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Table (1) Mechanical properties of perimetral joint
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Table (2) Mechanical properties of mass concrete
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Table (3) Mechanical properties of rock
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Fig. 11. dam with pulvino, foundation with weak layer,
maximum principal stress
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Fig. 12. dam with pulvino, foundation with weak layer,
minimum principal stress
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Fig. 14. conventional dam, foundation with weak layer,
minimum principal stress
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maximum stresses (MPa)

Case name compressive tensile
Dam body pulvino Dam body pulvino
upstream downstream upstream downstream upstream downstream upstream downstream
conventional dam, uniform 5.6 7.8 _ _ 0.8 2 _ _
convenient foundation
dam with pulvino, uniform 7 9.6 6 7 0.65 25 0.65 1.65
convenient foundation
conventional dam, 5.5 9.7 - - 1.7 3.3 - -
foundation with weak layer
dam with pulvino, 7.8 10.7 54 8.9 0.9 2.3 2.3 4.2
foundation with weak layer
table (4) maximum principal stresses
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Abstract:

Design and construction of a concrete arch dam needs two essential conditions: these are good rock
foundation and convenient topography. When these two conditions are satisfied, arch dams would be the
most desirable and the most economical types of dams. Sometimes the geometry of the valley is good, but
the rock foundation is not appropriate or the rock has good material but the geometry of valley is poor. One
important factor in safe design of an arch dam is the rock foundation stability problem when a large part of
the external loads is transferred to the foundation by the arches. In arch dams, these forces are much larger
than similar forces as compared with other dams. Moreover, the stability of an arch dam also depends on
bearing capacity of the rock foundation. The idea of construction of arch dams with perimetral joint and
pulvino was introduced by Italian engineers in the 40s to improve stress conditions. It was gradually
expanded in the following decades. Pulvino is a thick concrete pad built between the arch dam body and the
rock foundation as a strip foundation. Use of this structural component, reduces the uncertainties of the rock
foundation, enabling a thinner body for the dam. Thus providing perimetral joints between the pulvino and
the dam body; ensures more symmetrical distribution of stresses within the dam body. It also reduces
potential tensile stresses at the boundaries of the dam body. In this study, the effect of pulvino is investigated
on the behavior of a concrete arch dam body built in a valley with weak rock layers. The results are
compared with the case of a conventional concrete arch dam (Control Dam); i.e., without pulvino in the same
valley conditions. In order to maintain the same concrete design properties, the volume of the Control Dam
had to increase by 40% in respect to the total volume of the dam with pulvino. The foundation has a weak
layer in different situations identically for both dams. The only nonlinearity accounted for, corresponds to
the perimetral joints. Applied loads include the weight and the hydrostatic pressure load. The dam weight is
applied step by step to simulate the staged-construction of a concrete arch dam. The ANSYS 12.1 program is
used to create the finite element models of the objective arch dam and its foundation. Results of this study
show that use of pulvino causes symmetric and uniform distribution of stresses in the dam body even if the
rock layers are weak and asymmetric. Contrary to the Control Dam case, higher tensile stresses occur only
inside the pulvino and thus the main body of the dam is protected against such stresses. As pulvino is usually
reinforced, the dam with pulvino and its perimetral joint remain acceptable. Thus, despite a rather expensive
and harder construction job for such dams with pulvino and perimetral joints, their considerably lower
concrete volume may well compensate the problem. Thus this type of concrete arch dams remains still
economic and competitive for the future designs.
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