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On September 7, 1999, a devastating earthquake (Ms=5.9) hit the capital of Greece, Athens (N38.12, E23.64, 

H  9-14Km, D  18Km), causing 143 deaths, hundred of injuries and 40 building collapses. The article 

presents some preliminary investigations and conclusions. 

INTRODUCTION 

Greece, one of the countries most severely affected by earthquake, has been struck by several 
moderate to high earthquakes from the ancient time till now, deliberating 50% of the seismic 
energy in Europe and 2% of the worlds seismic energy. 
   A devastating earthquake measuring 5.9 in Richter scale hit the capital of Greece around 14.56, local 

time, on the 7th September (Fig. 1). The magnitude of Ms= 5.9 was not so high and uncommon for the 

Greek seismic conditions, but the number of deaths was much more than what was expected based on 

the magnitude of the earthquake due to great urbanization of the area (Fig. 2). In a densely populated 

area hosting 4 million people the strongly affected zone is inhabited by about 1 million people, of 

which aproximative 100.000 are estimated to be homeless. One of the main factors leading to 143 

deaths and hundred of injuries was due to the fact that the time of occurrence of the earthquake was 

afternoon when most people were inside working in the factories (case of Ricomex, Fourlis) or staying 

in their homes. 

   More than 40 buildings were collapsed, including industrial facilities, residential buildings, while 

new modern constructions behaved quiet satisfactorily. The main affected zone in which failures and 

heavy damage are reported include the industrial zone of Chelidonou, along Kifissos River, and the 

suburbs of Ano Losia, Menidi, and Thrackomakedones (Fig. 3). 

   During the first hours after the earthquake main shock there was high agitation of the population and 

a heavy traffic jam was observed. Fires or other secondary earthquake consequences were not 

reported. The intervention of the rescue teams was immediate, having a recent experience from the 

Izmit earthquake (Turkey), saving 85 people from the collapsed buildings. The day after the 

earthquake, two-person teams of engineers was organized by the Ministry of Environment and Public 

Works in order to survey the most affected area for a rapid structural damage evaluation. A second 

more specified survey was made in the following week. 

SEISMOTECTONIC DATA 

The epicenter (38.12N-23.64E) of the Athens earthquake was located at the southwestern flank of the 

Mountain Parnitha, aproximative 18-20 Km northwest from the capital of Greece. The estimated 

seismic moment was 7x1017 Nt m. The focal depth was placed at 9-14Km. According to the 

Geodynamic Institute of Greece the fault mechanism was described as a normal fault with a direction 

in the fault plane between 270o-294o N and an angle between 36o-47o SW. It is worth to note that the 

earthquake fault has not been accurately located yet, also mentioning that there are no reports of 

surface fault traces. More than 1000 aftershocks were recorded during the first five days, the strongest 

of them occurred on September 7 and 8 with Ms= 4.7. The most heavily damaged area lies within a 

radius of 12-15 Km. 
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STRONG GROUND MOTION 

The main shock was recorded from fourteen different sites in the wider Athens urban area at 

epicentral distances between 11 and 18Km (Table 1, Fig. 3,4). Due to the unknown existing fault there 

are no records closer to the epicenter zone.  

   The horizontal peak ground acceleration varies between 0.04g and 0.53g, while the range of the 

vertical peak ground acceleration is between 0.04g and 0.223g. It is important to notice the great value 

of the vertical component, the V/L and V/T ranging from 0.3 to 1.45. In the same time, the great 

variations of the ground accelerations also indicate the influence of local site conditions, Tab. 1. A 

record near the city center (MNSA-1, Monastiraki) giving an isolated peak value of 0.53g was probably 

influenced by the site conditions, the response of a steel structure and the location of station (free-

field). The seismic intensity near the epicenter reached IX on the MM scale, probably indicating much 

higher peak ground acceleration, > 0.5g, closer to the epicenter.  

   The response spectra for the records from ATH-2,3,4, accelerograms, Fig. 4, is presented in Figure 5 

compared with the current seismic code elastic design spectra, for the Athens area. According to new 

seismic code (NEAK, 1995), Athens belong to seismic zone II with the design effective peak ground 

acceleration ag =0.16g. 

DAMAGE 

A great number of damages concentrated within an area of 12-15 Km of the epicenter, while a rapidly 

decreasing of structural damage were observed with the distance from the epicenter. Buildings 

situated in the center of the Athens and in the SW-SE part of it, did not suffer damage. In such cases, 

the near-source action and the directivity of the earthquake event played a critical role for this 

damage. Local site conditions, poor foundation conditions and local topography effect also influenced 

the degree of the damages, amplifying the ground motion. Also, the pounding of adjacent buildings 

might have affected the extend of the damage. In such cases the inertia forces may be considerably 

amplified. 

