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Abstract A review of damage scales for buildings is carried out with a view to assessing
their suitability for use in earthquake loss modelling in Europe. A new ranking system is pro-
posed to ‘score’ each scale. The ranking considers damage descriptions, building response
factors, repair, cost of damage and ease of use, which are identified as the key characteris-
tics required of damage scales used in loss modelling. The ‘hybrid’ RISK-UE damage scale
(which uses a HAZUS-based approach) is seen to score high in the ranking, whilst ‘hybrid’
scales based on the EMS-98 damage scales perform poorly. However, it is found that none
of the considered damage scales adequately satisfy all the criteria necessary for their use in
European seismic loss estimation, especially with respect to inclusion of likely repair meth-
ods and damage costs. The development of cross-country loss models often involves using
vulnerability curves or post-earthquake survey data that are commonly expressed in terms of
different damage scales. Equivalence tables, showing the relationship between the damage
states of each considered scale, are therefore also presented for the predominant structural
systems in Europe.
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1 Introduction

This work is part of a larger study developing a European-wide loss estimation framework.
Seismic loss estimation is an important tool for governments and individuals (through insur-
ance) to mitigate the consequences of earthquakes. Existing loss estimation methodologies
vary (FEMA 1999; Bertogg et al. 2002) with different assumptions made for the character-
ization and prediction of seismic hazard, the methodology used to evaluate building response
to the hazard (vulnerability), and the calculation of economic losses. One of the fundamental
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steps in the seismic vulnerability evaluation of buildings is the evaluation of building response
in terms of potential damage. Differences in choice of damage scales impair direct compari-
son of losses and loss models between countries. The development of a Europe-wide seismic
loss framework, such as HAZUS for the US (FEMA 1999), requires a single building classifi-
cation system and the identification of the best damage scale for each building class. Damage
scales used in loss estimation currently consist of sets of discrete damage states that are meant
to represent different levels of building performance. However, many damage scales exist,
each consisting of different numbers of damage states defined by different damage criteria
and implied performance levels. The development of unified criteria for damage states to
associate with performance objectives is becoming increasingly important in view of new
performance-based design paradigms (Ghobarah 2001). Furthermore, equivalences need to
be drawn between damage scales in order to compare loss models from different countries
and to validate new and existing vulnerability methods with observed post-earthquake survey
data.

Within this paper, a comparison and critical evaluation of existing damage scales for
buildings is carried out, with a view to their use in a Europe-wide seismic loss evaluation.
Many of the scales included were not specifically designed for seismic loss estimation but
are included to illustrate particular features that are advantageous in loss estimation. Back-
ground information on these scales is provided in the paper together with an explanation
for their inclusion in this study. In order to compare the different scales a new scoring sys-
tem is proposed which considers the key features of a damage scale necessary for a reliable
building vulnerability evaluation and repair and reconstruction cost evaluation. Comparisons
are made as to the adequacy of the scales for the damage evaluation of the predominant
European building classes. Finally, tables of equivalences between existing damage scales
for each building class are proposed.

2 Choice of building classes

In this paper, vulnerability is defined as the susceptibility of a population of buildings to
damage due to seismic ground motion. The evaluation of building vulnerability is a funda-
mental part of any loss estimation methodology. In vulnerability studies it is important to
distinguish between different building types, as these will tend to respond differently under
similar ground motions. Hence, before the vulnerability evaluation of an urban area can be
embarked upon, the buildings must be grouped into classes with similar dynamic properties.
The factors influencing the dynamic response of a building to ground motion are well docu-
mented, for example, in FEMA 450 and Eurocode 8 (BSSC 2003; CEN 2004), and include
the structure’s geometrical and material characteristics. A building classification system that
accounts for these influencing factors allows a high-degree of differentiation in vulnerability
studies and results in an improved estimate of the financial losses. Support for using building
classes that consider such influencing factors has also been expressed elsewhere (Carvalho
et al. 2002). Despite the stated advantages of a detailed building classification system, the
level of resolution in building class definition for the comparative purposes of this paper are
limited by the lack of distinction between building types (beyond building material) in the
assessed damage scales.

Additionally, as this study concerns European loss models, the building classification
system should represent the predominant construction types present in European countries,
(especially those associated with medium to high seismicity). From an evaluation of sev-
eral studies that have considered building inventory in various European countries it is seen
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