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1. INTRODUCTION

The nced to control Spanish rivers becomes greater in the southernmost
rcgion, Andalusia, due to the enormous irregularity of rainfal, that causcs two
opposing phenomena: floods and droughts.

The river, Guadalquivir, that means “large river”, occupics a 50 000 km?
basin covering land ranging from the typically Mediterrancan castern section
to the outlet into the Atlantic Occan to the West.

It was ncccssary to build the Negratin Dam on the river Guadiana
Mecnor, the tributary with the largest basin area, in order to complete control
of the Guadalquivir at its headwater.

Work on the Negatin Dam (Fig. 1) was complected in 1985 and it has a
reservoir capacity of 546 hm3, (ranking nineteenth among Spanish rescrvoirs)
and totally controls inflows from a catchment arca covering 3 877 km?, with
avcrage inflows of 362 hm3; it is used for irrigation and power gencration
purposcs. The dam’s main contractor has been the Spanish company OCISA.

The complicated geological structure of the damsite, which was the only
once possiblc along the course of the river, made dctailed geological and
geotechnical investigations neccssary, in order to sclect the optimum location
and to dctermine dam foundation characteristics.

(*) Le masque en béton bitumineux de la partie en enrochement du barrage de Negratin et son
raccordement avec la partie en béton.
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Fig. |

Negratin dam - General view from downstrcam .
Barrage de Negratin - Vue générale de l'aval

The geological structure of the damsite sclected (Fig. 2) essentially
consists of a Triassic substrate (Keuper) with red clays and gypsum, a
tertiary sandstonc fill (molasse), which supports marls on the Icft-hand bank,

with a conglomerate attributable to the upper Miocene crowning the struc-
ture.

Ncgratin dam - Longitudinal scction.
Barrage de Negratin - Coupe longitudinale

(1) Sandstonc (Molassc) * (1) Molusse

(2) Transition zonc (2} Zone de transition
(3) Marls ' (3} Marncs

(4) Conglomcralcs (4) Conglomérats
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2. TYPE OF DAM SELECTED

The lack of damsite geological symmetry led to consideration of a mixed
solution for the dam from the very beginning, utilising the sandstonc as the
foundation of a gravity dam, on which the spillvay would be located, closing
off the rest of the damsite with a rockfill dam supported on the lcft-hand
abutment conglomcrates and marls.

Another dccisive factor in damsite selection was the construction of the
spillway, given the size of the catchment area (3 877 km?) and the rainlall
characteristics of the zone, making a spillway with a capacity ol 2 500 m3/s
nccessary. Apart from the spillway, the gravity dam scction also includes the
bottom outlets, the hydropower plant offtake structurc and the classic ar-
rangement of auxiliary outlets. (Fig. 3).

g H
%
==/
ﬂ

)

- Fig. 3
Ncgratin dam - Plan view
Barrage de Negratin - Vue en plan

The most important construction problem of this mixed solution for the
dam is the joint betwecen the concrete and the rockfill zones, which has been
studied in great detail and is described below.

3. BARRIER SYSTEM

Two alternatives were considered for scaling the rockfill zone: a clay
core, or an upstream facing.
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The clay core solution was rejected, because all clays ncar the dam had a
high gypsum content and soil morphology required the embankment slopes to
bcas steep as possible Lo ensure a correct fit between the concrete and the
rockfill, which was achicved by applying the barrier to the upstrcam facing.

The possibilities considered for this solution included: concrete, plastic or
asphalt sheets and in situ asphalt concrete. The latter was chosen, given its
advantages of better adaptation to scttlement and improved guarantce of
salcty. .

The classis three layer facing was employed, with two impcrvious outer
lcaves and a porous intermediate layer for seepage control.

Fig. 4

Asphalt Tacing - Typical scction

Masque en béton bitumineux - Coupe type

(1) Binder (1) Binder

(2) Impervious asphalt concrete (2) Béton bitumineux imperméable

(3) Porous asphalt concrete (3) Béton bitumineux poreux (drainant)
(4) Proteetrive mastic - (4) Mastic de protection

The joint between the asphalt facing and the ground adopted the usual
practicc of a plinth with an inspectable gallery, which also allowed facing
sccpage Lo be monitored, the exccution of a ground drainage system and
grouting of rclatively unconsolidated or pervious zones (Fig. 4).

