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1 Introduction
The French Association of Earthquake Engineering (AFPS) regularly organizes multidisciplinary post-seismic
missions after major earthquakes or earthquakes whose magnitudes are representative of seismicity in
France (metropolitan and overseas). Missions of this type have already been carried out in Indonesia in
Lombok (2018), in Mexico City (2017), and in Italy : the Apennines (2016), to mention only the most recent
ones.
On November 26th, 2019, a major earthquake of magnitude Mw = 6.4 occurred north of the city of Durrës,
Albania. The authorities reported 51 dead, nearly 1,000 injured and 17,000 displaced people.
On December 1st, AFPS initiated pre-mobilisation, and on December 6th, the AFPS office decided to organize
a post-earthquake mission.
The particular challenge of the post-earthquake mission in Albania was to gather all the information needed
to carry out such a study in a relatively short time period, considering the relative lack of knowledge about
this country which has been isolated for a long time and whose borders were only reopened thirty years ago.
The AFPS post-earthquake mission to Albania was carried out by a group of 9 people working in design
offices, private companies, public institutions with commercial interests, or universities. This mission
provided the opportunity to initiate a new international partnership between AFPS and the newly created
Albanian Association of Earthquake Engineering.

Figure 1-1 Visit of the Port of Durrës
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1.1 Objectives of the mission
The objectives of post-earthquake missions are to:



collect lessons learned from these events from a technical point of view (application of standards,
crisis management, etc...),
train young technical specialists working in France in this field (seismologists, structural or
geotechnical engineers, architects, crisis managers and natural risk prevention stakeholders, etc.).

According to the objectives set for the mission in the Albania earthquake, the report and public presentation
cover the aspects below.
Seismic and geotechnical setting. This study covers the analysis of the seismotectonic context of the region
the mechanisms associated with the event under consideration and presents a synthesis of the
measurements (accelerometric networks, GPS, satellite, etc...) and in-situ observations. The possible site
effects were also analysed with the information gathered during this mission;
Behaviour of structures and equipment. Observations on the behaviour of reinforced concrete structures,
masonry, engineered structures and dams were synthesized by identifying pedagogical case studies that
could be studied after the mission. The behaviour of networks was also studied;
Regulatory context. The analysis of the (local) regulatory context made it possible to measure the
effectiveness of the regulation and its degree of application in order to identify regulation provisions that
were successful and could be retained, or conversely the weaknesses, which could motivate normative or
regulatory changes. These recommendations and their application to the French and European context
(Eurocodes) has been provided;
Emergency, crisis management and reconstruction/restructuring. Feedback on the emergency diagnosis
procedures and tools used in Albania will be provided with the objective to improve the protocols in place in
France (work of the AFPS Emergency Unit for Civil Protection). The problems associated with territorial
reconstruction/restructuring after an earthquake and the resilience of populations have also been
addressed.
The mission was carried out in collaboration with the French Embassy in Albania, the Polytechnic University
of Tirana and its Civil Engineering and Seismology Departments, the Institute of Geophysics Energy Water
and Environment (IGEWE), and the young Albanian Association of Earthquake Engineering (SHOQATA
SHQIPTARE E INXHINIERISË SIZMIKE / Albanian Association of Earthquake Engineering). During the mission,
exchanges were carried out with organisations such as the Civil Protection of Tirana and the local
administration of the municipality of Durrës.

1.2 Composition of the mission
The mission team was composed of 9 people from the AFPS who focussed on different themes; who had
varying levels of post-earthquake mission experience.
After connecting with contacts in the field, the mission was carried out in close collaboration with the young
Albanian Earthquake Association (SHOQATA SHQIPTARE E INXHINIERISË SIZMIKE) created in December 2019.

4

REPORT
the AFPSforpost-earthquake
mission on the earthquake in ALBANIA
French of
Association
Earthquake Engineering

4 / 139

Name

Originating organization

Themes

Sylvain POLLET

APAVE Nord-Ouest

Head of Mission, Structures and Crisis
Management

Pierre Marie ALLIARD

Tractebel Engineering

Structures

Stéphane BRULE

Menard

Seismology, geotechnics

Cécile CORNOU

ISTERRE, IRD, Université
Grenoble Alpes

Seismology, geotechnics

Catherine JEAN BAPTISTE

Territoires et
Développements SARL

Historical heritage, crisis
management,
reconstruction/rebuilding

Thomas HEITZ

IRSN

Structures

Léa TRAN

ATIXIS

Structures

Adrien POTHON

AXA

Crisis management,
reconstruction/rebuilding

Mikaël GARTNER

UNOPS

International contacts

1.3 Conduct of the mission
The AFPS mission took place in Albania between February 9th and 16th, 2020; mainly in the municipality of
Durrës; Mikael GARTNER did not take part in the trip, but supported the contacts, the drafting and
proofreading of the report. Figure 1-3 shows the locations visited.

Figure 1-2 Albania localisation
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th

February 9 2020

Grouping from Martinique and the regions to Paris, for a flight Paris-Orly/Tirana; grouping
to Geneva for people living around Lyon and Grenoble, for a flight Geneva/Tirana
Evening gathering at the Hotel Rimini in Tirana

th

February 10 2020

Interview and contact with Prof. Luan Myrtaj of the Polytechnic University of Tirana,
Department of Architecture and Civil Engineering
Visit of the premises damaged by the 1985 earthquake with Dr Altin Bidaj: Head of
department of Structural Mechanics
Interviews at the Geophysical Institute of Tirana with Pr Llambro Duni: IGEWE, and Pr Agim
Seranaj: Albania Association of Earthquake Engineering.
(IGEWE Institut of Geosciences Energy Water and Environment)
Discussions at the French Embassy with Mr Jérôme Spinoza, Cultural Attaché, Mrs Anne
Elisabeth Gautier-Budai, Cooperation Attaché, Mr Sébastien Botreau-Bonneterre, Advisor,
Technical Expert to the Albanian Government.
Interview with Aida Tasellari Structural Engineer at Trema Engineering 2, and Pr Markel
Baballëku, Vice-Dean of the Faculty of Civil Engineering, Lecturer in Structural Dynamics
and Earthquake Engineering

th

February 11 2020

Interview with Mr Florian Tahiri, Vice-Mayor of the Municipality of Durrës, Prof. Alma
Golgota of the Polytechnic University of Durrës, and Prof. Altin Seranaj of the Polytechnic
University of Tirana, Department of Architecture and Civil Engineering
Visits to damaged buildings in the town of Durrës, accompanied by Prof. Alma Golgota and
Prof. Altin Seranaj.

th

February 12

2020

H/V measures on 3 axes in Durrës (team 1), with the assistance of Pr Agim Seranaj, for
access to the building.
Visits to Durrës of the heavily damaged areas (team 2), accompanied by Pr Altin Seranaj
Interview with Raphaelo Rexho, Technical Director of the Port and his team, and visit to the
Port of Durrës (team 2), with Sébastien Botreau-Bonneterre and Prof. Altin Seranaj.
Interview with Dr Brikena Shkodra, Archaeologist at the Durrës Museum of Archaeology
(team 2)

February 13

th

2020

H/V measures (team 1), with the assistance of Pr Agim Seranaj
Visits to the epicentral zone, the village of Shkafanë and the dam (teams 2+3) accompanied
by Pr Altin Seranaj.
Continuation of Durrës visit, damage on the seaside area (team 2)
Visit and meeting with Mrs Nadine IJani, Director of Durrës Hospital (team 3) accompanied
by Pr Altin Seranaj
Visit to the Durrës Archaeology Museum (teams 2+3) with Mrs Antigoni Suli,
representative of the Ministry of Culture, and interview with Dr Brikena Shkodra
Archaeologist on paleo seismicity
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th

February 14 2020

Interview Dr Erindi Bejkon, Director of Civil Protection of Tirana, Sébastien Botreau
Bonneterre and Pr Altin Seranaj, (team 2)
Interview with Pr Llambro Duni, Pr Neki Kuka, Pr Rexhep Koki, Dr Edmond Dushi, IGEWE
Seismology Laboratory (team 2)
Interview with Mr Jean Luc Emery, French architect based in Albania (team 1)
Interview with Jérôme Spinoza from the embassy and Sébastien Botreau Bonneterre
Interview with Prof. Altin Seranaj, Prof. Luan Myrtaj, Prof. Agim Seranaj, Prof. Altin Piqani
from the AAEE office

th

February 15

2020

Visit to Thumanë, Lezhë, Laç, (team 1+2) accompanied by Pr Altin Seranaj
Ulëz dam (team 1), Krujë Castle (team 2) Accompaniment of Pr Altin Seranaj
Assessment of visits and hot interviews

th

February 16

2020

Back to Geneva, Lyon and Paris
Then Caen and Martinique on 17 February 2020

Figure 1-3 GoogleMyMaps geolocation map of site visits in Durrës and North of Tirana
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2

Seismic event

The post-seismic mission was triggered by the November 26, 2019 earthquake, however this event cannot be
dissociated in its analysis of another earthquake that occurred a few months earlier on September 21, 2019.
The proximity of these two events has largely contributed to the levels of damage observed and to the
victims associated with the November 26 earthquake. The earthquakes of 21 September and 26 November
2019 occurred along the convergence between the Adriatic and Eurasian plates. These earthquakes are
among the strongest earthquakes recorded in 40 years in the country.

2.1 Earthquake of September 21, 2019 (Mw=5,6 )
The earthquake of magnitude Mw5.6 (Mw being the moment magnitude) of 21 September 2019 at 15h04
UTC occurred off the coast of the town of Durres, at a depth of approximately 20 km and with a reverse fault
rupture mechanism (Figure 2-1a). This earthquake was felt in neighbouring countries (e.g. Montenegro, Italy
and Greece) and generated a large quantity of damage in the Durrës region (Lekkas et al., 2019). MSK
intensities were recorded at level VIII for the epicentral zone and then VI-VII between Tirana and Durrës. A
total of 148 people was injured in large part by falling objects. 1,546 buildings were damaged, and disruption
of operations was identified at 4 energy production centres, 2 health centres and 5 bridges. (source DG
ECHO). The Albanian government requested international assistance on the 24th of September from the
Emergency Response Coordination Centre (ERCC). Thirteen European nations participated in the assistance,
including a Civil Protection Coordination team.

2.2 Earthquake of November 26, 2019 (Mw=6,4)
The earthquake of November 26, 2019, of magnitude Mw 6.4 occurred at 2h54 UTC. Its epicentre was
located close to the epicentre of the September 21, 2019 earthquake, Northeast of Durrës. Although the
different international seismological institutes agree on the magnitude of the earthquake, the given focal
depths vary between 15 and 26 km (Figure 2-1b). The seismology department of the Albanian Geophysical
Centre (IGEWE) indicates a focal depth of 38 km. This large variation in focal depth as well as in the location
of the epicentre by the different institutes (Figure 2-1c) is most probably caused by the use of different
crustal velocity models when locating the event (Duni and Theodulidis, 2019). Similar to the earthquake of
September 21, 2019, the focal mechanisms determined by the different seismological centres indicate the
activation of a NW-SE reverse fault. This earthquake was very widely felt in the region as evidenced by the
testimonies received by the EMSC (Figure 2-2b).
These two earthquakes were followed by numerous aftershocks, mainly located N-NE of Durrës (Figure 2-2a).
In particular, 4 aftershocks of magnitude M>5 were recorded in the 48 hours following the main shock of 26
November 2019, and more than 26 aftershocks of magnitude >4 were recorded in the first month (Duni and
Theodulidis, 2019).
It should be noted that the uncertainties on the crustal velocity model to be adopted for the localization of
seismic events do not make it possible to identify with certainty the hypocentre as well as the fault plane
which ruptured during the main shock, to allow an understanding of the spatio-temporal evolution of the
aftershocks and to calibrate the intensity prediction models. These are the reasons why IGEWE and GFZ
(Deutsche GeoForschungsZentrum) installed 30 short-period seismological stations a few days after the
earthquake to refine the crustal model in order to relocate the aftershocks.
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Figure 2-1. Location and focal mechanisms (a) of 21 September and (b) of 26 November 2019 earthquakes (images provided by the
Euro-Mediterranean Seismological Centre (EMSC) . (c) Location of the epicentre of the earthquake of 26 November 2019 with the map
of active faults (Basili et al., 2013)

The most affected areas were the city of Durrës, and the city of Thumanë in central western Albania.
Between November 26th and 29th, 22 people, 3 of whom were alive, were rescued from the rubble of
collapsed buildings by rescue teams. The death toll was 51, with more than 913 injured, more than 17,000
displaced persons in 12 emergency assembly areas (bungalows or tents), and one hospital was damaged.
(source PDNA, EUCPM Impact report and Albanian Ministry of Interior).

Figure 2-2. (a) Location of aftershocks following the earthquakes of 21 September and 26 November 2019 (until 29 November 2019);
(b) Macro-seismic intensity (EMS98) resulting from testimonies collected after the earthquake.

Europe's response took the form of the immediate release of an emergency fund of €300,000 and the
deployment of a European Civil Protection team for the Coordination Cell: 5 liaison officers and 2 teams of 6
and 10 people. The implementation of the European Civil Protection Mechanism (EUCPM) was carried out
through the Medium Urban Search And Rescue and Structural Assessment Capacity units and the Structural
Assessment Capacity units.
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3

Overall context

Albania is a territory with seismic activity resulting from the convergence of the Adriatic and Eurasian plates.
Its relative political isolation during most of the 20th century did not favour international exchanges in the
consideration of this risk. The on-site mission was held between the submission of the Albania Post-Disaster
Needs Assessment (PDNA) report [1] and the conference of future donors, but also after a large international
presence in crisis management. At times, our interlocutors questioned the appropriateness of our
investigations.
The political history of Albania during the second half of the 20th century is at the origin of a form of
restraint during our first requests for information within the framework of our investigations on the
problems associated with the seismic risk. Requests for meetings prior to the departure of the mission were
extremely limited; only the successive contacts organized in the field allowed us to carry out exchanges and
visits in order to meet the initial objectives.
Thus, the objective of our mission had to be explained several times and in different forms, and our wishes
for exchanges and contacts were not always achieved. This was particularly the case for energy production
facilities or industrial structures that we were unable to visit. On the other hand, Albanian hospitality is not
an empty word, and in each of our exchanges with the population, we felt a sense of welcome once contact
had been established.
According to the PDNA report [1], a total of 202,291 people was affected in the country following the
disaster, 47,263 directly and 155,029 indirectly. The earthquake killed 51 people and injured at least 913. In
addition, up to 17,000 people were displaced due to the loss of their homes. Overall, first responders from
relief units rescued 48 people from collapsed buildings. The earthquake was described by national
authorities as the most violent to hit Albania in 30 years. It caused considerable damage in 11 municipalities,
including the two most populated and urbanized cities (Tirana and Durrës). The municipalities heavily
affected were: Shijak, Durrës, Kruja, Tirana, Kamza, Kavaja, Kurbin and Lezha.

Figure 3-1: Map of Albania
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3.1

Tectonics et seismotectonics

Albania is located at the convergence of the Adriatic (or Apulian) and European tectonic plates (Figure 3-2). A
series of geological processes (obduction, subduction, collision, extension) has accommodated this
convergence since the Jurassic and led to the Albanian orogeny which, together with the Dinarids in the
north and the Hellenides in the south, forms the southern branch of the Mediterranean Alpine belt (also
called the Dinaro-Hellenic chain).
From a structural point of view, we can distinguish the Internal Albanids formed in the Triassic and Jurassic
and characterized by the presence of ophiolitic nappes (ancient oceanic crust, put in place by an obduction
mechanism, -the oceanic crust overlapping the continental crust -, following the suture of the so-called "subpelagonal" ocean) and on the other hand, the External Albanids corresponding to a tectonic set of folds and
thrust fault westwards, as well as the existence of a large flexural foreland basin, whose sedimentary filling
began in the Eocene (Frasheri et al. , 2009) (Figure 3-3).
The Outer Albanides are structured from east to west into thrusting belts (Roure et al., 1995; Swennen et al.,
1998; Velaj et al., 1999; Vilasi et al., 2009): the Krasta-Cukali Zone, the Kruja Zone, the Ionian Zone, the PeriAdriatic Depression and the Sazani Zone. These structures are initiated as a system of horst and grabens
resulting from an extensive regime. Numerous reverse faults and folds of NNW-SSE to NW-SE orientation as
well as transform faults of NE-SW orientation structure the Outer Albanids.
Earthquake focal mechanisms (e.g. Roumelioti et al., 2011), neotectonic markers (Aliaj et al., 2000) as well as
current deformation measurements (Jouanne et al., 2012) indicate a region in compression with a current
shortening of the chain of Outer Albanides in EW direction and an extension of the Inner Albanides in EW to
NS direction.

Figure 3-2: Regional geological map (Credits: Unesco/CGMW Geological Atlas).
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Figure 3-3: Principle of the geodynamic evolution of the Albanids (modified from Barrier et al., 2003). East-West section. Geological
time scale: Upper Jurassic (-161 to -145 Ma), Lower Cretaceous (-145 to -100 Ma), Eocene (-56 to -34 Ma).

Two thirds of the territory is over 1,000 m above sea level, with, in particular in the east, calcareous
mountain massifs of over 2,000 m facing south-west-north-east, cut by glacial cirques and narrow valleys
and, in the centre of the country, the central mountains running north-south with lower peaks. The rest of
the country consists of an alluvial and swampy plain, 10-50 km wide, located along the Adriatic coast and
representing a geological context prone to the modification of the amplitude of ground motion (lithological
site effect).
In the framework of the post-seismic mission, the structural units of interest are the periadriatic depression
zone (Durrës and Tirana) and the Kruja zone (Lezhë and Krujë) which are characterised by a massive
limestone sequence, as well as the Durrës molassic basin (Figure 3-4), subject to lithological site effects.

Figure 3-4: Left: Map of the Durrës Molassic Basin and hydrocarbon resources (oil and gas). Based on Velaj et al. (1999). Right:
Identification of structural units in the landscape.
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Figure 3-5: Simplified geological map with the main tectonic units of Albania (completed according to Roure et al., 2004 with data
from Deschamps, 2009 and Berthelon, 2015). Geological time scale: Triassic (-251 to -200 Ma), Cretaceous (-145 to -65 Ma),
Paleocene (-65 to -56 Ma), Eocene (-56 to -34 Ma), Miocene (-23 to -5 Ma).

The Durrës basin was filled from the Eocene (-56 Ma) by the terrigenous deposits of the mountainous areas
of Kruja and Krasta-Cukali. Filling continued with the thrusting process and orogenic phases during the midMiocene (Velaj et al., 1999). Deposition continued during the Messinian and Pliocene (-5.3 -1.8 Ma). As a
signature of the tectonic deformations during the different phases of orogenesis, numerous reverse faults of
NNW-SSE to NW-SE orientation developed in the Durrës Basin (Figure 3-6).

Figure 3-6: Longitudinal profile from southwest to northeast of the Peri-Adriatic Zone to the Krasta Zone (after Berthelon, 2015).
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3.2 Historical Seismicity
Current tectonics in Albania is marked by moderate to strong instrumental seismicity, with regular
occurrence of earthquakes of significant magnitude (magnitude greater than 6) (Figure 3-7b-c). During the
last century, six earthquakes of magnitude M>6 have occurred in Albania, including the 1926 earthquake of
magnitude Ms 6.2 (Ms: surface magnitude) near Durrës, which caused significant damage (Aliaj et al. 2004).
The Durrës region has also been hit by numerous destructive earthquakes in the last two millennia: 177 B.C.,
334 or 345 A.C., 506, 1273, 1279, 1869 and 1870 (Jouanne et al., 2012) (Figure 3-7a). The depths of recorded
earthquakes are generally shallow (between 10 and 20 km deep) (Muço, 1998).

Figure 3-7 : (a) Faults map and historical seismicity (extracted from Jouanne et al., 2012 and Aliaj et al., 2004); instrumental seismicity:
Location of epicenters of earthquakes of magnitude M>5 between 1900 and 2005 (b) and of earthquakes of magnitude M>3 between 1976
and 2005 (extracted from Aliaj and Dushi, 2007 )

3.3
3.3.1

Geology and Geotechnics
Durrës city

For the study of the surficial geology, i.e. a thickness of the different geological formations below the surface,
ranging from a few meters to about 30 meters, we look at the geological map of the formations in the Durrës
and Tirana zones (Figure 3-8).
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Figure 3-8: 1/200 000 geological map of Albania (1983 edition, Shehu et al.). Adapted for the legend in French. In addition to the
geological time scale for the Miocene stages: Messinian (-7.2 to -5.3 Ma), Tortonian (-11.6 to 7.2 Ma), Burdigalian (-20.4 to -16 Ma)
and Aquitanian (-23 to -20.4 Ma).

The geological map identifies the two historical zones of Durrës (western and eastern zone) on Pliocene clays
(N2h). The central zone, long unoccupied but rapidly urbanized during the last 30 years, is covered by socalled swamp deposits, with a water table level very close to the natural ground surface. It is in this valley
that the new Aleksander Moisiu University of Durrës was built more than 10 years ago, based on an invert
fondation with soil reinforced by ballasted columns (Brûlé et al., 2020) (Figure 3.9).

Figure 3-9: On the left, the town of Durrës on a geological map background with two selected points: on the north, the site of the new
University A. Moisiu in the swampy alluvial zone; to the south, the stadium area. On the right, location of these two points to the isodepth map of alluvial deposits (Kociu et al, 1985). The deposits thickness would range from 30 to 40 m in the stadium zone and about
60 m or more at the University site.
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Two points were selected to illustrate the local geology in the Durrës Basin: the site of the University (Lat.
41.3526, Long. 19.45938) and a site near the stadium (Lat. 41.32739, Long. 19.4529) (Figure 3-9) where the
team was able to collect core elements left on a site where a building collapsed during the earthquake of 26
November 2019. These samples most likely consist of the steep geotechnical clayey bedrock (Pliocene clay),
predicted to occur at more than 20 m depth according to the alluvial iso-depth map (Figure 3-9). In the axis
of the alluvial zone, at the university location, the water table is near the ground surface and the geological
materials consist of clay formations with Ménard pressure modules on the order of a few MPa (Brûlé et al.,
2020). The undrained cohesion cu would be 15 - 20 kPa.

Figure 3-10: On the left, geotechnical investigation core. In the center, core element showing clayey-sandy materials with shell debris
(sampling close to the Durrës stadium). On the right: same site sampling but with more sandy-gravelly passage (10 to 40 mm gravel).

Figure 3-11: Left: location of the Durrës strong motion station (DURR). On the right: maps of the susceptibility zones of soil
liquefaction during earthquakes (according to Duni, 2020 and Kociu, 2004). Green dot on the map (lat. 41.3217, length 19.47919):
observation of soil liquefaction indices.

The only accelerometric station at Durrës (DURR) is installed at the surface, on recent soft soils (clays, sands
and peat bogs) mainly from the Holocene period (-0.018 Ma to today) (Figure 3-10). To the East of the site
(Duni 2020, citing Koci, 2013), soil consists of clay fill, plastic clay and sandy clay. The time-averaged shear
wave velocity over the first 30 metres (Vs,30), would be 200 m/s (Duni 2013) (Figure 3-12). This site could
also be subject to liquefaction phenomena under seismic loading (Figure 3-11).
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However, considering the lithology of the materials at depth (plastic clays) and the predicted shear wave
velocities, the potential for liquefaction would likely occur in the soils within the first few meters.

Figure 3-12: Left: Shear wave velocity profile extracted from a survey carried out near the DURR station (based on Duni, 2019). Right:
field observation of soil liquefaction indices.

