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1. Introduction

Attiki hosts the greatest part of the administrative, cultural, economic and industrial life of Greece, as well as half of the population of the country. In its long and well-studied history, the area has not experienced major destructive earthquakes, originating from its territory. Few earthquakes of low magnitude have been recorded in the 20th century. The activated fault is not known to have produced significant earthquakes in the past, although some historical earthquakes are so poorly known that they could be attributed to this same fault. It has been stressed, however, that its seismic hazard is due to the neighbouring Gulf of Corinth and, potentially, from the North and South Evoikos gulf, as well as the Atalanti fault to the north.


On September 7 1999 at 11:40:30.52 (GMT) an earthquake of moderate magnitude MW=5.9 (38º23.00N, 23º33.00E, h=8 km, UoA), originating from a relatively small, apparently unknown fault at the foothills of mount Parnitha (NW of Athens), caused considerable damage to a large number of municipalities north, west and south of Athens, as well as in the capital itself. Damage was particularly heavy in the western and north-western suburbs of Athens, affecting severely a population of about one million. Most of these suburbs comprised of low-income residences, typically 2 - 4 stories high, which suffered the heaviest damage, together with industrial buildings, on the national highway. Heavy damage was also observed in some high-income suburbs. In some cases it seemed that soil and topographic effects may have been responsible for heavy damage at sites. This earthquake also caused damage to some monumental buildings in the centre of Athens and surrounding areas. The death toll reached 143 in total.


Field investigations started on the same day of the earthquake, and seismological instrumentation covered the affected area. Macroseismic investigations carried out by several research groups showed that the affected area was extensive, compared to the magnitude of the earthquake.


In this paper the degree of damage at several sites is discussed, in relation to the vulnerability class of the buildings affected, in terms of the European macroseismic Scale 1998. A correlation between observed damage and existing types of buildings is proposed, in order to estimate possible future damage.

2. Macroseismic survey 

Data on macroseismic effects have been collected in the form of photographic records (see appendix), by means of reflex cameras, a digital as well as a video camera. Individual observations and personal communications are also included. Assessment of grade of damage according to EM98 scale is in progress. In five different field trips between 7 and 12 September, the damaged area, located mainly north and north-west from the centre of Athens, was approached from different routes. This enabled the [image: image1.png]ATIKI® ATTICA ® ATTIQUE ® ATTIKA




survey a certain number of the main damaged suburbs (figure 1).

Figure 1: Map of Attiki and sites of photographic documentation

3. Macroseismology - the European Macroseismic Scale 1998

The use of intensity is historically important because no instrumentation is necessary, and useful measurements of an earthquake can be made by an unequipped observer. 


In spite of the decline of macroseismic investigations due to rapid developments in instrumental seismology in the middle of the 20th century, a revival of interest in macroseismic intensity appeared in the last twenty years, mainly for the following reasons:

· for calibrating studies of historical earthquakes

· for studying local attenuation

· for the investigation of vulnerability, seismic hazard and seismic risk


The term "vulnerability" has proved a key to damage investigations from recent earthquakes. The building stock - the instrument principally used to measure intensity is constantly changing, and its response to ground shaking is therefore also changing in a systematic way. It has been observed that in urban areas damage has accumulated to a wide range of building types, which should be categorised in more detail than before. Additionally, the experience from the 1997 Umbria-Marche earthquake showed that, even moderate magnitude earthquakes can seriously disrupt a community and cause considerable life and economic losses.


Macroseismic scales appeared in the 19th century, and by the beginning of the 20th century they were used internationally. For more than 80 years a number of scales were introduced and revised, according to the experience gained from post-earthquake surveys and to the changes in building types and materials.


In 1988 the European Seismological Commission agreed to initiate a thorough revision of the Medvedev-Sponheuer-Karnik scale (MSK-64), which resulted to the European Macroseismic Scale, which, after a period of testing and revision, was published as EMS-98 (Gruenthal, 1998). The term "macroseismic intensity" is used here entirely in the meaning of a classification of the severity of ground shaking on the basis of observed effects in a limited area.


Contrary to the previous scales, EMS-98 aims at:

· accommodating the new building types

· incorporating revisions to damage distributions

· being user-friendly even for the evaluation of historical earthquakes


The new scale should be understood and used as a compromise solution, since no intensity scale can hope to encompass all the possible disagreements between diagnostics that may occur in practice. It does not only meet the needs of seismologists alone, but also of civil engineers and other possible users. It rejects any intensity corrections for soil conditions or geo-morphological effects, because detailed macroseismic observations should just be a tool for finding and elaborating such amplification effects. It also makes clear the understanding that intensity values should be representative for any village, small town or part of a larger town instead of being assigned to a point (for one house etc).


But, its most important innovation is that it is the first scale that comes with a manual, that is extensive support material, with a generally improved clarity of the wording, including guidelines, illustrations and worked examples. Even the traditional main part of the scale contains tabular and graphical material explaining the classification of buildings and quantities used.

Vulnerability classes, damage grades and building codes

The new scale introduces and discusses in detail the term "vulnerability" of a structure, i.e. introduces six classes which represent the different "strength" of the structure and involve construction type and other factors such as workmanship and condition. It is adaptable to new or different building types, and includes consideration of masonry buildings, and engineered structures with earthquake resistant design, which were not covered in detail by the previous scales. It also takes into account five grades of damage both for masonry buildings and buildings of reinforced concrete, ranging from negligible - slight damage up to destruction.

