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Monitoring of the Canales Dam and Its Control
During Construction Period

Javier Andreu Posse
Civil Engineer, Geotechnical Division of EPTISA, Spain

J.M. Martinez Santamaria
Civil Engineer, Geotechnical Division of EPTISA, Spain

Rafael Portilla Hermosilla
Civil Engineer, Geotechnical Division of EPTISA, Spain

SYNOPSIS: This paper presents a study of the stress-deformation behaviour of the Canales Dam (Grana-

da) during construction.
ments mehod with hyperbolic material response.

The basis for this study has been the three dimensional
The analytical procedure used 1s presented and the

(3D) finite ele-

study concludes with a comparative study of the results obtained from the calculation programme used

and monitoring system's measurements.

INTRODUCTION

The Canales Dam (Granada, Spain), the subject of
this analysis, is an heterogeneous cross-section
Dam which has 1limestone and slate rock fill
shoulders, with a central core of clay. The
transition materials are kakerite, a calcareous
- fragmented rock. The dam is a 155.5 metres high
and the external slope is 1.7:1.

One of the main reasons for making a three di-
mensional model is the Dam's location in a shell

ding with the projet' two technical phases: First
technical phase (up to elevation 910) and second
technical phase up to termination of the cons-
truction (elevation 965.5), Fig. 2.

The stress-deformation study was performed using
two different but complimentary methods. In the
first case, a mathematical model was used by
means of a three-dimensional finite elements
programme simulating the process of construction
of the Dam throughout successive phases of in-
creasing loads per layer and, in the second ca-

offering longitudinal support on irregularly se, the measurements taken by means of dam moni-
shaped di-ssymmetric and transversal slopes, toring system equipment were analyzed. Prior ad-
Fig. 1. Jjustment of the model parameters was carried out

Analysis was carried out in two stages, coinci-
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in order to later establish a forecast of the
behaviour of the Dam.
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ANALYTICAL METHODOLOGY

The analytical methodology applied, is reflected

in the folowing diagram, Fig. 3.
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FiG.3 METHODOLOGY

Operation Method

The procedure has two independent inputs with a
comparative phase:

1. The geotechnical data base (GDB) is used in
order to obtain the calculation parameters for
the mathematical model. In this respect, sam-
pling campaigns are carried out in order to ob-
tain the reference samples associated with each
different material zone. The different tests ne-
cessary are performed under site conditions.

2. The monitoring process provides data serving
as direct input to the comparison phase.

3. At the end of each of the stages foreseen in
the control plan, an evaluation of the behaviour
of the Dam up to that moment is performed, and
the results obtained from the instrumentation
are contrasted with those produced by the calcu-
lation method.
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Calculation Model

a. Computer programme. For calculation of the
stresses and movements within the body of the
Dam, a mathematical model has been used via a
computer programme called Fespon, which was de-
veloped at the University of Purdue by Rong-Her
Chen (1981) and refined in a PRIME 2655 compu-
ter. This programme is based on application of
the finite elements method to three dimensional
calculation and has been designed fundamentally
for use in studies of the stress-deformation be-
haviour of earth dams.

The programme allows the construction process of
the Dam to be reproduced and simulates the in-
corporation of new layers of material by con-
sidering the successive layers of elements. Pla-
cing a new layer is simulated on the basis of
the weight on those already existing.

When the final state of the dam calculation is
finished, the effect of other external agents
can be introduced, for example the effect of the
water during the process of reservoir filling.

The deformability modules used by the programme
are variable with the level of material defor-
mation and confinement pressure. Specifically,
the stress-deformation model proposed by Kodner
and Zelasco (1963) and Duncan (1970) and better
known as the "hyperbolic model" is used, Fig. 4.

Each increment in load is analyzed twice. At
first, wusing the modules obtained from the
stresses existing at the beginning of the incre-
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ment and then using the deformation modules ob-
tained from the average stress values due to the
initial increment analysis.

The changes occurring in stresses, deformation
and movements with each increment are added to
those already existing at the beginning of each
new construction stage.

The Fespon programme uses incompatible isopara-
metric elements in calculation, i.e. elements
using interpolation functions for relationships
between displacements occurring within the ele-
ments and displacements of its nodes. This gives
rise to excellent flexure behaviour on the part
of the element, but also produces parabolic-type



incompatibilities at its limits. However, ove-
rall behaviour 1is better than that achieved
using compatible isoparametric elements.

b. Finite element mesh. In order to carry out
the study using the Fespon programme, the Dam
was simulated by means of a three dimensional
mesh made up of six and eight-node isoparametric
elements placed such that the construction pro-
cess could be reproduced by means of load incre-
ments. Simulation of the process was achieved by
the placing of ten layers, recommended by Rong-
-Her Chen (1981), Schiffman (1977) and Marsall
(1975), in order to obtain sufficient accuracy.
The minimum thickness of these layers was ten
metres and the maximum, 25 metres.

The remaining element magnitudes were adapted to
the finite elements theory, which recommends the
use of elements whose respective magnitudes are
not excessively differentiated in order to
achieve reliable results. In this respect, a va-
lid ratio value should be between 1.5 and 2,
transversal distribution with the Dam transver-
sally distributed in 13 sections.

The number of elements into which the Dam was
simulated was 556,
5.

with a total of 842 nodes,
Fig.
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FIG. 5 DIAGRAM OF FINITE ELEMENTS MESH (FEM)

c. Materials characterization (Fig. 6). In order
to determine the resistence and deformation pa-
rameters needed for calculation, the following
process was used:

Study of materials characteristics based on la-
boratory and field tests, fundamentally tri-
-axial and shear tests respectively, during the
first and second construction phases —-estimation
of basic calculation parameters- sensibility
analysis of the values within the variation ran-
ge, by means of the finite elements programme
and comparison with the real measurements obtai-
ned from the instrumentation.

