporaba arriostra-
miento fransversal, existia un riesgo cuya importancia ha-
bria que determinar mediante los ensayos.

Ahora bien, el ensayo de unas cuantas bdvedas no ser-
viria para reducir la incertidumbre en ese sentido. Como
acertadamente reflejalbba en su informe, para obtener re-
sultados concluyentes habria que probar un nimero eleva-
do de bdvedas, en un fiempo también largo. De este mo-
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reasoning, the selection had fo fall to Ribera’s proposal
which offered the lowest cost and construction time.

However, his daring structural design gave rise fo serious
doubts. Even though Ribera based his design on the Gijon
test results and guaranteed that this was capable of
resisting horizontal loads, Santamaria and Priefo were not so
sure. They were particularly wary of the fact that in view of
the lack of bracing perpendicular to the arches, any failure
of the same would fransfer to the adjacent arch and lead
to the collapse of the entire roof,

In their report they clearly indicated that Zafra’s
project, with its double bracing system, guaranteed
greater stability against horizontal stress and prevented
the propagation of a partial failure.

However, they finally inclined towards Ribera’s
proposal though they considered it necessary to confirm
design stability by testing. If these tests did not prove
satisfactory they would then consider Zafra’s proposal as
the second alternative. In the case that the stability of this
latter also failed in testing, they would then have to resort
to a flat roof solution and, in this case, the Sestao
company proposal was the favoured option.

The oufcome subsequently depended on the results
of the two tests concerning the compactness of the
concretes and the general strength of the roof cover.
While the first test did not present any difficulties, this was
not the case of the second, as it required the
construction of a section of roofing and subjecting this to
destructive testing.

Once the preliminary report by Santamaria and Prieto
had been issued, they then had to report to the Chief
Engineer of Public Works, Alfredo Alvarez Cascos. Cascos
had nothing further to add and entirely endorsed their
report.

The selection process passed to the then Director of
the Canal, Rogelio Inchaurrandieta, who focused his
attention on the proposals of Ribera and Zafra and
approved the conclusions of Santamaria and Prieto
which had been similarly endorsed by the Chief Engineer
Alvarez Cascos. However, the Director differed with
regards fo the stability tests proposed by Santamaria and
Priefo.

In his report, Inchaurrendieta considered that Zafra’s
design eliminated the possibility of fransfer of local failure
and the tests were, therefore, unnecessary. However, with
regards fo Ribera’s proposal which did not include cross
bracing, the director considered that there was a certain
degree of risk which would have to be verified by testing.

However the testing of a certain number of arches
does not reduce the element of doubt in this regard. As
correctly indicated in his report, it would be necessary to
test a large number of arches over a large period of time
in order to obtain conclusive reports. This then offset the
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do, quedarian contrarrestadas las ventajas que en cuanto
a presupuesto y plazo de ejecucion presentaba la opcién
de Ribera frente a la de Zafra.

Cuestionaba por tanto la realizacién de las pruebas,
tfransmitiendo al Consejo de Obras Pldblicas la idea de
que tendria que decidir sobre la estabilidad de la propues-
ta de Ribera en funcién de las justificaciones, empiricas y
razonadas mediante cdalculos, que este exponia en su pro-
yecto.

En su informe lo exponia nitidamente de esta manera:
“dadas las condiciones del proyecto del Sr. Ribera, debe
estimarse por apreciaciéon colectiva (la del Consejo de
Obras Pablicas)si el peligro que puede temerse de una im-
probable, pero posible averia local, merece el aumento de
tiempo y dinero que exige la proposicion del Sr. Zafra res-
pecto ala del Sr. Ribera. Si se cree que puede propagarse
la ruina, no debe admitirse; pero si se entiende que las con-
diciones del hormigdn armado no hacen verosimil ese ries-
go, o se estima que da tiempo al remedio y reparacion,
debe aceptarse sin esos ensayos tan delicados”.

El Consejo de Obras Publicas, finalmente, decidié fallar
a favor de Ribera, sin considerar necesario que se realiza-
ran las pruebas de carga. La opcidn de Zafra se reservaba
por si aquel se negase a aceptar las condiciones adminis-
frativas del fallo del concurso.

5. Hacia el desastre

A principios de 1904 estaban terminados los trabajos de
consolidacion de los minados vy se habian ejecutado los re-
vestimientos laterales y el muro divisorio central de fabrica
de ladrillo. Las obras de la cubierta, con Ribera como con-
fratfista, empezaron en primavera, continuando los inge-
nieros de caminos Alvarez Cascos al frente de la direccion
facultativa y Santamaria como inspector directamente en-
cargado de la obra.

En el plan de trabagjo ideado por Ribera se construian
en primer lugar los pilares y las jadcenas, para después, con
un encofrado deslizante, terminar las bdvedas.

La obra comenzé por el cuarto compartimento, desa-
rrolléndose con normalidad segln el esquema previsto. La
ejecucion se gjustaba a las cldusulas del contrato de con-
cesion, sin que se registrara mayor incidente que un ligero
agrietamiento observado en algunas vigas en su unién con
los pilares, defecto que fue oportunamente subsanado. En
cuanto a los materiales, los utilizados se ajustaban escrupu-
losamente a las condiciones del contrato.

De este modo, al empezar el mes de abril de 1905, el
cuarto compartimento estaba completamente cubierto y
en el primero y segundo, con todos sus pilares y jdcenas
construidos, se estaban empezando a ejecutar las boéve-
das (27).
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advantages in terms of budget and construction time
offered by Ribera’s option over that of Zafra.

After questioning these fests, the Public Works Council
were informed that it was necessary to come to a
decision regarding the stability of Ribera’s proposal in
accordance with the empirical and calculation based
justifications indicated in his tender.

In his report this was clearly laid out in the following
manner: “given the design conditions proposed by Sr.
Ribera, it should be jointly considered (by the Public Works
Council) whether the danger posed by an improbable,
but possible local failure, merits the increase in time and
money required by Sr. Zafra’s proposal over and above
that of Sr. Ribera. If it is considered that this may lead to
collapse, then it should be rejected; but if it is felt that the
conditions of reinforced concrete make this risk unlikely or
if it is felt that there would be fime to remedy and repair
the same, this should be accepted without these
extremely delicate tests”.

The Public Works Council finally opted in favour of
Ribera without considering it necessary to carry out the
load tests. Zafra’s option was held in reserve in case
Ribera refused to accept the administrative conditions in
the award of contract.

