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Gravity Dams

This article describes briefly the attempts that have been made
to analyse the stresses in gravity dams so as to take into account
the influence of the foundations. The present position in this
field is given and possible future developments are indicated

By J. R. RYDZEWSKI, Ph.D., A.M.I.C.E., A.M.ASCE.
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HE application of a scientific approach to the
design of masonry dams was first apparent in the
work of the French engineers, Sazilly, Delocre
and Graeff in the middle of the last century. Their
dams were designed to resist overturning as well as
sliding along the base and were shaped to develop
equal maximum vertical compressive stress for both
reservoir-full and reservoir-empty conditions. The
stresses were calculated on the assumption of a trape
zoidal distribution of normal stress on horizontal
sections.
Rankine. in 1870, added to this the condition of
no tension, resulting in the well-known "middle-third
rule" and also pomted out that the maximum com
pressive stress, on the assumptions used. would act
parallel to the face of the dam. Rankine's criteria of
design, known as the "classical method," became uni
versally accepted. In France it was elaborated on by
Maurice Levy, who proposed that compression at the
upstream face should exceed the hydrostatic pressure
at the particular section.
The Bouzey dam disaster in France in 1895 aroused
an unprecedented interest in the mode of failure of
masonry dams. The controversy that raged on that
subject in the British technical press and the research
activity it stimulated were the subject of Professor
Pippard's Unwin Memorial Lecture to the Institution
of Civil Engineers\ to which historians of engineer
ing science should refer.
The failure of the Bouzey dam not only drew the
attention of engineers to the problem of uplift, but
also subjected the classical method of analysis to
severe criticism. Out of that period of intensive re
search and discussion, which ended in 1910, there
emerged two remarkable papers. On the experimental
ide. Wilson and Gore 2 • in 1908, described their ex
perim.:!nts with stiff rubber models of a dam together
with a portion of its foundations. For the purpose
of application of dead load, the profile was divided
int n number of imaginary rectangular and triangular

sections at the centres of gravity of which vertical
loads were applied through pins piercing the model.
The hydrostatic load was substituted by a statically
equivalent system of concentrated loads, acting
through plates bearing on the face of the model.
Observations of displacement yielded the required
stress distribution, an example of which is given in
Fig. 1. It says a good deal for their ingenuity that
this method has been used practically unaltered by
the United States Bureau of Reclamation some 30
years later.
A solution of the elastic problem of a dam, homo
geneous with its foundations, by means of finite differ
ence approximations was attempted by Richardson 3
in 1909. His formulation of the problem left nothing
to be desired, but he was not in a position to solve
the prob!em with any accuracy, having considered
only a few internal points. This problem was over
come when relaxation techniques, initiated by South
well, reached an advanced stage of development.
Wolf4, in 1914, considered the problem of a triangu
lar dam, with a vertical upstream face, resting on
perfectly rigid foundations. This he expressed by the
condition that the average vertical displacement along
the base of the dam should be zero. In order to satisfy
this condition he applied secondary forces, in the form
of an arbitrary polynomial, to the upstream face,
stipulatine; that their resultant should vanish. In this
last condition the secondary forces were regarded as
errors to be minimised. One of his results is shown
in Fig. 3 (top).
Vogt5 1925, and Kalman 6 1927, demonstrated the
incompatibility between the displacements of the base
of the dam and those of the foundation surface as
calculated by the classical method. suggesting that
corrective stresses should be introduced along the
base to bring these displacements in conformity with
each other.
The case of a triangular dam on an unyielding
foundation was also considered by Jakobsen 7 in 1932,
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Fig. 1. Stress distribution obtained from displacement
observations
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Fig. 2. Stress distribution by slab analogy
method
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