3.3.2

Tirana city

The historic centre of Tirana is mainly based on sandy-gravelly alluvium, which themselves cover sandstone,
clay and conglomerate formations at depth from the Tortonian period. As shown in Figure 3-13, the alluvial
fill can be 10 to 50 m thick. There is a rapid uplift of Tortonian bedrock in the northern part of the city.
Despite the presence of a sand lens under the water table, there is no evidence of liquefaction of this
material during the 2019 earthquakes.
Shear wave velocities in the Miocene bedrock are estimated to range between 500 and 700 m/s (Duni et al.,
2010; Karrigi et al., 2019). Under the embankments (thickness of 1 m to 1.5 m), the velocity Vs in the first set
of silts, sands and gravels is between 200 m/s and 350 m/s. The underlying layer of compact gravel is
estimated at 450 m/s to 500 m/s. These velocity values, obtained by unknown geophysical methods, were
confirmed in recent studies (Karriqi et al., 2019) using combined ambient seismic noise method (H/V) and
surface wave analysis (MASW) technique. Geotechnical zoning also depends on the variation in thickness of
these cover materials.
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Figure 3-13: Above: Tirana hydrographic basin (Tirana and Lana rivers). Bottom: geological profile (according to Eftimi, 2018).

3.3.3

Thumanë City

Thumanë is located on Pliocene clays but also on recent Holocene gravel-sand alluvium.

3.4
3.4.1

Urbanisation, land use and habitats
Trends in land use and urbanization

The occupation of the country can be deduced from the geography but also from history; with historical
evidence of occupational presence that dates back to the 20th century B.C., an ancient occupation, forged
through occupations and alliance games.
The Greek colonization: a settlement of colonies on the coast
In ancient times, the territory that today forms Albania was inhabited by Indo-European people who settled
in the Balkan region in the 20th century BC, the Illyrians mainly in the north, and the Chaonians in the south.
Civilization developed rapidly from the 7th century BC onwards, in contact with the Greeks, who established
colonies on the coast, notably at Epidamne (now Durrës), Apollonia, Orikos, and Aulon (now Vlorë), of which
important remains still exist today.
The Roman period: Durrës erected as the undisputed capital, opening up overland breakthroughs to the
south and east.
In 168 B.C., Rome conquered Illyria, which remained under its authority for more than five centuries. Most of
present-day Albania was integrated into the great Roman province of Illyria, whose seafront is marked by
Greek and subsequent Roman colonisation around Durrës, the start of the Egnatia Way linking Byzantium, a
route that links up with the Apia Way. This Egnatia Way and its ramifications marks the development of
certain inland towns: Péqin (Claudiana), Elbasan (Masio Campo),...
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Figure 3-14 :. Layout of the Egnatia track built around 146

With the extension of the Roman Empire in the Balkans, impressive Roman architecture was built throughout
the country, illustrated in Durrës, but especially in Apollonia or Butrint.
The Byzantine period: Albania at the heart of the Eastern Roman Empire
After the fall of the Western Roman Empire (late 4th century AD), Albania became part of the Byzantine
Empire. Dyrrachium (Durrës) remained the capital of the province, and an important city in late antiquity,
despite destructive earthquakes in 341 and 522, and several barbarian attacks, including that of the
Ostrogoths in the 480s. Emperor Anastasius I (ca. 430-518), who was born here, gave his city imposing
fortifications, which were restored in the following century by Justinian I (ca. 482-565).
Albania in the Middle Ages: the time of feudalism; at the same time Durrës the Venetian reached its
apogee.
From the 11th century, the Albanian territory was also the scene of an intense struggle for influence
between the Patriarchate of Constantinople and the Pope of Rome. Krujë, developed as one of the centres of
the Arbanon (or Arbëria or Albanon) and became its capital before becoming the citadel of Skanderbeg in
the 15th century.
Durrës during this time was disputed between the Normans, the Serbian Empire, the Kingdom of Sicily and
the Venetians who established a duchy there until 1501. It is to the latter that we owe the walls of the castle
which were devastated by the earthquake in 1273 and then largely repaired. At the end of the 15th century,
the total population of Durrës reached about 25,000 inhabitants,-which appears to have been the peak until
the modern era-, when Sultan Bajazet II took the city in 1501. It was devastated and deserted by the
population, which reduced it to the status of a simple village.
The epic of Skanderbeg against the Ottoman invaders between 1444 and 1468 marked the birth of national
consciousness. It reached its climax in Krujë. Albania then became the kingdom of feudal lords who were
very jealous of their independence. Despite the League of Lezha (1444-1450), divisions and betrayals within
large families facilitated the various offensives of the Ottoman army.
The Ottoman Renaissance: the development of the interior from the capital of the South, Berat
At the dawn of the 16th century, all organized resistance ceased. Albania was subject to the Ottoman Empire
until 1912. It was during this 300-year period that Tirana developed: a town at the beginning of the 15th
century, it was elevated to the rank of city by the Ottoman general Sulejman Pasha, who had a mosque and
Turkish baths built there. The Ottoman administration then radiated from Berat further south. In the
countryside, the former feudal estates became military strongholds. These fiefdoms were exploited by
Muslim peasants or “reaya” who had hereditary possession of their lands in return for payment of the tithe
and the obligation to perform certain tasks. At the same time, the urban centres developed thanks to trade.
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The modern era: the end of the Turkish influence, the beginning of the expansion of Tirana, elevated to the
rank of capital city
Towards the middle of the 19th century, Turkish power was challenged throughout the region, generating
fears of partition and strengthening Albanian sentiment in response (1878-1881: League of Prizren). But the
proclamation of Albania's independence on 28 November 1912 offered neither tranquillity nor stability to
the country. Until the end of the Second World War, the country suffered invasions and alliance games,
starting with Italy.
Until 1920 Tirana remains modest in size - with only 12,000 inhabitants in 1910. The organization of the city
appears unstructured: a convergence around the main axes, leading to the market and the mosques, a
narrow winding road, isolated plots of land, combined with dense building with little room to expand.

Figure 3-15 . Map of Tirana in 1921

It was not until 1920 that Tirana was declared provisional capital of Albania, a decision confirmed on 31
January 1925, to the detriment of Durrës, with a more accessible coastline.
1923: First regulatory plan by Austrian architects and engineers, leading to the opening and expansion of the
city's first main roads and streets.
1924: 2nd regulation plan of Tirana, this time drawn up by the Italian architect A. Brasini, responsible for the
creation of "New Tirana", which included the Skanderbeg Square and Kombit Boulevard; a plan revised by
the Albanian architect Eshref Frashëri, the Italian architect Castellani and the Austrian architects Weiss and
Kohler. The square was modified during the communist era and took its final form in 2018; the one that can
be seen today.
The checkered road network of the Tirana district took shape, while the northern part of the main boulevard
was opened. These urban plans formed the basis for future developments in Albania after the Second World
War. It will be found later, for example, in the organization guiding the extension of Durrës (see Figure 3-17).
In 1932, another Italian architect, Florestano di Fausto, supervised the construction of the Ministry Centre,
with relatively modestly sized buildings, and another, Gerardo Bosio, later built the East-West oriented
buildings between 1939 and 1941. This last period of development reflected the first use of European town
planning legislation, which were the same regulations used in Italy for expropriation, building permits, etc.
applied in Tirana.
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Figure 3-16: Italian" neoclassical buildings at the centre of the ministries built between the wars

The young tribal chief, Ahmet Bey Zogu, took power in 1924 and proclaimed himself king in 1928. Zog 1st
undertook the task of modernizing the country and adopted the Napoleonic Civil Code in Albania. Originally
sponsored by the Yugoslavs, Zog 1st aligns himself with Mussolini. Italy then exercised protectorate status
over the young state, resulting in Mussolini annexing it in 1939. Settlers from Puglia and Calabria landed
massively. In just a few years they changed the face of the country. The marshes were reclaimed and roads
were constructed. This policy of "cleaning up" the territory continued under the communist era with the
creation of dams (Ulës being the first and the largest, also used for hydroelectric production, Shkafanë, ...).
During this period the population of Durrës grew from 4,700 inhabitants in 1923 to 10,500 in 1938. It remains
however contained and the town does not experience the upheavals and demolitions of its neighbour.

Figure 3-17 Urbanization of Durrës in 1943 on current plan: an urbanization still limited to the historical part and the north [2]. On the
picture on the left you can clearly see the future extension on what was called the lagoon.

Between resistance to the Italian occupation and civil war, the liberation of the country was achieved
between 1942 and the end of 1944.
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The contemporary period
1945-1991: The communist period or withdrawal into oneself
With the establishment of communism in Albania, the development of the country's architecture was
radically changed and many historic or "sacred" buildings were demolished. The regime also marked the
urban development of the country by a "forced" balance of its population, the closure of borders, the control
of internal displacements, a natalist policy, ... with the paradoxical consequence of a sustained growth of the
Albanian population (see the figure below)

.

Figure 3-18 .: Total population of Albania/number in blue, and intercensal evolution (percentage) in yellow (1923-2011)

The control of internal migration, contributed greatly to restricting movement, which made it possible to
limit or direct the growth of cities, thus avoiding overly acute problems of housing or urban facilities.
However, the period from 1945 to 1980 saw the birth of a genuine urban network, marked first of all by the
development of Tirana, which became the only large Albanian city, fuelled in particular before the 1960s by
the rural exodus from the South and South-East. This period was then marked by the development of
"useful" Albanian coastal, including the port city of Durrës, and the constitution of the Albanian urban
network with the progression of the railway network since the construction of the first line in 1947. It then
served all the major cities.
From the 1980s onwards, the growth of cities was carried out in a very different approach. The only large city
in rapid growth was the iron and steel centre of Elbasan. The other cities in rapid progress are smaller: they
are linked to the installation of a large factory like Laç (fertilizer), or to reconstruction after flooding (Kukesi
upstream of the Fierze dam on the Drin). They are also administrative centres of rural districts (Bajram Curri,
Burreli in the northeast of the country).
Tirana's growth has been shaped by government planning, leading to an almost tripling of the capital's
population in less than a decade. The Soviet influence on architecture in Tirana was marked by the 1957
urban plan, which allowed the construction of new industrial enterprises incorporating a 'distinctive' Soviet
architectural style (Kombinat Stalin textile factory in the south-west of the city). The Palace of Culture, the
Congress Palace, the Pyramid of Tirana (Mausoleum of Enver Hoxha -1908-1985) and numerous apartment
complexes illustrate the construction of the communist era. This period continued to influence the city, even
after its end, as evidenced by the 1990 urban plan which structured the road network until 2000.
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Figure 3-19: Emblematic Monuments of the Hoxha Era in Tirana

Figure 3-20: Tirana, 1965 plan on the current impact of the city. The beginnings of today's city: canalization of the Lana River,
widening of the main roads.

The regime introduced by Hoxha also marks the end of private property and thus a halt to individual
construction. Under these conditions, there were only 4 to 5 official architects. Popular architecture in this
interval remains very poor, based on a few reproducible models of collective housing architecture, made of
prefabricated elements or built thanks to voluntary work, from 2 to 6 levels (corresponding to the maximum
number of floors that can be climbed without a lift) forming so-called "block" islands, installed on orthogonal
frames, with access by secondary roads for the neighbourhoods delimited by strong structural axes in the
most important cities.
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Figure 3-21: Examples of buildings designed for "block" structuring

Tirana was particularly planned on the basis of the 1976 master plan, modified in 1989.
Alongside these 'blocks', the Centre possessed the most distinctive features and was the heart of all political,
administrative, educational and recreational activities of the entire city, while the urban boundaries were
made up of agricultural land and industrial sites.

Figure 3-22: Oblique aerial photos of the blocks of buildings in Tirana from the socialist era before/after [3].

At the end of the 1980s, the urbanized area of Tirana covered 12 km² and had a population of about 250,000
inhabitants.
Regardless of the significant increase in the population living in urban areas, three quarters of the Albanian
population still lived in rural areas.
1991-2000: Transition (end of constraints and excessive urban densification)
The death of Enver Hoxha in 1985 marked the end of the communist dictatorship, effective until 1991. This
led to a period of deregulation and upheaval with the elimination of state control over the land and housing
sector, privatization and/or restitution, and the decentralization of decision-making from the central to the
municipal level.
Regime change led to the emergence of new actors, such as developers and private banks. Throughout the
1990s, Albanian cities followed a rather unregulated development model characterized by limited public
investment, high investment by the local population, and weak public control over land, planning and the
construction sector. After the end of administrative travel restrictions, the long-awaited movement to the
city finally took place - the dramatic increase in movement to the capital led to the creation of informally
built settlements in and around Tirana; the capital absorbed almost 65% of the country's internal migration.
The Tirana region has grown from a population of about 350,000 in 1990 to 800,000 in 2010. The city of
Tirana itself experienced a tripling of the population from 275,000 in 1990 to more than 650,000 in 2010.
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Figure 3-23: Evolution of the landscape on the outskirts of Tirana between 1996 and 2007 [4]

During the first decade of this migratory wave, some 8,000 to 9,000 new households settled in Tirana each
year, with around 70% of the housing supply provided by the informal sector, leading to a densification of
existing neighbourhoods and expansion of the city's boundaries, within a context lacking clear urban
planning and construction rules, a shortage of professionals, a lack of clarity regarding the legal situation of
land and insufficient financial resources. As such, the work carried out in "Autocratic planning systems
challenged by unregulated urbanisation: Urban transformation in post-socialist Tirana, Albania" (see
Appendix 2) is interesting; it shows the colonisation and transformation of the "blocks".
Often the act of building was done without permission. This was generally suggested as "best practice", if you
wanted your housing or even building to be built quickly and save you all the hassle; obtaining regulation
compliance after construction. As a result of this scheme, professionals were forced to work in a corrupt
environment where there was no vision of the future and no legacy.
Towards a return of planning policies
From 2000, Edi Rama, then mayor of Tirana - 2000 to 2011 - undertook a campaign to demolish the illegal
buildings around the city centre and along the banks of the Lana River to bring the site back to its pre-1990
state and to widen the arteries and some streets that needed to be serviced. Thus, most of the main roads
have been reconstructed, such as the Ring Road (Unaza), Kavaja Street and Kombit Boulevard. He took the
initiative to have the façades of some buildings in Tirana painted in bright colours. Critics said he paid too
much attention to cosmetic changes without addressing any of the major problems such as shortages of
drinking water, electricity, ...
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Figure 3-24: Some examples of facade colouring between 2000-2011

The programme to extend the city's urbanization (both horizontal and vertical) is still under way; the city's
population is expected to reach one million by 2025. This is not insignificant with regard to the orientation of
the decisions taken concerning the re-organization-reconstruction after the earthquake of November 26,
2019.
A large diaspora attached to its country of origin
Since 1990, the opening of the borders after more than 40 years of isolation and the country's economic
difficulties have given new impetus to emigration.
Today, the Albanian population is estimated to be between 7 and 10 million worldwide, with the largest
number living in Albania (2,522,263/2018) and Kosovo (1,772,152/2018), but also in Greece, Italy, Northern
Macedonia, Turkey, Montenegro and Serbia. The largest and most recent communities are located in
Germany, Switzerland, the United States, Italy, Romania, Argentina, Canada, and even Austria, France,
Belgium or Australia.
The existence of this population outside the territory has an impact on the development and organization of
the territory according to the length of time it has been emigrating, as shown by:
●
●
●

the construction, often in self-construction, of second homes, large multi-level multi-family villas
with at least one resident household. The construction can often be partially finished;
the appearance of "pied-à-terre" apartments in the capital or especially not far away in Durrës;
the establishment ex nihilo of seaside resorts such as Plazhi San Pietro.

There is also the construction of luxury hotels, which are at the origin of dubious funds, and whose
incongruous location (along expressways, close to industrial zones, or even risk zones) makes the investment
not very sustainable.
This diaspora shows a very strong attachment to its country of origin, visible in the rapid mobilization that
took place after the 2019 earthquakes and the large cash donations made to the government to support the
disaster-stricken populations. By the end of November 2019, all humanitarian aid donations totalled $92
million [5].

3.4.2

Urban Planning and Built Heritage

3.4.2.1

Planning and regulatory urbanism

The organisation of the territory is delegated to the Ministry of Urban Development and Tourism supported
at the local level by the prefect; the municipalities are responsible for the organisation of their territory and
their town planning, which must, however, be consistent with the general organisation of the territory
developed by the central government. Because of the personal history of the Prime Minister and the status

28

REPORT
the AFPSforpost-earthquake
mission on the earthquake in ALBANIA
French of
Association
Earthquake Engineering

28 / 139

of Capital of Tirana, its influence, the evolution and organization of the City are closely followed by the
Ministry.
However, and even recently it seems that most urban policy documents produced at the national or local
level often resemble very general information reports, rather than evidence-based, forward-looking master
plans (network capacities, soil qualities, topography, natural hazards - including relatively recurrent flooding
and seismicity - or technological hazards - see Chapter 3-2).
In addition, in the absence of effective territorial planning at the national level, the issuing of building
permits is very complicated, and many implementation problems arise at the municipal level. Unlike other
countries in the region, Albania still lacks a clear practice for obtaining a building permit. The lack of legible
strategies on urban development poses considerable difficulties for property developers to legally obtain
building permits.
3.4.2.2

Heritage and Historical Monuments

The decision-making and governance chain
The preservation and protection of cultural and historical heritage sites in Albania are entrusted to the
Institute of Monuments of Albania, founded on 2 July 1965 by the Ministry of Culture, now the Ministry of
Culture, Tourism, Youth and Sports... somewhat reducing the cultural dimension of the heritage component
and de facto targeting the preservation and protection of "flagship" elements to the detriment of the
"smaller" heritage sites. But even for emblematic heritage, the relevance of the action and the measures
does not seem to be there.
However, Albania has ratified all the UNESCO cultural conventions, but aware of the delay in its policy for the
protection of monuments of heritage and historical interest and the preservation of archaeological sites, the
government of Albania is working in partnership with UNESCO towards improvements.
In addition to the obvious lack of strategic thinking and overall planning, the sector remains under-equipped
(about 200 professionals working in the institutions responsible for cultural heritage), and under-funded.
A heritage of essentially private historical and architectural interest
There is proportionally little architectural heritage owned by the State or local authorities. It is much more
dependent on the private sector. Furthermore, there is no attachment to small-scale traditional architecture
(in connection with the rapid transition), and little or no respect for the obligation to carry out archaeological
excavations (obligation to prevent non-compliance on building sites: statement confirmed by two of our
witnesses).
Few protected sites and monuments
The list of UNESCO World Heritage Sites currently includes two sites in Albania, (the historic centres of Berat
in the centre, and Gjirokastër and Butrint in the south), far from the 2019 earthquakes. The amphitheatre of
Durrës, (like only 2 other sites) is inscribed on the country's tentative list. (See Annex 10.3 for the list of
heritage monuments seen during the mission).
Maintenance
The maintenance and repair of historic monuments is very recent (about ten years old and therefore still not
very common practice), and there is little respect for the initial implementation (e.g. repair of the tower of
Krujë Castle), despite the important work of the NGOs: Remarkable Sites and Cities, and the Cultural Heritage
without Borders (CHwB) Foundation.
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3.5 Seismic regulatory environment
Albania experienced major earthquakes in the past, but the most important ones were several decades ago,
so that the collective memory has reduced over time. Before the 2019 earthquakes, the seismic risk was
mostly known to academics and engineers, but there is a lack of seismic culture and good practices
transferred to the population.
Regarding regulations, Albania is in a transition phase, between very old building codes and evolution
towards Eurocodes that began 15 years ago, driven in particular by a progressive awareness of seismic risk.
3.5.1

Building codes for design and construction

3.5.1.1

Albanian codes

The current building code is the KTP-78, which is an old code dated from the communist era. At that time,
the construction sector was public and controls were centralised. The Ministry of Construction and the
National Institutes were therefore responsible for drafting codes, infrastructure and building design, as well
as urban planning. In addition to the fact that the KTP-78 code may seem obsolete compared to nowadays'
building codes, it should be noted that it only addresses vertical static actions, and not earthquake actions.
The earthquake-resistant building regulations date back to the last revision of KTP-N2-89 (Ref. [6]), namely
just before the end of the communist regime. No modification nor new code has been issued since then.

Figure 3-25: Code KTP-78 (left) and KTP-N2-89 (right)

Before traveling, when reading reactions in the press, the Albanian codes could be perceived as completely
obsolete, or even not dealing with the earthquake. After reading the KTP-89, even without translation, our
opinion is more nuanced: one recognizes usual rules in tables, figures and formulas. The level of detail of the
code appears similar to the old French design codes BA68 or BAEL, but remains rather undeveloped when
compared to the French seismic codes PS69 or PS92.
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The code only appears to specifically address reinforced concrete structures. For example, the following
information can be found:
•
•
•
•
•
•
•

sketches of architectural design (recommended / non recommended);
seismic design spectrum (see § 3.5.2 in present report for details) ;
Newmark combinations ;
formulas for damping factor η, fundamental period T, reduction factor for ductility noted 1/ψ ;
formulas for calculation of forces and displacements by modal spectral method ;
rules for buildings spacing (joints) ;
detailing rules of construction : steel rebars sketches, minimum reinforcement ratio, anchoring
length, overlapping length, etc. ;
bending capacity for reinforced concrete section ;
dynamic earth pressure (similar to Mononobe Okabe method) ;
dynamic water pressure (similar to Westergaard method).

•
•
•

Figure 3-26: Seismic code KTP-89. Examples of identifiable formulas and sketches

3.5.2

Transition to Eurocodes

The presentation in ref [4] provides a valuable insight into Albania's past and ongoing efforts to progressively
integrate the Eurocodes into its regulatory base. History of these initiatives is listed below:
●

2001 : first workshop with more than 200 people from the scientific community (institutions,
academy of sciences, universities, engineering companies) ;
● 2003 to 2005 : first translations of the KTP-89 code following the workshop ;
● 2008 : « Disaster Risk Mitigation in Albania » project, financed by the World Bank and implemented
by the Ministry of Transportation and Public Works. In particular, the objectives of Component 3
"Review Building Codes" are: earthquake risk reduction, development/revision of codes, introduction
of new standards. The choice of the Eurocodes is confirmed. Several documents are published:
o National Guide Document : Adoption process of Structural Eurocodes in Albania ;
o Training materials (design rules and examples of application for reinforced concrete
buildings) ;
o Technical dictionary (glossary of Eurocodes parameters) ;
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●
●

●

●

2012 : first official edition as « Albanian Standards » :
o Eurocode 0 - SSH EN 1990 + A1 ;
o Eurocode 8 - SSH EN 1998 Parts 1, 2, 5 ;
2013 : continuation of editing process as « Albanian Standards » :
o Eurocode 0 - SSH EN 1990 ;
o Eurocode 1 - SSE EN 1991 ;
o Eurocode 2 - SSH EN 1992 ;
o Eurocode 3 - SSH EN 1993 ;
2016 : continuation of editing process as « Albanian Standards » :
o Eurocode 4 - SSH EN 1994 ;
o Eurocode 6 - SSH EN 1996 ;
o Eurocode 7 - SSE EN 1997 ;
o Eurocode 8 - SSE EN 1998 Parts 3,4 et 6 ;
ongoing initiatives:
o writing of National Annexes, namely definition of some necessary local parameters ;
o in particular, seismic acceleration zoning is being developed

It shall be remarked that « Standards » are considered in Albania as non-mandatory guidelines. Eurocodes
are not yet « Technical code », meaning that KTP code is still applicable. Various reasons are given in the
presentation ref. [4]: difficulties of harmonization of terminology between different administrative entities
leading to risk of confusion, continuous revision of the glossary (1000 parameters) ; progress pending the
creation of the steering committee responsible for coordinating all activities until the official replacement of
the old codes. There is a committee without official responsibility called TC-250 operating on a voluntary
basis, which has no authority to approve the National Annexes.

