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Foundation Settlement and Pore Pressure Observations at San 
Valentino Earth Darn during the First Five Years of Operation 

Observations des Pressions Interstitielles et du Tassement du Barrage de Terre de San Valentino 
au cours des Cinq Premieres Annees 

by D. FINZI, Dr. Ing., Direttore delle Costruzioni Idrauliche della Societa Montecatini, and C. NICCOLAI, Dr. Ing., 
Milan, Italy 

Swnmary 

A brief description of San Valentino earth darn, which was com
pleted in 1950, is given. Data on the settlement of the foundation 
beneath the fill have been determined during the construction of the 
earth embankment and in the first five years of operation of the 
reservoir. It is now possible to analyse these data, comparing them 
with the results of the studies made before construction. The distri
bution of settlements, determined on the basis of the Boussinesq 
theory, agrees satisfactorily with the actual one. The presumed 
causes of some discrepancies are analysed. The amount of the 
settlement, which should be not far from reaching its final value, is 
sensibly less than that forecast on the basis of the subsoil investiga
tions. 

In the second part of the paper a description is given of the piezo
metric devices employed in the dam for the observation of pore 
pressures. 

The readings taken during the first five years of operation of the 
reservoir are analysed with reference to the behaviour of the different 
zones of the fill. 

Introduction 

San Valentino earth dam, on the Adige river, is part of the 
Glorenza Hydroelectric Power Scheme of Montecatini Co., and 
was completed in 1950. The dam is 35 m high above the 
lowest point of the foundation and the length at the crown is 
470m. 

The dam is formed by a rolled earth embankment with a 
central water-tight core which was built with the same material 
employed for the other zones of the dam, excluding only the 
elements bigger than 50 mm, and adding 35 kg bentonite for 
every rolled cubic metre. In this way the permeability of the 
core, as determined in the soil mechanics laboratory, is about 
100 times less than that of the other portions of the embank
ment. 

The dam lies on a thick, alluvial deposit of medium per
meability. Rock has been reached by borings only at the right 
bank, where it emerges at the side of the barrage. 

The main percolation flow passes beneath the structure and 
the concrete foundation cut-off which is about 20 m deep. 

The safety of the dam against any danger of piping is assured 
by a reverse filter placed under the downstream portion of it. 
The amount of seepage water collected by this filter has a very 
regular behaviour, following, in perfect accord, the alternations 
of the reservoir level. The greatest discharge is about 25 
litresjsecond. 

This paper is a report on foundation settlement observations 
and pore pressure measurements performed during the first 
five years of operation of the reservoir, i.e. from 1951 to 1955. 

Foundation Settlement Observations (by D. Finzi) 

The observation of the settlements began during the con
struction of the barrage and still continues. It is now possible 
to analyse the data collected during more than six years and to 
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compare them with the results of the studies made, in consulta
tion with Professor C. Terzaghi, before the construction. 

The devices for the measurement of the settlements are 
collected in three cross-sections A, Band C. They are formed 
by steel plates which were sunk, during construction, in the 
points of the embankment to be put under observation. The 
plates are joined to vertical pipes which emerge from the top 
or from the slopes of the dam. By means of a precise levelling 
the elevations of the upper ends of the pipes are periodicaiiy 

determined. 
The measurement is made as a rule every second month by 

a special group of surveyors. Supplementary measurements 
are made during periods of particular interest (highest level of 

the reservoir, etc.). 
The studies conducted during the design stage had a double 

purpose: 

(I) To give an indication of the way the settlements are 

distributed within the foundation area; 
(2) To plot, on the basis of the stratigraphy resulting from 

the site investigation, probable 'settlement-time' curves. 
The investigations mentioned in (I) were conducted on the 

basis of the Boussinesq theory concerning a semi-infinite 
elastic and isotropic solid, loaded on its surface. 

The settlement of any point of the foundation surface was 
equalized to the relative displacement of a corresponding point 
of the surface of the semi-infinite solid, equally loaded, with 
regard to another point, located on the vertical through the 
first, at a distance equal to the depth of the rock surface within 
the foundation. 

The ground was assumed to be uniformly compressible. It 
was also supposed that there is no interaction between the 
embankment material and the foundation and that the hori-
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zontal pressure of the seepage water does not influence in any 
way the amount of vertical settlement. The calculation was 
conducted by subdividing the loaded area into a certain number 
of rectangles and by computing the influence of the load of 
every rectangle on the settlement of every intersection point. 
For this analysis the numerical tables edited by Steinbrenner 
in 1934 were employed. 

The foundation presents at a certain point a sharp discon
tinuity, caused by the profile of the rock which, as mentioned 
above, is present only at the right bank. Therefore special 
computation artifices were introduced in order to take account 
of the reduced influence of that part of the load which is im
mediately supported by the rock on the settlement of the 
remaining foundation area. 