5. The build up to the disaster

By early 1904 the soil consolidation works were
complete and the brick side linings and cenfral dividing
wall had been constructed. The roof works began in
Spring, with Ribera as confractor and the civil engineers
Alvarez Cascos and Santamaria occupying their posts as
project and site managers respectively.

According to the work programme established by
Ribera, the columns and beams would be built first and
the arches would then be completed using slip forms.



Sobre toda la cubierta de este compartimento, con ex-
cepcidn de una peguena zona al norte, habia una capa
de tierra de 10 cm de espesor, que se habia ido extendien-
do a medida que se construian las bovedas. Desde el ocho
de febrero se trabagjaba en completar esta capa hasta al-
canzar los 25 cm prescritos en el proyecto como aislante. La
tierra era fransportada con carretillas que los obreros des-
plazaban rodando directamente sobre las bovedas.

El dia cinco de abril, con esta operaciéon realizada
aproximadamente en la mitad de la cubierta, por iniciativa
de la contrata se decidid hacer una prueba de solidez,
que consistid en cargar con una capa de fierra de 80 cm
(1050 kg/m?2, una vez y media la sobrecarga de proyecto)
una faja de bdvedas en todo lo largo del compartimento.
La tierra se tomd de las bdvedas vecinas, las cuales queda-
ron al descubierto.

Mientras se readlizaban las pruebas el fiempo fue muy
caluroso, con unas temperaturas anormalmente altas para
esa época del ano y grandes oscilaciones diarias (28).

Las pruebas se terminaron el seis de abril, con resulta-
dos satisfactorios El siete de aboril se retomaron las labores
de distribucion de las tierras, desde los acopios exteriores y
redistribuyendo las que se habian utilizado para el ensayo.

El dia ocho de abril por la manana, en medio de este
trajin del reparto de tierra, se vino abagjo la cubierta, con
gran pérdida de vidas humanas.

6. Primeras reacciones.

El estruendo del hundimiento, que se produjo sobre las
siete y cuarto de la manana, sobresaltd al cercano barrio
de Cuatfro Caminos (29). Enseguida una gran multitud se
congregd en las inmediaciones del tercer depdsito. Entre
los primeros en llegar estaban los guardias civiles Delgado y
Albornoz, que rédpidamente informaron a las autoridades
de la magnitud del desastre.

Fig. 6. El cuarto
compartimento
poco antes del
hundimiento.
Publicado en la
R.O.P./ The fourth
compartment
shortly before
collapse.
Published in the
R.O.P.
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Work began with the fourth compartment and closely
followed the established programme. The building work
followed the specified terms of contract and the only
incident of note was the slight cracking of certain beams
where they joined the columns and this defect was
suitably remedied. The materials employed on site all
scrupulously conformed to that established in the
specifications.

By the beginning of April 1905 the fourth
compartment was entirely covered and all the columns
and beams were in place in the first and second
compartments were ready to receive the arch work (27).

With the exception of a small area to the north, the
entire roof of this compartment was covered by a 10 cm
thick layer of soil which was spread out as the vaults were
completed. From 8 February onwards the soil layer was
raised to the 25 cm specified in the design as insulation
material. The soil was transported by wheelbarrows with
the workers moving freely over the vaults.

On 5 April and with approximately half of the soil in
place, the contractor decided to carry out a stability test
by loading a line of vaults throughout the entire
compartment with an 80 cm thick soil layer (1050 kg/m2,
one and a half times the design liveload). The earth was
taken from the adjacent vaults which then remained
exposed.

The tests were carried out in very hot weather with
abnormally high temperatures for the time of year and
large variations throughout the day (28.)

Testing was completed on 6 April and proved
satisfactory. On the following day work resumed to
spread the soil from the outer piles and to redistribute the
soil used in the tests.

In the morning of 8 April and while the soil was still be
spread out, the roof caved in with a great loss of human
life.

6. First reactions

The roar of the collapsing roof and soil, at quarter past
seven in the morning, startled the neighbouring district of
Cuatro Caminos (29) and a large crowd of onlookers
immediately gathered at the site of the reservoir. The Civil
Guards Delgado and Albornoz were among the first on
the scene and immediately informed the authorities of
the scale of the disaster.

The crowd and those workers who had been
unharmed raced to help those frapped in the rubble.
Students from the nearby College of Mining Engineers
rushed fo the area and fried to be of assistance. One of
those who arrived on the scene was later to describe the
image in his memoirs: “(crushed skulls and bloodied limbs
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Desde el primer momento los vecinos vy los obreros que
no habian sido afectados intentaron auxiliar a sus compa-
neros atrapados por los escombros. Répidamente acudie-
ron en su ayuda los alumnos de la cercana Escuela de inge-
nieros de Minas. Uno de ellos recordaria més tarde en sus
memorias lo que vieron al llegar: *(...) asomaban entre los
escombros craneos aplastados, miembros ensangrentados
(algunos separados del tronco al que pertenecian) y se oi-
an lamentos de dolor, angustiosas llamadas de auxilio” (30).

Inmediatamente acudieron el gobernador civil de Mao-
drid, el ministro de la Guerra y el alcalde, encontrédndose
con el terrible espectdculo. Entre los bomberos, las fuerzas
de seguridad y una compania de zapadores llamada por
el ministro se organizd el rescate de los obreros atrapados.

El rey Alfonso Xlll se presentd a media manana. Des-
pués de recorrer las ruinas acudid al Hospital de la Prince-
sa, adonde habian sido trasladados los heridos, muchos de
ellos en las mismas carretas usadas para distribuir la tierra

A la conmocidén de los primeros momentos sucedid un
sentimiento de indignacion entre las clases populares de
Madrid, alimentado por parte de la prensa madrilena. En-
fre los periddicos mas agresivos destacaba “El Liberal”, que
desde el primer momento empezd a propagar la idea de
que el desastre se debia a un comportamiento ilicito del
contratista, que habria estado escatimando en los materia-
les sin importarle la seguridad de los frabajadores.

En la tarde del dia siguiente, domingo nueve de alboril,
se produjo una concentracién no autorizada en los alrede-
dores de la plaza de Cuatro Caminos, en protesta por 1o su-
cedido en el Tercer Depdsito. Ante los dnimos exaltados de
los concentrados, la policia recibid la orden de disolverla
por la fuerza, origindndose graves disturbios, tiroteo inclui-
do, con el resulfado de un muerto y numerosos detenidos.

