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Short Preliminary Report. 
Earthquake of Alhoceima of 24-02-04 

BUILDINGS DAMAGES: The earthquakes affect buildings in different way based on their constructive characteristics (design, materials, execution, distribution etc), their location (distance to the epicenter, relation with adjacent buildings, shallow geology, topography…), its state of conservation, propagation direction of the waves, etc.; all these effects define the VULNERABILITY DEGREE. This vulnerability can be evaluated a priori based on some parameters enumerated in the previous paragraph (estimated vulnerability), or based on the damages suffered after an earthquake (observed vulnerability). After the earthquake of Alhoceima of 24-02-04, an IAGPDS group made an inspection of the damages suffered by the constructions to evaluate the degree of damage and vulnerability.  We found that the damages were in their majority related to design and execution defects, while the rest had to do with the materials used (clay bricks and bad quality reinforced concrete) and, in a few cases, were caused by their relation with the adjacent ones (pounding). The damage distribution is widespread in a very specific area that includes the towns/villages of Imzoûrene, Aït Kamra, Aït Messaoud, Tazârhine, Tafensa, Izemmoûrenne and Ajdir, where degree VIII (EMS) has been reached (see mapa de intensidades ). This area is surrounded by a very narrow area of degree VII (hardly defined). The city of Al-Hoceima has suffered very slight damages because it is located on a competent rock outcorp. 
DAMAGE DESCRIPTION: the predominant type of building in the cities is made of reinforced concrete frameworks of 2 to 4 stories. The general guideline that has been observed in the buildings that the earthquake has demolished is the deficiency, both in the quality of the construction materials, and in the execution of the structural elements: 
· The concrete used is of very bad quality, because revetment cement has been used instead of structural cement (the former is cheaper than the latter). This cement was degraded and dehydrated. 
· The aggregate used in the elaboration of the structural concrete is of a very low diameter, mainly sand. 
· The reinforcing bars that have been used are smooth instead of deformed bars. That’s why there is no good concrete-steel hold and the reinforced concrete does not behave as such.   (
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Reinforcing bars oxidized: in numerous occasions the structural steel is oxidized, which givesrise to an increase of the volume of the steel that, makes concrete burst. This effect diminishes the section of the structural elements (beam-column) and eliminates their covering that, sometimes, is minimum or does not exist. 
· The shear reinforcements are excessively separated (about 25-30 cm), both in the knots of structural frames (it must be from 2 to 5 cm) and in the spans.  (
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The anchorage and overlaps of the framework ( ( ) of the structural elements is minimum and sometimes nonexistent, which has given rise to the loss of the connection beam-column in numerous cases. 
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All this, together with the defects of design characteristic of the constructive tipology of the zone (soft-story, design in irregular plant, pounding between adjacent buildings, etc) has given rise to the collapse of numerous constructions. 
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Building of irregular plant in corner   (
Pounding between adjacent buildings  (
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 Building of concrete structure with soft-story.
(Nonlinear reinforced concrete columns 
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In the villages of the interior buildings are made of brick clay, stone blocks or both, whose bad seismic behavior is due to the lack of ductility and to the loss of connection of the structural elements (wall-slab); this, together with the large weight of the slab gives rise to collapses that do not leave hollows where people could survive.
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The IAGPDS group: F. Vidal, M. Feriche, M. Navarro and M. Navarro.