   In most areas of Athens, except in the epicentral zone, damage was non-structural (cracks to infill 

masonry walls) probably due to the overstrength and redundancy. A number of RC-buildings severely 

damaged were designed according to older seismic codes (1959, 1984), with about 10 times lower 

seismic forces as compared with those experienced during the earthquake, Fig.6. Some industrial 

buildings (Fourlis, Ricomex), which collapsed totally, Fig. 6a, were constructed on the crest of steep 

slope of about 50-60m height, Fig.7. The topography effect as well as the local site conditions (deposits 

of river) should have played an important role for these structural collapses.  

According to the construction material, the main structural damage can be classified as follows: 

-RC-frame structures:    

A typical damage observed in many cases is the inadequate detailing in the nodal zone and especially 

the lack of transversal reinforcement, Fig. 8. Generally, damage due to short columns was observed in 

industrial buildings, when masonry infilled walls were raised between the columns of the perimeter 

up to 2/3 of the story height, Fig. 8a. Residential buildings with a soft story, named piloti, are a 

common practice in Greece due to the free parking space. However, the essential smaller rigidity of 

this floor as combined with the lack of shear walls lead to many collapses, Fig. 9a. Also the high vertical 

acceleration values contributed to the amplification of some damages.  

 

 



                    

Structural Eng. Branch: 10 T. Papageorgiou Str., 54631, Thessaloniki, Greece.  T: +30 2310 230 529  F:  +30 2310 261 287 

 

Geotechnical Eng. Branch: 32 Marni Str., 10431, Athens, Greece.  T: +30 210 523 8127  F:  +30 210 571 1461 

-Steel framed structures: 

The majority of existing steel buildings in Greece are industrial portal frames braced with X and V 

diagonals. Such type of structure are lightweight and were designed under wind loading conditions 

and not under seismic loading conditions. However, steel framed structures behaved very well, the 

observed damage was non-structural (exterior cladding). 

-Stone masonry: 

This type of buildings constructed in the first half of the century using undressed stones, 
without any aseismic detailing. Such types of buildings suffered partial collapse of external 
walls, collapse of corners, separation of corner walls. 
-Brick masonry: 

Some brick masonry buildings, located closer to the epicenter area, were collapsed, Fig. 9b, but those 

constructed in recent years survived with damages occurred to the walls. It is worth to mention that a 

common practice used in Greece is to add RC-frames on the top of the masonry buildings, in this way 

extending vertically the building without demolishing of old house. These systems suffered severe 

damage to the masonry walls, while the RC-frames did not suffer any damage. 

-Infrastructure: Generally all the infrastructure systems behaved quite well. Facilities such as roads, 

railway, water supply, sewer network were not suffer major damage, except near the epicenter area. 

No damage was reported to the new underground metro of Athens. Minor damages were observed at 

the harbors of Piraeus and Elefsis, which are situated at epicentral distances greater than 15Km. The 

bridges survived with minor damages (damage in the joints between the deck and the abutments, 

permanent oversetting of the deck which does not affect the serviceability, etc). 

SOME PRELIMINARY CONCLUSIONS 

One of the main problems in the countries with high seismicity is the old structures. Buildings 

constructed 20-30 years before, affected by many earthquakes, urgently need strengthening. In this 

case, major economical problems raise in combination with the level of strengthening and code what 

should be used in order to achieve a reduced repair cost and safety.  

   Once again the lack of structural ductility played an important role in order to avoid structural 

failures. It should be remarked the poor workmanship and construction practices, poor quality of 

materials and inadequate detailing of the structural elements. The aforementioned problems were also 

observed in the recent earthquake events (Izmit earthquake, Taiwan), becoming a pressing issue, 

which must be resolved developing codes for materials (fabrication, special mechanical characteristics 

under seismic loading, quality), instructing the workers and finally introducing a more comprehensive 

conceptual design based on constructional details (solutions with a controlled dissipation mechanism, 

details of structural conformation, details of structural elements). A special attention must be paid in 

the construction and architecture solutions (i.e. piloti, masonry buildings extended vertically with RC-

frames), common used in some countries, which sometimes are seismically disadvantage. In this way, 

some special specifications must be developed.     

   The need of microzonation studies and especially geotechnical studies must be emphasized in order 

to avoid poor local site conditions and topography effect in a strongly urbanized city. 

