






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































SEISMIC SAFETY OF SCHOOLS IN ITALY

Â©OECD 2004. Abstract: This paper ... lifecycles of schools as the primary causes of vulnerability of the country's school buildings. Introduction ... by the earthquake were not classified as seismic areas, and structures were built without. 

















 Télécharger le PDF 






 755KB taille
 43 téléchargements
 266 vues






 commentaire





 Report
























CHAPTER



3



SEISMIC SAFETY OF SCHOOLS IN ITALY



Mauro Dolce Laboratory for Material and Structural Testing, University of Basilicata, Italy



CHAPTER 3 Seismic safety of schools in Italy



Abstract: This paper examines the possible causes of collapse of a primary school in San Giuliano, Italy, in the 2002 Molise earthquake, which killed 27 students and one teacher. It also considers the general sources of seismic vulnerability of school buildings in Italy prior to the introduction of new seismic zonation and new seismic codes in 2003. In addition to incomplete seismic zonation and inadequate seismic codes, the author cites irregular architectural and structural layout of schools, low standards of construction execution and maintenance, and dangerous structural changes implemented over the lifecycles of schools as the primary causes of vulnerability of the country’s school buildings.



Introduction The damage caused by the Molise earthquake in 2002 drew attention to an ongoing problem in Italy with regard to seismic vulnerability: many of the municipalities affected by the earthquake were not classiﬁed as seismic areas, and structures were built without seismic provisions. Therefore, the damage exceeded that which would be expected in an earthquake of moderate magnitude. The collapse of the primary school Iovene in San Giuliano, where 27 children and one teacher died, alerted the country to the vulnerability of critical structures. However, the problem of the seismic vulnerability and risk of critical structures, especially of buildings where important public functions are carried out (such as schools and hospitals), had been addressed in an extensive investigation carried out in 1996: the Lavori Socialmente Utili (LSU) project, a government project aimed at improving the knowledge of seismic risk in southern Italy. A total of 20 420 school buildings were surveyed, from pre-primary to secondary schools. Several useful statistics were gathered and preliminary analyses conducted in the ﬁrst evaluation of their seismic vulnerability. In the ﬁrst half of 2002, before the Molise earthquake, a national research project – GNDT-SAVE – was also initiated. The aim of the project was to use all available data to improve the knowledge of the vulnerability of public buildings, especially schools. This project is still in progress, and important ﬁndings are currently available (Dolce and Zuccaro, 2003). After the Molise earthquake, national attention focused on the problem of high seismic vulnerability of schools. The National Civil Protection Department immediately tried to understand the general causes of this problem and proposed the development of a new seismic zonation of the Italian territory and a new seismic code. Five months after the earthquake, an Ordinance of the Prime Minister (Ordinance 3274, 2003) stated that the seismic vulnerability of all public strategic buildings, including schools and hospitals, as well as the infrastructure in medium and high hazard areas, had to be evaluated within the next ﬁve years in order to start a seismic rehabilitation programme. An annex in the ordinance containing new seismic zonation and a new seismic code was also enforced. In the meantime, the evaluation of the seismic risk of schools was initiated independently by several local administrations, mayors and presidents of provinces, all of which oversee secondary schools.
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Causes of the collapse of the San Giuliano Primary School There are several reasons why most Italian schools are vulnerable, or highly vulnerable, to earthquakes: the inadequacy of seismic zonation and of seismic codes prior to 2003; the architectural layout of schools; the low level of maintenance of schools; the dangerous structural changes implemented over the lifecycles of schools; and the low standard of construction execution. It is not yet clear the extent to which each of these factors contributed to the collapse of the San Giuliano Iovene school, but the following points should be noted: • The area of San Giuliano was not classiﬁed as a seismic zone, although recent studies indicate that earthquakes with 0.165 g maximum peak ground acceleration (PGA) (MMI = VIII-IX) are expected with a 475-year return period. Therefore, seismic criteria were not considered in the building design. In addition, recent works – such as the partial addition of one storey – completed in August 2003 did not require any seismic upgrading, only veriﬁcation for vertical loads. According to the new 2003 seismic zonation, San Giuliano is now classiﬁed in Zone 2 (Ordinance 3274, 2003). • The low standard of construction execution also contributed to the collapse. The school was constructed using poor quality masonry and with a heavy reinforced-concrete roof (Figure 3.1) (Augenti et al., 2004). • The increase of masses caused by the addition of a second storey may have contributed to the collapse. Figure 3.1. Rubble stones, reinforced- In addition, signiﬁcant soil ampliﬁcation occurred at the school site (Dolce et al., 2004). concrete kerb in the ruins of the An analysis of the damage distribution San Giuliano primary school resulted in the allocation of the 8th grade of the European Macroseismic Scale (EMS), or equivalent intensity (MMI) of X, to the site of the school; and lower grades of the 6th EMS to adjacent areas. Average ampliﬁcation factors as high as 1.6 to 1.8 were evaluated through careful and detailed analyses of experimental geological, geotechnical and geophysical data (Baranello et al., 2004). These results were also compared with the ampliﬁcation factor obtained during the aftershock events of magnitudes greater than M4.0. In the ﬁnal microzonation map for the reconstruction, the school site was assigned an ampliﬁcation factor of 1.6. It can be concluded that all of the usual vulnerability factors contributed to the collapse of the San Giuliano school, and that the event was unexpectedly strong due to soil ampliﬁcation.
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Causes of inherent seismic vulnerability and risk of school buildings in Italy Several general sources of seismic vulnerability in Italy must be considered when examining the seismic risk of existing school buildings. Seismic zonation Seismic classiﬁcation in Italy has evolved considerably over the last century. The ﬁrst zonation – in which only the most damaged areas were classiﬁed – was made after the 1908 Messina earthquake, resulting in the ﬁrst Italian Seismic Code in 1909. Until 1980, similar regulations were enforced after each damaging earthquake. This meant that for much of the 20th century, only the areas that suffered signiﬁcant seismic damage – i.e. only 25% of the Italian territory – were classiﬁed into seismic zones, and that the constructions built in these classiﬁed zones were designed according to the Italian seismic code in force at the time. In 1981, after the 1980 Irpinia earthquake, a more comprehensive and rational seismic zonation was undertaken, taking into account the Italian seismic history of the past several centuries. At this time, about 45% of the territory was classiﬁed as seismic zones 1, 2 and 3, although no seismic provision was made for constructions in the remaining 55% of the country. Over the next 20 years, understanding of Italian seismic hazard advanced rapidly, resulting in a new seismic classiﬁcation proposal in 1998, whereby about 70% of the territory was classiﬁed into these three seismic zones. In 2003, based on this proposal, the new national classiﬁcation was ofﬁcially implemented (Figure 3.2). The classiﬁcation recognised that all Italian territory is subject to seismic hazard and introduced a new, low seismicity zone to cover the remaining unclassiﬁed 30% of the territory. Figure 3.2. Seismic classiﬁcation of the Italian territory