4. JOINT BETWEEN THE ASPHALT FACING
AND THE CONCRETE DAM

The most important question raised for the Negratin dam was the joint

between the concrete and rockfill zones. The solution choscn, alter many
studics and structural and geological considerations, was that the rocklill dam
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was to turn its shoulders upstream and downstream according to concs of
revolution, housing the end blocks of the gravity dam zonc and joining the
asphalt facing to the concrete on a generator of thc conc, whosc I: 16
gradicnt is the same as the [acing slope. (Fig. 3).

The idea of building a containing wall perpendicular to the concrete dam
was rcjected, as this increased the cost of the works considerably and did not
lacilitate joint cxccution.

N.W. L. 63750

Fig. 5

Joint zonc - Cross scction

Zone de raccordement - Coupe transversale

To improve the fit between rockfill and concrete, the gravily dam blocks
in the zonce that are protected by rockfill change their typical scction, reduc-
ing thc slope downst{rcam and increasing it upstrcam, with the twin aim of
making the joint symmetrical and diminishing rockfill scttlement under the
joint, on being supported on a 1:5 sloping surfacc, instcad of being vertical.
(Fig. 5).

All rock[ill forming the upstrcam cone of revolution was compacted in
0.60 m. lifts, maximum rock size is 0.50 m and the sclected aggregate was
uscd in the 4 m. of width in contact with the concrete face, having sizes of
bciween 5 and 30 mn., [irmly compacted in 0.40 m lifts with a density of
nearly 2.40 in order to reduce settlement under the joint to a minimum.

The asphalt facing is supported along the length of the joint on a special
profile of concrcte blocks, in arder to achieve a joint similar to that of the
lacing with the plinth (Fig. 5).

In order lo incrcasc adherence and allow for minor scttlement, the
bearing layer on the concrete was 2.5 m of asphaltic concrete. [nitially it was
thought that this whole zone should be impervious asphaltic concrete, similar
to that of the facing, as for the facing-plinth joint; however, as the thickness
was so great, there was the danger of creep along the support gencrator.

Many tests were carried out in the Roads and Geotechnology
Laboratory in Madrid and in the laboratory of the facing construction com-
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pany Strabag-Bau in Cologne (W. Germany) to study optimum joint arrange-
ment, examining different types of asphaltic concrete and complementing this
with theoretical calculations of joint stability, on the basis of the laboratory
tests. Lo

Fig. 6

Concrete-Asphalt facing joint. Cross scction

Raccordement masque bitumineux-béton. Coupe transversale

(1) Impervious asphaltic concrete (1) Béton bitumineux imperméable

(2) Porous asphaltic concretc (2) Béton bitumineux poreux (drainant)
(3) Asphaltic concretc core (3) Noyau en béton bitumineux

(4) Synthetic labrics (4) Géotextile

(5) Copper sheet . (5) Lame de cuivre

These studics showed that given its high bitumen content the asphaltic
concrete uscd in the facing should not be employed for thicknesscs greater
than thosc of the facing in order to avoid creep. Conscquently the arrange-
ment shown in Fig. 6 was chosen, where the two impcrvious asphaltic con-
crete layers are separated by porous asphaltic concrcte having a lower
bitumen content and greater rigidity. This porous asphaltic concrete allows
joint sccpage to be monitored and adapts to any rockfill settlement.

A special 0.50 m layer of asphaltic concrete similar to that uscd in
asphalt cores is laid onto the concrete to improve adherence between the
facing and the concrete. This layer has an intermediate rigidity bctween
porous and impervious and is reinforced with synthetic fabrics to guarantce
stability, which are anchored 10 a length of 1.50 m in the rigid porous asphalt
concrelc.
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The joint between the asphalt facing and the concrete is completed with
a corrugated copper sheet fixed to the concrcte by galvanised stecl strips
secured with bolts and sealed with silicone and ncoprene strip.

This arrangement, which takes into account the cxperience of the con-
struction company in forming barriers togethcr with thc many studics and
tests carricd out for this specific case, attempted to obtain a joint fulfilling the
following rcquircments:

. That scttlement of rockfill under the joint should be rcduced Lo a
minimum.

2. That the facing layer thickness in the joint zone should be capable of
absorbing minor settlement, should this occur.

3. That adherence between the asphalt facing and the concrete is
guaranteed to a maximum.

4. That in the event of minor cracking, this is detected immediatcly by
the drains and is then inspected and repaired.

5. ASPHALT FACING EXECUTION

The asphalt facing and its joint with the concrete dam were exccuted
between April and September 1984, in four stages.