As far as the Earthquake Resistant Design (ERD) level of the buildings in the meizoseismal area and, more or less, in the whole country is concerned, the following three types (low, medium, high ERD, according to EMS-98 § 2.3.7) may be defined for the large majority of buildings, depending mainly on the type of structure and on the “anitseismic” code used, if any. Namely:

· Type ERD-L

All masonry buildings, as well as all reinforced concrete buildings designed and built, before the incorporation in the antiseismic code of that time (conceived and applied first in 1959) of the so-called “additional clauses”, that is roughly before 1985. It is worth mentioning at this point that those clauses were attempting to ensure the application of detailed rules, focusing on the improvement of the confinement, the behavior of framed joints, the behavior of shear walls etc., based on the state-of-the-art at that time, mainly of american and new Zealand origin.

· Type ERD-M

All reinforced concrete buildings designed and built, following the incorporation in the antiseismic code of that time of the so-called “additional clauses” (after 1985) and before the start of application of the New Hellenic Antiseismic Code (NEAK), in 1995.

· Type ERD-H

All reinforced concrete buildings designed and built, following the start of application of the New Hellenic Antiseismic Code (NEAK), in 1995.


The code used for the earthquake design and construction of buildings is recognized to be a very important factor for their performance against major seismic events.
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In the above table, a first approach to relate the damage grades defined within EMS-98 to the damage grades applied for the evaluation of safety assessment during the post-earthquake inspection in Greece, is proposed.

4. General picture of the damage due to the 1999 earthquake in Attiki 
The first feature of this earthquake is that it resulted in heavy damage at particular sites, but mainly in moderate to slight damage for a substantial number of buildings (tens of thousands).


Once more the selective (in many aspects, including the social one) character of the earthquake has been confirmed. In fact, the earthquake resulted in a huge city planning survey, detecting illegal constructions, since the large majority of them has been subjected to damage, many of them heavy to very heavy damage or collapse.


The illegal construction of buildings or parts of buildings in Greece is a long story, the main reason being the continuous flow of the population into the big cities, especially into Athens, following the post 2nd World War civil war, leading to a significant problem of lack of dwellings for many years. Consequently, many people were obliged to use their poor finance to construct small houses, sometimes room by room. One can easily understand the negative and, sometimes, disastrous impact of this construction procedure on the quality of the materials and the behavior of the structure subject to a strong earthquake. 


The eminent role of the quality of the materials and of the construction in general (independently from the type and the age of the building) has been also verified. A few examples are:

· In the case of (non structural) masonry wall claddings, the main factor for avoiding or limiting damage has proven to be the existence of two or even one reinforced concrete zoning (“chainage”) along each wall, as well as the confinement of the row and columns of the bricks adjacent to the structural reinforced concrete elements, i.e. beam and columns/walls.
· The importance of the quality of the mortar, as well as of the (cemented) plaster, has been recognized as significant for avoiding slight and moderate damage. Joints with mortar reach in cement and of adequate and uniform thickness even for elder stone walls have suffered no damage or slight damage, whereas recent brick walls with deficient mortar and plaster have been damaged.
· In the case of reinforced concrete buildings, the crucial importance of adequate confinement and anchoring length of the re-bars has been demonstrated once more.
5. Raised questions
According to very recent data mainly issued from insurance companies (Vlahos, 1999) almost 1/3 of the country’s housing wealth is built out of legally defined housing areas! This indicates a higher degree of vulnerability than usually expected for buildings in neighboring areas, which are legally defined as housing areas.


It should also be reminded that approximately 40% of the housing park of the country had been constructed before the start of application of the first antiseismic code of 1959 and more than 90% before 1985, that is before the start of application of the so-called “additional clauses” mentioned before.


The main annual cost originated from earthquakes is of the order of 0,05 to 0,065% of the housing wealth of the country, depending on the area, with a tendency up to 0,08 % and more for major urban areas such Attiki (major Athens area).


What has been presented formerly may lead to some questions, such as:

· Would it eventually be more convenient to pass to the vulnerability of larger “risk elements” than a single house, such as e.g. to the vulnerability of a block or of a whole area/neighboring (provided that similar/uniform conditions are met)?

· Would it be appropriate to adopt a correction factor (similar to the importance factor) in order to take better into account the financial and other consequences of the vulnerability of major urban areas? 

6. Some proposals
Given the importance (and the difficulty) of assessing the vulnerability of the buildings, as well as the interest for combining the latter with damage grades observed following an earthquake, - in order to estimate macroseismic intensity, damage factors, etc. and to allow for a pre-seismic assessment of the vulnerability and the expected damage (related to a prescribed seismic hazard), - the following are proposed for application in Greece:

· to adapt the damage grades to those used in the EMS-98

· to classify the buildings according to vulnerability classes as defined in the EMS-98 (the ideal being to do so before a major earthquake takes place)

· to add two more boxes on the safety assessment evaluation form used for the post-earthquake inspection, to deal with vulnerability class and damage grade.
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