----Studied dam cross-section 

- Actual dam cross -section 

~L-----------~------------------ ----

Modulus of elasticity {- Theoretical setllement at full reservo1r 
of the semi-infinite ---Theoretical seff/ement at ertpty reservoir 
isotropic solid E =350 kg/cm2 -Actual settlement 
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0 50 100 150 tt 

Fig. I Foundation settlement-cross-section B-B 

Tassement des fondations-coupe B-B 

This analysis was made for the condition of both empty and 
full reservoir. The density of the saturated soil was assumed 
equal to 2075 kg/m3 and Poisson ratio equal to 1/4. 

As the figures show, the shape of the dam, which was studied 
at that time, does not coincide with the actual one, which is 2 m 
higher. This fact, however, does not diminish the usefulness 
of the comparison. 

The investigation was limited to the mathematical analysis, 
having as its only purpose the examination of the distribution 
of settlement and obtaining its absolute value. The contours 
of the products 'settlement x elasticity modulus', which 
constitute the result of the study done at that time were drawn. 
No assumption was made about the correct value to be attri
buted to the modulus of elasticity of the equivalent semi
infinite solid. 

For design purposes, however, it was kept in mind that 
because of the presence in the foundation of consolidating 
layers containing clay and peat, the modulus of elasticity had 
to be of the order of some hundreds of kgfcm2. 

If there had been only compact and homogeneous formations 
of gravel and sand this modulus would have been much greater, 
that is about 3000 kg/cm2. 
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We now know some measured values of the settlement which 
can be considered to be very near to the final ones. Therefore 
it is possible to deduce a reliable value of the modulus of 
elasticity of the equivalent semi-infinite solid, which permits a 
useful comparison between the actual and the theoretical 
distribution of the settlement. 

It was found that the curve of the actual settlement was inter
mediate between the two theoretical ones, related to the con
ditions of full and empty reservoir, obtained by introducing the 
value E = 350 kgfcmz. 

The consolidating load is greater when the reservoir is 
empty and therefore this latter case should approach the actual 
behaviour more closely. 

Fig. 2 
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The amounts of settlement measured at the end of 1955 are 
shown in the following table. 

Table 

Measured foundation settlements at San Valentino earth dam 
December 1955 

Tassements observes au barrage deS. Valentino Decembre 1955 

I M v V' 
em em em 

Sec. A 19·2 16·5 19·7 
Sec. B 33·8 40·2 18·2 
Sec. C 30·6 23·2 15·2 

These values, properly interpolated, have been plotted in 
graphs and compared with the theoretical ones. Settlements 
on section B-B and the centre line of the dam are shown in 
Figs. 1 and 2. As can be seen from these graphs, the foundation 
has proved to be more compressible in the middle than at the 
banks. This can be explained by the fact that the thickness of the 



consolidating layers is greater in the middle of the river bed, as 
subsoil investigations have confirmed. 
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Also, in the points A V' and BV' the amount of settlement is 
greater than predicted. This discrepancy can be explained by 
the different shape of the dam, which, as actually built, loads 
the upstream area of the foundation more. 
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The greatest settlement has been recorded at point BV, where 
it amounts to 40·2 em. 

As regards the 'settlement-time' curves mentioned in (2), 
and the final values of the settlement, some predictions were 
made on the basis of the probable subsoil stratigraphy, as 
given by some preliminary borings at section B. 

This study, which was partially described by FINZI (1954) 
involved analysing, with the help of laboratory tests, the con-
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Fig. 3 Settlement-time curve in point B-V 
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solidation of 6 clayey and silty layers and neglecting the 
intermediate sand and gravel formations. 

Because of these important simplifying hypotheses this study 
serves only as an indication. 

For point BV the 'settlement-time' curve is plotted in Fig. 3 
and compared with the actual one. As will be seen from these 
graphs, the shape of both curves shows that the final value 
(which will be about 60 per cent of that predicted) has been 
almost reached. Since 1953 the settlement at this point has 
progressed only 1 ern. 

Pore Pressure Measurements (by C. Niccolai) 

A large network of piezometer pipes has been spread all 
along the darn and in the adjacent ground in order to check the 
pressures in the foundation and the groundwater levels (Fig. 4). 

The devices for the measurements of the hydrostatic pressure 
in the body of the darn are collected in 3 typical cross-sections 
(AA, BB and CC). 
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1495 

The piezometer pipes of both the upstream and downstream 
portions terminate on the slopes of the embankment. The 
measurements of the pore pressures in the core are hydraulically 
transmitted to the inspection tunnel, which is located in the 
upper part of the concrete cut-off. The measurements have 
been made regularly every day during all five years, avoiding 
in this way the influence of possible mistakes. 