The first stage was the laying of the facing and cxeccution of the joint
with the concrete dam in the cone of revolution zone, cxcept for the last
scven mectres at the top, due to the need to Icave a space for the asphaltic
- concrete sprecading machines. (Fig. 7 and 8).

The sccond stage was the third scction next to the left-hand abutment,
which was carried out with the classic system. Meanwhile, placing of the
rockfill was completed for the upper part of the cone and access ramp.

The third stage was the central zone, cmploying the normal system.
(Fig. 9). '

The fourth stage was the execution of thc last 7 m of facing and joint
of the cone of revolution, that was almost carried out by hand.

The facing was laid in vertical strips by sprcading carriages draggcd
up from the crest. The successive layers are from bottom to top:

Primer 4

Bindcr levelling layer (3 cm)

Necw binder layer to complete surface levelling (2 cm)

Impervious asphaltic concrete layer (6 cm)

Porous asphaltic concrete layer (9 cm)

First impervious asphaltic concrete layer (5 cm)

Sccond impervious asphaltic concrete layer (5 cm)

Asphaltic mortar protecting thc facing from thc sun’s rays (no
dimcnsion).

eNouvawL -~
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The aggregates used in the ‘asphalt mixes were strictly controlled
during construction, after being washed and graded, and thc quantitics of
bitumen, asbestos and cement in the asphaltic concrete was carcfully
batched and monitored by exccuting test picces and cxtracting in situ
specimens.

Fig. 7

Laying the facing (stage 1)

Mise en place du masque d'étanchéité (1 phase)

Joinl delail (stage 1)

Détail du raccordement (17 phase)
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Apart from correct batching, density and impeérviousness were also
checked in the laboratory. A check was also carried out to cnsurc that
therc was no creep of the asphaltic concrete with the proportions used,
cmploying test picces laid on the slope of the facing itsell and subjeccted to
furnacc temperatures considerably higher than those that thc facing will
actually have to withstand.

The facing was carelully joined to the plinth and spccial carc was
taken with the join between adjacent vertical strips, heating them with
blowlamps and painting them with primer to ensure perfect adherence.

Fig. 9

Exccution of the lacing (stagc 3)
Mise en place du masque d'étanchéité (3° phase)

Stringent workmanship was applied to the joint between the facing and
the concrete dam, treating the concrete surface with flame projectors and
hot applying the primer paint, with special compaction of thc strips and the
joints between them. (Fig. 10).

Apart from the laboratory tests, in situ density lests were carried out
at many points with the Troxler nuclear measuring dcvncc cxccuting per-
mcability tests with a vacuum pump.

Asphalt concrete density was 2. SOL with virtually no variation bctween
points, and pcrmecability was zcro.
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Fig. 10

Joint cxccution
Exécution du raccordement

6. ASPHALT FACING BEHAVIOUR

The reservoir was initially fillcdj;'in January 1985, having rcached half
way up the dam during the last three years; this level has not been raiscd
as the cxpropriation of the upper part of the reservoir is not yet complet.

(Fig. 11).
Hydraulic scttlement cclls were placed at three levels in the rockfill
under the joint to monitor facing behaviour.

Precision levelling points werc also placed in the plinth of the facing
and at the crest.
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A complete control was also carried out of possible sccpage through
the facing and the joint. :

The result of these controls allows us to state that bchaviour of the
facing and joint is completely satisfactory so far.

The rockfill settled during construction prior to laying thc facing,
rcaching a maximum of 40 cm; subséquent to the facing being laid and its
partial loading, settlement measured by the hydraulic cells was 4 cm.

Maximum settlement by precision levelling at the plinth was 0.4 cm,
and the crest measurements were 2 cm.

Fig. 11

Negratin dam - General view from upstrcam
Barrage de Negratin - Vue générale de I'amont

No secpage whatsocver has been measurced cither in the facing or in
the joint, nor has there been any creep in the asphaltic concrete of the
joint, despile having withstood two summers cxposed to the sun.

Minor scepage has been obscrved in the plinth foundation drilled drain
holes, which shows something that was alrcady known, i.c. taht the ground
is rclatively unconsolidated and is partly pervious; a design project has been
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performed for the consolidation and sealing of the plinth foundation, and
execution is scheduled for this year, in order to guarantee stability and
avoid any scttlement that could affect the facing.

