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a b s t r a c t

To improve the effectiveness of concrete dam safety control in real time, a method is presented for the

construction of decision rules for the early detection of developing failure scenarios. The decision rules

are based on the use of linear discriminant models developed with data obtained through mathematical

models of the dam’s behaviour. The aim is to combine the physical quantities measured by the automated

monitoring system of the dam, appropriately weighted, into a new single index allowing the classification

of the observations into one of two classes (normal behaviour and development of a failure scenario).

Ó 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The major potential modes of failure of concrete dams are

related to natural phenomena such as a flood, rockslide, earth-

quake, and the deterioration of the heterogeneous foundations

and construction materials [1].

Dam safety control activities require an accurate knowledge of

each specific dam, with the purpose of defining and justifying the

judgment about its safety. This task is mainly supported by cross

validation between simulation models, measurements provided

by the monitoring systems, and the parameters that characterise

the dam’s behaviour. The main issue is the assessment of the actual

structural behaviour in real conditions, which can be used to detect

any anomaly and/or malfunction in advance. The symptoms are

not always timely detected in a concrete dam failure situation,

leading to an uncontrolled progressive evolution of the problem

until the verification of an accident or even the dam’s rupture.

There are historical cases where abnormal dam behaviour was

monitored before dam failure without successfully triggering alert

to evaluate the population at risk, such as the cases of the Malpas-

set dam in 1959 [2,3] and the Vajont dam in 1963 [4,5].

Over the years, the evolution in the process of interpreting the

physical quantities provided by dam monitoring systems is signif-

icant. Nowadays, Automated Monitoring Systems (AMS) have

become a reality in several dams. These systems can be used to

support the analysis for dam safety assessment in real time, but

also lead to the increase of requirements related to the manage-

ment, processing and analysis of large amounts of data. The devel-

opment of internal early warning systems based on the automatic

analysis of a large quantity of data in real time allows the possibil-

ity of early identification and notification of potential abnormal sit-

uations. However, the detection of abnormal behaviour in AMS is

usually achieved through the assessment of each physical quantity

in an independent manner, it not being possible to infer about the

global dam behaviour. Thus, the next step is to implement decision

rules that allow for the assessment of a group of physical quantities

in order to detect early if the global dam behaviour is normal or in

accordance with a developing failure scenario. In this context, dam

behaviour is considered normal if it satisfies the following require-

ments: structural dam safety is verified, and the observed dam

behaviour is in accordance with the expected dam behaviour based

on mathematical or physical models, and past measurements

under the same main loads (if available). Mathematical models

are those most commonly used in the safety control of concrete

dams. Within these type of models, two fundamental methods

are usually used to predict a dependent variable (behaviour indica-

tor) from other independent variables: the deterministic and the

statistical methods. In addition to these two methods, there is

another method, the hybrid method, resulting from the combina-

tion of the first two methods [6]. In deterministic methods, rheo-

logical laws of material are used (e.g. Finite Element or Discrete

Element methods), and in statistical models, multiple linear
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