Classiﬁcation 1981-2003 1



© OECD 2004



2



3



NC



Classiﬁcation after 2003 1



2



3



4



55



CHAPTER 3 Keeping schools safe in earthquakes



Seismic codes In 1974, the Law N. 64 established rules for updating seismic codes. In 1986, for the ﬁrst time, the problem of existing constructions, and not only the design of new buildings, was addressed in a seismic code. Unfortunately, code updates did not follow the actual developments in research on seismic design, and the Italian seismic codes did not change signiﬁcantly until 2003. The earlier codes were mainly concerned with the strength of structures, while neglecting the attainment of an adequate ductility, which allows structures to survive strong earthquakes. In addition, until 1996, no provision existed in the code to prevent excessive ﬂexibility, which can cause damage to non-structural elements of the construction in low to medium intensity earthquakes. In practice, Italian buildings designed according to pre-1996 seismic codes usually have deﬁciencies that result in a high risk of collapse in strong earthquakes and high risk of heavy non-structural damage in low to moderate intensity earthquakes. According to LSU project data, in southern Italy, about 70% of reinforced-concrete buildings and more than 95% of masonry buildings were constructed before 1980. This means that few of the reinforced-concrete buildings and practically no masonry buildings were designed according to seismic design criteria, making the risk of collapse very high. For reinforced-concrete buildings, the design for vertical loads often leads to a structure with resistant frames in one direction only. In this direction, the structure can be sufﬁciently rigid, with extra-strength to withstand low and moderate intensity earthquakes; but in the weak direction there are no frames or merely external frames, resulting in high ﬂexibility with little extra strength available to withstand seismic actions. As stated above, excessive ﬂexibility causes great damage to non-structural elements (e.g. internal and external inﬁll panels), even in low intensity earthquakes. Architectural layout A major cause of vulnerability of school buildings is the architectural and structural layout. Most schools are composed of a number of different teaching areas, such as traditional teaching rooms, laboratories, gymnasiums and theatres. If these different areas are located in the same building, then the building will be irregular and/or articulated in shape, both in plan and in elevation. Shape irregularity, which often results in structural irregularity, is an unfavourable feature of buildings in seismic areas, as the shape determines the concentration of damage in speciﬁc parts or storeys of a building, and may even cause collapse. In addition, school buildings need wide windows to light up teaching rooms and gymnasiums, and wide doors to facilitate the passage of students. Most rooms are also large and do not have structural obstacles (i.e. columns). However, the effect of these large spans and wide openings on the structural layout of masonry buildings is that the masonry-resisting panels are often too slender with inadequate resistant area, in relation to the heavy loads that they must carry, to withstand strong earthquakes. Sometimes, long corridors are placed along the building, thus completely separating the façade from the remainder of the masonry structure. For reinforced-concrete buildings, the wide openings in the inﬁll panels can cause irregularity in the plan (torsional effects)
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Figure 3.3. Typical irregular layout of single and multi-storey schools (a) Structural layout of a reinforced-concrete multi-storey school at Campobasso (b) Layout of three single-storey schools with masonry structures



