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A B S T R A C T

The true dynamic characteristics of dams, namely, natural frequencies, damping ratios, and mode shapes, are
important to earthquake-resistant design. Thus, system identification based on in-site measurements is useful
for numerical analysis and health monitoring. The well-instrumented strong motion array on an arch dam in
Southwestern China recorded some seismic response data. The dynamic properties of the dam are identified
from records of the top five strongest earthquake motions using power spectral density functions, transfer
functions, and the ARX model. The identified modal parameters of the different seismic events are compared,
and the stability of the stiffness of the dam system from 2002 to 2008 and the nonuniformity in the input
ground motion are indicated. A linear finite element model of the dam and a nonlinear model that considers
contraction joints are constructed and calibrated to reproduce the frequencies determined from the system
identification. The modal analysis highlights potential information about the dynamic characteristics of the
dam. The comparison of the results of the system identification and calibration shows that the use of the
nonlinear model may be reasonable in simulating the dynamic response of the Ertan Dam.

1. Introduction

The merit of strong motion records lies in the abundant informa-
tion on the recurrence and characteristics of earthquakes and structur-
al dynamic nonlinearity. However, the strong motion records of arch
dams that have experienced earthquakes are very limited. Some of the
important earthquake records of arch dams in the literature are shown
in Table 1. Given that existing observational databases are insufficient,
the studies based on the databases of actual dams are few.

Hall [1] summarized the development of the study on the dynamic
and earthquake behavior of concrete dams by reviewing the literature;
the resulting summary described actual earthquake observations, the
experiments performed on prototype or model dams, and the analytical
investigations into the dynamic properties of dams. The author also
discussed the effect of different factors on the dynamic response of
dams, including damping, water depth, water compressibility, and
transverse joints. Fanelli et al. [2,3] presented the dynamic behavior of
the Talvacchia Arch Dam in Italy in forced vibration tests and earth-
quake records and investigated the influence of environmental condi-
tions (water level and temperatures) and the structural characteristics
of the dam dynamic response. The study reported the phenomenon in

which resonant frequencies initially increase with rising water level and
then decrease with a further rise, as well as subsequent studies [4–10].
This phenomenon is usually attributed to the comprehensive effects of
the added mass from water pressure, stiffness change (opening and
closing of contraction joints), and damping ratio. Loh et al. [4,5]
investigated the dynamic characteristics of the Fei-Tsui Dam during
seismic events and ambient vibration tests using an autoregressive
exogenous (ARX) model. The results showed that the damping ratio of
the Fei-Tsui dam from the strong motion input (about 9–14%) was
greater than the results of ambient tests (2–3%). The author also
pointed out that the damping ratio of the Fei-Tsui dam increases with
the increasing natural frequency of the system. Darbre [11] presented
the basic principles of strong motion instrumentation schemes for
dams and emphasized the recording of the free field motions at dam
sites, the effective motions at abutments, and global dam responses.
Then, he estimated and compared the dynamic properties of five Swiss
dams (Grande Dixence, Mauvoisin, Punt dal Gall, Emosson, and
Mattmark) during earthquakes with power spectral density (PSD)
functions and transfer functions (TF) [12]. The results implied that
the simple identification techniques are not well suited to a compre-
hensive identification of the dynamic characteristics of dams. Proulx
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