Los funerales se celebraron el martes once. El mismo dia
se produjo ofra concentracion, esta vez sin incidentes. Para
entonces, la noticia habia frascendido con una gran reper-
cusién en toda Espana. Intentando atenuar el malestar, el
consejo de ministros promovié una suscripcion entre todos
los funcionarios de la Administracion para socorrer a las
victimas (31).

Al mismo tiempo creaba, por Real Orden de 8 de aboril
de 1905, una comisidn para investigar lo sucedido. Estaba
formada por los ingenieros militares José Marva y Francisco
Pérez de los Cobos, los arquitectos Rafael Cerero y Federi-
co Aparici y los ingenieros de caminos José Arenas y Anto-
nio Arévalo. El Ayuntamiento de Madrid, por su parte, tam-
bién encargd al ingeniero militar Eduardo Gallego y al ar-
quitecto Mauricio Jalvo, dos de las mayores autoridades
espanolas en hormigdn armado del momento, que actua-
ran como sus peritos para dilucidar las causas que habian
producido el hundimiento.

Las diligencias judiciales empezaron inmediatamente.
Fueron encausados Alfredo Alvarez Cascos, como director

Fig. 7. Tras el
desastre
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(some torn from the body) appeared within the rubble
and one could hear cries of pain and anguished calls for
help” (30).

The Civil Governor for Madrid, the War Minister and
the Mayor immediately went to the area and were met
by a terrible scene. The fire brigade, police forces and a
company of sappers called by the Minister were organized
to rescue the trapped workers.

King Alfonso Xl arrived at midday and after
inspecting the area then visited the Hospital de la
Princesa were the wounded had been taken, many of
whom being transferred in the very same wheelbarrows
used to spread the soil.

The initial commotion was followed by a feeling of
indignation among the working classes of Madrid which
was partly fired by the local press. One of the most
caustic newspapers was the “El Liberal”. The paper
started the rumour that the disaster had been caused by
the underhand behaviour of the contractor who had
scrimped on materials without caring for the safety of the
workers.

In the afternoon of the following day, Sunday 9 April,
there was an unauthorized gathering around the plaza at
Cuatro Caminos in protest for the events at the Tercer
Deposito. The crowd were very agitated and the police
received the order to break up the protest by force. This
then deteriorated into serious disturbances with shots
being fired and resulting in one death and numerous
arrests.

The funerals were held on the following Tuesday and
were marked by another protest, though on this occasion
without incident. By this time the news had spread and
there was widespread feeling of discontent throughout
Spain. In an attempt to mitigate this bad feeling, the
Council of Ministers asked civil servants to contribute to a
relief fund in support of the victims (31).



del Canal (habia sucedido a Inchaurrandieta) y Carlos
Santamaria, director del obra del Tercer Depésito. Por parte
de la contrata, José Eugenio Ribera, en un gesto de honra-
dez, asumié toda la responsabilidad, a pesar de no ser él
quien se encargaba directamente de las obras (el jefe de
obra era el ingeniero de caminos Mariano Luina).

7. Polémicas tras la catastrofe

El desastre del tercer depdsito tuvo un gran impacto so-
bre la opinién publica. En los meses siguientes a la catdstro-
fe aparecieron todo tipo de comentarios en la prensa, ali-
mentando una polémica que tenia una doble vertiente.

Por un lado, habia un amplio sector de la prensa, indig-
nado por el alto ndmero de victimas, que senalaba como
principales culpables a los técnicos y, sobre todo, al contra-
tista. Con “El Liberal” a la cabeza, este sector abundaba
en la creencia popular, muy extendida, de que empresa-
rios y técnicos estalban conchabados para lucrarse a costa
de la obra, sin importarles ni la seguridad de los obreros ni
que la construccidon quedara defectuosa.

Estas insinuaciones tenian su razén de ser, pues no falta-
ban ejemplos de esta deplorable actitud en la Espana de
principios del XX. Sin embargo, eran especialmente injustas
en esta ocasidn, pues se hacian sobre un hombre que se
habia distinguido por su honradez en los anos que llevaba
como contratista.

También salieron a relucir todas las vicisitudes que venia
sufriendo la construcciéon del tercer depdsito desde hacia
ya mas de treinta anos. Y, sin dejar de atacar en esta direc-
cién, al mismo tiempo se empezd a poner en entredicho la
competencia de los ingenieros que habian participado en
su proyecto y construccion, atreviéndose algunos a exten-
der esta idea a la mayoria de los técnicos espanoles.

Pero, tras la cautela de los primeros momentos, se alza-
ron muchas voces en defensa de Ribera y los demds en-
causados. Las paginas de “La Energia Eléctrica”, “Madrid
Cientifico”, la “Revista Minera Metaldrgica y de Ingenieria”
se llenaron de pronunciamientos a favor de su honradez y
aptitud. Hubo incluso quienes, como Mauricio Jalvo, no du-
daron en apoyar a Ribera a pesar de ser su competidor en
el terreno empresarial (32).

La catéstrofe trascendidé enseguida mas alld de nues-
tras fronteras, siendo también objeto de controversia. El
hundimiento de una construccién tan significativa restd
crédito al hormigdn armado, cuya validez como material
de construccién no estaba tfodavia definitivamente conso-
lidada.

Aungue hubo quienes aprovecharon el desastre para
dar por muerto al hormigdn armado y celebrar sus funera-
les (33). la actitud de técnicos prestigiosos como el ingenie-
ro vienés Fritz Von Emperger contribuyd a despejar las in-
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At the same time and in response to an Order in
Council of 8 April 1905, a commission was established to
investigate the incident. The commission was formed by
the military engineers Jose Marva and Francisco Perez de
los Cobos, the architects Rafael Cereo and Federico
Aparici and the civil engineers Jose Arenas and Antonio
Arevalo. The Madrid City Council also entrusted the
military engineer Eduardo Gallego and the architect
Mauricio Jalvo, two of the leading specialists in reinforced
concrete at the time, fo act as experts to investigate the
causes for the collapse.

Legal proceedings began immediately and charges
were brought against Alfredo Alvarez Cascos, the
director of the Canal (after taking over from
Inchaurrandieta) and Carlos Santamaria, the project
manager of the third tank. For his part, Jose Eugenio
Ribera, in a gesture of honesty accepted all responsibility
even though he was not directly in charge of the works
(the contractor’s site manager was the civil engineer
Mariano Luina).

7. Controversy after the disaster

The disaster of the third reservoir had a great impact
on public opinion. All manner of comments appeared in
the press over the months following the accident, firing a
controversy on two fronts.

