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Abstract

A methodology for seismic risk analysis of earth dams is described.
The procedure utilizes seismological and geotechnical inputs together
with the associated uncertainties and provides estimates of seismic risk of
damage and failure of earth dams. An example case study of an earth
dam is described and the benefits of the procedure in a risk-based dedsion
analysis of seismic rehabilitation of the dam is illustrated.

Introduction

Concern about seismic safety of earth dams continues to receive
Increased attention by owners, engineers and regulatory agencies. During
the past two decades, there have been significant developments made in
our understanding of the dynamic response of such geotechnical
structures. One of the important advancement made in engineering
analysis is in the estimation of seismically-induced permanent
deformations in an earth dam. During a seismic avent, if in an earth
dam the shear stresses exceed the resisting shear strength of the soils,
permanent deformations will be induced. Such deformations can be
excessive specially if the soils have tendency for loosing shear strength
due to potential increase in excess pore pressures. Therefore, seismic
safety of an earth dam is assured if, in the future, earthquake-induced

1. Prof. and Chairman, Dept. of Civil Engrg., Northeastern Univ., Boston, Mass., 02115.
2. Doctoral Candidate, Dept. of Civil Engrg., Northeastern Univ., Boston, Mass,, 02115,

145



146 DAM REHABILITATION PRACTICE

permanent deformations within the dam, and thus potential loss of
freeboard, is within acceptable limits.

Despite the advancements made, estimation of the likelihood of
seismically-induced failure of an earth dam, and especially of an existing
dam, still remains a challenge. There are many sources of uncertainty in
seismic safety evaluation of an embankment or an earth dam.
Uncertainties exist in: 1) the parameters that define the seismic load; 2)
the soil properties and their spatial variation within the dam and its
foundation; 3) the analytical procedures and their ability to make realistic
prediction of the response of the dam; and 4) the criteria used for defining
safety (e.g. the minimum required height of freeboard or the minimum
acceptable factor of safety against instability).

The current practice of seismic safety evaluation of an earth dam
typically follows a deterministic approach. To account for the various
uncertainties listed earlier, conservative assumptions and selection of
parameters are made. Because of potential compounding of
conservatism a deterministic approach can sometimes lead to the
conclusion that a dam, particularly an existing one, is unsafe; whereas a
probabilistic evaluation, in which the uncertainties are accounted for
more realistically, may indicate that the level of risk is acceptable to all
parties concerned.

Yegian et al. (1991a) described a probabilistic approach for seismic
safety evaluation of earth dams. The method involves the integration of
seismological and geotechnical inputs and their uncertainties in a
consistent manner to yield the likelihood of seismically-induced damage
and catastrophic failure of a dam. This approach can be used to compare
the effects of alternative design or rehabilitation schemes on the seismic
risk and their associated costs of construction. The application of this
risk-based seismic safety evaluation can enable the identification of the
most important parameters, assumptions and design criteria affecting the
evaluation of the safety of the dam. Most importantly, it provides a
means by which a designer can avoid the trap of compounded
conservatism that may lead to significant costs with little reduction in
risk.

This paper briefly describes the risk-based methodology for seismic
safety evaluation of earth dams. To illustrate the application and the
benefits of such an approach an example earth dam is selected and two
alternative rehabilitation schemes are described and compared. The
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seismic risks associated with the two alternatives are calculated and
discussed in the context of the corresponding construction costs.
Conclusions are provided that demonstrate how a risk-based
methodology can provide calculations of relative risks that are useful in
the decision process for seismic rehabilitation of an existing earth dam.

Seismic Risk Analysis: an Overview

An earth dam can incur seismic damage by different mechanisms,
referred to as modes of failure. Two primary modes of seismic damage
are considered in this approach. Mode 1 is associated with permanent
deformation of the dam that may accumulate during the course of the
earthquake leading to overtopping of the dam due to loss of freeboard.
Mode 2 failure mechanism is related to possible slope instability at the
end or immediately following the earthquake excitation due to reduction
of shear strength of the dam material or its foundation during the
shaking.

In recent years, a number of analytical procedures have been
developed for calculating permanent deformations (Newmark 1965,
Makdisi & Seed 1978, Lin and Whitman 1986, Ambraseys & Menu 1988,
Yegian et al. 1991b). In most of these methodologies the characteristics of
the seismic excitation plays an important role in the estimation of
permanent deformations. The peak ground acceleration, frequency
content, duration and random nature of the ground motion affect the
magnitude of the accumulated permanent deformations.

The likelihood of Mode 2 (namely, post-earthquake slope stability)
failure depends on the severity of the earthquake ground motion as well
as on the post-earthquake characteristics of the foundation soil and dam
materials. Yegian et al. (1991a) described simple procedures for
calculating the likelihood of seismic damage occurring due to Mode 1 and
Mode 2. In these procedures the magnitude of the earthquake plays an
important role. Hence, in seismic risk analysis of earth dams in addition
to the level of the peak ground acceleration, the associated earthquake
magnitude is also needed.

Seismic risk analysis of an earth dam is performed in the following
three steps (Yegian et al. 1991a):

Step 1. Seismic Hazard Analysis (SHA), in which the various seismic