Figure 3-27: (a) Workshop 2001 organized by the Ministry of Public Works; (b) “Disaster Risk Mitigation in Albania” (World Bank,
2008); (c) Introduction of Eurocodes 0 and 8 in 2012; (d) Roadmap towards adoption of Eurocodes; (e) Albanian Eurocodes 0 to 8; (f)
Training materials

32

REPORT of the AFPS post-earthquake mission on the earthquake in ALBANIA
French Association for Earthquake Engineering

32 / 139

In such an intermediate situation of mixed codes, Eurocodes have been taught in universities for several
years in addition to the KTP code and are then applied by trained engineers, at least for large infrastructure
projects. The EN standards are generally more and more integrated by companies for their products and
procedures. From the interviews we collected during our mission, there is a great expectation in the
engineering community to accelerate the transition to Eurocodes.
3.5.3

Seismic maps

The seismic zoning defined in 1985 is based on an intensity map on the Medvedev-Sponheuer-Karnik scale
(or MSK-64), derived from Mercalli. Only four intensities are considered: from VI to IX. This is a scale based
on the observation of the effects of the earthquake and its interpretation in terms of ground acceleration is
theoretically not obvious. In practice, the Albanian building code allows this passage via a formula described
below.
It is remarkable that the geographical distribution of the damage observed in Tirana, Durrës and to the North
of these two cities is fairly consistent with the zoning of the region. Indeed, the damage which is mainly
observed in Durrës (local zone IX), tends to be less important in the North of Durrës and Tirana (zone VI), and
is again more important further North, towards Laç (zone VIII). However, the major impact of the building
typology and construction quality should be considered.
Acceleration is defined by the code KTP-89 [6] as follows :
where :
●
is the fundamental period ;
●
is an intensity coefficient depending on the soil and the seismic area (see Figure 3-28) ;
is an importance coefficient depending on the type of building ;
●
●
is a coefficient for ductility as a function of the construction typology ;
●
is a function of the modal period and the type of soil (see Figure 3-33) ;
●
is gravity (9,81 m/s²).
Three different classes of soil are considered : from hard (I, rock) to soft (III, sands, clays).
According to an interview with an Albanian engineer, the KTP design spectra are more penalizing than those
from EC8. However, after consulting the codes, KTP does not always appear conservative and, like EC8, it
depends on the situation encountered. The paper in reference [7] makes such a comparison and concludes
on the contrary to higher horizontal efforts in a selected application case. By considering a building in Durrës,
we can reach comparable observations. The area in Durrës is classified as intensity IX, the field observations
revealed soft clay soils (category III in the sense of the KTP; class C in the sense of EC8), the seismic intensity
coefficient is therefore
according to the KTP. If neither the significance coefficient
nor the
structure coefficient
are considered, the spectra in Figure 3-29 are obtained. In this comparative
Figure, the EC8 spectra were obtained by calibrating the PGA on the 2003 study value.
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Figure 3-28: Albanian seismic zoning according to KTP-89

Figure 3-29: Comparison of regulatory spectra for Durrës soil conditions. Superposition with the Nov. 2019 earthquake response
spectra (recorded accelerations in component NS)

The elements presented above are likely to evolve over the next few years. Indeed, work is underway to
harmonise information and publish validated Eurocode format maps. One can mention recent studies:
•
•
•

first reassessment starting in 2003 together with introduction to Eurocodes (see ref. [8]) ;
Albanian EC8, in current state of National Annexes (see ref. [9] et [7]) ;
seismic map according to NATO (see réf. [9]).
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Figure 3-30: Seismic map developed in 2003 [8]

Figure 3-31: Acceleration spectra developed for Eurocode 8 in 2003 [9]

Figure 3-32: Seismic maps in acceleration according to NATO. Return period 95 years (left) and 475 years (right) [9]
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Figure 3-33: Comparison of design spectra according to KTP89 and EC8 [7]

3.5.4

Controls and respect of construction rules

3.5.4.1

Distribution of responsibilities in the construction sector

Prior to 1990, all decisions related to the building construction were made at the government level. At that
time, design was highly standardized. Until 1995, architects were automatically engineers, but this status
changed afterwards. The end of the communist regime explains the period of poorly controlled urbanization
that followed. Today, the issuing of building permits has been decentralised and is the responsibility of the
city halls. A commission is responsible for the evaluation of the requests submitted by the owners.
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During the building construction, two types of inspections are carried out and financed by the construction
company:
•
•

continuous control on site;
conformity control at the end of construction prior to delivery of the operating permit
3.5.4.2

Main issues

Albania is a country that has undergone a rapid transition from a highly controlled and centralised situation
(before 1990) to a period of massive and sometimes anarchic urbanisation in the 1990s. The return to
increased regulation only dates back to the 2000s, but compliance with standards is still not systematic in
practice. According to the testimony of one architect, it is generally not a question of design problems but
rather of implementation, the plans generally respect good practice according to the KTP. Our observations
in the field have indeed shown non-compliance with provisions that are indeed present in the KTP. Among
the points that could be improved, the mission noted the following:
•
•
•
•
•
•
•

inspections are mainly administrative and non-technical ;
inspections are sometimes missing ;
some constructions are erected or modified without any authorization ;
low quality materials are used, with less capacity than design assumptions ;
miscellaneous defects such as non conformity in reinforcements detailing rules (confirmed by
our observations of damaged buildings in further sections of report) ;
addition of new storeys to existing buildings, often without any permits ;
new buildings sometimes designed and built outside the rules by unauthorized persons (by the
owners themselves).

As a consequence, an addition to the questionable architectural impact, these facts raise the problem of the
obvious structural risk, even with regard to single gravity loads, and the notable vulnerability of existing and
new buildings to earthquakes.

Figure 3-34: Examples of building modifications. Creation of new storeys on top of a modern building in Durrës (left); Addition of
cellular masonry in an old building in Tirana (left)
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As reported by newspapers and international institutions, these problems are often related to corruption.
Efforts are being done by the authorities to address them, such as the surveillance of control bodies through
the use of geolocalized and locked digital tablets instead of paper sheets. But these controls focus on
compliance with architectural plans at the planning permission stage. As a result, it is not possible to
characterize the control of the execution of the works in terms of quality of execution with regard to the
plans and reference texts.
Probably for economic reasons, the dwellings are often occupied before their completion, thus in a
configuration that does not comply to that of the calculation. This results in a possible impact on the seismic
behaviour of the unfinished structure. Indeed, the dynamic characteristics of the structures are assessed in
the finished state and do not indicate potential vulnerabilities during the construction phase. On the other
hand, these constructions are unsafe in many other aspects (e.g. absence of parapets on stairs, unprotected
elevator shaft openings, unprotected reinforcing bars protruding). The consideration of the safety of people
(risk of panic, fall, fire) appears to be low.
Finally, we can also mention some false beliefs. After the earthquake in November, the press echoed the
testimony of a pensioner who had been affected by the earthquake and spoke of an unfulfilled law on the
limitation of 4-storey buildings in Tirana and Durrës. According to our interviews with engineers, such a law
does not exist.

4

Seismic sequence, seismic ground motion and induced effects
4.1 Seismic ground motion and response spectra

The seismological networtk of Albania (https://www.geo.edu.al) consists of 9 broadband stations (Albanian
Seismological Network, ASN) and 17 accelerometers (Albanian Strong Motion Network, ASMN) (Figure 4-1a).
During the earthquake of 26 November 2019, the Durrës strong motion station (DURR) was unable to record
the entire time signal due to a technical malfunction (Figure 4-1b). Over the first 15 seconds of the recorded
signal including the S wave, the maximum accelerations (PGA) recorded are 0.12 g, 0.19 g and 0.11 g on the
E-W, N-S and vertical Z components. In comparison, PGAs measured at the Durrës station during the
magnitude Mw5.6 earthquake of 21 September 2019 were 0.11 g on the 2 horizontal components and 0.09 g
on the vertical component. Although Duni and Theodulidis (2019) show that PGAs recorded at strong motion
stations (Table 4-1) decrease much more rapidly with distance than predicted ones by Skarlatoudis et al.
(2003) for Greek shallow earthquakes, it is difficult at this stage to compare the measured PGAs with the
prediction values due to the large uncertainty about the location of the earthquake, the lack of calibrated
prediction equations specific to Albania and possible site effects at accelerometric stations as indicated by
the low Vs30 values (Table 4-1). Finally, the acceleration response spectra calculated over the 15 seconds of
recorded signal indicate strong spectral accelerations (about 0.5 g) between 0.3 s and 1 s for 5% damping
(Figure 4-2).
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Figure 4-1 : (a) Location of accelerometric stations of the Albanian network ASMN ; (b) Accelerations recorded at Durrës station (from
Luni et Theodulidis, 2019).

Table 4-1 : Peak ground acceleration (PGA), velocity (PGV) and displacement (PGD) recorded by the E, N and Z component at the
strong motion stations of the ASMN network . Modified de Luni et Theodulidis (2019).
November 26, 2019 Event (M6.4)

Station
Code

Vs30
m/s

Epicentral
distance
IGEWE
(km)

by

Component E
PGV
PGD
PGA
cm/
cm
cm/s2
s

Component N
PGA
cm/s2

PGV
cm/s

PGD
cm

Component Z
PGV
PGA
PGD
cm/
cm/s2
cm
s

BERA1

1010

93.7

15.10

0.92

0.29

10.65

0.68

0.16

7.91

0.53

0.13

DURR

200

15.6

122.3

14.4

4.52

192.0

38.55

14.0

114.5

7.18

4.39

ELBAS

405

65.8

13.69

0.87

0.22

19.75

1.70

0.44

11.88

0.96

0.23

FIER

375

83.2

17.39

1.50

0.59

17.83

1.20

0.57

8.80

0.74

0.35

KKS

750

105

7.87

0.95

0.51

7.87

0.79

0.40

-

-

TIR1

310

33.7

113.9

7.57

1.80

110.0

6.65

1.77

43.49

2.16

0.73

TPE

690

128.2

5.36

0.72

0.26

6.28

0.79

0.22

3.88

0.37

0.11

-
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Figure 4-2. Pseudo-response spectra in acceleration for various dampings (D). Reproduced after Duni et Theodulidis (2019).

In order to illustrate the impact, at first order, of the uncertainty of the location of the hypocentre of the
November 26, 2019 earthquake on PGA, we have predicted for the different hypocenter depths provided by
the CSEM INGV, USGS, GFZ and IGEWE seismological centers the maximum accelerations on the horizontal
component using the ground motion prediction equation of Danciu and Tselentis (2007), calibrated on strong
motion recordings in Greece (Figure 4-3 a). We considered a Mw6.4 moment magnitude, a rupture
mechanism on a reverse fault and a D site class according to the NEHRP code (NEHRP, 1994), representative
of site conditions at the Durrës strong motion station (Vs30 = 200 m/s; Duni and Theodulidis, 2019). For
epicentral distances up to 40 km, the mean predicted PGAs vary significantly depending on the focal depth
(up to a factor of 5 for an epicentral distance of less than 10 km between the focal depth of 10 km given by
CSEM and the focal depth of 38 km given by IGEWE) (Figure 4-3 a).

Figure 4-3 (a) Mean PGA on horizontal component as a function of epicentral distance predicted by ground motion prediction
equations of Danciu and Tselentis (2007). Each colored curve is related to a given focal depth (Z). (b) PGA on horizontal component
(mean and standard devitation) at DURR strong motion station for hypocentral location provided by various seismological centers.
Recorded PGAs on the N and E horizontal components at DURR stations are indicated by gray lines. Predicted accelerations are
calculated by using a reverse faulting mechanism, a D site class (NEHRP code) and a moment magnitude of Mw6.4
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The peak accelerations predicted at the DURR station considering the epicentral distances provided by the
different centers are shown in Figure 4-3 b. These PGAs vary up to a factor of 5 for the locations provided by
EMSC and IGEWE, as a consequence of a significant difference in focal depth at a short epicentral distance
(between 7 and 15 km). The hypocentral locations provided by INGV, GFZ and USGS lead to predicted PGAs
that are most consistent with the recorded PGA at the DURR station. These observations illustrate the
importance for a robust prediction of PGAs and probable damages of a precise location of the hypocenter in
the case of earthquakes occurring near urbanized areas. However, these observations do not constitute a
tangible scientific result on the "performance" of the various seismological centres in providing the correct
hypocentral location during the earthquake of 26 November 2019. The region-specific crustal velocity model
being developed by IGEWE and GFZ will allow to refine the location of the earthquake hypocentre and the
ground motion prediction models in the Durrës region.

4.2 Co-seismic displacements
Analysis of Sentinel-1 satellite images acquired within the framework of the European Space Agency's
European Copernicus programme between 20 November and 2 December 2019 indicates an uplift of nearly
8 cm in the epicentral zone near the village of Hamallaj (Tsironi and Ganas 2019; Bedini, 2020; Caporali et al,
2020) (Figure 4-4), while the strong ground motion data at Durrës suggest a permanent uplift of about 1.2 cm
and a permanent horizontal displacement of about 5.4 cm to the SW of the DURR site. This direction of
horizontal displacement at Durrës is confirmed by GPS data from the permanent station at Durrës (DUR2),
which rather indicates a displacement of about 2 cm (Caporali et al., 2020).

Figure 4-4. Ground deformation (uplift) in the Light of Sight (LOS) direction of the satellite during the November 26, 2019 earthquake.
From Bedini, 2020.
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4.3 Geological site effects
In the municipality of Durrës, the geological effects predicted for the 2019 earthquakes are direct and
induced site effects at this stage of knowledge: seismic motion amplification at the surface and soil
liquefaction phenomena. It should be noted that no "lateral spreading" phenomena have been observed in
the port area of Durrës. In this report, we do not mention landslides for which we did not gather sufficient
evidence for an on-site observation.
In addition to the suspected amplification of surface seismic movement due to the filling of the basin with
weakly consolidated alluvial materials, we must add the possibility of a spatial variation in the seismic
amplification due to significant variations in sediment thickness in the Durrës basin. Thus, the seismic motion
imposed on structures can be significantly different at the scale of an urban district. The approach of site
amplification prediction computed on the basis of a 1D ground model with vertically propagating S-waves
may reach its limits in the real geological context. Given the geometry of the Durrës basin, 2D or even 3D site
effects can occur with singular spatial distributions of seismic energy.

Figure 4-5: Top, from left to right: census of liquefaction phenomena from 1905 to 1976 (according to Kociu, 2004), mapping of the
indices recorded after the earthquake of 26 November 2019 (IGEWE and AFPS emergency mission, 2019), liquefaction indices in front
of a collapsed hotel near the seafront (Lekkas et al., 2019). Bottom, from left to right: historical earthquakes that induced soil
liquefaction (Kociu, 2014). Aerial view of the coastline, damaged hotel district with evidence of liquefaction after the earthquake of 26
November 2019 (Lekkas et al., 2019).
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Moreover, with two earthquakes close in time, the interstitial overpressures that appeared in September
2019 in water-saturated soils were not necessarily dissipated when the November earthquake occurred.
A synthesis of soil liquefaction indices (sand boils to the surface, induced settlements), lateral spreading and
river bank failure during earthquakes in Albania over the period 1905 - 1979 was produced by Kociu (2004)
(Figure 4-5). This synthesis does not indicate any phenomena identified in the Durrës basin near the coast
during the earthquake of 27 December 1926. It is noted that the phenomenon is identified in this study for
magnitudes greater than or equal to 5.5. Efthymis Lekkas mentions some early signs of liquefaction in the
coastal zone after the November earthquake (Lekkas et al., 2019).
The strongest manifestations of the phenomenon are concentrated in the area of damaged hotels after the
earthquake of 26 November 2019 (one collapsed hotel, another partially collapsed and another with high
overall rotation). In this area, indices of sand boiling and cracking have been identified (Lekkas et al., 2019)
(Figure 4-5).

4.4 Macroseismic intensity/Damage distribution
The region of Durrës and the city of Thumanë were the most severely damaged areas during the earthquake
of 26 November 2019. Damages were also reported in the cities of Laç, Fushë, Fushë-Krujë, Kamëz and Tirana
(Lekkas et al., 2019). Here we only focus on the damage in the city of Durrës. The major damages reported in
the city, superimposed with the sediment thickness (Kociu et al., 1985) (Figure 4-6) show several
correlations.

Figure 4-6: Mapping of major damages including building collapses (McKenney, 2019) and map of iso-thicknesses of alluvial deposits
(Kociu et al, 1985).

In the axial zone of the valley (Zone 2), where poorly consolidated sediments are thickest, the disorders are
few in first analysis. Aleksander Moisiu University, located further north of this figure and not shown here,
shows no damage. The distribution of damage is rather concentrated in two lateral zones (Zones 1 and 3),
corresponding to the uplift of the bedrock with a dip varying from 5% to 35%.

43

REPORT
of the post-earthquake
missioninonALBANIA
the earthquake43
in ALBANIA
REPORT of the AFPS post-earthquake
mission
on the earthquake
/ 139

In Zone 1, a first distribution in the form of a strip corresponding to a thickness of 5 to 20 m of alluvium (Zone
1.1) can be distinguished (Figure 4-7). Some damaged structures are located in an intermediate zone (Zone
1.2) (Figure 4-7), corresponding to an alluvial thickness of 20 to 40 m (Figure 4-7). Finally, a higher density of
damaged structures is concentrated in Zone 1.3, corresponding to alluvial thicknesses greater than 40 m but
less than 70 m. After the eastern limit of Zone 1.3, the bedrock dip is very pronounced (> 25% or 25 m
thickness difference in 100 m horizontal distance).
Zone 3 is located at the edge of the shoreline, along a narrow strip, where the bedrock has a dip of around
10% with sedimentary thicknesses of 40 to 70 m.
The same interpretation exercise on another damage map (personal communication from A. Seranaj) allows
confirmation of the Zone 1 sub-areas and their extension northward (Figure 4-7). Kociu's map (1985) reports
tectonic contact (red barbed line, Figure 4-7) along Zone 1-1, linked to the presence of a deep fault, reputed
to have been active since the Pleistocene, around -2.6 Ma (Aliaj et al., 2004). Numerous damage reports
being distributed on both sides of this lineament in the northern part of the map, wave trapping phenomena
in a waveguide formed by the fault gouge (e.g. Rovelli et al, 2002) or seismic wave diffraction phenomena at
the interface between geological units with different stiffnesses (Zone 1 and Zone 1.2) (e.g. Kawase et al.,
1996; Riga et al., 2016; Sambouli et al., 2018) could explain the spatial distribution of damage observed in
Zones 1-1, 1-2 and 1-3.

Figure 4-7: Interpretation of damage distribution. Left: zoning based on Chiara McKenney's damage map. Right, based on Agim
Seranaj's survey (personal communication).

During the post-seismic mission, we carried out a number of seismic noise measurements (30 minutes of
recording at each site) using a 3-component velocimeter (Tromino instrument) to measure the ground
resonance fundamental frequency f0, using the H/V method (Nakamura, 1989). Because of the instrumental
characteristics, we systematically doubled the seismic noise measurements at each site by recording the
noise synchronously using two instruments. The similarity of the H/V curves obtained from these two noise
recordings and the first-order agreement between the resonance frequencies observed at the sites in the
basin and the resonance frequency measured on the S-wave phase (about 0.6 Hz) during the earthquake by
Duni and Theodulidis (2019) led us to interpret the H/V curves for frequencies higher than 0.2 Hz.

44

French of
Association
Earthquake Engineering
REPORT
the AFPSforpost-earthquake
mission on the earthquake in ALBANIA

44 / 139

Figure 4-8: Synthesis of HVSR measurements
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The absence of resonance frequencies at sites 15 and 2 indicates the presence of outcropping rock. The
resonance frequencies measured at sites 4, 5, 6 and 7 (Figure 4-8; sites located in Area 1.3) vary from 1 Hz to
0.7 Hz from west to east, corresponding to sediment thicknesses ranging from 50 m to 90 m when
considering a mean S-wave velocity between 200 m/s and 250 m/s using the velocity profile measured at the
Durrës accelerometer station (Figure 3-11). These thicknesses are - at first order - compatible with the
sediment thicknesses of Kociu et al. (1985). The H/V curves measured at these sites have a plateau-like shape
typical of areas with strong lateral variations in thickness (e.g. Uebayashi, 2003; Leroux et al., 2012). Sites 8
and 9, located in Zone 2, exhibit resonance frequencies close to 0.3 Hz. Assuming an average S-wave velocity
of 250 m/s, the seismic rock should be located at a depth of about 200 m, which is much larger than the
maximum sediment thickness (70 m) mentioned by Kociu et al. (1985). At sites 13 and 14, the resonance
frequencies are 0.7 Hz and 1 Hz, in agreement with the thicknesses reported by Kociu et al. (1985). In
conclusion, the Durrës sedimentary basin seems much deeper than expected. Given the dimensions of the
Durrës Basin (2 km wide, sediment thickness greater than 200 m in the center of the basin, soft deposits), it
is very likely this basin to be facing multi-dimensional site effects characterized by amplified ground motion
over a wide range of frequencies for frequencies above the fundamental resonance frequency (e.g. Bard and
Bouchon, 1985; Cornou and Bard, 2004; Theodulidis et al., 2018). These multidimensional site effects can
contribute to the spatial distribution of observed damage that can only be quantified by 2D/3D numerical
simulations and/or temporary seismological experiments.

4.5 Impact on foundations and soil-structure interaction
Except in the liquefaction zone at Durrës, where losses in load-bearing capacity could be at stake, no severe
foundation pathologies were identified during this mission. However, indications of settlement induced by
the 2019 earthquakes were observed (Figure 4-9).

Figure 4-9: 6 cases of buildings with their foundation mode. Illustration of the studied cases.

46

REPORT
the AFPSforpost-earthquake
mission on the earthquake in ALBANIA
French of
Association
Earthquake Engineering

46 / 139

For multi-storey buildings, the designed foundations are piles (Cases 3, 5 and 6) or rafts (Case 1 on 12m
ballasted columns, Cases 2 and 4). For buildings founded on deep foundations, the stiff clay substratum is
sought when it is located at less than 20 m/surface (Case 6, near Taulentia Street; length of the piles: about 8
m). Then, piles are only designed by friction for the greatest thickness of alluvium (Case 3, Kristo Sotiri Street
and 5, Hysen Myshketa Street). The slabs can be up to 1 m thick as in Case 1 of University A. Moisiu, where
there is no disorder. For this site, the soil was reinforced by stone columns with an average soil substitution
rate of about 7%. For buildings founded on slabs, primary consolidation settlements, independent of
earthquakes, can be observed for the buildings of the 1980s (Case 2). In this case, the thickness of alluvium is
greater than 30 m and the settlement is of the order of 50 cm. For the building in Case 4, Hysen Myshketa
Street, there are settlement indices with a rotation leading to a horizontal displacement of 50 cm at the top
in each of the two horizontal directions. According to the occupants, this settling could have originated from
backfilling in an area of archaeological remains.
Building referring to Case 5 is based on piles and is next to Case 4 building. There is nothing to report for Case
5 for which negative frictional stresses on the piles could nevertheless be expected. The presence of
archaeological remains (walls) that need to be preserved necessitated the bridging of these ancient
constructions.
The structures on slab may already have been subject to differential settlement before the 2019
earthquakes, as was the case for the structures of the hydrocarbon depot at the terminal located north of
the town of Durrës, which would have been pre-loaded with vertical drains.
The geology of Durrës is conducive to the manifestation of contrasting kinematic effects for the deep
foundations.

Figure 4-10: Identification of the period values TC and TD on the spectrum calculated for a 5% damping (right) on the truncated record
at 15 s of the earthquake of November 26, 2019 (left). Comparison with the horizontal elastic response spectrum Se(T)/ag for a
building of category II according to Eurocode 8, for a class D ground and a seismic zone 4 in France..