A large sector of the press, infuriated by the high
number of victims, considered the main culprits fo be the
technicians and, particularly, the contractor. With “El
Liberal” at the forefront, this sector reiterated the very
widespread public belief that the contractors and
administration were in cahoots to make money at the
expense of the contract with little concern for the safety
of the workers or the defective state of the construction.

These insinuations were not entirely implausible as
Spain had experienced several cases of this deplorable
practice at the beginning of the 20 century. However,
these accusations were particularly unfair in this case as
they were aimed at a person who had shown utmost
integrity and honesty throughout his time as a confractor.

This same press were only too keen to reveal all the
problems that had handicapped the construction of the
third water reservoir for over thirty years and, while not
easing in their attacks, they also began to question the
capacity of the engineers who had intervened in the
design and construction, with some sectors of the press
inferring that this failing applied to the majority of Spanish
technicians.

However, after initial caution many voices began to
be raised in defence of Ribera and the others who had
been charged. The journals “La Energia Eléctrica”,
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certidumbres que planealban sobre él. Con los articulos pu-
blicados en su revista “Befon und Eisen”, empezd a arrojar
luz sobre las verdaderas causas del accidente (34).

En Espana, desde la Revista de Obras Pdblicas también
se trabajaba en esa direccidn, aunque no sin dar crédito a
alguna que otra hipdtesis aventurada, como que el hundi-
miento se debia a pequenos movimientos sismicos (expli-
cacién que el catedrdtico de Geologia Francisco Vidal y
Careta propuso en “El Heraldo de Madrid”) (35).

No obstante, seria un nuevo accidente en el depdsito,
esta vez sin consecuencias, o que aportaria la explicacion
definitiva. En los primeros dias de junio, estando las tfempe-
raturas en torno a los cuarenta grados, varias vigas de 1os
compartimentos primero y segundo empezaron a romper-
se, no sin antes experimentar grandes deformaciones. Para
la Revista de Obras Plblicas, la cosa estaba clara: la ruina
de estas vigas confirmaba que “la causa determinante de
la caida de las bévedas el 8 de abril fue debida a la dilata-
cién de las vigas del cemento armado producida por la
elevada temperatura de aquellos dias”.

De esta forma, habia encontrado lo més parecido a
una causa de fuerza mayor, justificando que no se hubiera
fenido en cuenta porque “al fratarse de un material relati-
vamente nuevo en Espana se consulté el caso a eminen-
cias extranjeras, las cuales aconsejaron dar muy poca im-
portancia a tal clase de esfuerzos” (36).

Sin embargo, la comisién mixta encargada de esclare-
cer las causas del desastre no estaba tan convencida. De
acuerdo con su dictamen, emitido algunos dias antes, “la
intervencion de fuerzas diferentes de las verticales, engen-
dradas por la distribucion de tierras sobre las bovedas” ha-
bia causado la rotura de alguna de ellas o de los pilares,
fransmitiéndose después al resto de la cubierta del cuarto
compartimento, que no estaba organizada para resistir
fuerzas horizontales. La mayoria de los miembros se redfir-
maron en sus conclusiones aln después de suceder la rotu-
ra de las vigas de junio, haciéndolo constar claramente en
un anadido al dictamen: “los que suscriben, sin negar la in-
fluencia destructora que en detferminadas condiciones y
circunstancias tienen sobre las obras de cemento armado
los continuos y grandes cambios de temperatura, creen
mas aplicable el principio del hundimiento por las causas a
que dio lugar la distribucion de tierras sobre las bovedas”.

Por su parte, Arenas y Arévalo, los dos ingenieros de ca-
minos de la comisiéon, emitieron un voto particular, hacien-
do hincapié en que la rotura se produjo por tres causas:
dilataciones producidas por el calor, 2)diferencia de car-
ga de fierra en bdvedas contiguas y 3)choques, vibracio-
nes y empujes producidos por el movimiento de operarios y
carretillas.

La frascendencia que estaba alcanzando el desastre
del Tercer Depésito, hizo reaccionar a la organizacion Hen-
nebique, femerosa de que pudiera afectar al crédito del
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“Madrid Cientifico” and “Revista Minera Metallrgica y de
Ingenieria” all ran articles supporting Ribera’s honesty and
capacity. There were others, such as Mauricio Jalvo, who
did not hesitate to support Ribera even though they were
business competitors (32).

News of the disaster immediately spread abroad and
was also subject to heated debate. The collapse of such a
significant constfruction discredited the use of reinforced
concrete at a fime when it still frying to establish itself as a
building material.

While there were those who considered the disaster to
be the death of reinforced concrete and who duly
celebrated its demise (33), other renowned professionals,
such as the Austrian engineer Fritz Von Emperger, helped
clear doubts hovering over the technique. The articles
published in his journal "Breton und Eisen” began fo cast
some light on the frue causes of the accident (34).

In Spain, the Revista de Obras Pablicas also worked in
this direction, though not without first crediting other
theories which had been put forward, such as the
possibility that the collapse was due to small seismic
movements (as proposed by the Professor in Geology
Francisco Vidal Careta in “El Heraldo de Madrid”) (35).

However, it would be a further accident at the water
tank, though this time without consequences, that finally
provided the frue explanation. In early June and with
daytime temperatures of around forty degrees, several
beams in the first and second compartments began to
break after showing serious deflection. The Revista de
Obras Pudblicas considered the matter to be cut and dry
and that the collapse of the beams showed that “the
reason for the collapse of the vaults on 8 April was the
expansion of the reinforced concrete beams on account
of the high temperatures recorded af the time”.

In this way the journal had found a reason which was
one of extenuating circumstances and which,
subsequently, justified why this had not been taken info
account. The journal went on to say that “as this was a
relatively new material in Spain, foreign experts had been
consulted and these had indicated that it was not
necessary to place too much importance on this type of
stress” (36).

However, the joint commission entrusted with
clarifying the causes of the disaster were not so sure. In
the commission’s findings, issued several days earlier, they
stated, “the intervention of non-vertical forces, brought
about by the soil distribution over the vaults”, had led to
the failure of a number of vaults or columns and this has
then transferred to the rest of the roof to the fourth
compartment which was not arranged to resist horizontal
forces. The majority of the commission members stood by
these conclusions even after the failure of the beams in
June and explicitly referred to this event in an appendix



hormigdn armado en general. En su revista de difusion
mundial *Le Béfon Armé” quiso marcar distancias con lo su-
cedido en Madrid, dejando claro que en sus obras siempre
habia tenido en cuenta el efecto de las variaciones de
tfemperatura y que por eso no se habian caido. Achaca-
ba el hundimiento a “errores groseros de proyecto y graves
deficiencias en la ejecucion, ademas de una deplorable
negligencia en la direccion de los frabgjos”. No contento
con esto, atacd duramente a los técnicos que habian de-
cidido el concurso, poniendo en duda su capacidad técni-
ca y verfiendo serias acusaciones de amiguismo sobre la
adjudicacion a Ribera (37).