Monitoring System

In this study, the values obtained from the hy-
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draulic settlement cells and horizontal displa-
cement measuring inclinometers have been taken
into account, Fig. 7.

The cells are located on three levels at eleva-
tions 850.0, 923.5 and 940.0

Inclinometers Il and I2 are located in the vi-
cinity of the left and right hand banks respec-
tively.
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RESULTS ANALYSIS
General

Before analyzing the stress-deformation state
results for the Dam, the following observations
on the calculations carried out should be taken
into account:

- The methodology used during discretization of
the dam's body, involve some problems of accu-
racy, due to:

1. Sudden changes in geometry and typology of
the elements, conditioned by the relative loca-
tion of the materials, contact with the bed rock
and outer slopes.

2. Contact in steps on the right hand bank and
vertical contact on the left.

3. Size of the elements, especially in the bot-
tom of the Dam.

- The Fespon program, after each incremental
layer made nule displacements in the top nodes,
wich simulate the fact that the end of construc-
tion has really happened at crown level.

- The non-deformability of the foundation in or-
der to simplify the element mesh, leads to small
errors given the high degree of relationship
between the deformation modules of the rock and
the materials used in the Dam.

- It should be pointed out that when comparing
the readings from the instruments with the mo-
del, we have taken into account the fact that
the measurements obtained from the cells cor-
responding to a given height of dam above the
cell, including an initial and immediate settle-
ment which occurs when the overload is increa-
sed, and a second long-time consolidation set-
tlement process due to readjustment of the ma-
terial particles, which is a function of the
friction of the solid framework and the visco-
sity of the water surrounding the surfaces in
contact. The rate of this last deformation re-
duces with time and finally reaches zero on ter-
mination of the phenomenon, when a certain soli-
dification of the material occurs.

The model calculates final deformations while
the readings taken during construction do not
reflect the total deferred consolidation. This
means that in comparing the model and data from
instruments, the deformations corresponding to
settlement time curve asyntotic values must be
considered. Given the shape of these curves,
this has not meant increments above 10% with
respect to previous readings recorded for a gi-
ven elevation.

- A run was also performed without including the
right hand part of the Dam above elevation 920,
whose construction did not begin until the
height of the central part of the Dam was at
elevation 955. The results obtained have been
very similar to those corresponding to the ove-
rall Dam, with maximun deviations of 10% or less
with respect both to displacements and stresses.

Model Monitoring System Contrast. End of Cons-
truction

a. Hidraulic cells.

Comparison between monitoring system and model
adjustment were performed during the period bet-
ween installation of the cells at elevation
923.5 (2nd October, 1984) and practically the
end of the construction period with the Dam at
elevation 958.0 on the 17th January, 1986.

- Elevation 923.5, Fig. 8. Contrasts were carried
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out in two directions perpendicular and parallel
to the axis of the Dam by means of cells CH1l to
CHS and CH6 to CH1S.

In the transversal cross-section, where the si-
gnificant comparison values are those corres-
ponding to the Dam core-kakerite contact points,
the most significant points of contrast are the
following:

1. For an overload of 10m, contrast is good with
deviations below 10%.

2. For an overload of 20m, the above values are
maintained downstream, while upstream the de-
viation reaches 30%.
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3. With regard to the final phase of reading,
with a difference in overload ratio of 0.75, the
direction of contrast established in point b. is
inverted, giving a total maximum deviation of
24% which, following application of the above
ratio, is reduced to 20%.

With respect to the longitudinal section the
contrast is analogous to that established above,
with a maximun deviation of 30% corresponding to
an overload of 20m.

- Elevation 940, Fig. 9. Contrast was performed
with the Dam at elevation 958, 18m above the
cells.

On the basis of the results, it is estimated
that on termination of construction of the Dam,
the deviations with respect to the model will be
below 20%.

b. Inclinometers

The readings recorded have given displacements
for upstream and left hand-limit orientations on
the order of 15 centimetres in both directions.
The results obtained from the models, give va-
lues of around 10 cm upstream and practically
nil in the perpendicular direction.

Deformations
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In order to obtain an overall idea of the beha-
viour of the Dam at the end of construction ti-
me, a deformation diagram of the central section
of the Dam has been drawn, Fig. 10. along with
the vertical and horizontal iso-displacements
lines and a longitudinal cross-section along the

axis of the core, Figs. 11 and 12.
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Stresses

In general terms, stresses tend to show a pa-
rallel orientation with respect to the slopes
and material change surfaces.

The range of maéimun stress has varied between
20 and 30 kg/cm” with the exception of certain
elements at the contact points between the core
and kakerite and Dam foundation in the higher
sections and in others having singular geome-
tries.

There are almost no elements in tension and only
a small group of triangular elements and other
elements located at the upstream point of con-
tact between the rock fill and the kakerite have
been plasticised, possibly due to excessive
stresses arising as a result of the high degree
of deformability of the clays in this area.

CONCLUSIONS

The analysis carried out shows general devia-
tions between the model and data measured of
between 10 and 20% over absolute values of bet-
ween 1 and 2 metres.

The maximum settlement is 2.45 metres, wich im-
plies 1.6% of the total height of the Dam.

Horizontal movements maintain the tendency of
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the Dam to open under its ovn weight, with va-
lues of 20 and 60 centimetres upstream and down-
stream respectively.

of maximum stresses is between
except in the case of certain
and lo-

The normal rang
20 and 30 kp/cm
elements in contact with the foundation
cated below the maximum Dam heights.
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