SUMMARY

The Ncgratin Dam is a typical example of foundation gecology con-
ditioning the structural solution selected, which consists of a composite dam
with an asphalt facing on its rockfill section.

The diffcrent barrier systems possible are analysed, together with the
tests and studies carried out for the design of the joint between the asphalt
facing and the concrete dam.

A detailed description is given of the construction techniques cmployed
and the site and laboratory tests that have becn performed to cnsure correct
exccution of the works.

Lastly, a description is given of the controls carried out to obsecrve
Joint and facing behaviour, which has been completely satisfactory to date.

RESUME

Lc barrage de Negratin est un exemple type ol la nature géologique
du terrain dc fondation a été un facteur important dans lc choix du typc
d’ouvrage, qui consiste en un barrage mixte, en béton et cn enrochement,
avec un masque amont d’étanchéité en béton bitumineux dans la partic en
enrochcment.

On analyse les différentes solutions possibles d’organc d'étanchéité et
les essais ct études réalisés pour la conception du raccordemcnt du masque
bitumincux avcc le barrage en béton.

On décrit en détail les techniques de construction employées, ainsi que
les cssais en laboratoire et sur le chantier, qui ont été réalisés cn vuc d’as-
surcr une exécution correcte des travaux.

Enfin, on fait connaitre les contréles cffcctués pour observer le com-
portcment du masque et de son raccordemcnt, qui jusqu'a préscnt cst
totalement salisfaisant. ‘
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1. INTRODUCCION

La nccesidad de regulacion de los rios es-
panoles sc acentda en la region mds meridio-
nal, Andalucia, por la enorme irregularidad de
las precipitaciones, que provocan dos feno-
menos contrapuestos: inundacién y sequia.

El rio Guadalquivir, que etimolbgicamente
significa “rio grande’, ocupa una extensa
cuenca de 50.000 km?, que discurre desde las
lierras oricntales tipicamente mediterraneas,
hasta la desembocadura al oeste en el Ocea-
no Atlantico. '

Para complctar la regulacién del Guadal-
quivir en su cabecera, era nccesario la cons-
truccion de la Presa del Negratin, sobre el rio
Guadiana Menor, que es el afluente que tiene
una mayor superficie de cuenca.

El cmbaise del Negratin, (fig. 1), cuyas
obras finalizaron en 1985, tiene una capacidad
de cmbalse de 546 Hm®, (ocupa el lugar 19°
enlre los embalses espafioles) regula total-
mente las aportaciones de una cuenca ver-
ticnte de 3.877 km? de superficie, con unas
aportaciones medias de 362 Hm® y su des-
lino cs cl ricgo vy la produccion de energia. El
constructor principal de las obras ha sido la
cmpresa espanola O.C.1LS.A.

La complicada estructura geoldgica del
lugar dc ubicacidon de la presa, que era el Gni-
co posible en todo el cauce del rio, ha obli-
gado a rcalizar detenidos reconocimientos
gcolodgicos y gcotécnicos de la cerrada, para
determinar la situacibn mas adecuada y las
caracteristicas dcl terreno de cimentacion.

La cstructura geoldgica de la cerrada elegi-
da (fig. 2) ecstd escncialmente constituida por
un subtratum tridsico (Kecuper} con arcillas
rojas con yesos, un relleno terciario de are-
nisca (molasa), sobre ¢l que se apoyan, en la
margen izquicrda, margas, coronando el con-
junto un conglomerado atribuible al mioceno
supcrior,

2. TIPO DE PRESA ELEGIDO

La disimetria gcolbgica de la cerrada, hizo
pensar desde cl primer momento cn una presa
mixta, aprovechando las arcniscas para ci-
mentar una presa de gravedad, sobre la quc
se situaria cl aliviadero y completar el cicrre
con una presa dc escollecra, quc sc apoye
sobre las margas y conglomerados del estribo
izquierdo.

Otro factor decisivo cn la cleccidon del lipo
de presa, fuc la construccion del aliviadcro,
dada la cxtension de la cucnca vertiente (3.877
km?) y ol régimen pluviométrico de la zona, o
que obliga a disponer dc un aliviadero con
una capacidad de 2.500 M*/seg.