Incierto se presentaba el panorama para el hormigdn
armado, pero pronto los ingenieros espanoles irian despe-
jando todas las dudas con notables realizaciones. Tan sdlo
ocho meses después del desastre se inauguraba el embar-
cadero de la Compania de las minas de Cala en el Gua-
dalquivir, la primera gran obra de Zafra. El espaldarazo de-
finitivo llegaria el ano siguiente, con las obras del Canal de
Aragdn y Cataluna, entre ellas especiaimente el Sifon del
Sosa, proyectado por Ribera y ejecutado por Mariano Lui-
na como jefe de obra.

El hormigdn armado se abria paso en la consfruccion
espanola, ya de un modo imparable. La empresa de Ribe-
ra empezaba a levantar el vuelo, sobreponiéndose a las di-
ficultadas. Sin embargo, todavia estaba pendiente el juicio,
Ultimo acto de la catdstrofe del Tercer Depdsito.

8. El juicio

El primero de abril de 1907 comenzaba la vista oral en
la Audiencia Provincial de Madrid (38). Presidia el tribunal
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to their report, “while not rejecting the destfructive
influence that continuous and large changes in
temperature may have on reinforced concrete under
certain conditions and circumstances, the undersigned
consider it more probable that the collapse was caused
by the distribution of soil over the vaults”.

Arenas and Arevalo, two civil engineers forming part
of the commission, issued a particular vote indicating that
the failure had been caused by three reasons: 1) thermal
expansion, 2) difference in soil load on adjacent vaults
and 3) knocks, vibrations and pressure caused by the
movement of workers and wheelbarrows.

The outcry caused by the disaster of the Third Water
Tank led fo a reaction by the Hennebique organization,
fearful that this could discredit the use of reinforced
concrete. In their international journal “Le Béton Armé”,
the company attempted fo distance themselves form the
Madrid incident by claiming that they had always
considered the effect of temperature variations in their
work and for this reason, none of them had ever failed.
The organization attributed the collapse to “gross design
errors and serious construction deficiencies in addition to
deplorable negligence in work management”. The
organization did not leave it there and heavily criticized
the technicians that had awarded the contract,
questioning their technical capacity and casting serious
aspersions of manipulation in the awarding of the
contract to Ribera (37).

The future for reinforced concrete was bleak but
Spanish engineers soon began fo clear up any doubts by
a number of notable works in this material. Just eight
months after the disaster, Zafra saw the opening of his first
great work, a pier for the Cala Mines Company on the
Guadalquivir. The final backing was to arrive the following
year with the Aragon and Catalonia Canal works and
particularly the River Sosa Syphon, designed by Ribera
and with Mariano Luina as site director.

Reinforced concrete was now making unstoppable
headway in Spanish constfruction. Ribera’s company
began to raise its head and overcome past difficulties.
However, the trial was still pending, and this was to be the
final act in the disaster of the Third Water Reservoir.

8. The trial

The oral hearing began on the first of April 1907 at
Madrid Provincial Court (38). The hearing was presided by
Judge Higuera, with Anfonia Matria de Mena acting as
Chief Prosecutor. The accusation was also maintained by
the State Atforney Monet and Abril Ochoa representing
the Madrid Council which had entered a private
accusation.
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de derecho el magistrado Higuera, actuando Anfonio Ma-
ria de Mena como fiscal. Sostenian ademds la acusacion
los letrados Moret, abogado del Estado, y Abril Ochoa, en
representacion del Ayuntamiento de Madrid, que se habia
personado como acusacion particular.

Por parte de la Defensa, los abogados Diaz Cobena,
Bergamin y Melquiades Alvarez, representaban a Alvarez
Cascos, Santamaria y Ribera, respectivamente.

La vista empezd con el dictamen de las acusaciones. El
fiscal abundaba en la tesis de la comision, segin la cual el
hundimiento se habia originado por una incorrecta realiza-
cién de las pruebas de carga. Estimalba que los tres acusa-
dos se habian comportado de modo imprudente, por lo
que solicitaba para ellos penas de seis meses de prision y
les exigia el pago de cuantiosas indemnizaciones para las
familias de los obreros muertos y para los heridos. La acusa-
ciéon particular elevd la pena hasta un ano de prision y soli-
cité mayores indemnizaciones.

El dia siguiente se realizd una inspeccidén ocular de las
ruinas del Tercer Depdsito y a continuaciéon tuvo lugar la
prueba pericial. El primero en declarar fue el ingeniero mili-
tar José Marvd, como perito de la acusacion. Recalcd que
el proyecto tenia serias deficiencias y se reafirmd en las
conclusiones a las que habia llegado la comisidon que él
habia presidido: que los efectos atmosféricos no habian
podido ser la causa principal del hundimiento.

La defensa de Ribera presentd como peritos a Antonio
Arévalo y José Arenas, los dos ingenieros de caminos que
habian emitido un voto particular en el dictamen de la co-
mision. Al contrario que Marvd, sostuvieron que “el calor ex-
traordinario que se sintié sobre la cubierta” habia provoca-
do su destruccion. Arenas lo expuso muy graficamente, ex-
presando que la energia que se habia originado por el ca-
lor sobre la cubierta seria suficiente para levantar treinta
centimetros la Torre Eiffel.

Uno de los momentos decisivos del juicio tuvo lugar
cuando Melquiades Alvarez lanzd la siguiente pregunta al
perito de la acusacion: “Adn suponiendo que el proyecto
contuviese las deficiencias que ha senalado la mayoria de
la Comision; adn suponiendo que todo esto fuera dogmati-
Co, ¢puede decirse que una vez aprobado el proyecto, al-
cance alguna responsabilidad por imprudencia al contra-
tista que lo llevd a efecto, al ingeniero que lo inspecciond o
al vigilante que lo vigilé?” El fiscal se opuso a la pregunta y
Marvéa tratd de eludirla, pero al final no tuvo mdés remedio
que admitir que esos técnicos “no podian cargar con res-
ponsabilidades agjenas”. De esta forma quedaba abierto el
camino para la absolucion.

