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Abstract

This paper deals with the seismic response of the traditional buildings of Lefkas (also called ‘Lefkada’) Island in western Greece. These
structures, with two up to four storeys, are met mainly in the old town of Lefkas, the capital of the island. The special structural characteristic
of the traditional buildings of Lefkas (that is the issue of this article) is the dual load-carrying system used on ground floor level to handle
vertical loads and seismic actions. The first main load-carrying system consists of single-storey stone masonry walls, while the second main
load-carrying system consists of multistorey wooden frames at the inner perimeter of the ground-floor masonry walls. Therefore, the load-
bearing system of the upper storeys, over the ground floor, consists of a wooden 3D frame with diagonal trusses that are infilled by walls
of bricks and lime mortar. There is, also, a tiled wooden roof. During the earthquake of August 14th, 2003(M = 6.2), partial collapse
of the masonry walls took place in some cases at the low storey and some cracks around the openings were observed. In the upper floors,
the load-bearing wooden frames did not suffer damage, but the brick infill cracked and out-of-plane falls were observed. In this paper, the
analytical investigation of the seismic behaviour of such structures is developed, the identification of the main way of vibration of these
systems is achieved, and both the explanation of the observed damages and the interpretation of the reasons for the development of these
damages are performed. Finally, the results of a representative numerical model of a typical traditional building—from a series of examined
models—with dual bearing system are presented and discussed, using as base excitation the two horizontal recorded components of the main
earthquake ground motion that took place on August 14th, 2003, at Lefkas town, Greece.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Lefkas is one of the Ionian Islands at the western side
of Greece with an area of 302.5 km2. The capital of the
island is the homonymous town of Lefkas, located at the
North/East side, only 50 m from mainland Greece, and it is
connected by a pontoon bridge (Fig. 1a, b). The area of the
Ionian Islands is characterized by the highest seismicity in
Greece. Thus, Lefkas has a long seismicity history. During
the last two centuries many catastrophic earthquakes have
occurred and serious damages were observed to traditional
and new structures [1].

On August 14, 2003 at 08:15 local time (05:15 GMT)
a strong earthquake of magnitudeM = 6.2 occurred
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in the Ionian Sea. The epicentre of the earthquake was
located very close to the North/West side of Lefkas Island
(Fig. 1) [2]. The earthquake was strongly felt in the rest
of the Ionian Islands (Kephalonia, Zakynthos, Ithaki, etc.)
and in a large area of mainland Greece. The strong motion
of this earthquake was recorded by many accelerographs
of the Institute of Engineering Seismology and Earthquake
Engineering (ITSAK) network, which had been installed
in the surrounding area before the earthquake [3]. The
maximum peak horizontal ground acceleration (PGA) was
recorded at the centre of Lefkas town and it reached 0.42 of
gravity acceleration(0.42g). In the transverse horizontal and
vertical directions the maximum peak ground accelerations
(PGAs) reached 0.34g and 0.19g, respectively [3,4]. The
long duration of the strong motion of the event (about 18 s),
which was combined with the high PGA values, established
this earthquake as one of the most intense ever recorded
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Fig. 1. a: The island of Lefkas. The epicentre of the mainshock on August 14th, 2003, is denoted by the star [3]. b: A panoramic view of the town of Lefkas.
The position (Hospital) of the recorded strong motion is denoted by circle.

Fig. 2. Spectra of accelerations of two horizontal seismic components
(L , T) of the Lefkas earthquake for viscous dampingζ = 0.05.

in Greece [3]. Response spectra for 5% damping of the
horizontal components of main shock have been given in
previous articles [3,4]. The acceleration response spectra
exhibited amplitudesSa> 0.9g for a period range from 0.2
to 0.7 s and these reveal a peak value of about 1.7g around
0.35 and 0.55 s (Fig. 2). In addition, we can say, practically,
amplification of the accelerations values does not appear
for periods less than 0.05 s, while the spectral accelerations
for periods more than 1.0 s are lower than the peak ground
accelerations in two horizontal directions.

The town of Lefkas consists of the historic centre district,
which has older traditional buildings (up to 200 years
old) and soft soil conditions. In the surrounding area the

more recent Bei and Neapoli districts exist, with typically
modern r/c buildings of better quality, founded on better
soil conditions (Fig. 1b). The whole town of Lefkas has
an estimated number of 2100 buildings. From an in situ
investigation on approximately 10% of the total building
stock of Lefkas town the following distribution of building
categories was recorded: Ratio 6% masonry buildings,
15% wooden buildings, 34% traditional buildings with dual
structural system (as explained below and examined in this
paper), while the remaining 45% of the total building stock
consists of r/c buildings. A two-level inspection of 2100
buildings of the town of Lefkas resulted in 1435 without
damages (68.34%), 315 “green” (15.02%), 337 “yellow”
(16.02) and 13 “red” (0.62%). The classification, referred to
the degree of damage (“red”, “yellow”, “green”), is briefly
described as follows [4]:

“Green”: Original seismic capacity has not been decreased,
the buildings are immediately usable and entry is
unlimited.

“Yellow”: Buildings in this category have decreased
seismic capacity and should be repaired. Usage is
not permitted on a continuous basis.

“Red”: Buildings in this category are unsafe and entry is
prohibited. Decision for demolition will be taken
on the basis of more thorough inspection.

As mentioned above, the traditional building category,
which is examined in this article, represents 34% of
the total building stock of the town and it exists in
the historic centre. As mentioned by Prof. Touliatos,
a member of many European Committees for wooden
and traditional buildings, at the 2nd Hellenic Conference
on “Appropriate Interventions for the Safequarding of
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