En la zona de gravedad sc sittan ademas
del aliviadero, los desagiics de fondo, la toma
de la central hidrocléctrica y los desagics
auxiliares con la disposicidon clasica (fig. 3).

Este tipo de prcsa mixta, tiecnc como pro-
blema constructivo. mas importantc la unién
entre la zona dc fadbrica y la dec matcriales
sueltos, aspccto que ha sido cstudiado con
gran detcnimicnto y que sc describe en los
parrafos siguicntes.

3. SISTEMA DE IMPERMEABILIZACION

Para la impermecabilizacion de la zona de
escollera se considcraron dos posibilidades
alternativas: nucleo de arcilla, o pantalla cn cl
paramento de¢ aguas arriba.

La solucion de nicleo de arcilla sc desecho
porque todas las arcillas proximas a la presa
tenian un alto contenido dec yeso, y porquc la
morfologia dcl terrcno obligaba para un co-
rrecto encaje cntre el hormigbn y la escollera,
a que los taludes de la presa dc materiales
sueltos fueran lo mdas cmpinados posible, lo
que se conscguia con pantalla dc impermea-
bilizacidn cn ¢l paramento dc aguas arriba.
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Dentro de csta alternativa se consideraron
las posibilidades, de hormig6n, ldminas asfal-
ticas o plasticos y aglomerado asfaltico "in
situ”, decidiéndosc por esta ditima, que pre-
scntaba las venlajas de mejor adaptacion a
posibles asicntos y una mayor garantia de
scguridad.

El tipo dec pantalla empieado ha sido la cla-
sica dec tres capas, impermecables las de los
extremos y porosa la intermedia para control
de filtraciones.

La unidn de la pantalla asfaltica con el te-
rreno se hace como es usual mediante rastri-
llo con galeria visitable, que permite ademas
del control de filtraciones de la pantalla, la
cjecucion de una red de drenaje del terreno, y
cventual inyeccion de las zonas permeables o
poco consolidadas (fig. 4).

4. UNION ENTRE LA PANTALLA ASFALTICA
Y LA PRESA DE HORMIGON

La cuestion mas importante planteada en la
Presa de Negratin es la unién entre las zonas
dc fabrica y cscollera. La solucion elegida,
después de numerosos estudios y considera-
ciones geoldgicas y estructurales ha sido que
la presa de cscollera gira sus espaldones
segin conos de revolucibn, aguas arriba vy
aguas abajo, quc abrigan los Gitimos bloques
de la zona dc gravedad, realizandose la unién
de la pantalla asfaltica. con et hormigén sobre
una gencratriz del cono, cuya inclinacion
1:1,6 cs la misma que la pendiente de la pan-
talla. (fig. 3).

Sc desechd la solucién de construir un
muro de cicrre perpendicular a la presa de
hormigbn, quc ecncarccia notablcmente la
obra, y no facilitaba la realizacion de la union.

Para mcjorar cl encaje entre la escollera y
cl hormigdn, los bloques de la presa de¢ gra-
vedad ¢n fa zona gque son abrigados por la
cscollecra, cambian su seccion tipo, disminu-
yendo cl talud de aguas abajo y aumentando
cl dc aguas arriba, con ¢l doble objctivo de
hacer simétrica la union y disminuir los asien-
tos de la escollera que se va a colocar debajo
de la junta, al apoyarse sobre una supcrficie
de talud 1:5 cn vez de vertical. {fig. 5).

Toda la escollcra que forma el cono de re-
volucién dc aguas arriba se ha compactado

162

en tongadas de 0,60 m. dc cspesor, cl ta-
mafo maximo dec la roca ¢s de 0,50 m, y en
los 4 m. de anchura en contacto con cl para-
mento de hormigén, sc empled arido scleccio-
nado con tamanos comprendidos entre 5 y 30
mm., compaclados  cnérgicamenle  ¢n
tongadas de 0,40 m., con una densidad pro-
xima a 2,40 para disminuir al maximo los
asientos debajo dc la junta.

La pantalla asféltica sc apoya a lo largo de
toda la junta, sobre un perfil especial de los
bloques de hormigbn, para conscguir una
union parccida a la de la pantalla con cl ras-
trillo (fig. 5).