We can extract a simplified elastic response spectrum based on the recording collected on the DURR station
(Figure 4-10). To calculate the maximum surface displacement or dg, we identify the values of TC (1 s) and TD
(2 s). Spectrum of DURR gives directly agR.γI.S = ag.S considering γI = 1, the category of importance of a
building.
For the plateau value, Eurocode 8 gives Se(T) = 2.5 x ag x S x η. With η = 1. Then ag x S = Se(T) / 2.5 = 5 / 2.5 =
2 m.s-2.
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By applying the provisions of Eurocode 8, supplemented by TC 38 of the AFPS, the kinematic effects can be
represented with a constant displacement at the surface (no differential displacement between pile and
ground) (Figure 4-11). It can be seen that with the hypotheses formulated, the kinematic effect applied in the
Durrës basin for piles of constant length of 20 m, is significant for areas where the alluvial thickness is
between 20 and 50-60 m (zones 1.1, 1.2 and 1.3). Indeed, the deformation imposed on the 20 m piles
suggests a non-negligible stress due to the amplitude of the internal forces. This approach, which is valid for
1D cases, may encounter limitations due to the morphology of the Durrës basin. On the other hand, a
different value of the maximum surface displacement can be expected.

Figure 4-11: Regulatory kinematic effects according to Eurocode 8 for 20 m long piles. The maximum surface displacement dg is
imposed (10 cm). On the left, location of the profile (the alluvial thicknesses provided are for illustration purposes only). On the right,
kinematic effect on 20 m piles for variable D soil thickness.

We can notice that serious kinematic effects on deep foundations can be expected in areas where the
bedrock is steeply dipping. Nevertheless, damage related to this kinematic and/or inertial effect has not been
observed. However, it should be recalled that the code KTP-N2-89 does not require justification of the
foundations with respect to the soil-structure interaction.

5 Structural behaviour and damage to structures
5.1 Foreword
5.1.1

Objectives of our visits

The preparation of the visits was achieved through an analysis of the missions already carried out (virtual or
on the ground), some of the cases presented were taken from these references. Observations were made of
a sample set of structures representative of Albania's habitat types in both urban and rural areas. Some
infrastructure facilities could be examined according to the opportunities offered by our local contacts. (See
visits map in § 1.3).
On the other hand, the difficulties encountered were mainly due to the time lag between events and our
arrival. The remains of the collapsed buildings were cleared relatively quickly, so we were rarely able to
examine them. Hundreds of other buildings or individual houses, considered to be irretrievably damaged,
were already demolished in December (ref. [10]). However, there were still a number of buildings that had
been left standing since the earthquakes, or were being repaired.
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5.1.2

General damage assessment

5.1.2.1

Recap of key figures

According to press reports, approximately 11,000 buildings were damaged or destroyed by the earthquakes
of September and November 2019. The most affected areas in terms of proportion and loss of life were the
port city of Durrës (400,000 inhabitants) and the north-western inland area of Thumanë. At the beginning of
December, the government announced, on the basis of the first 6,000 emergency diagnoses, that 2,450 were
at least temporarily unusable and 460 were to be demolished (ref. [10]).
In Tirana, the press reported 70 buildings badly damaged and 250 houses affected. During our stay, the
residual traces of the earthquakes were in fact hardly visible from the outside.
In Durrës 176 buildings and 700 houses were heavily damaged (ref. [11]), requiring the relocation of
thousands of inhabitants. Some buildings collapsed, including hotels. According to the town hall 50,000
inspections were carried out. As of the date of the post-earthquake mission, 61 demolition permits had been
issued and almost as many reconstruction permits. 20 critical buildings were kept under police protection
pending a decision.
In the epicentral zone located at 15km in the North of Durrës, we did not see any visible external damage on
buildings (e.g. a new holiday centre a few meters from the beach at the location of the epicentre). In the
surrounding countryside, at first glance, there is little widespread damage, to the point that one does not
necessarily realize the seriousness of the disaster. With a trained eye, cracks in houses, which are not always
spectacular, can be detected in places and attention is then paid to the emergency tents set up in the
gardens. Finally, when one has the opportunity to go inside, major damage to masonry is often observed.
In the northwest, towards the village of Thumanë, we observed damaged houses, old buildings that had been
evacuated and a mosque that was also closed. Four structures were reported to have collapsed in this
locality, including a five-storey building (ref. [12]).
5.1.2.2

Correspondence between published reports and perception in the field

According to a report of the European Commission (ref. [13]) dated in October 2019, i.e. after the earthquake
of 21 September, the number of damaged buildings listed by the emergency inspection visits seemed
abnormally high compared to the impression of the authors during the field visit, and the feedback from past
earthquakes of comparable magnitude.
The proposed explanation was:
•
low quality construction, particularly in rural areas;
•
errors of appreciation, taking into account traces of pre-existing damage unrelated to the
earthquake (dilapidated buildings, old cracks, floods, etc.), taking into account dwellings
abandoned well before the earthquake;
•
different assessment methods depending on the municipality. Question about the consistency of
the national database and the lack of guidelines for inexperienced inspectors;
•
aggregation of all damages, including those associated with the recent floods.
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Figure 5-1: Comparison of historical data on the number of buildings affected or destroyed with the results of the September 2019
earthquake inspections (Dustin Matzel (TAST), figure relayed by ref [14]).

Perhaps our opinion would be more measured. Indeed, as explained earlier, houses or buildings that look
fine from the street can actually be badly damaged inside to the point of being uninhabitable. On the other
hand, in Durrës, we certainly saw an example of a building that had obviously been abandoned for years and
was recently marked with a red cross, but conversely we also saw a good number of houses that had not
been inspected (because they were not officially listed), certainly dilapidated, but probably still inhabited at
the time of the earthquake, or even afterwards. The comparison of our perception on the ground with the
conclusions of the European Commission in October should be interpreted with caution, since we went to
Albania after the more destructive November earthquake.
5.1.3

Effect of aftershocks

No less than 523 aftershocks were recorded in the 24 hours following the November earthquake M = 6.4.
Some of these aftershocks were again very violent, with magnitudes M > 5 causing panic scenes. Their
destructive power is worth mentioning since we are talking about 27 buildings and 163 additional houses
collapsed; some of these houses were weakened by the mainshock (ref. [8]).

Figure 5-2: Recording of the aftershocks on the following days, within a radius of 100 km around the epicenter of the November 2019
earthquake [15]
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The notable effect of aftershocks invites reflection on their treatment in design codes (Eurocodes or others).
The performance objective for "normal risk" buildings is to save lives during evacuation. The reintegration of
the premises cannot then take place without post-seismic diagnosis and possible repairs. This raises the
question of the economic opportunity to take into account aftershocks as early as the structural design stage.
This subject is in fact too rarely addressed. Design calculations are generally carried out in the elastic domain,
but it is sometimes admitted to introduce a reduction coefficient on accelerations to take into account a level
of ductility, i.e. a certain acceptable level of structural damage in the plastic domain. Energy dissipation by
ductility is indeed more economically profitable than a fully elastic strength design, which makes it possible
to reasonably design structures exposed to high seismic risks.

Figure 5-3: Examples of the effect of the aftershocks on structures [8].

The KTP-89 code also provides for structure coefficients ψ (between 0.2 and 0.45), which seem to be the
inverse equivalent of a behaviour coefficient q in the Eurocode.
Therefore, it might be advisable to consider a diminution in the reduction coefficient proposed by the codes,
in order to prevent an increase in damage in the case of an aftershock, for example to enable rescue teams
to work in greater safety. Typically, a force reduction coefficient is Rµ ≈ (2µ-1)0.5 with µ the allowed plastic
displacement/maximum elastic displacement. The aftershocks increase the demand for permanent
displacement by 60% on ductile structures according to Goda 2012 (ref. [15]). This is equivalent to a 15-20%
reduction in the Rµ coefficient as also demonstrated by Zhai 2015 (ref. [16]). The q value ≥ 1.5 often
recommended as in Eurocode 8 could therefore be reduced to 1.3 as a precaution.
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Figure 5-4: Proposed diminution of the reduction coefficient for an admitted level of ductility taking into account the risk of
aftershocks.

5.2 Types of construction
5.2.1

Before 1990

7% of the current habitat consists of structures dating from before the 1960s (ref. [17]). Often, these
constructions are today in an advanced state of dilapidation and considered very vulnerable to earthquakes.
In any case, they have not been dimensioned for earthquakes, as the KTP-78 code only deals with vertical
loads until the introduction of revision KTP-N2-89. Older masonry buildings have historically standardized
designs. Approximately 30 models have been catalogued in the National Archives (ref. [9]).
Two types of construction can be distinguished during this period:
•

•

detached houses before 1945, either vernacular in rural areas mainly, made of load-bearing
masonry and with thin walls (about 12 cm thick, as seen in Shkafanë on 2 damaged dwellings), or
often neoclassical style at R+1 (19th or early 20th) in load-bearing masonry with brick keystones
and stucco mouldings, mainly found in Durrës;
buildings in load-bearing masonry, not having links (from 2 to 6 levels).

Figure 5-5: Examples of solid load-bearing masonry construction

24-32% of current housing is made up of structures from the 1960s to the 1990s (ref. [17]), which
corresponds to the first construction boom. The buildings are spaced according to a strict and centralized
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urban plan. The current state of these constructions is generally quite worrying which invites. This one invites
us to present some observations concerning the built environment:
•
•

for load-bearing masonry buildings, the minimum wall thickness is set by code KTP78 according
to the number of floors (41cm on the first two levels, 38cm on the next two, 25cm on the last
two). These buildings are in a very dilapidated state due to lack of maintenance;
about buildings with reinforced concrete structure columns and floors (2-6 floors), we noted the
common absence of beams. The filling of the walls is carried out by solid masonry after the
framework, so it is not a question of reinforced masonry, but of framework with filling. With
respect to the earthquake, this type of structure is known to have the disadvantage of behaving
in a different way from the designed one. The mixed behaviour resulting from the bricks
generally applied without joints with the concrete framework can lead to the risk of damaging
them, or to the exertion of punctual shear forces on the columns;

Figure 5-6: Example of column-floor construction with reinforced concrete floor, solid masonry infill

•

about buildings with prefabricated reinforced concrete structure walls and floors (5-6 storeys),
from a seismic point of view, these structures seem the most appropriate since all concrete walls
can act as bracing. However, here again, there is a lack of maintenance of the common areas,
since there are traces of oxidation of the stirrups and bars, as well as damage to the concrete,
with risks of detachment of the façade panels. In addition, there are sometimes repairs or
modifications works carried out by occupants (individual, uncoordinated initiatives) that may
alter the building's response.

Figure 5-7: Example of construction in prefabricated reinforced concrete elements (Lezhë and Tirana)
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5.2.2

1990’s

These years correspond to the period of deregulation and the 2nd real estate boom. This still represents 21%
of the housing stock to date (ref. [17]). Cities are becoming denser and buildings are built next to each other,
often without gaps, which creates a new risk in case of earthquake. There are two main types of
construction:
•

buildings with reinforced concrete structure columns and floors (5 to 10 storeys). The structure
rarely includes beams. The use of cellular brick is spreading instead of traditional bricks for wall
filling. With respect to earthquakes, the risk of out-of-design mixed behaviour is always present,
provided that the cellular bricks, which are considered to be fragile, can transmit forces without
breaking. These constructions are very flexible in the absence of bracing walls and have
structurally open floors, particularly on the ground floor. Even stairwells or lift shafts do not have
reinforced concrete walls;
single-family houses in rural areas with the appearance of houses with a reinforced concrete
framework, columns and floors and cellular brick infill (R+1 or more). There is then a very strong
growth in the number of houses from this period onwards.

•

Figure 5-8: Example of column-floor construction reinforced concrete floor with cellular brick filling

These constructions resulting from a period of rapid and uncontrolled urbanization (Tirana, Durrës) are
known to have been built with materials of questionable quality and out of norms. In these years, we see
existing buildings expanding from the top by adding new storeys (solid masonry filling in the old floors, and
hollow bricks in the new upper floors). The seismic behaviour of these buildings becomes unpredictable as
the materials of the walls are not always known.
5.2.3

Since 2000

This period corresponds to a gradual return to more controls. However, construction techniques remain
unchanged. Structures remain very flexible horizontally. In particular, the following has been built during this
period:
•
•

buildings with a reinforced concrete structure (columns and floors) with cellular brick infill,
structurally open at all levels, the heights being sometimes more and more important; the
structure is most of the time set back from the façades;
single-family homes following the same pattern.
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It is not uncommon that constructions are not actually completed due to lack of money and/or inability to
find funding. One often sees along country roads frames of houses or buildings in which only one level has
been completed and is actually inhabited. One can also often see additions of levels or extensions that do
not seem to be planned in the initial design of the buildings. These modifications cause beyond design
overloads and often deviate from good seismic construction practice (eccentricity in plan, irregularities).

Figure 5-9: Examples of unfinished column-floor construction with reinforced concrete floor and cellular brick filling.

In addition, it is worth mentioning a lack of seismic culture except among a scientific elite. Even if these
constructions have been calculated, they are still quite far from recommended good practices and we note:
the lack of reinforced concrete bracing walls, the presence of thin columns, transparent floors, geometric
configurations that are not always regular, water tanks on the roofs representing a risk of falling.

Figure 5-10: Examples of very recent buildings, with sometimes appearance of curtain wall in facade.
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5.3 Analysis of residential buildings
It is important to note that a large number of collapsed or severely degraded buildings have already been
demolished and removed during our visits, with the exception of single-family houses that remain in the
countryside. This is why we also present in this chapter some lessons learned from reports written by
observers present on site in the days following the events.
5.3.1

Single-family housing

5.3.1.1

Traditional houses in load-bearing masonry (before the 90s)

Few occupied single-family houses have been observed in the town, except in Durrës, in the north of the
Byzantine market, a settlement of single-family houses, built before 1945 around a narrow roadway.

Figure 5-11: Single-family detached house, inhabited, in the north of the Byzantine market, plaster chips visible (left). Ancient
degraded house vacant before collapse not far from the town hall of Durrës (right)

In the countryside, hundreds of these houses are reported to be damaged. It should be mentioned that their
dilapidated condition makes them highly vulnerable overall. The examples illustrated below are typical of the
problems listed.

5.3.1.1.1

Example of a house in the village of Shkafanë located not far from the epicentral zone

Some of the damages and vulnerabilities identified include the following:
● a very thin wall (only one width of brick);
● an absence of reinforcing of the masonry;
● multiple shear cracks in the plane;
● out-of-plane brick falls;
● traces of a post-earthquake fire that had weakened part of the mudstone false ceiling, linked to the
framework; this type of ceiling can hardly be used as a diaphragm, as the lack of connectivity could
have contributed to the partial collapse.
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Figure 5-12: Load-bearing masonry house in Shkafane

5.3.1.1.2

Example of a house in the village of Thumanë

House of the type R+1, load-bearing masonry construction, unreinforced, a priori L-shaped, or with partial
extension to the ground floor according to the traces of foundation.
We noted on this house:
•
the collapse of an exterior wall (gable), due to the lack of connection of the façade elements, and
the absence of a diaphragm connection of the floor and roof;
•
an apparently very dilapidated initial state (doubt about the real occupation and the presence of
the floor of the R+1 before the earthquake);
•
successive changes to the openings on level 1 that may have weakened the structure.

Figure 5-13: Load-bearing masonry house in Thumanë

5.3.1.2

Reinforced concrete columns houses (years after 1990)

In the countryside, these houses appear everywhere along the roads. Even if we did not have the
opportunity to penetrate inside, some interesting examples are transcribed here from the simple external
analysis.
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5.3.1.2.1

Example of a house in the village of Shkafanë

House type R+2, load-bearing masonry construction insufficiently reinforced.
We noted on this house:
•
separation of the extension (staircase area);
•
a fragile rupture at the interface at the level of the passageway on the 1st floor (no continuity of
the reinforcement);
•
other multiple cracks inside.

Figure 5-14: Reinforced concrete house in Shkafanë

5.3.1.2.2

Example of a house in the epicentral zone

In the epicentral zone, many two-storey houses are present. They are generally modern and are designed
with a reinforced concrete structure and masonry infill. Some of them have irregularities in plan, such as the
one shown here, which has a more rigid external staircase on the left side of the building. The torsion thus
induced has degraded the masonry walls on the opposite side of the staircase, as well as the column heads.

(e)

Figure 5-15: Example of a torsional response. (a) Overall view; (b) Shear of masonry on opposite side of stairway; (c) Slight
disconnection on stairway side; (d) Stairway side facade; (e) Shear of column head.
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5.3.1.2.3

Example of a partially collapsed house in Thumanë

A modern three-storey reinforced concrete house in Thumanë was badly damaged. Like many similar
buildings, this house had an open ground floor (low rigidity compared to the upper floors). The causes of the
collapse are probably the following:
•
a failure caused by a phenomenon of weak columns accentuated by a torsion around a more
rigid axis due to the presence of an external staircase (see (b) and (d));
•
during the collapse, a central column punched the slab of the first level (see (c)).
Some construction flaws were also noted during the visual inspection:
•
low-density shear reinforcement (see (f));
•
very poorly reinforced post-and-beam joints (straight reinforcement at the ends, no L or Ushaped hooks, no steel frames) (see (e)).

Figure 5-16: Collapsed reinforced concrete house in Thumanë

5.3.1.3

Load-bearing masonry buildings (before the 1960s)

According to the newsletter of the University of Athens (ref. [9]) published after the September earthquake,
these buildings would have suffered a lot because of their great age and the obvious lack of maintenance.
There are also reports of non-compliance with the code of the time and poor quality of materials.
We visited this type of building in the village of Thumanë, where at least one similar building collapsed during
the November 2019 earthquake, causing the death of 24 people, with the rest having been evacuated or
demolished. Conversely, we saw examples in Durrës where no external damage was apparent. Finally, the
impression is that the behaviour is highly variable depending on the state of dilapidation of these
constructions and the response of the soil.
Bilgin's article (ref [18]) presents a model of this type of building subjected to a pushover analysis. It shows a
certain ductility, but above all a rather low lateral resistance due to the very limited characteristics of the
bricks and mortars in compression and shear.
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Figure 5-17: Example of solid masonry building modeling [18].

5.3.1.3.1

Example of an evacuated block of buildings in Thumanë

This building has a high vulnerability:
● wall thicknesses that do not conform to the KTP code (wall thicknesses can gradually decrease with
the floors);
● an irregularity in plan, L-shape not recommended for torsion and not conforming to KTP-89 good
practices (which seems to confirm that the building was built before 1989).
● an absence of reinforcement;
● unstable balconies, weighed down by subsequent infills.
Our on-site damage observations report:
● shear cracks;
● uncoupling of bricks;
● falling heavy plaster elements.

Figure 5-18: Load-bearing masonry buildings in Thumanë

5.3.2

Prefabricated reinforced concrete wall-frame buildings (60s - 80s)

We encountered this type of construction in Durrës and in the town of Laç in the North-West; we were able
to inspect internally. Although in a very dilapidated state of the envelope, very often no major damage
related to earthquakes is visible and none was found in our bibliographical research. These buildings with allconcrete walls show an appreciable behaviour to earthquakes since all the walls participate in the resistance
to horizontal forces, even if this was not originally imagined.
The system of precast panels was assembled on site by welding, according to the Soviet industrialization
practices of the 1950s, giving good joint strength. Most of the damage observed is rather cracks at the
junction of the elements.
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Figure 5-19: Building construction with precast concrete panels a) maintenance and adaptation according to the owner of the
dwelling; b) cracking at the junctions of the panels

5.3.3

Buildings with reinforced concrete columns with solid masonry infill (60-80's)

We did not have the opportunity to closely inspect this type of building during our visits. Externally, we did
not note any particular damage. Chiara McKenney had previously made similar observations (ref [19]).
Although the design is not ideal, the seismic behaviour of these buildings is not as bad as might have been
expected. Their response is the result of true composite behaviour, in contrast to the cellular brick masonry
discussed in the next chapter, which makes the buildings quite rigid and compact.
According to the University of Athens [9], only non-structural damage was observed such as:
● separation of the masonry from the cracks at the interface with the concrete structure;
● plaster falls.
5.3.4

Buildings with reinforced concrete column structure with hollow brick infill (after the 90s)

5.3.4.1

Main observations

Many buildings were hit in Durrës. Indeed, the non-structural parts have suffered substantially. The damage
is quite spectacular, leaving some of the torn façades visible from the street. Inside the apartments each
partition wall has literally exploded. These buildings are known to be horizontally flexible (reinforced
concrete columns of limited number and thin section, incomplete frame functioning due to insufficient
beams and stiffness of the floors). Cellular bricks, on the contrary, are known to be fragile, so that they
cannot accommodate the displacements imposed by the structure. Moreover, the bricks are almost all
arranged with the cells oriented horizontally, reducing the shear resistance. The resulting shear forces cause
them to crack easily.
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The inter-storey drifts are essentially absorbed by the masonry (slippage between joints), the carpentry units
(frames, glazing) then probably exhibit essentially rigid body displacements. Another debatable
interpretation suggested by the author in ref [19] would be that cellular bricks have a weaker capacity of
adaptation than glazings, even though they are known to be fragile.
Major damage has also been observed at the base of the structure of some of them, constituting
characteristic cases of weak columns.
5.3.4.1.1

Example of a building in Durrës in the stadium area

This building was one of the very first to be visited by the town authorities and inspectors in the aftermath of
the disaster. It has now been evacuated. The main structure does not seem to be affected. Field observations
reveal:
•
cross cracking of the masonry which is characteristic of shear in the plane;
•
dangerous masonry falls due to out-of-plane stress, leaving triangular openings created by the
pre-shear cracking;
•
no reinforcing and no belting, for example at mid-height for the stability of the fillings,
precautions which would not have solved all the problems since the bricks explode in pieces
under shear stress in the plane;
•
a damaged staircase on the upper floors;
•
a visual impression of slight overall tilting. Testimonies confirmed settlement and tilting
problems in the area.

Figure 5-20: Building in reinforced concrete column structure in Durrës, stadium area
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5.3.4.1.2

Example of a new building in Durrës

This building was in the processing of completion and handover at the time of the earthquake. During our
visit, it was being repaired identically in all the apartments. Little damage is visible from the outside except
for a few locally damaged façade elements. In particular, we noted the following:
•
numerous diagonal shear cracks (cracks materialized by the bursting of cellular bricks along the
path of the forces);
•
various cracks in the finishing plaster along the cable trays.

Figure 5-21: Nearly new building in reinforced concrete column structure in Durrës. Repair work on the finishing work in progress

Figure 5-22: X-cracking mechanism of infill masonry [20]

We asked the workers what repairs were being made to the damaged hollow bricks. Whenever possible,
broken bricks are replaced, otherwise a filler mortar is put in place and held in place with a mesh.
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5.3.4.1.3

Example of a building in the city centre of Durrës

While the facade on the shopping street side makes a good impression at first glance, this case is particularly
interesting because it reveals, in addition to non-structural damage, major damage to the base of the
structure, including plastic hinges in the sheared columns.
The damage observed on the ground floor is asymmetrical. It is possible that the building may have suffered
from the effect of an open ground floor.
Various constructive problems were observed by our mission, including the following:
•
the use of round bars (but this is allowed by the KTP);
•
the use of very thin shear frames compared to the cross-sections of the longitudinal
reinforcement (loss of containment);
•
insufficient reinforcement coating and traces of corrosion, reflecting a certain level of structural
obsolescence;
•
shear cracks in the masonry walls on the first level;
•
cracks in the flights of stairs.

Figure 5-23: Buildings with reinforced concrete column structure in Durrës city centre

Figure 5-24: Column shear collapse mechanism [20]
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5.3.4.1.4

Example of an evacuated building on the suburbs of Durrës

The study of this severely damaged building confirms the vulnerabilities associated with classic defects in the
city's building stock. It should be noted:
•
a marked irregularity in plan and elevation;
•
the use of coarsely stacked masonry, or even the absence of mortar; the bricks only hold
together thanks to the facade plaster;
•
the absence of reinforcing of the masonry;
•
geotechnical features (differential settlement) possibly preceding the earthquake, showing a
context of unstable soft soil.