The upstream portion of the dam-The piezometer pipes for 
determining the elevation of the seepage line in the upstream 
portion of the darn are joined to the devices for the measure
ment of the settlements. They permit pressure measurement 
at points which are located at different elevations on the same 
vertical line. For the determination of the water level in these 
pipes a tape is employed with a special cell at its end, which 
emits an acoustic signal on touching water. 

In Fig. 6, relating to darn cross-section BB, the results of the 
measurements are plotted and compared with the water level 
alternations in the reservoir. As shown in these graphs the 
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piezometers follow, with a rough sinusoidal law, these alter
nations with a phase difference of the order of 30 to 40 days. 

Seepage, which flows around the upstream border surface of 
the core, behaves according to the laws of phreatic current. 
Therefore the distribution of the pressures at the piezometers 
depends upon their location relative to the flownet, which, for 
its part, changes with the reservoir level. Thus some piezo
meters which give coincident values at full reservoir, indicate, 
after drawdown, pressures which differ sensibly from one 
another. 

As noted, a sensible difference of phase exists between 
reservoir level and piezometers because of the relatively low 
permeability of the upstream portion of the embankment. This 
fact justifies the hypothesis assumed for the calculation of the 
upstream slope stability after sudden drawdown, i.e. that the 
whole upstream portion must be considered as completely 
saturated. 

The pore pressures in the core-To check the pore pressures 
within the core, cells have been employed, formed by a hollow 
metallic body closed at one end by a porous stone (Fig. 5). 

The cell is sunk, during construction, in a proper hole inside 
the rolled embankment where it is surrounded by uniform sand. 
The casing is hydraulically connected with the inspection tunnel 
by means of two t-in. stainless steel pipes. These pipes give 
also the opportunity of removing air by washing from the pipes 
and from the cell. In fact even small quantities of air could 
lead to erroneous results. 

The cells are distributed in different numbers, accordi!Olg to 
the height of the cross-section, along the upstream and down
stream borders of the core and also in the middle of it. The 
purpose of the measurements was to determine: (1) pressures 
induced during the construction of the embankment, and 
(2) pressures caused by the filling of the reservoir. 

It is known that in a saturated and rather impervious soil a 
part-at the beginning very important-of the load is supported 
by the water which fills the pores. In this way the effective 
pressure existing between the grains of the soil and conse
quently also the shear strength of it can be sensibly diminished. 
It is always advisable therefore to check, by means of measure
ments on the structure, whether, in spite of the careful pre
liminary studies and of the accurate methods of construction, 
some zones exist where the hydrostatic pressure is too high and 
endangers the stability of the embankment. 

Unfortunately, because of the imperviousness of the soil 
where these cells are placed, weeks and months are necessary 
before they can give reliable indications. The cells at San 
Valentino dam, for instance, became effective after the comple
tion of the barrage and after the start of operation of the 
reservoir. Anyway, as the graphs of Fig. 6 clearly show, 
there is no indication of pressure of significance set up during 
the construction of the dam. 

With regard to the influence of the alternations of the 
reservoir level on the pore pressures in the core, the analysis of 
the graphs permits the following remarks (see also Fig. 7): 

(1) The oscillations of pressure indicated by the cells located 
in the middle and on the downstream surface of the core are 
in general synchronous with those on the upstream face; 

(2) Along some horizontal lines (e.g. cross-section B) the 
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amplitude of these oscillations is of the same order in the middle 
and on both faces of the core; 

(3) The amplitude of the oscillations is greatest at the lowest 
cells and decreases with elevation-on the other hand there is 
no indication that the pressure varies hydrostatically inside the 
core. 

It is not the purpose of this paper to attempt a theoretical 
interpretation of the above results. However, keeping in mind 
what has recently been published by BRETH and KuECKELMANN 
(1954), i.e. that in a completely saturated impervious core the 
pressure exerted on the upstream surface should act totally 
and without delay throughout the whole mass as far as the 
downstream surface, one realizes that this behaviour is only 
partially verified at San Valentino dam. On the other hand it 

Cross-sect1on B-8 

0 5 10 15 20 25 30m 

0 25 50 75 lOOft. 

Max. 

Mtn. 

Fig. 7 Maximum and minimum pore pressures measured in 1955 
-cross-section B-B 

Pressions interstitielles maxima et minima mesurees en 1955 
-coupe B-B 

could hardly happen otherwise, because there are several 
elements which complicate the real behaviour in comparison 
with the theoretical one, first of all the presence of air in the 
pores. Nevertheless the measurements made so far demon
strate with certainty that in the core there does not exist any 
pressure which can be considered, from any point of view, as 
dangerous for the stability of the structure. On the other hand 
no element emerges which can put in doubt the effectiveness of 
the core as a water-tight diaphragm. 

The downstream portion of the embankment-The piezo
meters, connected to the devices for the measurement of settle
ment, are the same as those employed on the upstream side. 
The pipes, with the exception of those which terminate in the 
horizontal filter, have been perfectly dry always. 
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