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ABSTRACT: There arc many sources of uncerainty involved in seismic safety
evaluation of an embankment or an earth dam. Even when conservative assump-
tioms and selections of parameters are made, there will always be a probability that
performance of the dam duning its lifetime may not be as predicted. To evaluate
seismic risk of damage or failure of earth dams, a seismic risk analysis procedure
is presented. The future occurrence of earthguakes is probabilistically described in
terms of both intensity and number of cycles of ground motion (seismic hazard
analysis). Furthermore, a probabilistic procedure for the calculation of permanent
deformation of eanth dams (seismic performance analysis) is presented, character-
izing the seismic event in terms of acoeleration, number of cycles, and predominant
pericd of motion. The results of seismic hazard and seismic performance analyses
are combined to yield the risk of seismic damage or failure of a dam (seismic risk
analysis). An example case study is presented, illustrating the application of the
procedures. A risk-based seismic safety evaluation of an embankment or an earth
dam can provide estimates of relative risks that are useful in design and decision
analysis and can avoid compounding of conservatism.

INTRODUCTION

Over the past two decades, significant developments have been made in
understanding the dynamic response of slopes and earth dams. Analytical
procedures have been developed to varying degrees of sophistication ranging
from the simple application of Newton's second law to three-dimensional
finite element analyses. Despite this progress, estimation of the likelihood
of seismically induced failure, or conversely, of the reliable performance,
of an earth dam during its functional life remains a challenge.

Seismic safety evaluation of an earth dam involves the identification and
determination of various parameters that define the seismic loads on the dam
and the resistance of the dam to these loads. For a realistic evaluation of
the seismic risk, one must consider many uncertainties such as those related
to the seismicity and geology of the site, the stiffness and strength of the
foundation and dam materials, and even the methods of analyzing the re-
sponse of the dam.

The current practice of seismic safety evaluation of an earth dam favors
a deterministic approach. To account for the various uncertainties, conser-
vative selections of parameters and assumptions are made. Typically, a min-
imum required factor of safety or a limiting level of permanent strain or
deformation is adopted to ensure safety. This approach can render the design
of a new carth dam economically unfeasible because of the potential of com-
pounding conservatism. Furthermore, in the seismic safety evaluation of an
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