Figure 5-25: Building in reinforced concrete column structure on the outskirts of Durrës

Figure 5-26: Soil settlements

5.3.4.1.5 Example of a collapsed building in Durrës
The collapse of this five-storey building resulted in the deaths of seven people. The building was a reinforced
concrete column-floor structure. The filling was made of cellular bricks. It was a relatively modern
construction; the initial state photo from Google Street shows a building that appeared to be in good
condition. Most of the rubble has been cleared away.
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Only the heads of the piles and some forgotten rubble remain visible, but also some clues among which we
note:
•
the use of round steel bars;
•
an apparently poor quality concrete (aggregates the size of large beach pebbles, cement paste
crumbly by hand);
•
remains of coring reveal soft, waterlogged soil at a depth of 50 cm, which may also suggest
liquefaction problems.
A "visual" analysis of the concrete fragments on site shows a weaker cement paste than the aggregates, the
latter being exposed and intact at the crack surfaces.
The Google Street view before collapse (Fig 5-27) shows a rather open ground floor and an additional level,
which may explain the selectivity of the collapse of this building compared to its neighbour.

Figure 5-27: Collapsed building in Durrës. View before (left); View after (right)

This building severely damaged the neighbouring building when it collapsed, in particular the base of the
columns, which were already vulnerable to shear stress. Analysis of these columns shows:
•
a very high ratio of vertical reinforcement (sometimes more than 4% according to our estimates);
•
but little shear reinforcement (very thin frames compared to longitudinal bars).

Figure 5-28: Collapsed building in Durrës. Photos of details taken from the rubble
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Figure 5-29: Collapsed building in Durrës. Damage to neighbouring building

5.3.4.1.6

Other examples

In the town of Durrës, there are many examples of collective housing buildings built on the principle of a
framework of reinforced concrete floor columns and hollow brick infill walls. A few photos are presented
below. The observations are always the same:
•
in-plane X-shaped cracking of the masonry sometimes followed by out-of-plane breakage leaving
the façades open);
•
loss of concrete coating on some structural columns, leaving corroded longitudinal
reinforcement visible and few shear frames.

Figure 5-30: Selection of photos of reinforced concrete post frame buildings and hollow brick filling

In the course of our interviews, we were told of other interesting cases to share:
•
we were shown pictures of a building where the columns exhibited plastic hinges at the base,
and where the rest of the building is completely intact in the floors including the masonry, as if
the weak columns had played an unexpected role of seismic insulation;
•
we were also shown a photo of a building where the columns were plastified by the first
earthquake in September and were replaced in the following weeks by much larger columns. No
damage was then noted during the November earthquake, proof of the reactivity of some
owners.
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5.3.4.2

Questioning about a resonance phenomenon (site effect)

We found that the most damaged buildings are often the tallest (7 to 10 storeys). This could have suggested
a phenomenon of resonance with a coincidence of the resonance frequencies of the building and the soil.
In order to better understand the context, we performed in-situ measurements to determine the proper
period of a few representative buildings (including soil-structure interaction) in addition to a series of
response measurements of the elastic dynamic properties of the soil (see chapter 4.4 on geotechnical
context).
The paper [7] published by a university in Tirana presents a case study of a R+8 building (height 25.2m). The
periods computed using an ETABS numerical model are 0.63s in the longitudinal direction and 0.98s in the
transverse direction.
It seems that :
•

the measured or computed periods are relatively consistent with an estimation by the empirical
formula of Eurocode 8;

•

the fundamental resonance periods of the soil are lower than those of the buildings, which does
not support the hypothesis of a 1D resonance phenomenon similar to the well-known Mexico
City site effect. However, the double resonance phenomenon cannot be completely excluded as
the Durrës basin is a good candidate for possible multidimensional site effects (cf. section 4). In
this case, ground motion amplifications are expected over a fairly wide range of periods below
the soil resonance period;

•

the building resonance periods are in the range of periods with the highest spectral amplitudes
on the pseudo-spectrum of acceleration response obtained from the Durrës DURR station
recordings (see location §4.1).

Whether there is resonance or not, the tallest buildings are the most flexible, so the demand for inter-floor
movement is greatest on fragile masonry.

Figure 5-31: Modal analysis of a typical building in Albania with a reinforced concrete structure [7]
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Note: the estimation of the frequencies measured from the accelerometers here is based on the analysis of the H/V ratio, which may
induce inaccuracy with respect to the extraction of the Fourier spectra of the horizontal components.
Figure 5-32 : Checking the fundamental period of the buildings. Comparison with soil fundamentals periods.

5.3.5 Observations by other missions
It is worth mentioning other case studies documented in the bibliography. Apart from fragile masonry
buildings, observations on reinforced concrete column structures (cellular brick filling) often lead to the same
patterns of ruin.
The StEER (Structural Extreme Events Reconnaissance) mission published a report on 14 December 2019 (ref.
[12]) at the beginning of which the main observations of the on-site reconnaissance ("key lessons") on the
collapsed buildings of Durrës and Thumanë are presented. These include in particular the following two
points:
●
●

numerous breaks by "weak columns";
a common lack of shear and containment reinforcement (90° hooks instead of 135°).

5.3.5.1.1

Teachings of reconnaissance by Chiara McKenney to Durrës (ref. [19])

While on vacation in the region, Chiara McKenney, a structural engineer from California, went to Albania 10
hours after the earthquake. She observed no significant damage in Tirana on November 26th, but she went
to Durrës on November 27th and was able to make a reconnaissance on foot and archived her observations
on an interactive map where geolocalized photos can be viewed. Her work allowed her to see the extent of
the damage since no demolition, clearing or repair work had yet been carried out at that time. She refers in
particular to significant damage suffered by the hotels that we were unable to observe during our mission. In
particular, she mentions a problem of discontinuous load lowering (Mira Mare Hotel) or open floors with
weak columns (collapse of the two lower levels of the Vila Verde Hotel). She also questions the existence of a
site effect given the close location of these collapsed hotels, as well as the role of the ground in the collapse
by rocking).
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Figure 5-33: Hotel Mira Mare in Durrës, reinforced concrete column structure. Before/after [19]

Figure 5-34: Hotel Vila Verde in Durrës, reinforced concrete column structure. Ruptured by weak posts. Before/after [19]
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Figure 5-35: Hotel Ljubjana in Durrës, reinforced concrete column structure. Suspicion of mode of breaking of the ground. Before/after
[19]

Figure 5-36: 5-storey residential building in Durres, load-bearing masonry. Before / after [19]

5.3.6

Reminder of the weak column theory

Several examples of collapsed (or structurally badly damaged) buildings or individual houses illustrate the
same known pattern of ruin. As a rule of thumb, if the seismic loading exceeds the elastic capacities of the
structure, the mode of collapse should remain progressive by distributing the energy dissipation relatively
evenly over the entire height.
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To achieve this, the formation of plastic hinges is preferable in the beams rather than in the columns, which
must themselves remain elastic, a concept commonly referred to as "strong column weak beams". The
objective is to maintain the structure in a stable state even when severely degraded to avoid the fatal
collapse of an open floor. Conversely, when columns are said to be weak, they represent a risk of sudden
instability by concentrating all the ductility demand. The phenomenon is very well described in the article
[21].
We found that constructions in Albania often consist of rigid floors connected by slender and few posts. This
configuration of low stiffness ratio posts/stiff floors is the least robust, especially as the soil is soft like the
one in Durrës. The disorders observed are characteristic of this theory.

Figure 5-37: Illustration of the weak-column problem [21]

5.3.7

Other damage modes

5.3.7.1

Vertical cracks

Buildings have cracked in a vertical plane over the entire height due to a lack of horizontal reinforcement,
probable excessive shearing of the floors and lack of resistance of the diaphragms, followed by an impact
when each part thus constituted vibrates according to its first mode. We present below some examples from
our mission and from missions prior to ours.

Figure 5-38: Examples of vertical cracks [9]
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Figure 5-39: Examples of vertical cracks in Dürres beach

5.3.7.2

Joint formation and collision

We observed vertical cracks at the interface between two buildings in multiple locations in the town of
Durrës. These cracks can sometimes be related to higher modes of vibration as suggested in ref [9].
We have also seen the case of one building leaning on another, filling an existing joint at the top.
Also, in terms of building interactions, we observed an example of column shearing by the floor of the
adjacent building whose floors were not in the same alignment.

Figure 5-40: Example of joint formation observation (left); Example of a building resting on the neighbour (right)
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Figure 5-41: Rare example of wide joint (left); Example of collision (right)

Figure 5-42: Example of column shearing by the floor of the neighbouring building

5.3.7.3

Monodirectional aspect

During an interview, we were told of two buildings that were a priori rigorously identical, oriented at 90° and
separated by several metres. One would have suffered much more damage than the other, which would
attest to a monodirectional horizontal stress. This observation is consistent with the accelerograms recorded
at the DURR station.
5.3.7.4

Vertical motion effect

Testimonies attest to strong vertical shaking. This could explain the damage observed on some buildings. The
following example shows cracks at a discontinuity in the descent of loads on the first floor.
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Figure 5-43: Example of the effect of the vertical motion

5.3.7.5

Rocking

We have very rarely been able to observe (or suspect) instabilities in the tilting of buildings. The example in
Figure 5-44 below - in addition to the widespread damage to the masonry walls - gave us a visual impression
of a slight tilting of the red building towards the white building.

Figure 5-44: Example of slight tilting

5.4 Public facilities
5.4.1
5.4.1.1.1

Hospitals

Example of the regional Durrës’s hospital

The administration building is a single-storey, reinforced concrete column structure with masonry infill. At
the date of our visit, very little damage was still visible, with the exception of an annex whose hard point
sheared off an adjacent water tower.
Other inspection reports (Refs. [8] and [19]), photos of which are reproduced below, report multiple crosscracks characteristic of shear failure of non-structural elements. These cracks continued to develop during
the November aftershocks. They have since been filled.

75

REPORT
of the post-earthquake
missioninonALBANIA
the earthquake75
in ALBANIA
REPORT of the AFPS post-earthquake
mission
on the earthquake
/ 139

This type of hospital building has been the subject of seismic studies in the past, in particular by the
University of Tirana (ref. [18]).

Figure 5-45: Durrës Regional Hospital [8]

An extension under construction has not suffered any damage, although it is still built according to the same
masonry filling principles.
We also noted, to be credited in the chapter on good practices, the presence of flexible joints between a
metal walkway and buildings, so that no punching phenomena occurred.

Figure 5-46: Durrës Regional Hospital. (a) Interaction between the physiotherapy building and the water tower; (b) Flexible joint

With respect to the behaviour of equipment inside the hospital, there were no particular problems to report
according to our interview with the management.
5.4.1.1.2

Case of a medical centre in the centre of Durrës

It is an old building dating from before 1990 (without further details on its date of construction). Little
damage is visible on the outside; however, this building has been evacuated and is no longer used. During
our visits, it is the only medical facility with Laç hospital (see next paragraph) to be evacuated, of which we
became aware.
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Figure 5-47: Durrës Medical Centre evacuated since the earthquake

5.4.1.1.3

Case of Laç Hospital

This hospital has been evacuated since the earthquake. As has been observed for many buildings, all the
finishing work and equipment has already been removed. It is difficult to know whether this is theft or
dismantling. The building consists of several blocks of different heights; damage is observed at the junction
of these blocks due to the different periods of oscillation and the absence of seismic joints.

Figure 5-48: Laç Hospital

5.4.2

Educational establishments

5.4.2.1

Schools

The schools are mostly made of solid masonry and have few storeys. According to the EERI report (ref [8]), 50
schools have been damaged in Albania. The school in Thumanë, the village the mission visited, has been
demolished, as well as the Bernardina Qerraxhia school on Mbreti Gert Street, not far from the Niko Dovana
stadium in Durrës. In both cases we found vacant land. None of the schools we saw, such as the Albanian
College in Durrës, of "New Neoclassical" architecture, suffered any apparent damage.
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Figure 5-49: Bernardina Qerraxhia School and the Albanian College of Durrës

5.4.2.2
5.4.2.2.1

Universities

Example of the Polytechnic University of Tirana, Faculty of Architecture and Urban Planning

We were able to inspect inside one of the buildings that has been condemned since the 1988 earthquake,
because of a too high risk of falling plaster blocks covering walls and ceilings. It is not often plaster but a
painted mortar, so it is indeed very heavy.

Figure 5-50: Faculty of Architecture and Urban Planning of Tirana. Scraps of plaster and unstable plasters (left photos); Recording of
the accelerograms of the November 2019 earthquake (right)

5.4.2.2.2

Case of the Faculty of Geology and Mining in Tirana

The mission was unable to make it to the scene. The observations reported here are taken from the EERI
report (ref. [8]) :
•
•

blocks of stone have come loose from the roof cornice ;
stone displacements in the corners at the base have been observed (probably a vacuum thrust
phenomenon).
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Figure 5-51: Faculty of Geology and Mines. (Photos after ref. [8])

5.4.3

Port facilities: the port of Durrës

We have been received by the management of the port authority. The main port of Albania, it alone
represents 90% of the country's maritime traffic (freight and passengers). It is therefore a strategic facility.
The earthquakes created a temporary operational problem due to a power outage. This did not seem to have
much of an impact on those in charge of operations because in the middle of the night there is less activity.
The situation was restored fairly quickly and the facilities were re-energized after about 40 minutes.
The infrastructure was relatively unaffected, but the earthquake alerted the port authority's management to
the urgent need to assess possible structural weaknesses. In the office buildings, only minor damage was
observed. The visit therefore focused on industrial equipment.

Figure 5-52: Welcome by protocol and working meeting at the Port Authority

5.4.3.1.1

Example of the bulk shed

A shed previously used to store various bulk goods has completely collapsed. It was a multi-arch reinforced
concrete structure consisting of a thin shell and few posts. This shed was disused at the time of the
earthquake and there were already plans to replace it. Inspection of the rubble shows :
•
•
•
•

the use of smooth steel bars;
signs of strong ageing accelerated by the marine environment (corrosion of reinforcements, loss
of coating) ;
problems with overlapping bars and anchors ;
the vertical component of the earthquake was probably responsible for the total collapse of the
structure, since the roof shell and the entire building appear to have fallen vertically and not
overturned sideways..
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Figure 5-53: Collapsed hangar on the port of Durrës

5.4.3.1.2

Example of grain tanks

In the vicinity of the collapsed shed are grain silos resting on flexible, non-braced metal posts. Some of these
posts appear to be out of alignment or even buckled. This damage could have been caused by the
earthquake, but according to the employees, it was due to impacts from trucks or cranes. These are, in any
case, points of weakness in the event of a future earthquake, which could merit a vulnerability study.

Figure 5-54: Grain tanks on the port of Durrës

5.4.3.1.3

Example of cranes

The cranes were not in use at the time of the earthquake. They were therefore "parked". In this situation,
wooden wedges block any excessive movement in the axis of the rails. Anti-tipping flanges prevent
delamination. Port employees told us that the cranes do not have a parking area. The definition of such a
zone could limit the risk of damage to other structures following a possible fall of the cranes.

Figure 5-55: Cranes on the port of Durrës
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5.4.3.1.4

Example of the passenger terminal

The passenger terminal in the port of Durrës, from which ferries to Italy and cruise ships depart, in particular,
is undamaged. It is a modern steel-structured building apparently equipped with all the necessary seismic
measures such as bracing systems and hinges.

Figure 5-56: Passenger terminal in the port of Durrës

5.4.3.1.5

Example of the area « old fishery »

Various unhealthy and unused load-bearing brick buildings have collapsed in this area. There is little to be
learned from inspecting the rubble.

Figure 5-57: Zone « old fishery » on the port of Durrës

5.4.3.1.6

Example of platform 9B

Wharf 9B is of particular concern to the port authorities. This wharf was apparently in poor condition before
the earthquakes, but new cracks have reportedly appeared. As a precaution, its use has been prohibited. The
result is a loss of operating revenue for the port in its current state, as it is a ferry wharf. A detailed diagnosis
is therefore planned with a view to possible rehabilitation work. We have only been able to examine the
upper face of the quay slab, which does indeed show numerous cracks. Some of them are certainly due to
visible corrosion of the reinforcement. Photographs of the underside had been sent to the AFPS "emergency
mission" at the end of 2019 and also reveal a very advanced state of corrosion of the beams supporting the
quay slab (longitudinal cracks).
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Figure 5-58: Wharf 9B on the port of Durrës

5.4.4

Tirana airport

The airport is a modern steel-framed building dating back about ten years. It can accommodate
approximately 2 million passengers per year. Very few signs of earthquakes have been seen. Broken glass has
been reported in the press but these are the only damages reported. The bracing elements of the structure
are clearly visible and the building has an apparently sound design.
Concerning the functioning of the technical equipment, there have been no unfavourable reports in this
respect.

Figure 5-59: Steel structure of Tirana airport

5.4.5

Public utility networks

Power cuts occurred in Durrës, Tirana and Thumanë, but supplies were quickly restored. Testimonies report
a delay of less than 2 hours. There was little or no interruption of the telephone networks (witnesses spoke
of an interruption of up to 40 minutes) and of the internet. The gas is not distributed through the network in
Albania, it is packaged in bottles.
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With respect to water, the drinking water supply network was little affected, with the most affected water
companies being mainly Durrës WSSC and Kruja WSSC. The most significant damage to the water supply to
the inhabitants of Durrës was recorded on 27 November, on an old pipe. The repair was carried out very
quickly.
In addition, most of the dwellings have roof tanks in anticipation of further water cuts. To provide better
pressure, these tanks are placed high up on very thin metal structures, which presents a significant risk of
falls. Such falls have been observed.

Figure 5-60: Examples of uncollapsed (left) or collapsed (right) water tanks in Thumanë

5.5 Engineering structures
5.5.1

Bridges

A Durrës highway bridge was inspected by a European Commission reconnaissance mission after the
September earthquake. Shear cracks had been observed in the lateral abutments of the piers. The pictures
show very narrow joints between these abutments and the deck, allowing a small freedom of movement for
the deck above the rubber bearings. It is not surprising, therefore, that significant forces passed through
these abutments.

Figure 5-61: Highway bridge in Durrës. After Septembre 2019 earthquake [14]

This bridge is still open to traffic. During our mission, we noted larger damage to these same structures as a
result of the more intense November earthquake. Several already weakened abutments were torn off and
fell to the ground. Concerning the condition of the rubber bearings, it is not possible to make a diagnosis
from below. An inspection is recommended to verify that the imposed displacements remained within the
acceptable elastic limit. The increase of the damage following the second earthquake raises the question of
whether the structure was not repaired before it was reopened after the first earthquake.
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Figure 5-62: Highway bridge in Durrës. New damage after Novembre 2019 erthquake

5.5.2
5.5.2.1.1

Dams

Example of the Shkafanë dam

Not far from the epicentre, a 20-30m high earth dam allows the irrigation of the fields downstream. At the
time of our visit, the reservoir was not full up to the crest. The reinforced concrete structure (water intake)
looks old. However, there are no visible signs of any particular damage related to the earthquake.

Figure 5-63: Shkafanë dam

5.5.2.1.2

Example of the Ulëz dam

Another dam was visited in the Northwest mountains (approximately 50km far from the epicentre). It is a 64
high concrete gravity dam built in 1957. It allows the hydropower plant to provide a power of 25 MWe.
Although this dam may lack maintenance on the visible elements from the pedestrian area (visible
reinforcements on the structures which support the opening the gates), there is no apparent sign of
additional damage to be related with the earthquakes. We were not able to access either the interior of the
hydroelectric plant nor inside of the blocks and galleries. In order to confirm the absence of modifications
induced by the earthquakes at the end of 2019, it would have been interesting to get measurements of uplift
pressure at the base of the structure to analyse before/after evolution. Indeed, these underpressures are the
predominant factor in safety assessment

Figure 5-64: Ulëz dam
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5.6 Industrial facilities
Our short visit schedule and the difficulties in getting appointments did not allow us to visit industrial
facilities other than those in the port.
One factory in the area of the motorway bridge could be observed from a distance (controlled access). From
the street fence, numerous cracks can be seen on the front of a reinforced concrete warehouse, at the
junction between the roof shell and the walls.
In the Northwest region, during our one-day car trip, we passed through some fairly old industrial areas
without finding any particular damage. It is unclear whether these old facilities were still in use during recent
earthquakes.

Figure 5-65: Example of cracked concrete warehouse in Durrës (left); Undamaged stacks in the Northwest region (right)

5.7 Cultural buildings, historical and religious heritage
5.7.1

Historical monument

5.7.1.1

Durrës

The ramparts of Durrës, dating from the Byzantine era, have been already damaged by past earthquakes
over the centuries. Some were repaired, modified or extended, according to the different visible types of
joints, materials and dimensions used (bricks, stones, ...). During the earthquake of November 26, 2019,
damage was observed in two locations of these old walls or ramparts.

Figure 5-66: Durrës, Anastas Durrsaku street a)Tower before 2019 earthquake ( Google Street view). b) and c) Collapsed tower

The collapse reveals roots with a diameter greater than 3 cm (b) in the fracture zone of the tower. The
structure was therefore already weakened by intrusive vegetation.
A little further North in the street and after passing another similar undamaged tower, an older collapse zone
can be seen in which a passage leading to the amphitheatre was created. Not far and bordering the latter is
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another collapse in a XVIth century wall established during the covering of the structure of the amphitheatre.
This wall extends as far as the Epidamne Boulevard.
Other elements of the ramparts still visible, such as the Venetian tower, did not have to suffer from the
earthquake

Figure 5-67: Collapse of ancient ramparts. Collapse of pedestrian way.

The columns of the Byzantine forum did not suffer from the earthquake either. A quick hand calculation
using the Betbeder-Matibet model enables evaluating the tilt acceleration to about 0.30g. The response
spectrum at the DURR station shows a PGA at 0.2g. It is therefore consistent to see the columns still
standing.

Figure 5-68: Columns of the Byzantin market

On Figure 5-69, two "Italian” style villas, apparently damaged by the earthquake, are given: the inhabited
one on the left has deep cracks through the openings. These are in-plan shearing of the masonry, indicating a
significant weakening of the load-bearing walls.
In the house on the right, apparently uninhabited and very deteriorated, in addition to shear cracks in the
continuity of the openings, there are complete failure and collapse in the front-side panels.

Figure 5-69: Damaged Italian style houses,including partial collapse of the front wall

86

REPORT
the AFPSforpost-earthquake
mission on the earthquake in ALBANIA
French of
Association
Earthquake Engineering

86 / 139

5.7.1.2

Krujë : ruins of the Skanderbeg castle

Krüje Castle is situated on a rocky promontory, offering a very favourable defensive natural refuge and a
remarkable view of the plain and the sea from which possible enemies could come. The castle is located
halfway up the Krüje mountain.
The castle consists of an enclosure inside which one can see traces of the mansion and the ruins of the
church in the upper courtyard, the hammams, and the mosque in the lower courtyard. Inside the lower
courtyard, the Museum in Glory of Skanderbeg was built in the last years of the communist era.

Figure 5-70 Skanderbeg castle (Google Earth view) : damages location

Damage to the castle wall in the form of landslides has been noted in two locations (the Northern apparently
occurred after the November 2019 earthquake). There is no protection around the damage, the crumbly
stones are trampled on and already damaged.
On the square tower, which is the bell tower of the former 15th century church, two widely open cracks
appear on the west and south sides. Between December 2019 and February 2020, opened cracks are visible
on the West and South sides. Between December 2019 and February 2020, the West one was roughly filled
with cement. The wall installed in the extension of the ruins of the minaret of the Sultan Fatih Mehmed’s
mosque, has an opened crack.

Figure 5-71 Skanderbeg castle : a) and b) North rockfall ; c) East rockfall, more recent ; d), e) and f) XVth century church tower ; d) and
e) West sides ; d) December 2019 picture, by AFPS emergency mission ; d) February 2019, cement repairment, ; f) South side ; g) and
h) minaret of the mosque built between 1478 and 1490 ; g) Opened crack at the interface with free wall; h) information panel
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5.7.2

Museums

5.7.2.1

Durrës Archaeology Museum

The Durrës Archaeology Museum indicated damage, mainly to masonry and plaster, although vertical
compression cracks have been observed on reinforced concrete columns. None of the historical pieces
suffered damage despite the probably instability of some of them (notably Roman columns, sometimes with
stone blocks simply placed at the top). This is probably due to a relatively low ground acceleration.