Al dia siguiente declararon los peritos del Ayuntamien-
to, el arquitecto Mauricio Jalvo y el ingeniero militar Eduar-
do Gallego. Con sus intervenciones apoyaron la idea que
el abogado de la defensa estaba intentando transmitir. Pa-
ra el primero, lo que mds habia contribuido al hundimiento
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The defence council was formed by the lawyers Diaz
Cobena, Bergamin and Melquiades Alvarez representing
Alvarez Cascos, Santamaria and Ribera, respectively.

The hearing began with the reading of the charges.
The prosecutor took on the findings of the Commission
and indicated that the collapse had been caused by an
incorrect method of load testing. The prosecutor
considered that the three accused had acted
negligently and called for prison sentences of six months
for each of them and demanded the payment of
significant compensation for the families of the dead
workers and those injured in the incident. The private
accusation called for a higher prison sentence of up to
one year and greater compensation.

On the following day a visual inspection was made
of the ruins of the Third Tank and this was then followed
by the presentation of evidence. The first person to
declare was the military engineer José Marva, acting in
his capacity as expert for the prosecution. Marva stated
that the project had serious defects and reiterated the
conclusions made by the commission which he himself
had presided and stating that the atmospheric effects
could not have been the sole cause of the collapse.

Ribera’s defence presented Antonio Arevalo and
Jose Arenas as their expert witnesses. These being the
two civil engineers who had issued an alternative vote in
the commission’s findings. As opposed to that held by
Marva, the engineers maintained that “the extraordinary
heat on the roof cover” had led to its destruction.
Arenas demonstrated this very graphically by indicating
that the energy caused by the heat on the roof would
have been enough to raise the Eiffel Tower some thirty
centimetres.

On of the most decisive moments in the trial took
place when Melquiades Alvarez posed the following
question to the prosecution witness: “Even in the case
that the project had the deficiencies indicated by the
majority of the Commission and even when taking this to
be entirely dogmatic, is it possible to attribute any type
of liability for negligence to the contractor making the
design, the engineer inspecting the same or the site
manager administering the same, once a design has
been approved? The prosecutor opposed the question
and Marva aftempted tfo avoid it, but in the end had no
alternative but to admit that these technicians “could
not be held liable for the responsibility of others” which
then left the door open for the dropping of charges.

On the following day statements were heard from
the Council experts, the architect Mauricio Jalvo and
the military engineer Eduardo Gallego. In these
declarations they supported the idea that the defence
lawyer had tried to convey. Jalvo considered that the
lack of transversal supports had largely contributed to



fue la falta de arriostramientos transversales. Corroboraba
esta opinidn Gallego, para quien “la causa esencial, deter-
minante de la catastrofe, fue el haberse aceptado un pro-
yecto falto de condiciones de viabilidad practica por no
ofrecer estabilidad en grado suficiente”.

El momento culminante del juicio llegd con la compa-
recencia, como perito de la defensa, de José Echegaray.
Este gran ingeniero de caminos, eminente matemdatico,
politico y dramaturgo estaba en 1905 en la cuspide de su
fama, tras recibir el ano anterior el premio Nobel de literatu-
ra. Habia acudido en ayuda de Ribera, al que apenas co-
nocia, y su infervencion resultdé determinante para resolver
el juicio a su favor.

Con un brillante discurso dejé claro que el colapso de
la cubierta se habia originado por efecto del calor, que no
se habia contemplado en el proyecto porque antes del
hundimiento “era completamente desconocido o negado
como influencia importante en esta clase de obras”. Citd a
los mejores especialistas en hormigdn armado del momen-
to en apoyo de esta afirmacion que completd con una
magistral explicaciéon basada en la forma (simétrica y
orientada) en que se habia producido la rotura. Termind su
declaraciéon entre aplausos, afirmando que “el hundimien-
to del cuarto compartimento fue debido, como causa fun-
damental, a un exceso de temperatura, a una gran ola de
calor, cuyos efectos ni practicos ni tedricos se habian sos-
pechado [(...), todo lo cual constituye un caso de fuerza
mayor”.

Terminaba asi la prueba pericial, teniendo que ex-
poner a continuacién los diferentes letrados sus conclu-
siones.

En vano apeld el fiscal a los miembros del jurado a que
no femieran “tener que condenar a alguien que fan alfo
esta por encima de todos nosotros, el Sol”, afrmando que
“en el banquillo hay verdaderos culpables que estan por
debagjo del Sol y al alcance de vuestra justicia”. Tampoco
tuvieron mas éxito el abogado del Estado y el del Ayunta-
miento. Este Ultimo fue durisimo con los acusados, llegando
a decir que habian actuado como “el médico que al ligar
una vena comete una imprudencia y deja desangrar al
enfermo, o como el farmacéutico que al despachar una
medicina delicada pone mas gotas que las que recetoé el
médico y mata al enfermo”. Intentd erigirse como repre-
sentante de la opinién publica, que, azuzada por un am-
plio sector de la prensa, estaba en contra de los acusados.

Melquiades Alvarez, aun remarcando la gran catego-
ria profesional de su defendido, Ribera, centrd la atencidn
en gue habia quedado exento de responsabilidades al ser
aceptado el proyecto por las autoridades. Bergamin, de-
fensor de Santamaria, alegd que este y Alvarez Cascos ha-
bian ejercido honrosamente sus funciones, habiendo pre-
visto la catdstrofe y senalado los defectos que tenia el pro-
yecto. Indignado por las insinuaciones que sobre que la
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the collapse and this opinion was corroborated by
Gallego, who stated that “the main and determining
cause of the disaster was the fact that a project was
accepted which lacked practical viability as it failed to
offer a sufficient degree of stability”.

The key point in the trial came with the appearance
of Jose Echegaray acting as witness for the defence.
This great civil engineer, eminent mathematician,
politician and dramatist was at the height of his fame in
1905 after having received the Nobel Prize for literature
the previous year. He had come to the aid of Ribera,
who he hardly knew, and his intervention was to prove
essential to the outcome of the trial.

Echegaray gave a brilliant speech and made it clear
that the roof had collapsed on account of the effects of
heat. He stated that this had not been considered in the
design as “this was not known or not considered to be
an important influence in this type of works” prior to the
collapse. Echegaray referred to the leading specialists in
reinforced concrete of the day in support of his
statement which he concluded with a masterly
explanation of the (symmetrical and oriented) manner
in which the collapse had occurred. He finished his
intervention to great applause, stating that the collapse
of the fourth compartment was essentially due to
excessive temperatures, in the form of a long heat
wave, and neither the practitioners or theorists could
have envisaged the effects of the same (...) which all
serves as a case of force majeure”.