Con objcto de aumentar la adherencia vy
permitir pcquciios asicntos, ¢l apoyo de la
pantalla con ¢l hormigén sc hace con un cs-
pesor dc aglomcrado asféllico de 2,5 m. Se
pensé en principio quc toda csta zona fucra
de aglomcrado asfaltico impermeable similar
al de la pantalla, comoc sc hace en la unibn
pantalla-rastrillo, pecro al ser grande cl espe-
sor, podria cxistir el peligro de fluencia a lo
largo de la generatriz de apoyo.

Para estudiar la disposicion mds convenicnte
de esta union, se han hecho numerosos
ensayos cn cl Laboratorio dc Carreteras vy
Geotécnia de Madrid, v en cl dc la cmpre-
sa ejecutora de la pantalla STRABAB-BAU
en Colonia {Alemanial), con distintos tipos dec
aglomerado asfaltico, completados con calcu-
los tebricos de la estabilidad de la junta, a
partir dc los resultados de los cnsayos de
laboratorio.

Estos cstudios han pucsto de manificsto
que el aglomerado asfaltico emplcado cn la
pantalla, dado su alto contenido de belan, no
se debia cmplicar en e¢spesores mayores que
los de la pantalla, para cvitar su fluencia, lle-
gdndose a la disposicion representada cn la
fig. 6, dondc las dos capas dc aglomerado
asfaltico impcrmcable cstan scparadas por
aglomerado asfallico poroso, de menor con-
tenido de betin y mayor rigidez. Estc aglo-
merado poroso permite ¢l controt de filtracio-
nes de la junla y adaptarsc a los posibles
asientos dc la escollera.

Para mcjorar la adherencia cntre la pantalia
y el hormigdn, sc coloca pegado al hormigon
un aglomerado asfaltico cspecial de 0,50 m.,
de espesor parccido al cmplecado cn los nu-
clcos asfalticos, de rigidez intermedia entre cl



poroso y el impermeable y para garantizar su

cstabilidad va armado con telas sintéticas,

que sc anclan cn una longitud de 1,50 m., cn
cl aglomcrado poroso rigido.

Sc completa la unién entre la pantalla asfal-
tica y cl hormigbn con una banda de cobre
ondulado ge sc fija al hormigon mediante ple-
tinas dc accro galvanizado, sujetos con per-
nos, complctadas con silicona y banda de
ncopreno.

Con csta disposicion, en la que se ha teni-
do cn cucnta la amplia experiencia en imper-
mcabilizaciones de la empresa constructora y
los numerosos cstudios y ensayos realizados
para cstc caso concreto, se ha tratado de
conscguir una junta que cumpla cstos tres re-
quisitos:

1. Quec los asicntos de la escollera debajo de
fa junta scan o menos posible.

2. Que cl cspesor de las capas de la pantalla
cn la zona de la junta scan capaces de
absorber pequefios asientos, si estos se
produjcran.

3. Quc la adherencia entre la pantalla asfalti-

ca y ¢l hormigbn esté garantizada al ma-

Ximo.

4. Quc cn caso de producirse una pequeia fi-
suracion, sca detectada inmediatamente
por los drenes y proceder a su inspeccion
y rcparacion.

5. EJECUCION DE LA PANTALLA
ASFALTICA

La cjecucion de la pantalla asfaltica y su
junta con la presa de hormigén se realizé
desde abril a scptiembre de 1984, en cuatro
fases. )

La primera corresponde a la ejecucién de la
pantalla y junta con la presa de hormigén en
la zona dcl cono de revolucidn, salvo los
Gltimos 7 m, superiores debido a la necesi-
dad dc contar con un espacio para colocar
las maquinas para el extendido del aglome-
rado asflaltico (tigs. 7 y 8).

La segunda corresponde al tercio situado
junto al estribo izquierdo, que se realiza por el
sistcma clasico. Durante este tiempo se com-
plcta la escolicra de la parte superior del cono
Yy rampa de acceso.

La terccra, la zona central, por cl sistcma
norma! (fig. 9).

La cuarta fasc corresponde, la cjecucion de
la pantalla y la junta cn los altimos 7 m, dcl
cono de revolucion, que sc rcaliza casi arte-
sanalmente.