Figure 5-72: Minor structural damage, intact pieces inside Durrës archeological museum. (a) unstable pieces (b) compression of
internal pillars (c) punching and shear failure at the corners (d) global view

5.7.2.2

Durrës Ethnographic Museum

The ethnographic museum, which is also a building of heritage interest, is located in the former house of the
actor Alexandre Moïsi (1879-1935), an old 19th-century house, of which the well remains, with load-bearing
walls of massive dressed stone masonry, an interior structure of wooden floors included in the masonry.
There was no apparent external damage, but internal damage was reported at level 2: plaster cracks,
damage to the wooden floor.

Figure 5-73: XIXth-century house, Colonel Tomson’s street, stone masonry. Damage to wood floors
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5.7.2.3

Gjergi Kastrioti Skanderbeg Museum (Krujë castle)

The Krujë fortress houses the National Museum "Gjergi Kastrioti Skanderbeg", built in the early 1980s by the
architects Pranvera Masha and Pirro Vaso. Inside the museum, there are many original bibliographies,
documents, objects and authentic reproductions that represent the history of the Albanian people in the
15th century. It is a rather surprising pastiche architecture, made with reinforced concrete column-and-beam
structure with in-fill masonry.
Minor cracks have been found inside on the North wall at level 2. Figure 5.74 illustrates the presence of
cracks along a West-East ascending diagonal, following the path of the masonry blocks; the earthquake
caused the failure in the lower part of the bay window made of several modules and installed perpendicular
to the photographed wall. This elongated element failed in its most fragile part.

Figure 5-74: Kombetar Gjergi Kastrioti Museum. Details of minor cracks

5.7.2.4

Krujë Ethnographic Museum

The ethnographic museum is housed in a beautiful Ottoman house in the citadel, and gives a very good
insight into how some Albanian families lived in the 18th and 19th centuries. Built in 1764, this house
belonged to the Toptani family, one of the richest in the country. The UNESCO report "UN support to Albania
-Earthquake recovery" of February 2020 [1] does not mention any specific damage to this museum.

Figure 5-75: Krujë Ethnographic Museum
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5.7.3

Religious buildings

5.7.3.1

Mosques

Little damage was observed on these religious buildings during the mission. Only the mosque of Thumanë
presented damage which required its evacuation. These religious works were generally built after the end of
communism; these buildings are therefore relatively recent outside the Haxhi Et’Hem Beu mosque on
Skanderbeg square in Tiranë, not visible because in heavy restoration work for several years.
The Mosque of Thumanë is apparently made of reinforced concrete and infill masonry. The minaret itself had
quite good seismic resistance, but the interface between the minaret and the main building has suffered
significant damage, evidence of interaction phenomena between the two structures. The peripheral walls
show shear cracks on a majority of the façades. Plaster blocks have fallen to the ground inside.

Figure 5-76: Thumanë mosque

6 Crisis management
6.1 Emergency Management
6.1.1

Governmental organization

The Albanian civil security organization includes several entities from the governmental level up to the
municipalities.
Since the declaration of independence in 1912, Albania has undergone a total of 21 territorial administrative
reforms. Its administrative boundaries have been divided and/or merged into regions (krahina), prefectures,
sub-prefectures, counties (qark), districts (rrethe), municipalities (bashki), towns, communes (komuna),
districts (lagje), villages (fshatra) and localities.
The country is currently divided into 61 municipalities and 373 local governance units.
The counties, which have replaced the former districts, constitute the first level of local governance and are
administered by the prefect (prefekti) and a county council (këshilli i qarkut). The prefect is the
representative of the Council of Ministers. Since 2000, there are a total of 12 counties.
The second level of government is the municipalities (bashki), which are the result of the merger of several
former municipalities and communities. They are headed by a mayor (kryebashkiak or kryetar bashkie) and a
municipal council (këshilli bashkiak), elected every 4 years. Municipalities are further subdivided into local
governance units (njësi të qeverisjes vendore). As of 2014, there are a total of 61 municipalities.
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Division of the regions, identification of the 12 counties, and identification of the counties around
Tirana and Durrës

Figure 6-1

Among its direct responsibilities, and concerning civil protection and security, the central government is in
charge of:







the overall policy, adoption of strategies, policies and programs for the prevention, mitigation,
preparedness and response to civil emergencies;
international cooperation, (preparing and sending out an appeal for international assistance if
necessary, via the offices of the Ministry of Foreign Affairs );
management of the National Civil Emergency System;
the declaration of a state of civil emergency;
coordination of the tasks, actions and activities of national and local government institutions, the
Albanian Red Cross, various volunteers and donors;
supervision of the process of calculating and estimating the damage suffered by the disaster
situation, identification of potential means for the rehabilitation of the disaster area, and proposals
for solutions presented to the Council of Ministers.

The Ministry of the Interior and each of the ministries and agencies involved in the planning and handling of
civil emergencies are responsible according to their areas of competence (the organization of the territory
being devolved to the Ministry of Urban Development and Tourism).
Thus, the following entities have participated in the work with the EU on the methodology for carrying out
emergency investigations of buildings after the earthquake of 21 September 2019 [14]:









General Directorate for civil emergencies: Director of Security/Civil Protection
Institute of construction
National housing agency
the municipality of Durrës
the municipality of Tinana
the municipality of Kruja
Karka Administrive Unit
Bubq Administrative unit
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6.1.2

Regional level

At the regional level the prefects are responsible for the following tasks:








The regional civil emergency plan;
The Qark Commission (regional councils) for civil emergency planning and response;
Civil emergency response;
Supervising and managing, at regional level, all representation of the central structures, which
have been incorporated into the regional civil emergency plan (Qark).
Respond to civil emergencies beyond the capabilities and means of the region, by requesting that
a state of civil emergency be declared in part or all of the region.
Responding to a civil emergency at the national level, by maintaining constant contact and
coordinating actions with the Minister of Local Government and Decentralization, the Ministry of
Civil Affairs
the prefect manages emergencies with the Inter-ministerial Committee for Civil Emergencies and
the head of operations, and depending on the situation that has developed, with the Prime
Minister as well.

The Prefect is the head of the Regional Civil Emergency Committee.
6.1.3

Local level

At the local level, mayors are responsible for the following tasks:







Civil emergency planning and crisis management;
Local Civil Emergency Commissions;
The organization and coordination of the development of the plan;
The organization and coordination of emergency preparedness;
The implementation of protective measures;
Local Task Forces.

The responsibility for actions remains at the level of the municipalities, the direction of operations is
entrusted to the Mayor, Director of Civil Protection, Director of the Municipal Police and of the assigned
operational forces.
Following the earthquake of 26 November 2019, the emergency services were mobilised to rescue, clear the
ground, search for victims and assist the population in the counties with the highest stakes in terms of the
potentially affected population: Tirana and Durrës.

6.2 Virtual missions and use of satellite images for damage identification
The missions without moving on site, called "virtual", allow through the analysis of digital data, media or
social network information to have a first point of situation regarding the damage. These missions are mainly
scientific in nature, however the processing of this information is also an important point in crisis
management, the organization of relief, and the facilitation of a return to normalcy.
For the AFPS post-earthquake mission in Albania, given the lack of local contacts at the start of the mission,
the study of these virtual missions made it possible to orient the objectives of the mission. Among the many
sources of technical information, the following can be mentioned:
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Information from the COPERNICUS programme
The Virtual Earthquake Reconnaissance Team (VERT) EERI Reports
The newsletter of Environmental, Disaster, and Crisis Management Strategies (EDCMS) of the National
and Kapodistrian University of Athens [9].

It should be noted that, as mentioned in the AFPS technical notebook of June 2015 [22], it is advisable to
remain cautious about the information collected. As a preamble to our mission, a first synthesis has been
prepared, giving us indications on the orientation of the visits to be carried out on site, in order to confirm
the collected elements, or even to complete them.

6.2.1

The COPERNICUS program

Copernicus is a European Union programme to develop european information services based on satellite
Earth observation and in situ (non-space) data. [www.emergency.copernicus.eu]
This user-oriented programme and the information services provided are available to its users, mainly public
authorities, on a comprehensive, open and free of charge basis. Its objective is to monitor and forecast the
state of the environment on land, at sea and in the atmosphere, in order to support climate change
mitigation and adaptation strategies, effective emergency management and improved safety for every
citizen. The information provided by Copernicus improves the safety of people, for example by providing
information on natural disasters such as forest fires or floods, and thus helps to prevent loss of life and
property and damage to the environment.
Six Copernicus services transform comprehensive, free and open data into value-added information by
processing and analyzing data and transforming it into services and products such as information maps and
data sets:
●

The Copernicus Atmospheric Monitoring Service

●

The Copernicus Marine Environmental Monitoring Service

●

The Copernicus Land Monitoring Service

●

The Copernicus Climate Change Service

●

Copernicus Emergency Management Service, and Security

In the case of the earthquakes in Albania on September 21 and November 26, information was provided to
the authorities to guide relief efforts for the victims. On November 26, the European Union Emergency
Response Coordination Centre requested the activation of the rapid mapping service to support local
authorities and organizations in rescue and recovery activities. The user of the service defined six areas of
interest (AoI), four of which are north of the capital Tirana and two in the west, including Durrës. The service
was asked to classify the elements to assess the damage caused by the earthquake to buildings, transport
infrastructure and networks. Corpenicus uses, among others, sources from the Global Disaster Alert and
Coordination System (GDACS) and the United States Geophysical Survey (USGS).
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Figure 6-2 Copernicus map showing Areas of Interest

Over the next three days, five classification products were produced. Although no visible damage was
detected to the transport infrastructure in the areas analysed, an assessment of the buildings in the area
revealed that 267 buildings were affected (i.e. possibly damaged, damaged or destroyed). The area around
Kamza appears to be significantly affected with 103 listed buildings. The location of temporary camps was
also provided as additional information on the crisis. No damage has been detected in the northernmost area
of Laç at this stage.
The first mapping below presents the historical seismicity, the rainfall in relation to the risk of flooding or
landslides, the areas of intensity, the location of sensitive infrastructures (energy, dams, airport, port), the
death toll, and the EU response on the spot.

Figure 6-3 Mapping of November 26th presenting the seismic event
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The second map presents areas of intensity, aftershocks, the location of sensitive infrastructures (energy,
dams, airport, port), casualty assessments, the EU's response on the spot, and more information on the
damage, with a zoom on the areas of interest [23].

Figure 6-4 Cartography of November 29th presenting the first damage estimates

Copernicus presents a newsletter, updated according to the information gathered, for the earthquake of
November 26, 2019 [23].
Macro-seismic intensities were estimated on the basis of the GEDACS ADAM program. They were
subsequently refined by field surveys.

Figure 6-5 Map of 9 December showing damage estimates
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Figure 6-6 GDACS mapping from the ADAM program

6.2.2

EERI report « Virtual Earthquake Reconnaissance Team » (VERT)

The EERI report is based on a compilation of information by a collective of scientists, seismologists, structural
engineers, and other natural disaster specialists [8].
This report is based on information within 48 hours of the earthquake.
It includes the following topics:











characteristics of the earthquake;
building codes;
aftershocks;
hospitals;
schools;
homes;
geotechnical damage;
networks;
emergency response;
construction culture.

Figure 6-7 Coverage EERI Report
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All subjects are associated with references. For example, in crisis management, the topic refers to the
international presence for the rescue and search of survivors, as well as for damage assessments. The
references presented are press articles. The strength of this type of communication is the synthesis of a set
of technical information associated with the event. For the AFPS post-earthquake mission, this report
allowed the identification of orientations on the objectives of the site visits.
6.2.3

The Newsletter of Environnemental, Disaster, and Crisis of the National and Kaposdistrian
University of Athens

Contrary to the virtual EERI mission, the EDCMS newsletter for the November 26th earthquake was written
after a team of Greek specialists travelled to Albania in the days following the event. The link with the
earthquake of 21 September 2019 is presented, the same team having also produced a mission report
"newsletter" for this first earthquake [24].
This report is an important part of the presentation of seismological data from different sources, it is mainly
a geotechnical reconnaissance. It also presents the elements of GDACS and Copernicus. The main
construction typologies are presented through localized examples. An interesting point is the comparison of
the damage observed on the same buildings between the earthquake of 21 September and that of 26
November. The analysis on liquefaction and soil conditions is particularly well documented.

Figure 6-8 Illustration of emergency accommodation in Durrës in the Newsletter

6.3 Post-earthquake building inspection
6.3.1

Emergency diagnosis following the earthquake of September 21, 2019

Triggering of emergency and building assessments
On 21 September an earthquake of 5.6 Mw at 14h04 UTC was followed by an earthquake of 5.1 Mw at 14h15
UTC. Two days later thunderstorms and heavy rains caused floods increasing the catastrophic effects. Relief
was deployed under the authority of the prefects, with the priority objective of bringing relief to the victims.
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After the main event, at least 30 aftershocks were felt in the region. As of 23 September, at least 80 people
had been injured and around 375 buildings damaged (187 in Tirana county, 188 in Durrës county). The
national authorities then set up evacuation camps to assist the affected population.
In view of the extent of the damage, the Albanian government requested international assistance. Foreign
relief units intervened in the different areas of damage. According to the report of the Union Civil Protection
Mechanism [14], 13 states provided assistance.
An EUCPT unit (European Union Civil Protection Team) was deployed in Tirana with the aim of coordinating
international action through the coordination of a Damages Assessment Coordination Cell (DACC). According
to the DACC report, several assessment methods were initially applied, varying from one region to another.
This observation, and the difficulty in harmonising the conclusions, led to a complementary mission to
support the Albanian government in the implementation of a suitable methodology for building damage
assessments [25].
The resources provided for carrying out emergency damage assessments are exclusively engineers. The
status of "engineer" is linked to a level of university qualification associated with individual legal
responsibility. Engineers are responsible for the assessments through the signature and stamp of their
organization. According to the testimonies received, initially only engineers from the Albanian civil service
were solicited among the state services, public bodies, regions and municipalities. They worked in teams of
two to three people, with a minimum of one "structural" engineer per team.
The EU Delegation in Albania was in contact with the national authorities and the ERCC (European
Emergency Response Coordination Centre) continued to monitor the situation.
Assessment tools
Initially the evaluation tools were limited to a standard model with pre-written paragraphs, the conclusion
always being signed by the engineer with his stamp. This is a damage report model, with an annotation on
the habitability of the construction.

Figure 6-9 Example of different damage assessment sheets in progress during the earthquake of September21, 2019
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There were very brief sheets and sheets with estimated repair costs that could be used for compensation.
These costs were based on a pre-established scale in the form of a ratio per square metre, with reference to
a national guide [26]. The return of the EU UCPM mission highlighted the different forms of documents
established to enable a decision to be taken on the habitability of buildings according to the districts. It
should be noted that no particular instructions were associated with the elaboration of these damage
assessments.
Results and impacts
The EU assistance mission highlighted the need to harmonise an assessment sheet adapted to the seismic
risk, oriented towards the level of damage without taking into account the cost of repair work in emergency
situations.
In its report, the EU presented a standard methodology for damage assessments to buildings, which was
generally used following the earthquake of 26 November 2019 [14].

6.3.2

Emergency diagnostics following the earthquake of november 26, 2019

Triggering of emergency and building assessments
Relief was deployed following the authority of the regions in order to bring relief to the victims. In Durrës,
Port engineers were the first to be deployed to assess the damage to buildings in the urban centre.
The Albanian government's request for assistance from the international community was made on 27
November, followed by the deployment of foreign rescue units for the rescue and clearance phase, and the
deployment of engineers for damage assessments. The first foreign structural engineers deployed were
Italian units 12 hours after the earthquake, with conclusions on the damage being reached by painting
markings on buildings.

Figure 6-10 Summary marking of damage assessment DS4

The first Albanian teams visited the different sites using the methodology created following the earthquake
of 21 September 2019.
The different teams in the first days were not necessarily coordinated, and several teams followed one
another on the same buildings, unfortunately not always with the same opinion.
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Engineer Chiara Mc Kenney (EERI) spontaneously went to the site on 27 November 2019, to share her
observations [19], which were later included in the EERI reports [8], without apparently joining the damage
assessment, methods and organisation coordination unit.
The proximity of the earthquake of 21 September 2019 did not necessarily lead to better organisation during
the earthquake of 26 November 2019. For the Albanian participants in charge of damage assessments,
initially only civil service engineers were called upon, from among the state, district and municipal services.
Not all of them were specialists in the building sector, there could be, for example, VRD and electrical
engineers. In a second stage and in response to demand, teaching engineers from public and private
universities were solicited, then private structures.
The increase in coordination was entrusted to a DACC cell managed by the European Union [25], which made
it possible to organize teams in which international and Albanian engineers were voluntarily associated. The
cell was opened on 29/11, i.e. 3 days after the event.
However, the experience of the earthquake of 21 September made it possible to implement the two-stage
method proposed by the European unit to the Albanian authorities [ref [14]]:
In line with Albanian practice in many municipalities, it was proposed to use two different damage
assessment procedures (Figure 6-13). These are:
1. a rapid assessment
2. a detailed assessment
This method follows the recommendations of the UCPM following the mission during the earthquake of 21
September 2019. During the emergency phase following a disaster, it allows to respond to the need for:



Quickly identify buildings that present a risk for the occupants and around the buildings.
Quickly obtain an overview of the quantities of buildings (dwellings) with their damage levels, to inform
civil protection planning.





Figure 6-11 Schematic summary of the two-tiered methodology (source DACC report)
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This can be achieved through rapid assessments by civil or structural engineers, architects, building
inspectors and disaster workers. For critical buildings, complex cases and doubtful cases, a detailed
assessment may be required.
Doubtful cases are those where the result of the rapid assessment may be disputed, or where there is
uncertainty about the results, which may be questioned because of pre-existing seismic damage, or because
inspectors and occupants know each other.
1st level of rapid assessment:
Carried out at almost the same time as the rescue of victims, this first level of assessment makes it possible
to declare whether a building is "occupiable", if additional notification is required, or "unoccupiable", the
latter judgment leading to the evacuation of residents with the support of law enforcement agencies if
necessary.
Table 6-1 Presentation of the damage assessment method

Method

Suggested Competencies

Objectives

Rapid assessment

-Building Inspectors

Rapid assessment of building security. Used to
quickly display obviously unsafe or apparently
safe structures and to identify necessary
restrictions on building use.

-civil or structural engineers
-Architects
-Rescuers

Detailed evaluation

Structural Engineer

Through a visual assessment of a building. Used
to evaluate questionable buildings, to identify
necessary restrictions on the use of the building,
or to identify the need for a technical
evaluation.

French teams intervened within the international structure in the continuation of the rescue and salvage
clearance operations. These were two teams from the Civil Security units who made groups of 3 and 4
people available to take part in the damage assessment operations. They were FORMISC (Formation
Militaires de la Sécurité Civile, Military Unit of Civil Protection) personnel, with the skills of "building
specialists" who, after leading the search for victims, were involved in the rapid damage assessments.
- France 3: 4 people, resp. Stéphane NISSILE UIISC7 from 30/11 to 3/12 (4/5d)
- France A: 3 people, resp. Sebastien DE ROCHE from 30/11 to 3/12 (4/5d)
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Captain Sylvain CHEVAL (UIISC7) explains: "We were part of a team of four people: an Albanian engineer and
architect, and we were rescue specialists in pairs. At the end of each day, during meetings at the town hall of
Durrës, an area was assigned to us for the next day's visits. This sector was defined according to the
information on the ground and the requests of the residents. During our visits, we were frequently
approached by the population for further assessments. The population was very attentive to our remarks; the
proximity of the crisis implied the need to be reassured. The questions were also justified by a form of mistrust
about the quality of the constructions due to the absence of building permits or the supposition of corruption.
We brought our technical know-how to bear on the decisions. The summary sheets were returned to the
Coordination Unit to inform the owners. Decisions were always taken by the Albanians with the help of our
advice. During this phase we had no particular tools or means to carry out these observations. »

Figure 6-12 Official document received by the owner indicating "I PA BANUESHEM": uninhabitable

These interventions demonstrate FORMISC's ability to rapidly deploy first-level skills to the scene of a
disaster in order to carry out a first level assessment.
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2nd level of detailed evaluation.
From the second week after the event, these detailed assessments made it possible to carry out a more
detailed diagnosis, based on a descriptive methodology leading to damage classifications on the EMS type
scale from DS1 to DS5, largely inspired by the Italian AeDES methodology [13] . This method was the subject
of a video presentation, for a better appropriation by the speakers.
The assessments were carried out using digital tools made available to the teams (see next paragraph).

Figure 6-13 First page of a detailed building assessment

This diagnosis will enable the municipal authorities to definitively prohibit buildings classified DS5, to
authorize repair work on buildings classified DS2, and to consider additional investigations on the advisability
of repairing buildings classified DS3 to DS4.
The assessments were forwarded to the municipal authorities. The owners received the results of the
investigations and the buildings were labelled.
At the time of our visits 2 months after the event, some posters were still visible, however in the weeks
following the posters, according to the testimonies received on site, the durability of the posters was not
satisfactory with sometimes malevolence (moving posters to defend personal interests).
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Figure 6-14 (a) Green signage and (b) Red signage and summary access restriction (police officer on duty not visible in photo)

Between 1 and 8 December, 114 international engineers from 13 countries were deployed alongside
Albanian evaluators (a total of 466 engineer days). It is estimated that International Engineers has so far
appraised approximately 1,500 to 2,000 buildings (as of 8 December) [25].
According to the information collected at the Durrës town hall: Nearly 51,032 buildings have been evaluated,
including 42,141 residential buildings (collective and individual housing).
The Albanian coordination structure has been organized and strengthened considerably by this collaboration,
allowing Albania to continue the investigative work once the international actors have left.
Digital tools
The principle of rapid analysis that could lead to the immediate prohibition of access to the building was used
in paper form, then a detailed evaluation leading to 3 levels of risk as per European standards (Italy, Greece,
France...): Green: possible access, Red: prohibited access, Orange: dangerous access, was carried out using
digital tools.
A digital version of the evaluation form has been designed with the UNDP, in order to align the digital and
paper systems, and thus allow the use of digital tools, favouring the post-processing of information.
The setting up of the EU DACC unit has led to the deployment of a utility on a tablet PC allowing the precise
and immediate input of the investigation.
With the following restrictions to avoid errors or malevolence:






Locked geolocation, not modifiable by the inspector, not allowing the seizure of another building,
outside the planned location.
Security key associated with the engineer performing the inspection
Drop-down menus for entering items
Association of photos taken on site
Post-processing
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Figure 6-15 Tablet for appraisers, location of buildings

The building identification database used the georeferencing of the energy company OSHEE (a subsidiary of
the Albanian government under the Ministry of Infrastructure and Energy). This choice was dictated by the
desire to target the buildings used because they have a subscription. However, the on-site verification
showed the limits of the approach (building used not listed, not diagnosed).
The Albanian geographic information system also appears to be used, in particular the cadastre layer which
also appears relatively up-to-date for the location of buildings (www.geoportal.asig.gov.al).
Municipalities can thus follow on a map all the diagnosed buildings, and the evaluation of their damage
levels.