The hearing of evidence was then concluded and it
was then left to the lawyers for the defence and
prosecution to give their summaries.

The prosecutor appealed in vane to the members of
the jury that they should not fear “convicting something
so much higher than all of us, such as the Sun”, and
adding that “the true culprits were sitting on the bench,
below the Sun and within the reach of your justice”. The
State Aftorney and the Council representative similarly
failed in their attempts to sway the jury in spite of a
savage attack on the accused by Ochoa in which he
compared them tfo “a doctor who negligently slits a vein
and leaves the patient to die, or the pharmacist who
adds more drops of medicine than prescribed by the
doctor and who duly kills the patient”. The council
representative had attempted to appear as a
representative of public opinion against the accused
which had largely been fired up by a broad section of
the press.

Melquiades Alvarez, acting for Ribera, underlined
the high professional standing of his client, but focused
his summary on the fact that the authorities had
accepted Ribera’s design and that he was subsequently
devoid of responsibility. Bergamin, acting for
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honradez de su defendido habia hecho el abogado del
Ayuntamiento, le recrimind que en vez de acusar estaba
calumniando. Por su parte, Diaz Cobefa, abogado de Al-
varez Cascos, destacd que su defendido “fenia facultades
de inspeccion, pero no obligacion de inspeccionar”y ter-
mind pidiendo al jurado “que tuviera valor para dictar un
veredicto que quizds no estd en armonia con las exigen-
cias de la opinién publica, pero que es verdaderamente
justo”,

Los miemlbros del jurado le hicieron caso, declarando
inocentes a los acusados.

9. Las lecciones del accidente.

Cien anos después, circulan dos versiones sobre lo
que ocurrid en el Tercer Depdsito. Por un lado, todavia
persiste la idea de que el desastre fue debido a corrupte-
las entre el contratista y la Direcciéon Facultativa, que ho-
bian menoscabado la calidad de la obra para lucrarse.
Son los rescoldos de la campana que la mayoria de la
prensa del momento lanzd contra los técnicos que halbi-
an intfervenido en el proyecto.

Ya se ha comentado, pero no huelga repetir aqui
ofra vez que esta acusacion, ademds de falsa, es muy in-
justa. En el juicio quedd suficientemente claro que se utili-
zaron materiales adecuados, que el contratista no hizo
modiificaciones en perjuicio de la obra y que la Direcciéon
Facultativa cumplié escrupulosamente con sus obligacio-
nes. Cosa también corroborada, no obstante, por la tra-
yectoria profesional de los implicados, en la que siempre
dieron muestras de honradez.

Por otfro lado, en las referencias procedentes de me-
dios técnicos se hace hincapié en que, como quedd re-
frendado en el juicio, el hundimiento fue debido a cau-
sas de fuerza mayor. Pero no se deberian dejar de reflejar
las equivocaciones que se produjeron en todo el proceso
de construccion del Tercer Depdsito, tanto en el proyec-
to como en el concurso y en la ejecucion.

En primer lugar, el proyecto tenia el fallo de la ausen-
cia de arriostramientos transversales. ¢ Cabe pensar que
el proyectista no habia contemplado que se podrian
producir esfuerzos horizontales? Tratdndose de Ribera, la
respuesta no puede ser mas que negativa. Sabia que se
podian presentar, pero confiaba en que sus bévedas los
absorberian sin que pudieran causar problemas. Es mds,
lo habia comprobado experimentalmente, como era hao-
bitual en los inicios del hormigdn armado. Sin embargo,
se equivocd al no considerar que se podian producir
esas acciones horizontales por efecto del calor, bien por-
que hasta el hundimiento nadie lo tenia en cuenta en los
cdlculos, bien porque hizo estos partiendo de la hipdtesis
de estar terminada la cubierta, no previendo que duran-
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Santamaria, pleaded that both Alvarez Cascos and his
client had performed their duties in an honest fashion
and had foreseen problems and underlined the design
faults. The defence council was angered by the
insinuations made by the Council’s lawyer in terms of his
client’s honesty and considered that these were not
accusations but slander. Diaz Cobena, acting for
Alvarez Cascos, underlined that his client *had the
authority to inspect but not the obligation to do so”. The
lawyer summed up by asking the jury “to be brave
enough to issue a verdict which possibly went against
public opinion, but which was truly fair”.

The members of the jury took heed and declared the
accused innocent.

9. Lessons from the accident

One hundred years on, there are two versions of the
events at the Tercer Deposito. One version still clings to the
idea that the disaster was caused by underhand dealings
between the contractor and the authorities in an attempt
to make money at the expense of the quality of the work.
This being the remnants of the campaign launched by the
majority of the press against the fechnicians working on the
project.

It has already been noted, but does not go amiss to
repeat, that this accusation is both false and unfair. During
the ftrial, it was proved that the materials were suitable, that
the contractor did not make modifications to the defriment
of the work and that the Project Management scrupulously
complied with their obligations. This was further
corroborated by the professional conduct of the accused
right up fo the time of the incident and where they had
always shown signs of honesty.

In the second version, and in accordance with
references made in technical journals, it has been
underlined that the collapse was caused by force majeure
as duly indicated in the trial. However, one should not
ignore the errors that occurred during the entire building
process of the Third Water Reservoir, at the design, design
award and construction stages.

In pride of place, the design was faulted by the lack of
transversal bracing. Is it possible to believe that a designer
could ignore the possibility of horizontal forces? This being
Ribera, the statement could not be further from the truth.
He was aware that this could occur but trusted that his
arches would absorb the same without problems. He had
even gone as far as testing for this eventuality as was
frequently the case in the early days of reinforced
concrefe. However, he miscalculated by failing to consider
that these horizontal stresses could be caused by heat,
either because up to the time of the collapse nobody had



te la ejecucidon podia pasar por una situacion mas desfa-
vorable, como efectivamente sucedid.

En segundo lugar, en la resolucion del concurso quizds
se actuara de un modo precipitado. No cabe duda de
que habia una gran presidon para que se resolviera y se
construyera el depdsito cuanto antes, pero, a la vista de 1o
que sucedid después, la propuesta mas apropiada era la
de Zafra, que con arriostramientos transversales costaba
précticamente lo mismo que la de Ribera y no tenia un
plazo de ejecucion excesivamente mayor. Al final, en la
decision pesd mas el prestigio y la gran experiencia de Ri-
bera, a pesar de que ofrecia una solucién mucho mas
arriesgada.