(a)



(b)



and in elevation (soft storey), creating local weaknesses and unaffordable ductility demand. The excessive inter-storey height, commonly seen in gymnasium and theatre structures, increases the ﬂexibility of the structure and the danger of collapse of inﬁll panels in reinforced-concrete structures in low intensity earthquakes. Figure 3.3 presents the planimetric layout of a reinforced-concrete multi-storey school and masonry singlestorey school, showing the plan irregularity, the wide windows and the large span that is characteristic of school buildings. Figure 3.4 provides an example of schools with wide openings and large inter-storey height.
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Figure 3.4. Wide windows, large inter-storey drift, irregular shapes of single- and multi-storey schools



Standards of construction execution and maintenance Other causes of vulnerability are the low standards of construction execution and maintenance. Concrete used in pre-1980 buildings is often of bad quality and of less than the design strength. Steel corrosion and collapse of concrete cover are some of the structural consequences of low maintenance standards in reinforced-concrete structures. Inadequate bar anchorage and lap splicing are quite common defects in old reinforced-concrete structures, in addition to poor execution of concrete casting. Floor slabs are often inadequate – i.e. not sufﬁciently stiff and resistant – for distribution action in reinforced-concrete and masonry constructions. In masonry buildings, structural masonry often comprises natural irregular blocks and low quality mortar, resulting in low strength. In addition, inadequate connections between masonry walls and the ﬂoor slabs or roof do not guarantee good overall behaviour of the building. Adjacent buildings often have poor separation joints. Figure 3.5 provides examples of these construction and maintenance defects.
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Figure 3.5. (a) Deterioration due to no maintenance (b) Inadequateness of separation joints



(a)



(b)