Figure 6-16 Follow-up of damage assessments for the municipality of Durrës, with colour coding and direct link to the assessment and
photo report
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Figure 6-17 Follow-up of damage assessments for the Municipality of TIRANA a) and DURRES b)

It should be noted that the GIS use does not appear uniform, so the cartography presented in Tirana is not
similar to that seen in Durrës as shown in the illustrations above. It is likely that some functionalities or
modes of presentation have been managed locally.
In the first two weeks after the earthquake, in parallel with the main methodology developed by UNDP, a
privately created innovation in the Durrës sector was quickly implemented through the creation of a mobile
phone application. The application was created by Dr Agim Seranaj, based on the same detailed assessments.
It was proposed to the authorities, but the tablet PC-based method developed with the help of UNDP was
preferred.
This application allowed the quick entry of building damage elements, the definition of a classification
according to the EMS 98 scale (DS1 to DS5), and then the generation of the official document. The document
had to be signed and stamped by the engineer and then scanned before distribution to the authorities and
stakeholders.

Figure 6-18 Mobile screen capture of the application and computer version

The Application had the information:



The geolocation of the investigation
A visual progress report of the investigations with colour coding according to 3 levels:
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Owner's request for a visit: white dot on the plot of land
Visit in progress: blue dot
Validated diagnosis disseminated: dot with colour corresponding to the Green/orange/red
classification.
The link with the final report in PDF.

In our opinion, the disadvantage of the phone application remains the size of the screen compared to the
input which can appear small. But the discretion and lightness of the device can also be an advantage.
According to the testimony of Dr. Agim Seranaj, solicited on the district of Durrës, the period of evaluation of
the buildings was very hard physically but also morally, especially the first days facing the distress of the
population. The 100% mobilization of the engineers took place over 5 weeks, 7 days a week, with teams of
between 3 and 4 people. For his team, nearly 400 visits were made over the period, i.e. about 80 visits per
week and an average of nearly 12 visits per day.
6.3.3

Use of the AFPS sheet

The difference between the AFPS sheet and the tools in place is that it does not present a quantification of
damage according to the EMS scale (>DS1 to DS5) and is limited to the conclusion on the habitability of the
building. It could be associated with the preliminary phase in its objective, but is finally sufficiently detailed
to fall between the two phases defined in the method used in Albania.
As an example, the use of the AFPS sheet was carried out on a residential building in Durrës, which had been
the subject of a diagnosis by an Albanian structural engineer who had participated in the evaluation
campaign. This made it possible to compare the evaluation time and the associated conclusions, if the time
of data entry on site is similar, the difference is the necessary post-processing of the paper form.

Figure 6-19 AFPS form used during the visits
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Figure 6-20 Entry of the AFPS file on site, with comparison of the mobile application

On the other hand, paper-based data entry quickly shows its limits, as rain, for example, does not guarantee
the permanent use of paper. The problem with the tablet can be its weight, battery charging, rain, heat,
shocks, etc. But it represents less time for "clean" data entry and post-processing by recording data.
6.3.4

Example of French assistance by the Emergency group

A team from the AFPS Emergency group was deployed on site from 14 to 21 December 2019, 4 weeks after
the event. This intervention was carried out following a request from Foreign Affairs and the organisation
"Expertise France".
This provision of inspectors arrived relatively late in the system in place, while it was in a phase of decreasing
intensity. Five specialists thus joined the DACC unit, which was in the process of being mobilised less and
less, and, together with an Albanian engineer, carried out about ten assessments in three days.
The competence of the participants quickly made it possible to adopt the local method, but the lack of
knowledge of the management and coordination structure put in place was a hindrance to their integration.
There was little contact with other international teams. The main sites had already been visited, the visit
process being more a confirmation of opinions [27].
The members of the mission brought their technical expertise to the local teams and provided advice to the
French Embassy in Tirana and the operating structures of the Port of Durrës.

Figure 6-21 AFPS Emergency Team visiting the Port of Durrës
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6.3.5

Lessons learned for the AFPS /DGSC method

The AFPS / DGSC methodology is based on mobilization among a list of trained evaluators, extended to a list
of volunteers awaiting training. These volunteers are identified according to their technical building skills,
enabling them, after training in damage assessment methodology, to be in a position to assess works
damaged after an earthquake.
This notion of using construction "experts" appears to be similar to the recommendations of the EU UCPM
presented in the previous paragraphs on the implementation of rapid resources from among the available
skills that can be mobilised in the first hours after the event: building inspectors, civil/structural engineers,
architects, rescue workers, etc.
On the other hand, the two-stage assessment is not used in the AFPS/DGSC methodology, nor is the analysis
in terms of level of damage according to the EMS98 classification, which would make it possible to consider
guidelines for the repair or reconstruction of damaged buildings. The mobilisation mode for the AFPS is at
the request of the DGSC, the on-call cell anticipating possible needs by pre-mobilising resources. It should be
noted that this mode of mobilisation "pending an official request" is not such as to allow for insertion in the
emergency cells set up in the first days of the crisis. This is the example of the Emergency Unit which
intervened in Albania late after exchanges between the Ministries of the Interior (Civil Security) and Foreign
Affairs (international cooperation).
It would be appropriate for the "emergency group" of the AFPS to reflect on the positioning of a small cell
that would allow for real participation in crisis management in Europe, in the operational part of the
European Civil Protection programme, and thus improve the capacity for coordination and mobilisation in
the event of a disaster on national territory. The Teil earthquake in November 2019 also showed the
importance of coordination in the action of emergency diagnostics.
French FORMISC units with "building specialist" skills were involved in the international structure. These
interventions show the ability of FORMISC to rapidly deploy the first levels of skills to the scene of a disaster
in order to carry out a first level of assessment.
Thus it is possible to imagine that the 2-level methodology as used in Albania could be applied in the AFPS /
DGSC methodology:
- The first level would be a quick way to detect buildings that are dangerous and therefore forbidden
to the population, and to refer them to the authorities to forbid access; buildings where occupation
is possible; and buildings that require further technical inspection in order to decide;
- Second level of detailed analysis, making it possible to confirm the first level and to respond to the
uncertainties of the first analysis, to propose possible precautionary measures, and to present a
more detailed information base for the authorities.
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Figure 6-22 Evaluation Methodology Flowchart

The method of damage analysis remains the same, the important point remaining the capacity of the
structure to convey vertical and horizontal forces.
The first level also makes it possible to present indications to the authorities on the immediate protective
measures to be taken into account: creation of a security perimeter, reinforcement of elements threatening
ruin, as generally identified by the rescue and clearance teams.
Another question may arise concerning the analysis of the real vulnerability of the constructions. This point is
currently not dealt with during inspections according to the AFPS methodology. However, as we have seen in
Albania, dilapidated heritage with a high level of vulnerability but which has not suffered any damage
deserves to be identified as a source of risk for the people occupying these buildings. The strategy for
assessing large-scale damage (city, canton, department...) could therefore end up necessitating the need to
identify constructions at risk, beyond the damage suffered. In this case, the detailed assessment could
present a vulnerability analysis component based on the existing simplified method developed by the AFPS
[28].

7 Reconstruction and recomposition of territories
7.1 Demolition and temporary situation
7.1.1

Protection of people

Following the identification of the buildings that were off-limits, the protective measures taken consisted of
the deployment of law enforcement officers. It would appear that these forces are more concerned with
protecting property against theft than with protecting people by prohibiting access to high-risk structures.
In dense urban areas, we have generally observed the poor protection of people against the risk of falling
building components. There are some restrictions on access to the pavements of damaged buildings, but
mainly the simple presence of banners or markings on the main door.
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Figure 7-1 Limited safety perimeter per scaffolding unit, b) "Caution, above, work".

The probable cause of the limitation of the protection of spaces at risk can be understood by the willingness
of the population to return to a normal situation, and a relatively weak culture of prevention of risks related
to the safety of people.

Figure 7-2 Lack of security perimeter in Durrës town centre, building identified as Dangerous, facade open to visitors
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Figure 7-3 Lack of perimeter and risk of falling masonry blocks

7.1.2

Risk prevention, ownership by the population

No principle of prevention was instituted: a prevention session had taken place in a school a few days before
the September earthquake, organised and led by the director of civil protection in Tirana. This session
apparently remains very punctual.
Thus, there are no specific instructions posted in educational establishments or in administrations.
Awareness campaigns on seismic risk do not exist.
7.1.3

Demolition and Waste Management

For the municipality of Durres, the mayor estimates that 60 buildings have been or will have to be
demolished, including 5 hotels. Our questions on waste management have remained unanswered, and it is
very likely that waste will be used to fill in wetlands for new urban development projects. There has been
some vague reference to storage areas further north.

Figure 7-4 Image taken on Google Earth north of Durrës showing the structuring of the territory (draining of the old lagoon, cutting
into rectangles and sub-sub rectangles cutting out roads). On the right in brown, a possible example of a "storage" area for demolition
waste
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We were unable to gather information on the organisation of the management of construction or
deconstruction site waste with sorting according to DI, OIW, SD, specific waste, etc. But we were able to
observe in the building industry, a habit of saving, recovery and reuse: recovery of materials and components
of buildings deemed unusable following the earthquake (doors, windows, fittings, railings, wiring, even
concrete steel ...).

Figure 7-5: Examples of recovery following the earthquake of 26 November 2019 - a) Example of recovery for reuse: Laç hospital; b)
Concrete block from which steel was taken away seen under the Durrës motorway bridge (see chapter 5.5)

However, the questions are already being asked:





the management of SD (hazardous waste) (recovery, channels ...),
the existence or not of companies specialized in demolition-deconstruction on high buildings,
such as those most affected in Durrës (about 12 floors), the means for low-rise buildings seem to
exist on site in view of images seen in the press....
and taking into account their costs and induced costs (treatment) in strategic choices
(reinforcement
versus
demolition-deconstruction/reconstruction,
see
sub-chapter
reconstruction).

Figure 7-6: Demolition by backhoe loader in Thumanë on 27 November 2019 / Photo Zawya UAE Edition

7.1.4

Housing and temporary solutions

In the aftermath of the event, 5,200 people were homeless.
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In order to meet this need for emergency housing, and very quickly:









Some 2,500 people were accommodated in hotels (Vlorë, Durrës and Tirana) which were adapted and
opened to shelter displaced people. As the earthquake took place in the low season, it was not necessary
to call for requisitioning, as the hoteliers spontaneously offered their structures, with the government
subsequently regularising the situation in the form of care. 17 hotels in the commune of Durrës thus
welcomed families for several weeks.
2,100 others are said to have been housed in tents (1,000 tents were sent by Bulgaria, 100 by
Switzerland, 120 by Turkey, etc.) and installed in particular at the Niko Dovana stadium in Durrës, but
also in Thumanë.
other people affected by the earthquake slept in various structures (an army accommodation in Durrës,
social centres in Tirana and various buildings such as 90 gymnasiums in Krujë, Tirana, Lezhë, and Durrës ).
The Muslim community in Albania has opened its mosques and madrasas as temporary accommodation
and the Orthodox Church of Albania has opened local monasteries and churches.
Others more rarely slept in their cars, mainly because they did not want to leave their dangerous homes
or because they could consider it dangerous.
But also, hundreds of Albanians in Albania and nearby Kosovo opened their houses to people displaced
by the earthquake (as we saw earlier, many of the diaspora homes in large villas were indeed temporarily
vacant).

In the end, about 17 090 displaced persons were either accommodated in hotels (25% or 4 324 persons) or in
tents (75% or 12 766 people); others were accommodated with family or friends or rented premises (about 3
000); while about 1 000 went to Kosovo [1].
In February, at the time of our visit, more than 2 months after the earthquake, some families were still living
in tents as we could see in Shkafanë or Thumanë, they would have been about 600 (2 873 people) at that
date (ref [1] ).
Mobile temporary accommodation
Tenting, as reported in Shkafanë, may have resulted from the 21 September earthquake, but most of it is
linked to the 26 November earthquake.

Figure 7-7: Shkafanë, tent provided by the United Nations after the September 2019 earthquake
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2 types of mobile accommodation could be observed; tents, - of several models -, and mobile homes. The
tents, especially those of the UNHCR, proved to be very cold for the cold nights of the Albanian winter or not
watertight enough at ground level for rainy days. Many families had no means of heating. The families had to
be provided with mobile homes, mainly for sleeping accommodation, as the tents seemed more "friendly"
for meals and on sunny days.

Figure 7-8: Example of a UNHCR tent H tent: approx. 1.50m on the periphery, H over 1.80m on a very small central area. Mobile home
added later to the mobile temporary accommodation unit

The tents of the Turkish Red Crescent / AFAD (Directorate of Natural Disasters and Emergency Situations)
which were seen on photos at the Niko Dovanna stadium in Durrës and in Thumanë, appeared visibly more
accommodating, in particular thanks to their greater height.

Figure 7-9: Example of AFAD/ Red Crescent tents seen in Thumanë

Note also that during our mission we did not approach tent camps, but tents in individual gardens with the
possibility of having electricity, their fruit trees, vegetable garden, ...) next to the houses made uninhabitable
by the earthquake. This configuration, in the reconstruction zone, with the proximity of the usual social
relations and the hope in the long term of a more solid house, appears more favourable to resilience than
that of camps further away from the initial habitat zone with the uncertainty of the future location, as in the
case of the camps organised on the Durrës stadium, where re-housing has been favoured in the urban or
peri-urban area of Durrës, or even Tirana.
7.1.5

Repair Reconstruction

The creation of a "Ministry for Reconstruction", separated from the existing state structures, was justified by
the desire for better monitoring and coordination of actions and to create a structure with a limited lifespan.
One of the objectives of this ministry is to monitor the evolution of building evaluations over time, and to
carry out additional diagnostics and evaluation of in-depth work on the buildings that led to a DS3-4
classification. The latter will present opportunities for repair or demolition / reconstruction, depending on
the cost of the work compared to the value of the property.
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According to the Durrës town hall, this threshold would be 70%, which is strongly oriented towards repair
and reinforcement.
On the basis of the valuation of the damaged residential buildings, estimates of the costs of complete
reconstruction and repair and the replacement of household items and other assets, the total damage to the
dwelling as it stands has been estimated at €662.3 million, of which for personal effects (furniture, personal
items and supplies) €28.72 million
In the municipalities of Durrës and Tirana, an office dedicated solely to reconstruction has been set up.
Municipalities such as Durrës are in great demand to authorise repair work. However, in the event of
difficulties in reaching a decision, the authorisations will be dealt with at ministerial level.
During the interview with the Director of Civil Protection in Tirana, 5 phases were discussed to understand
the mechanisms of reconstruction:






Phase 1: Emergency reception in tents
Phase 2: Planning of reconstruction and building repair projects
Phase 3: Administrative authorisation procedure
Phase 4: Completion of the work
Phase 5: Complaints support (L'Aquila experience!)

For owners of individual housing made unsafe and uninhabitable, and many in more rural areas, temporary
housing solutions have continued (tents, sometimes supplemented by mobile homes). When the
groundwork is confirmed, the solution of reconstruction on the spot seems obvious and relatively well lived,
just suspended until the financial aid, promised for May, is obtained. There will have to be the problem of
controlling the work and the allocation of aid so that the work is actually carried out and completed, with a
parallel concern for the identification of the recipient (owner, occupant?).
For collective housing, shortly afterwards, the Government began to provide rent subsidies (of the order of
400 €/month or 13.4 M€ for some 3500 families) to those who found "temporary" places to live, until their
homes were rehabilitated or rebuilt. It seems that the government has budgeted the payment of this subsidy
over 1 year. In Durrës, we were able to observe that some of the families, after a temporary housing phase,
seem to have returned to their original homes (not quantified).
Due to the increase in demand, the average level of rents has increased compared to the level before the
earthquake; with the exception of Tirana, where it has been maintained. Therefore, finding reasonably
priced rental housing is one of the main concerns of the displaced population, particularly in Durrës, Shijak,
Kruja, where the available stock appeared insufficient.
By the end of January 2020, the government had already identified 35 areas in 10 municipalities for future
reconstruction work. In the municipality of Tirana, according to the Director of Civil Protection, 9 new
districts should be created, 5 outside the city (villages or outlying districts) and 4 in the city of Tirana. For the
moment, priority is given to the development of new plots outside the city. "To date, more than 60
authorisations for reconstruction projects have been accepted.
Given the tension in the rental sector on the one hand and the financial commitment of the State on the
other hand, priority is given to collective housing, the objective being a return to normality by 2021.
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7.2 Repair work
7.2.1 In-depth diagnostics
As presented in paragraph §6.3 on building inspections after earthquakes, buildings are inspected and
classified by level of damage. At the time of our visit, to our knowledge, the housing buildings classified as
"unoccupied" had not yet benefited from in-depth diagnostics to analyse their structural condition and
recommendations for rehabilitation work.
In the municipality of Durrës alone, 150 buildings would require in depth diagnostics.
These missions will be carried out by private consulting firms, with surveys and justifications to analyse the
cost of the work in relation to the value of the property. These studies must be carried out within a
maximum of 30 days. At this stage we do not know the specific criteria for this type of study: value attributed
to the new building, estimate of structural work or all trades, taking into account the cost of demolition.
The government remains vigilant on the independence the associated constraints of the BETs missioned,
faced with the economic stakes of rebuilding buildings from scratch rather than repairing them.
Example of a single house in the village of Shkafanë :

Figure 7-10: Reinforced concrete house in Shkafanë, serious damage to the stairwellr

This house is classified as "unoccupied", mainly due to extensive damage to the extension staircase. At first
approach this damage can be repaired by demolition and complete reconstruction of the staircase. The indepth investigations will then have to analyse the feasibility of this repair, and its economic opportunity.

7.2.2 Structural repair and Strengthening
Apart from summary repair work such as filling cracks (see §5.3.4.1.2 Example of a new building in Durrës),
we did not observe a significant amount of heavy reconstruction and repair work during our visits. Buildings
that suffered extensive damage were completely demolished without new construction in their place.
Buildings classified as "unoccupied" are in the state awaiting a decision on repair or demolition. For some,
they still have rubble at the foot of the building or in traffic.
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Figure 7-11: Buildings classified as not occupied at Durrës

However, we were able to observe one hotel undergoing repair work.
We were not allowed to visit this repair and rehabilitation site. From the outside, we saw on the building:
-

The very typical structure in Albania: column/slab framework; beams of the same thickness as the
slab (embedded beams); columns on the ground floor level of large dimensions then reduced to
superstructure level;

-

Non-load-bearing masonry walls on the facade and inside of the building. Damage to the filler
masonry is on the first three levels. The purges of the remaining elements have been carried out;

-

No apparent structural damage to reinforced concrete structures.

The repair and strengthening work underway on certain columns shows a strategy of strengthening by
enlarging the columns and adding walls in the first two floors. On the R+1 level, the strengthening solution is
shown by the widening of posts in the corners and the creation of a new wall inside the building (this wall
exists on the ground floor). On the other hand, we do not see any strengthening connecting the new and
existing columns to each other.

Figure 7-12: Durrës seaside hotel being repaired and strengthened
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It should be noted that these reinforcements in the corners limited to the first two levels, are likely to
characterize a sudden decrease in stiffness which may present a risk of weakening the structure.
7.2.3 Possible strengthening methods
The strengthening of a building can be carried out locally on particular elements of the structure, or more
globally. The cost of strengthening work can be very high and sometimes it defines the choice of
strengthening strategy. There are two complementary approaches to reducing a building's vulnerability to
earthquakes:



Improving the overall behaviour of the structure, in particular by reducing seismic action,
Improving the capacity to resisting earthquakes by increasing its strength and/or ductility.

We present in appendix 3 a table of the orientation of the in-depth diagnosis for each type of structure with
suggestion of the most or less adapted method.
The structure of most residential buildings in Durrës is a column-beam or solid slab structure with masonry
infill without any connection to the main structure to participate in bracing. The elements of vulnerability of
this construction typology are the insufficient rigidity of the main structure (portal frame with low inertia
beams/embedded strip) and the fillings in alveolar masonry without connections to the main structure and
without any particular links. Reinforcement choices should be made according to the following two main
constraints :



Limitation of the transmission of additional forces to the often deep foundations, which cannot
be reinforced without complex work,
Preference for local building techniques and materials,

We present in annex 3 some current and adapted strengthening techniques for column-beam framing
structures, from the AFPS technical specifications on the strengthening of existing buildings [29].
The damages observed lead the strengthening towards a reduction in the displacements of the main
structure, and the strengthening of the bracing elements.
For this the possible interventions are :



Strengthening of columns, increase in column stiffness
Strengthening of walls for participation in bracing

We would not direct the reinforcement work towards the method of adding bracing crosses (steel bracing)
which requires a complete calculation of the building and the strengthening at the foundation levels. In
addition, it can cause damage at nodes, and changes the building architecture.

7.3 Property and land issues
During the first years of transition, Albania experienced rapid internal migration from mountainous and rural
areas to urban and peri-urban areas, a phenomenon that led to the construction of many buildings without
permits and the occupation of land without legal authorization, mainly on the outskirts of the capital or other
cities located in the plains of the western country. The consequences of these continuous movements are
the "informal" urban areas on the outskirts of large cities or seaside resorts. A considerable part of today's
Albanian real estate consists of these unauthorized and unregistered illegal plots and buildings.
To address this land issue, a Real Property Registry Office (IPRO) was established in 1994, which in fact
turned out to be a very complex system with many gaps and overlaps.
Thus, today, the number of buildings classified as illegal throughout the country is estimated at more than
350,000, which over the years have been the subject of numerous informal transactions on their sale and
acquisition. These transactions took place without proper documentation of ownership and because of this,
the property rights of the new owner are not legal.
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In order to solve this major problem in the real estate sector, the process of legalisation has been considered
by the authorities as an effective response to the growing number of urban and economic problems resulting
from it. To this end, the Agency for Legalization, Urbanism and Integration of Informal Zones/Constructions
(ALUIZNI) was created to manage the process.
127 informal settlements, representing 120,000 properties and approximately 80,000 informal buildings
(blocks of residences, individual buildings, and extensions to legally constructed buildings) have been
approved.
The Legalisation Act applies only to buildings constructed before May 2006 and for which applications for
legalisation were submitted before 15 November 2006. In the hope of stemming the construction of further
illegal buildings, the ongoing process of legalisation therefore excludes a large number of buildings that have
since been built informally. In the current situation, it is very likely that a new legalization campaign focusing
on illegal buildings constructed after 2006 will have to take place.
The illegally constructed but not legalized buildings and undocumented or unregistered real estate remain
excluded from the official real estate market due to their unclear legal status. This situation does not allow
de facto owners to use these assets as collateral to access maintenance financing or to sell them at real
market value.
In addition to the problem of recognition of ownership of property, with the inherent problems of taxation,
transfer or transmission, ... this confusion therefore raises the problem of liability, insurance, maintenance of
buildings and the organisation of co-ownership on buildings from the socialist period whose dwellings have
been transferred to the occupants and on those from the post-socialist period built outside the scope of
established land ownership.