Por ultimo, durante la realizacion de las pruebas de re-
sistencia se quitd tierra de unas bévedas para cargar ofras.
De este modo, las que quedaron descubiertas se encon-
traron sin proteccién frente al calor, lo que facilitd la apari-
cién de acciones térmicas que las danaron. Una vez mas,
el desconocimiento que hasta el momento se tenia de los
efectos de las acciones térmicas sobre el hormigdn arma-
do, dio lugar a que se obrara de forma inadecuada.

10. Las victimas

Los aspectos técnicos del accidente no deberian hao-
cermnos olvidar a los que perdieron la vida o quedaron heri-
dos en él mientras trabajaban.

Las cifras oficiales de victimas del hundimiento, segdn
consta en la sentencia del juicio fueron de treinta obreros
muertos y cincuenta y cuatro heridos, gran parte de los
cuales quedaron indtiles para el trabajo.

Los afectados y sus familiares, ademds de las indemni-
zaciones fijadas por la ley, recibieron las ayudas de varias
suscripciones que se promovieron ante la magnitud de la
catastrofe.

Aunqgue por parte de particulares, como el diario El Li-
beral, se organizaron suscripciones solidarias, la mas impor-
tante fue la que el gobiemo promovid entre todos los fun-
cionarios de la Administracion.

Abierta hasta el 15 de julio de 1906, se recogieron
94.226 pesetas, de cuyo reparto quedd constancia en la
Gaceta de Madrid (39). En el grupo de los mds perjudica-
dos, que recibieron 2700 pesetas, se enconfraban personas
como Atanasio Sénchez o Ricardo Escribese, padres de
obreros fallecidos y que no habian recibido indemnizacio-
nes por accidente. También recibid esa cantidad Leonor
Hermdndez, viuda del obrero Melchor Moreno “con seis hi-
jos menores y sus padres ancianos, a los que sostiene”. Mu-
chos obreros, como Antonio Ramoén Pueyo o José Farina,
que quedaron invdlidos recibieron 1250 pesetas, lo mismo
que la mayoria de las viudas de sus companeros. Los obre-
ros gque no quedaron inGtiles para frabajar(como Julio Frei-
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taken these calculations info account or on account of the
fact that he had, indeed, made these calculations on the
basis of the finished roof but did not foresee that a more
unfavourable situation may arise during construction, as
was effectively the case.

In second place, the contract was possibly awarded
somewhat hastily. There is no doubt that there was a great
deal of pressure fo award the confract and construct the
covered reservoir as soon as possible, but in the light of
ensuing events it would have been more appropriate to
select Zafra’s proposal with fransverse bracing which cost
practically the same as Ribera’s offer and would not take
very much longer fo build. In the end, Ribera’s prestige and
experience outweighed other arguments in spite of the fact
that this was more of a risk.

Finally, during the strength test process, soil was taken
off some vaults and placed on others. This meant that the
vaults stripped of soil were left without protection against
the heat and this facilitated the thermal action which,
subsequently, damaged the vaults. Once more, the lack of
any prior knowledge of the effects of thermal action on
reinforced concrete gave rise fo inadequate procedure.

10. The victims

The technical aspects of the accident should not
overshadow the fact that many people lost their lives or
were injured in the collapse.

According to the court judgement, the official number
of victims of the roof collapse was thirty deaths and fifty-four
injured, with many remaining permanently disabled.

In addition fo the legal established compensation, the
victims and their families also received aid from various
funds established in the wake of the disaster.

Aid was raised in the private sector by papers such as
the El Liberal, but the most sizeable fund was that collected
by the Government from civil servant contributions.

A fotal of 94,226 Pesetas was collected by the fund up
to 15 July 1906 and this was duly distributed among the
victims as recorded by the Gaceta de Madrid (39). The
most seriously affected group received 2700 Pesetas and
these included people such as Atanasio Sanchez or
Ricardo Escribese, the parents of workers killed in the
accident who had not received compensation for the
accident. This amount was also received by Leonor
Hernandez, the widow of the worker Melchor Moreno “with
six young children and her ageing parents to look after”.
Many workers like Antonio Ramon Pueyo or Jose Farina who
were disabled as a result of the collapse received 1250
Pesetas, the same amount as the majority of the widows of
their fellow workers. Those injured workers who were able to
take up work (such as Julio Freire, Mariano Martin, Salvador
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re, Mariono Martin, Salvador Manzanares y muchos mas)
recibieron entre 750 y 600 pesetas.

Una vez efectuado el reparto se recibieron 11.594 pese-
tas, donativo de los espanoles residentes en Argentina. El
reparto de esta nueva cantidad se limitdé “a los casos de si-
tuacién mas triste producida por la catastrofe”, pudiéndo-
se beneficiar de él “inutiles para el trabagjo, huérfanos de
padre y madre, padres de los fallecidos, hijos menores de

catorce anos y ascendientes y viudas sin hija”.

Nota final: fondos consultados
y procedencia de las ilustraciones

Manzanares and many more) received between 600 and
750 Pesetas.

Once the fund had been distributed a further 11,594
Pesetas was received in the form of a donation from
Spanish residents in Argentina. This fund was distributed fo
those suffering “the most unforfunate situations as a result of
the disaster” and went to “those unable to work, orphans,
the parents of the deceased, children under fourteen years
of age and heirs and widows without daughters”.

Final note: Sources consulted
and location of illustrations

Para escribir este articulo he utilizado principalmente el
archivo de la Revista de Obras Publicas, conservado en el
Colegio de Ingenieros de Caminos, Canales y Puertos.

Las revistas Le Béfon Armé y Beton und Eisen se encuen-
fran en la Coleccién de Fondos Anfiguos de la Ecole Natio-
nale de Ponts et Chausées de Francia. La fotografia del Ter-
cer Deposito tras el desastre pertenece al Instituto Francés

This article is primarily based on information contained in
the archives of the Revista de Obras Plblicas, held at the
Spanish Institute of Civil Engineers.

The journals Le Breton Armé and Beton und Eisen are
held at the archives of the Ecole Nationale de Ponts et
Chausée in France. The photograph of the Third Water Tank
after the disaster belongs to the Institut Francais

de Arquitectura. ¢
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