 

The report is based on the preliminary reports of the Geodynamic Institute of Greece and the Institute of Seismology and Earthquake 
Engineering. 
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Table 1 Strong ground motion recordings (Uncorrected data) 

 

Code-Site 

Site 

conditions 

Place Epicentral 

distance, 

(Km) 

PGA 

(g) 

    L             V            T 

MNSA-1 

Monastiraki 

Schist of bad quality, 

black soft 

phylite,arheological 

deposits, underground 

caves  

 

Free-field 

 

 

14 

 

0.223 

 

0.223 

 

0.534 

ATHA-1 

N.Psychiko 

Tertiary deposits Basement 

3-storey RC strct. 

14 0.083 0.121 0.104 

ATHA-2 

Chalandri 

Alluvial deposits Basement 

2-storey RC strct. 

15 0.190 0.110 0.130 

ATHA-3 

KEDE 

Alluvial deposits Ground floor 

1-storey strct. 

18 0.290 0.190 0.350 

ATHA-4 

Kypseli 

Schist Basement 

4-storey RC strct. 

15 0.140 0.060 0.120 

DMK-1 

A.Paraskevi 

Limestone Free field 16 0.052 0.042 0.073 

FIX-1 

Singrou-Fix 

Limestone, sandstone 

of good quality 

Metro station 

1st level 

 

16 

 

0.086 

 

0.046 

 

0.122 

SMGA-1 

Syntagma 

Limestone/schist Metro station 

1st level 

14 0.146 0.051 0.239 

SMGB-1 

Syntagma 

Limestone/schist Metro station 

3st level 

14 0.115 0.088 0.092 

SPLA-1 

Sepolia 

Deposits of Kifisos 

river 

Metro station 

1st level 

11 0.248 0.093 0.226 

SPLB-1 

Sepolia 

Deposits of Kifisos 

river 

Basement  

2-strorey steel strct. 

11 0.356 0.204 0.326 

DFN-1 

Dafni 

Athenian schist Metro station 

3st level 

16 0.038 0.041 0.112 

PTN-1 

Papagos 

Tertiary deposits Metro station 15 0.090 0.057 0.080 
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2st level 

KERA 

Keratsini 

Soft rock Basement 

Admnistr. RC strct. 

15 0.186 0.220 0.157 

 

 

Fig. 1 The Athens Earthquake 
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Fig. 2 Number of deaths vs. magnitude 

 

 

 

M= 5.9R 



                    

Structural Eng. Branch: 10 T. Papageorgiou Str., 54631, Thessaloniki, Greece.  T: +30 2310 230 529  F:  +30 2310 261 287 

 

Geotechnical Eng. Branch: 32 Marni Str., 10431, Athens, Greece.  T: +30 210 523 8127  F:  +30 210 571 1461 

 

 

 

 

Fig. 3 Epicenter of the earthquake, distribution of accelerographs and strong affected area 

 

 

 

 

 

 

 

 

Fig.4 Strong ground motions from ITSAK accelerogramms at different distances and different sites 
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Fig. 5 Response spectra  

 

 

 

 

 

 

                                 a)                                                                                        b) 

Fig. 6 Collapsed buildings constructed before ’84  

 

 

 

 

 

 

 

 

Fig. 7 Topography effect 

 

 0.1      0.3       0.5      0.7     0.9      1.1      1.3    1.5     1.7      1.9 

Period (sec) 

1.3 

 

1.1 

 

0.9 

 

 

0.7 

 

0.5 

 

 

0.3 

 

0.1 

 

 

 

PSA  (g) 

5% Damping 

ATH-2 LONG 

ATH-3 LONG 
ATH-4 TRANS. 

Elastic Design Spectra (NEAK 1995) 

A-soil cat. 

B-soil-cat 

C-soil cat. 

D-soil cat. 

  

 

 



                    

Structural Eng. Branch: 10 T. Papageorgiou Str., 54631, Thessaloniki, Greece.  T: +30 2310 230 529  F:  +30 2310 261 287 

 

Geotechnical Eng. Branch: 32 Marni Str., 10431, Athens, Greece.  T: +30 210 523 8127  F:  +30 210 571 1461 

 

 

 

 

                                  a)                                                                           b) 

 

Fig. 8 a) Short columns, b) inadequate transversal ties 

 

 

                                         a)                                                                           b)                                                           

 

Fig 9. a) Soft storey, b) collapsed brick masonry structure 
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The collapse of Faran industrial building 

 