Structural changes to buildings Changes that have been made to a building during its lifetime – such as the addition of new storeys, openings or a heavy roof – are an additional cause of vulnerability, particularly in masonry buildings. Such changes introduce irregularities and often result in an increase in mass and a decrease in resistant area, thus increasing the seismic vulnerability of the building. Sometimes, schools are located in private buildings that are designed to serve as apartments. In addition to the difﬁculties involved with fulﬁlling the functional requirements of a school and the inadequateness of such buildings for vertical service loads – in Italy private buildings are designed for 2 kN/m2 service loads while school buildings are required to carry 3.5 kN/m2 – vulnerability is also increased by the number of storeys and the less conservative design (i.e. higher compressive stresses in columns). Research carried out for the Provincial Administration of Potenza showed that about 15% of the 78 school buildings examined were private; three of these buildings were among the ﬁve buildings with the highest seismic risk. On the other hand, a speciﬁc common feature of school buildings is that they have a limited number of storeys; “low schools” typically have no more than two storeys. It is not unusual for a designer to be over-conservative with regard to service loads (e.g. columns are larger than necessary), even when the structure is not designed to withstand seismic actions. This allows an extra safety margin with respect to seismic action. In general, considerable variability in seismic resistance can exist between different schools, and in the same school on different storeys and in two orthogonal directions (Figures 3.6, 3.7, 3.8 and 3.9). These causes of vulnerability can also be considered according to the type of school, by level of education: • Upper secondary schools are tall, large, reinforced-concrete buildings of relatively recent construction. Teaching rooms, laboratories, gymnasiums, etc. are often located in separate buildings, and each has different structural characteristics.
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• Lower secondary schools are of intermediate size and number of storeys. The type of structure depends on the age of the building. • Primary schools normally have one or two storeys and rarely more than three storeys. The type of structure depends on the age. Pre-1940 buildings often have a masonry structure. • Pre-primary schools are small with a single-storey masonry structure.
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Figure 3.6. Reinforced-concrete buildings: Minimum PGA resistance at the various storeys and in X and Y directions Minimum PGA resistance Maximum PGA resistance PGA (g) 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0 Building Figure 3.7. Reinforced-concrete buildings: Minimum PGA resistance in the X and Y directions Minimum PGA resistance, X direction
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Typical condition of school buildings To better understand the typical condition of upper secondary schools in Italy that are not designed according to seismic criteria, the conclusions of the ﬁnal report of the investigation on 78 school buildings in the Potenza Province are presented below (see also Figures 3.6 to 3.10). • 26 buildings have a seismic vulnerability that will result in collapse in intensities (MMI) of VIII (PGA = 0.137 g). Ten of these buildings also have poor overall structural quality, which increases the vulnerability of these structures; 13 buildings are of average structural quality; and one has a good structure.
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• Concerning the vulnerability of nonFigure 3.8. Masonry buildings: structural elements, 12 buildings are Minimum and maximum PGA resistance classified as high-vulnerability and at the various storeys in X and Y four schools as low-vulnerability in Minimum PGA resistance terms of non-structural elements. Minimum PGA resistance • Of the buildings with better PGA (g) 1.4 theoretical performance, 21 schools 1.2 could collapse in earthquakes that 1.0 have an intensity greater than IX 0.8 (PGA = 0.2 g). However, four of these 0.6 0.4 buildings have poor overall structural 0.2 quality, 12 schools have average 0.0 structural quality, and three buildings have a good structure. Finally, nine of Building the 21 best-performing buildings are highly vulnerable with regard to nonstructural elements, eight buildings Figure 3.9. Reinforced-concrete buildings: are of average vulnerability, and nine Minimum PGA resistance in buildings are of low vulnerability. the X and Y directions • Concerning seismic risk, nine Minimum PGA resistance, X direction buildings have a return period of Minimum PGA resistance, Y direction less than 100 years, which means a 10% probability of occurrence in PGA (g) ten years; 26 schools have a return 0.5 period of less than 200 years; and 0.4 for 28 buildings, the return period 0.3 of collapse in an earthquake is more 0.2 than 500 years. 0.1
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Figure 3.10. Return period of the collapse earthquake of (a) reinforced-concrete and (b) masonry buildings Return period (years) (b)



(a)
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Measures to reduce seismic vulnerability and risk of school buildings Two different problems must be considered: • How to guarantee adequate safety in new school buildings. • How to improve the safety in existing buildings. Guaranteeing adequate safety in new school buildings involves choosing an acceptable level of risk, compared to other risks inside and outside the school. Currently, the Italian code prescribes a 20% increase in the design action with respect to normal buildings, such as apartment buildings. The additional cost is small compared to the cost of a normal seismic design. However, new protection strategies and technology, such as seismic isolation, allow for much higher safety levels with respect to collapse and avoid damage to non-structural elements. The extra cost is minimal, depending on the number of storeys, but the beneﬁts outweigh the costs. In the opinion of the author, the use of seismic isolation should be a priority when constructing new schools, at least in high seismic risk areas. The level of technological sophistication of the isolation system allows for adjustment to speciﬁc conditions. Evidently, other issues relating to construction standards must also be carefully considered; good execution is as crucial as good design, irrespective of seismic protection. Existing schools present a more complicated problem. As seen above, most schools are inadequate from the perspective of safety; but the level of risk varies between schools. The ﬁrst step is to improve the knowledge of risk levels in school buildings. This is not an easy task and cannot be addressed using current vulnerability methodologies for ordinary buildings, due to the diversity of school building types and the variability in safety levels within the same building. On the other hand, a good evaluation requires much time and money, which is probably incompatible with the urgency and the dimension of the problem. Intermediate assessment procedures are required in order to select the most at-risk school buildings.
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Conclusion It is difﬁcult to measure the relative importance of each of these seismic vulnerability factors; each factor can affect seismic risk differently in different schools and the occurrence of two or more factors can dramatically increase the seismic risk of a school building. Importantly, existing and new schools present different problems and may require different approaches to reducing seismic risk. In new school buildings, correct application of modern seismic codes, updated zonation and microzonation maps, and good standards of execution should guarantee the desired level of safety. However, seismic performance can be signiﬁcantly improved through the use of modern protection techniques, such as seismic isolation, which has negligible or little extra cost. Existing buildings are more complicated. First, rapid and reliable vulnerability assessment must be carried out to identify the most vulnerable buildings. Second, a target safety level must be identiﬁed based on the remaining lifetime of the building and the necessity of retroﬁtting or rebuilding the school. Finally, quality design and execution are critical to good new construction. In any case, modern technologies can, even in the case of retroﬁt, help to raise safety levels.
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