La pantalla sc realizé por bandas verticalcs
mediante carrctones extendcdores arrastrados
desde la coronacion. Las capas succsivas son
de abajo a arriba:

1. Riego dc imprimacion.

2. Capa de binder de regulacion (3 cm)

3. Nueva capa dc binder para completar la re-
gulaciéon de la superticic {2 cm)

4. Capa dc aglomerado asfaltico impermeable
{6 cm)

5. Aglomecrado asfaltico poroso (9 cm)

6. Primera capa de aglomcrado asfdltico im-
permeable (5 cm)

7. Segunda capa de aglomcrado asfaltico im-
permeable (5 cm)

8. Mortcro asféltico de proteccion de la pan-
talla frente a los rayos solares, (sin dimen-
sion).

Durantc la construccién, sc llevd un
exhaustivo control, dc los aridos cmplcados
en las mezclas asfélticas, previamente clasili-
cados y lavados, de las cantidades de betan,
amianto y ccmento de los aglomerados asfal-
ticos mediante la cjecucibn de probetas y cx-
traccion de testigo ““in situ”.

En especial sc controlé cn laboratorio, ade-
més de la correcta dosificacion, la densidad ¢
impermeabilidad. También se comprobd que
para las dosificaciones utilizadas no s¢ produ-
cia fluencia decl hormigén asfaltico, mediante
probetas quc colocadas con la misma pen-
diente de pantalla, se somctia a tempcraturas
en la estufa muy superiores a las que ha dc
soportar la pantalla.

Sec realizd6 con esmero la unidn de la pan-
talla con cl rastrillo y se cuidé especialmente
la unibn entre bandas verticales contiguas,
calentando con sopletes la unibn y aplicando
pinturas dc imprimacibn para conscguir una
perfecta adherencia cntre cllas.

En particular, cn la junta, entre fa pantalla y
la presa de hormigén sc cuid6d al miximo la
calidad dec c¢jecucion, tratando con lanza dc
llama el hormigdn superficial, aplicacion cn
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calicnte de pinturas de imprimaciéon y especial
compactacién de las bandas 'y su unibn entre
cllas (Fig. 10).

Adcmés dc los cnsayos de laboratorio se
rcalizaron “in situ’ pruebas de densidad con
¢l medidor nuclcar Troxler, en numerosos
puntos ¢ igualmente pruebas de permeabili-
dad mediantc la bomba de vacio.

La densidad del hormigdn asfiltico fue de
2,50 sin apenas variaciones de unos puntos a
olros y la permcabilidad nula.

6. COMPORTAMIENTO DE LA PANTALLA
ASFALTICA

Sc inici6 cl primer llenado del embalse en
encro dc 1985, habiéndose alcanzado en
estos tres Ultimos afios, hasta la mitad de la
allura dc la presa, no habiéndose elevado
este nivel por no estar completado el proceso
de cxpropiacidon dec la zona alta del embalse
(fig. 11).

Para cl control del comportamiento de la
pantalla sc situaron células hidraulicas de
asicnto cn tres niveles, dentro de la escollera
por debajo de la junta.

También sc colocaron puntos de nivelacion
de precisibn cn cl rastrillo de la pantalla y en
la coronacion,
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lgualmente sc ha llevado un complcto con-
trol de las posibles filtraciones dc la pantalla y
de la junta.

El resultado dc cstos controles nos permi-
te afirmar, quec cl comportamicnto hasta cl
momento presente de la pantalla v junta cs
totalmente satisfactoria.

Los asientos dc la escollera sc produjeron
durante la construccidn antes dc la rcalizacion
de la pantalla, y alcanzaron un maximo dec 40
cm, posteriormentc a la rcalizacién de la pan-
talla y a su pucsta parcial cn caga, los
asientos medidos cn las células hidraulicas
han sido de 4 cm. -

Los asientos maximos por nivelacion de
precision en cf rastrillo han sido 0,4 cm, y los
medidos en coronacibn han sido 2 cm.

No se ha obscrvado filtracién alguna ni cn
la pantalla ni en la junta, ni fluencia cn cl
aglomerado dec la junta a pesar de haber so-
portado dos veranos expuesto al sol.

En los taladros para drenajc de la cimenta-
cion del rastrillo s¢ han obscrvado pcqueiias
filtraciones, lo que ponec de manificsto, como
ya era conocido, quec cste terrcno esta poco
consolidado y es cn partec permeable, habién-
dose redactado un proyccto de consolidacion
¢ impermeabilizacion del terreno de cimenta-
cibn del rastrillo, cuya rcalizacibn cstd
prevista para cste afio, con objeto de garan-
tizar su estabilidad y evitar posibles asicntos
que pudieran afcctar a la pantalla.