7.4 Public Attitude and Resilience
7.4.1

Population Behaviour

Half of the deaths are related to inappropriate behaviour; the same is true for the majority of the injured.
During our mission, we were keen to retrieve as often as possible the testimony of our interlocutors on the
event of November 26, 2019, which was felt in Durrës for up to 50 seconds. A very long time for an
earthquake, but a very short time to make the right decisions about where you are, in the middle of the
night, ...
In the absence of prior instructions and culture of the earthquake, all report that they tried to evacuate the
premises. The earthquake seemed interminable, there was a strong smell of dust, screams, panic, difficulties
to move. They all found themselves in the street, more or less quickly. There was a power cut (not immediate
it seems) of about 2 hours and a telephone cut of about 40 minutes. These cuts do not seem to have
contributed to the panic effect.
For several days the families living in Tirana, spent the night in their cars stopped on the hard shoulder of the
highway in order to get away from the risk of collapse of the buildings.
On the other hand, the rapid restoration of the telephone and the fact that they could quickly contact each
other and be reassured about the state of their loved ones were beneficial, especially for the nursing staff
who were thus able to be fully available, reported the Director of the Durrës hospital (340 beds), Mrs. Nadire
JANI. "There was no surgery going on at the time of the earthquake, because it was at night, and no act
related to any emergency. There was no break in the operation of the hospital, the emergency generator
having taken over perfectly.
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Concerning physical injuries, there were 2 head traumas, many fractures and various cuts and a heart attack
leading to one death. During the following 3 days, and in the period of the aftershocks, there was a large
influx of injured people, especially people injured in the degraded buildings. Mrs. Nadine JANI also reports a
"fake news" which had a deleterious effect, - "the hospital is dangerous, closed" leading to a patient being
moved to a farther hospital and death on the way. »
According to corroborating sources, there were a total of 52 deaths, including 6 children, and nearly 2,000
injured as a direct result of the earthquake (25 in Durrës, 24 in Thumanë and 1 in Kurbin, Lezhë and Tirana).
In Tirana, the victim is said to have died, while trying to "escape", from a fall in the open lift shaft (work in
progress) which was not effectively condemned. In Thumanë, the 24 people died in the collapse of their
building when they were ordered not to enter the building because of the extreme damage caused by the
earthquake of 21 September. After the earthquake, 2 other people from Kurbin died, one of them by suicide,
due to post-traumatic stress.
At the end of December, 180 patients were undergoing physical rehabilitation due to earthquake-related
trauma, while another 130 patients needed ongoing mental health services for at least six months. In
addition, unquantified, there is a recurrent need for psychological support for families and especially
children.
7.4.1.1

Spontaneous mobilization and mutual aid

"Very quickly all the personnel were present on the first day (about 700 people + 100 additional volunteer
reservists) and totally voluntary. The hospital received between 600 and 700 people, injured or with
psychological problems; for the latter were mobilised 3 permanent psychologists and 3 volunteer
psychologists. There was a good collaboration with the international rescue team, which arrived in the
following days, especially as they were organized in teams of at least one Albanian, often the ambulance
driver," said Ms. JANI.
National and international mobilization made it possible to clear the buried victims in record time and to
provide effective care for the injured.
In the following days, volunteers and donations of food, clothing and cash spontaneously arrived from
neighbouring countries and the entire Albanian diaspora (see chapter 3.4.1.7).

Figure 7-13: Local celebrity assistance for reconstruction
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7.4.2

Resilience

7.4.2.1

The Health Sector

It was found that health personnel need training in emergency operations and management. Operational
plans, contingency plans, simulation exercises and after-action reviews are not systematically used to
prepare for and improve response to emergencies and disasters that may follow. In addition, the Ministry of
Health does not yet have a public health emergency operations centre, which severely limits intersectoral
and intra-sectoral coordination.
In response to this observation, a programme of action, "Safe Hospitals" at the national and subnational
levels of health services, has been put in place by the Ministry. Support is expected from countries that can
deploy international EMTs (emergency medical technicians) for training and simulation exercises, such as
Italy and Israel. This programme will be implemented with the support of the World Health Organization.

7.4.2.2

The education sector

The earthquake disrupted education and learning. Despite the consequent complete or partial demolitions of
schools (69 in primary and 22 in secondary, i.e. nearly 14%) most learning was able to resume after 9
December 2019; only some private primary and secondary schools remained closed until 16 December 2019.
The Faculty of Civil Engineering of the Polytechnic University and the Medical University of Tirana resumed
only on 6 January 2020. Vocational training schools have adjusted their academic calendar by replacing
academic classes with apprenticeships and practical training.
The line Ministry developed emergency preparedness and exit plans and supervised their implementation in
all schools in the earthquake-affected area. With the assistance of development partners, it trained teachers,
psychologists and social workers to deal with the post-disaster emotional and psychological effects on
students. In order to promote psychological support, actions were carried out in schools and
neighbourhoods, involving celebrities and mascots.
More than 21,000 children, representing 7% of all students in the 11 affected municipalities, have been
resettled in host schools. Temporary learning centres for children were set up in hotels where families took
refuge.
The Ministry and local education offices provided free daily transportation for children and teachers to and
from the host schools.
However, disasters affect different segments of society in a non-homogeneous manner. The disruption of
education and the relocation of children to host schools could increase the number of out-of-school children
and reduce the quality of education, especially for displaced children. For socio-economically disadvantaged
children, ethnic minorities, children with special needs and children experiencing difficulties at school, these
changes could have greater and lasting negative effects.
Field surveys have revealed that after the earthquake, absenteeism rates increased. Students and staff with
reduced mobility require additional assistance to get to the resettlement site. It was also reported that
parents did not allow girls to travel long distances to neighbouring schools for security reasons.
It is therefore likely that there will be a decline in the learning achievement of these affected children in the
short to medium term.
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7.4.3

Prevention

The memory of the earthquake should, at all levels, engender new behaviours, be it in terms of:








urban settlement;
building design, and technical resolution (constructive system, hanging of non-structural elements,
...);
the very act of building (training of companies, technical control on building sites);
safety regulations (architectural organization, equipment - in particular the absence of handrails in
staircases, safety blocks, ... was observed in these buildings of more than 10 floors, very damaged by
Durrës);
organisation of safety around damage (risk of falling of damaged non-structural elements);
and prevention, to enable appropriate behaviour.

From the interview with the civil protection director in Tirana, it emerges that there is no prevention
instituted: he had organised and led a session in a school a few days before the September earthquake. This
session apparently remained very punctual and the receptivity of children and teachers was reportedly more
than average.
The director of Durrës Hospital did not seem convinced of the need to organise prevention exercises even
after the earthquake "because everything worked well in the hospital".
Thus, there are no specific instructions posted in the teaching establishments or in the administrations.
Seismic risk awareness campaigns do not exist (did not exist?). In February, on Albanian television, only the
advertisements, to divert it, reminded people of the event.

Figure 7-14: Example of the Instructions given by the French Embassy in Albania to its agents Last modified: 20/03/2020

Work on good practices should be carried out in all sectors of life, whether at home, in companies, in
educational or health establishments, in administrations, ... in order to put in place appropriate instructions,
simulation exercises, ...
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7.5 Reconstruction cost assessment
7.5.1

Introduction

Despite an initiative in 2017 for promoting earthquake insurance (World Bank 2019), only 2% of the Albanian
population is insured (OECD 2018; World Bank 2019). The main reasons for this unpopularity are expensive
premium amount and a lack of promotion for this kind of insurance (Neza and Kiliçaslan 2019). For example,
during the AFPS post-seismic mission, the earthquake insurance issue has been raised only during the visit of
Durrës harbour, and never by the affected people.
The lack of information regarding earthquake insurance led us to take advantage of the mission for collecting
data about buildings damage and repairs/reconstruction costs. This kind of data is very important to estimate
the economic impact of an earthquake. Assessing the economic impact of an earthquake over a set of
buildings is the main mission of risk management teams in insurance. This allows the insurance company to
get a quick estimate of the loss incurred by the earthquake. Therefore, this section aims at highlighting the
added-value for insurance companies in participating to such post-seismic missions, in order to get more
accurate data for estimating the economic impact of the earthquake.
7.5.2

Exposure modelling

Assessing the economic loss caused by an earthquake requires first to model the exposure, i.e. the buildings
in the area affected by the earthquake. To do so, the database OpenStreeetMap (OSM) has been used. It
contains the location of 203,306 buildings in Albania (Fig. 7.15).

Figure 7-15 – Illustration of the buildings density from the OpenStreetMap database (as extracted of February 13th, 2020) in Albania
(a) and in the Durrës County (b). The red cross shows the epicentre of the earthquake occurred on November 26th, 2019 (Mw6.4), has
populated in the PDE catalog from the National Earthquake Information Center (USGS).

The total number of buildings in Albania is around 800,000 (World Bank 2019), meaning that the OSM
database only contains 25% of the buildings stock. At the scale of Durrës County, the most affected area by
the 2019 Durrës earthquake, the Institute of Statistics of Albania (Instituti i Statistikës, INSTAT) counted
598,267 residential buildings in 2011. For each municipality in the Durrës County, Table 7.1 shows the
number of residential buildings, buildings damage surveyed after the 2019 Durrës earthquake (Gunasekera
et al. 2019) and the number of buildings populated in the OSM database.
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Table 7-1: Comparison between the number of buildings in the OSM database and counted by INSTAT in 2011, for the municipalities
the most affected by the 2019 Durrës earthquake. The INSTAT database contains only residential buildings, contrary to the OSM
database. This explains the ratio OSM/INSTAT above 100% for the Durrës municipality. Sources: Instituti i Statistikës (INSTAT); OSM;
Gunasekera et al. (2019).

Rate of buildings
County

Municipality

Classed

Classed

Classed

Ratio OSM/INSTAT

“Safe”

“Uninhabitable”

“Demolition”

Durrës

Shijak

20,7%

53,9%

25,4%

79%

Tiranë

Tiranës

60,6%

19,2%

20,2%

39%

Durrës

Durrësit

64,8%

30,8%

4,4%

108%

Durrës

Krujës

61,3%

36,9%

1,8%

81%

Lezhë

Kurbinit

75,4%

23,9%

0,7%

75%

Lezhë

Lezhës

94,2%

5,8%

0%

15%

Lezhë

Mirditës

36,3%

63,8%

0%

42%

It shows that in municipalities (except Tiranës) where buildings have been classified as “Demolition” after the
2019 Durrës earthquake, the ratio between the OSM and the INSTAT databases is high (Table 7.1; Fig. 7.15b).
Furthermore, municipalities with a low ratio OSM/INSTAT have been less affected by the earthquake (e.g.
Lezhës, Table 7.1). Last, For Durrës, the most affected municipality, 26,603 buildings are populated in the
OSM database, while INSTAT counted 26,603 residential buildings.
In conclusion, the OSM database is supposed representative of buildings in the affected area by the 2019
Durrës earthquake. The buildings database being determined, the next section focuses on buildings’ seismic
vulnerability.
7.5.3

Assessing the building’s seismic vulnerability index

In this report, the method LM1 from the RISK-UE project (Milutinovic and Trendafiloski 2003) is used. It
allows to calculate the damage state for a given building Bati from the macroseismic intensity and the
average vulnerability index:

where D x is the damage state on the EMS-98 scale and µDi the parameter of the Binomial distribution,
depending on the vulnerability index of the building Vi and the macroseismic intensity (IEMS98i) experienced by
the building on the EMS-98 scale:

The vulnerability index Vi (ranging from -0.02 to 1.02) is usually assessed from the structure type and other
characteristics as the number of stories or the level of earthquake resistant design (Milutinovic and
Trendafiloski 2003). Such data is easy to collect, making the method easy to implement. Nevertheless, it does
not allow to produce an accurate estimate of the vulnerability index (e.g. for a Masonry vaults structure it
ranges between 0.46 and 1.02, according to Milutinovic and Trendafiloski 2003). Consequently, in this report
the vulnerability index is assessed from buildings damage surveyed by inverting Eq. 7.1.1 and 7.1.2.
Table 7.2 shows buildings damage surveyed in the Durrës County.
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Table 7-2: Number of buildings by damage state on the EMS-98 scale after the post-earthquake survey in the Durrës County. Sources:
AFPS, after the meeting with the Durrës City Hall (Feb. 11th, 2020); Milutinovic and Trendafiloski 2003.

Damage
state

D0

D1

D2

D3

D4

D5

Damage

None

Slight

Moderate

Substantial
to heavy

Very heavy

Destruction

Number of
buildings
surveyed

29 803

6 093

5 406

3 877

4 475

1 395

The total number of buildings inspected (51,049) is close to the total number of buildings in the Durrës
County (equal to 54,706 according to the OSM database). The difference (3,297 buildings) is assumed to be
non-surveyed buildings with a damage state D0.
After determining the damage distribution, the macroseismic intensity is required to calculate the
vulnerability index Vi (Eq. 7.1.1; 7.1.2). To do so, the ShakeMap footprints released by the USGS is used (Fig.
7.16).

Figure 7-16 – Hazard footprint in macroseismic intensity (Modified Mercalli scale) for Albania (a) and the Durrës County (b) after the
earthquake occurred on November 26th, 2019 (Mw6.4). The red cross shows the epicenter location. Source: ShakeMap, USGS.

Fig. 7.16b highlights the low variation of macroseismic intensity within the Durrës County. This observation is
corroborated by the distribution of macroseismic intensity retrieved for each building in the OSM database
(table 7.3).
Table 7-3: Distribution of buildings in the Durrës County by macroseismic intensity level (Modified Mercalli scale). Macroseismic
intensity levels have been extracted from the ShakeMap footprint (Fig. 7.16) and rounded. Sources: ShakeMap USGS; OSM.

Intensity level (EMS-98)

VI

VII

VIII

Share of buildings affected

4%

38%

58%

Table 7.3 shows that 96% of buildings have suffered a macroseismic intensity between VII and VIII (i.e. a
range of [6.5; 7.5] in real numbers). Considering an average intensity value at IEMS98=7.5, it means that the
maximum error range is ±1 for 96% of buildings. Last, the macroseismic intensity scales MMI (used in
ShakeMap) and EMS-98 (used in the RISKUE method) are supposed to be similar.
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From data collected and assumptions made, the average vulnerability index V can be calculated from the
damage states observed according to the following equation:

The solution of Eq. 7.1.3 is V=0,65 which corresponds to a vulnerability class B-C in the EMS-98. It means that
buildings in the Durrës County are vulnerable to earthquake risk, on average. This result is consistent with
the observations made during the post-seismic mission.
The exposure is now fully characterized (location and vulnerability index). The next step is about modelling
the damage state of buildings outside the Durrës County.
7.5.4

Buildings damage state modelling

Outside the Durrës County, only qualitative and partial data have been retrieved about the number and the
damage state of buildings. Consequently, it is modelled based on the vulnerability index assessed previously
(Eq. 7.1.1; 7.1.2; 7.1.3). Results are presented in the Table 7.4.
Table 7-4: Estimated number of buildings by damage state on the EMS-98 scale outside Durrës County. Sources: AFPS, after the
meeting with the Durrës City Hall (Feb. 11th, 2020); Milutinovic and Trendafiloski 2003.

Damage
state

D0

D1

D2

D3

D4

D5

Number
of
buildings

113 942

28 338

5 542

740

66

2

The entire buildings damage distribution after the 2019 Durrës earthquake is now modelled. The last step is
dedicated to associate a repairs/reconstruction cost to each building, considering its damage state.
7.5.5

Repairs/reconstruction cost assessment

To calculate the economic loss after an earthquake, the average building value need to be assessed. Next, a
loss ratio, defined as the repairs/reconstruction cost divided by the building value, is used for each damage
state.
The INSTAT gives the average price of new constructions and the number of existing buildings by number of
dwellings (Table 7.5).
Tableau 7-5: – Statistic data about the typology of existing residential buildings in Albania and the average price of new constructions.
Source: Instituti i Statistikës (INSTAT).

Number of dwellings by building

One

Two

Three or more

Number of buildings (2011 census)

510 976

56 289

31 002

Average price of new construction (period 2017- 2019)

59 778€

79 080€

1 518 331€

According to Table 7.5, the average building price P is equal to:
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Several damage-cost relationships exist in the scientific literature. They have been developed for different
countries, based on different input datasets and/or using different definition of the repairs/reconstruction
cost (Pothon et al. 2018).
To identify the most suitable relationship for this study, the testimony of the Mayor of Durrës during the
post-seismic mission is used. He told us that when the repairs cost exceeded 71% of the building price, it was
destroyed and rebuilt. Considering that a destroyed building corresponds to the damage state Ds5, the
Kappos et al. (2006) relationship is used in this study. Indeed, it is the only one which associates a cost ratio
below and above 71%, for the damage states Ds4 (and below), and Ds5, respectively (Table 7.6).
Table 7-6: – Ratios from the damage-cost relationship developed by Kappos et al. (2006) for Greece.

Damage state

D0

D1

D2

D3

D4

D5

Repairs/reconstruction cost ratio

0%

1%

9%

29%

63%

77%

From the distribution of building damage states (Table 7.2; 7.4), the average building price (Eq. 7.1.4) and the
Kappos et al. (2006) damage-cost relationship, the estimated total loss related to the repairs/reconstruction
of buildings damaged is 900m€.
7.5.6

Conclusions

This study depicts the methodology in insurance industry to assess the loss caused by an earthquake to a set
of insured buildings. Data collected during this post-seismic mission is valuable to better characterize the
average buildings vulnerability and better constraint the selection of the damage-cost relationship.
Furthermore, the large amount of data available from the INSTAT allow a sharp description of the building
stock. The result is a loss estimate (900m€) very close to the official amount given by the authorities (844m€;
Erebara 2020 and Çuçi et al. 2020). Comparatively, the PAGER alert released by the USGS gives a total
economic loss ranging between 1m$ and 100bn$, because of lack of accurate data (Fig. 7.17).

Figure 7-17 – Economic loss distribution extracted from the PAGER alert after the November 26th, 2019 (Mw6.4). Source: rapport
PAGER version 9 (as of 12/01/2020), USGS.

A finer loss assessment is proposed in the report “Albania Post-Disaster Needs Assessment” (Çuçi et al. 2020)
which gathers information from Albanian authorities. Fig. 7.18a breakdowns the loss between the buildings
and the contents.
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Figure 7-18 – Breakdown by line of business of the economic loss: (a) related to the damage to buildings and contents; (b) to the
business interruption, temporary shelter construction and debris removal. Source: Çuçi et al. 2020.

Fig. 7.18b shows that most of loss is associated to residential buildings. This study does not provide such
detailed loss because no open-source information is available on the purpose of each building. During the
next post-seismic missions, collecting such data could be very valuable.
Additional data can be also collected regarding the cost of debris removal, temporary shelters construction,
or business interruption. These additional costs reach a total amount of 142m€ (Çuçi et al. 2020), which
represents 17% of the building loss (equal to 844m€). In addition, the indirect loss related to the business
interruption is higher than the damage cost for Infrastructure buildings (e.g. roads, highways…) as shown in
Fig. 7.18. In conclusion, post-seismic missions could be the place for collecting such data and, therefore
contribute to provide a sharp estimate of the economic impact of the earthquake.
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8 Conclusions and Initial Lessons Learned
The post-earthquake mission to Albania was a first in this country which is less than a 3-hour flight away from
Paris, but with which the AFPS had no special relationship. This lack of local contacts at the beginning of the
mission necessitated increased use of virtual missions and on-site adaptability. The latter was greatly
supported by the French Embassy in Tirana and by the help we received from Albanian engineers and
scientists who respected the tradition of local hospitality.
The earthquake of 26 November 2019 was preceded by another earthquake on 21 September. The addition
of these two events resulted in a heavy toll for Albania. This earthquake is considered the most destructive in
the last 30 years.
The mechanism at the focus of the 26 November 2019 earthquake indicates a reverse fault play on one of
the region's overriding or back-overlapping faults. The locations of the mainshock, provided by different
agencies differ significantly (more than 10 km on the location of the epicentre; focal depth varying from 10
km to 38 km). To this day, the uncertainties as to the crustal velocity model to be adopted for the localization
of seismic events make it impossible to identify the hypocentre and the fault - and the associated fault
plane - which ruptured during the main shock and to follow the spatiotemporal evolution of aftershocks with
any degree of accuracy.
The installation of 30 post-seismic stations by IGEWE and GFZ a few days after the earthquake of 26
November 2019 aims at specifying the crustal model in order to relocate the earthquakes (main shock and
aftershocks). These relocations, combined with the joint interpretation of all the satellite, geodetic and
tectonic data, will make it possible in a few months' time to specify the characteristics of the 26 November
2019 rupture and the dynamics of the seismic sequence.
At Durrës, the damage identified are mostly located in the right-of-way of the deep Durrës basin, which is
filled with alluvial material and has probably been subject to multi-dimensional site effects due to its
morphology. More precisely, the distribution of the damage coincides with the western and eastern edges of
the Durrës basin with, in first analysis, a link to the thickness of the alluvial cover. Only microzoning would
make it possible to take these local effects into account, in addition to current regulations.
The evolution of state structures during the 20th century has resulted in a certain form of liberalisation of
urbanization, with a massive rural exodus. In our opinion, this rapid urbanization has not been followed by an
evolution of practices in the construction sector, which has remained highly standardized on "manual"
methods. Nor does it appear to have been preceded by in-depth reflection on the management of natural
risks (earthquakes, floods, etc.), on involvement in terms of equipment and infrastructure, or territorial
balance.
Apart from major construction sites, the current technical capacity of local companies does not appear to
keep pace with changing construction needs. The use of labour is often favoured over mechanisation: no
cranes, no portable or non-portable manual systems, no prefabricated systems: pre-slabs, pre-walls, etc.
Thus, the majority of construction methods in housing remain very typical and often identical from a 4-storey
building to a 12-storey building: columns, ribbed floors, masonry infill. One can think that these are only
models reproduced by habit, in the continuity of Soviet practices.
Finally, most of the damage observed is characteristic of this construction typology, associated with site
effects in the Durrës basin. The dilapidated state of individual or small collective buildings over 30 years old,
weakened by the 21 September earthquake, were heavily damaged in the 26 November earthquake.
Through our exchanges, we noted the competence of specialists, engineers, geotechnicians, seismologists, as
well as the existence of earthquake-proof regulations. The problem lies more at the interface between the
design of structures and their construction. The regulatory context of the act of building would thus benefit
from measures to control the technical quality of constructions, to take into account the particular
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constraints of the sites (geotechnical risk, microzoning) and to provide guidelines to reduce the vulnerability
of the existing heritage.
The two-level damage assessment methodology implemented with the support of the European Civil
Protection appeared to be effective in meeting the needs of emergency diagnostics of buildings. This
methodology continues to be useful in the identification of buildings requiring in-depth studies in order to
determine whether they should be repaired or reinforced.
The association of rescue teams and technicians for a rapid sorting of dangerous buildings, followed by more
technical and detailed assessments by competent engineers or technicians, appears to be a desirable
development for the effectiveness of the Emergency system through the agreement between the AFPS and
the DGSC. At the same time, the development of a digital tool seems to be essential to enable rapid on-site
data entry and, above all, the ability to post-process information for the authorities in charge of crisis
management.
The on-site mission was carried out almost 3 months after the earthquake. We felt a form of haste in the
basic repair work, treatment of cracks and repainting. In this reconstruction phase, the opportunities for
repairs with or without strengthening are planned to be framed by in-depth diagnostic studies. It is not
evident that significant changes in seismic design will occur during this phase. However, we have felt strong
expectations in terms of regulatory provisions, allowing better consideration of seismic hazard, notably
through the application of the Eurocodes.
The Albanian population appeared very resilient. Solidarity in the facing of the disaster has enabled a rapid
resumption of economic activity, to the extent that it is feared that this crisis will not improve seismic risk
prevention. The prevention of risks to human safety appeared to be rather weak. It is likely that the
economic impact, excluding reconstruction, will be relatively limited: little impact on the operation of the
port of Durrës, no problems of tourist reception, impact limited to businesses, etc.
The influence of the experts in the institutional choices appears limited. Let us hope that the young Albanian
Association of Earthquake Engineering will be able to bring its expertise in the future regulatory choices for a
better management of the seismic risk.
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9

Appendix

This report is supplemented by several annexes which are available in digital version on the AFPS website
(www.afps-seisme.org).
These complements are analyses and studies carried out by the members of the mission.
Appendix 1: Summary presentation of the study: "Autocratic planning systems challenged by unregulated
urbanisation: Urban transformation in post-socialist Tirana, Albania".
Appendix 2: Monuments of historical or architectural significance seen or visited during the mission
Appendix 3: Example of reinforcement techniques adapted to the structures encountered
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10.3 Websites
http://www.geoportal.asig.gov.al/: SIG Albania website
http://gdacs.org : Global Disaster and Coordination System alert website
https://emergency.copernicus.eu : Copernicus Emercency Management Service
https://en.wikipedia.org/wiki/Albanians : Wikipedia page about Albania
OpenStreetMap (OSM):
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PAGER (United States Geological Survey):
https://earthquake.usgs.gov/data/pager/
ShakeMap (United States Geological Survey):
https://earthquake.usgs.gov/data/shakemap/
Instituti i Statistikës (INSTAT):
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