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Abstract: This paper outlines the four main distributive typologies of school buildings in Italy, which 
are strongly characterised by their periods of construction: stand-alone masonry buildings, reinforced-
concrete framed structures, university buildings and historical or monumental buildings. The seismic 
reliability of each typology – which is generally low for all school buildings in Italy – is described, 
and some possible retrofit strategies are outlined. A brief note about the cost-benefit balance is 
presented based on the experience of the Emilia-Romagna Regional Administration, which completed a 
vulnerability analysis of 2 700 strategic buildings, including schools, between 1989 and 1990. 

School typologies in Italy

The typologies of school buildings in Italy are strongly characterised by the construction 
period and the evolution of the teaching system. In particular, four main distributive 
typologies can be recognised.

• Stand-alone masonry buildings (Figure 14.1) 
have timber roofs and two to three 
storeys, with a rectangular plan and 
regularly spaced windows. Most of these 
buildings constructed between 1900 
and 1940 are primary schools and are 
owned by the city administration. The 
rooms are approximately 3.5 m tall, 
placed along two rows on the facade and 
connected by a central isle. Foundations 
are typically made of non-reinforced 
concrete beams aligned under the main 
walls. Floors were originally constructed 
using steel beams and hollow brick units, but due to schools’ maintenance or widening, 
it is possible to find different constructions, often in the same building. The roofs, in 
general, do not present a rigid diaphragm and are composed of light timber elements. 
The mechanical properties of materials, though not very good, are usually similar in the 
different buildings of this category.

• Reinforced-concrete framed structures (Figure 14.2), built after 1950, mainly serve as 
secondary schools and are owned by the county or regional administrations. They are 
completed with in-filled masonry walls or prefabricated panels. Following “rational 

Figure 14.1. A stand-alone masonry 
school building in Ferrara County

Figure 14.2. A reinforced-concrete framed school building in Bologna 
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architecture”, these buildings are irregular in plan and elevation and usually have strip 
windows. Often the first floor is an open space. A wide range of details and quality of 
materials can be found in these structures as construction has been improved from 
1950 to the present. Technical documentation is frequently lacking for these buildings, 
even for those recently constructed.

• University buildings (Figure 14.3) have been constructed over different time periods and 
are defined by their complex organisation of space. These structures vary greatly in size 
and are usually owned by the university administration. These buildings are, in general, 
stand-alone constructions, although they often comprise several connected blocks.

• Historical or monumental buildings 
(Figure 14.4) were built before 1900 and can 
house a number of educational activities, 
from elementary school to university, or 
cultural activities in general. These buildings 
normally form part of a more complex urban 
environment and have a strong structural 
interaction with neighbouring buildings, 
often allowing for easy escape in case of an 
earthquake. The structural element typology 
and material properties range widely as a 
result of centuries of architectural evolution 
and recent maintenance. In this sense, 
the Cultural Heritage Ministry plays an 
important role in maintaining the original 
style of the buildings.

Figure 14.3. The Faculty of Engineering at the University of Bologna

Figure 14.4. The interior court of the 
San Giovanni in Monte building of the 

University of Bologna
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Characteristic seismic vulnerability of school typologies

The seismic reliability of all of these buildings is generally low, not only due to the lack 
of seismic code requirements in most areas of Italy, but also as a consequence of the low 
design sensitivity to protection against earthquake effects. Moreover, peculiar deficiencies 
can be seen in each of the four typologies.

• Stand-alone masonry buildings are characterised by a very low ductility, tall and large-
span rooms that give rise to buckling sensitivity, high shear stress peaks, and flexible 
floor slabs and roofs. One of the main vulnerability factors is the numerous and wide 
window openings, which introduces a stress amplification into the reduced width 
shear-resistant panels. The experimental evidence of damage in recent earthquakes 
shows that these panels fail in shear with a brittle behaviour (Figure 14.5(a)). Other 
vulnerability factors are:

− Out-of-plane instability due to the large-span rooms that have no adequate wall restraint.

− Perimeter wall failure due to roof element pushing actions (Figure 14.5(b)).

− Failure of the links at orthogonal wall intersections, often weak due to construction sequences.

− Weak connections between walls and slabs.

− Poor quality materials.

• Reinforced-concrete framed structures do not adhere to the detailed rules presently 
included in seismic codes. In addition, materials used between 1950 and 1970 were 
low-grade, and the architectural shapes developed after 1970 were irregular, leading to 
poor seismic behaviour. The combination of low column ductility due to the inadequate 
use of stirrups, and high shear forces usually determined by torsional effects, resulted 
in brittle collapse susceptibility. In this typology, the in-filled walls play an important 
role in global resistance and energy dissipation, the effect of which is significantly 
reduced by strip windows in school buildings.

Figure 14.5. (a) Typical seismic damage and vulnerability (absence of a rigid plane 
at the roof level) of a masonry building, showing the failure of panels in shear with 

brittle behaviour (b) Perimeter wall failure due to roof element pushing actions

(a) (b)
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• University buildings, also rendered more vulnerable due to building age, are characterised 
by large spaces and window openings. The complexity of space distribution increases the 
seismic vulnerability. In addition, equipment used in some laboratories, such as chemical 
laboratories, can lead to dangerous secondary effects in the presence of large displacements 
(even without structural collapse), inducing leakage of vessels and pipelines.

• Historical or monumental buildings are often highly seismically vulnerable. Retrofitting 
can present problems due to the historical value of the buildings and/or the urban 
context. The most common vulnerability issues concern the weak stiffness of timber 
floors, composite rubble walls, poor level of material maintenance, structural form 
alterations, unrestrained roof planes and foundation settlements.

Retrofit strategies

Possible retrofit strategies for the four building typologies are presented below.

• Stand-alone masonry buildings can be suitably retrofitted by using external cantilever 
walls or bracing frames at a relatively small cost. It is necessary to explore the 
architectural feasibility of adding external structures, selecting the most appropriate 
shape. Floor slab stiffening is generally required and can usually be achieved by grouting 
a concrete layer above the slab or adding a steel truss beneath the slab. Usually, safety 
codes require a global structural retrofit. However, a different strategy could involve 
introducing very stiff external elements that carry all the seismic forces.

• Reinforced-concrete framed structures require both reducing irregularities and 
correcting material and detailing problems. One of the most promising strategies is 
the use of composite fibre-reinforced materials (FRP) to improve both the strength and 
ductility of the frames. In addition, the shear stiffness and ductility can be increased 
by using bracing systems eventually coupled with dissipative devices. An additional 
foundation system is usually required for these added stiffening/dissipative elements.

• The general rules that apply to retrofitting university buildings are similar to those for 
the previous two building typologies, although these buildings suffer from amplification 
due to large structural spans. To reduce the vulnerability of laboratories, a fully elastic 
seismic strategy is required in order to avoid large displacements caused by a ductility-
based design.

• Historical or monumental buildings do not allow for the definition of a general strategy, 
and it is perhaps necessary to accept a lower seismic protection level for these structures. 
In the past, at least in Italy, the codes did not require any quantitative evaluation of the 
seismic improvement produced by the retrofit activity when the structural behaviour 
was not strongly modified. Nevertheless, experience has shown that such retrofits are 
not always successful. Hence, guidelines should provide some information concerning 
experimental investigations and evaluation techniques to quantitatively estimate the 
effectiveness of the planned works.
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Some interesting pilot seismic retrofits, employing a wide range of possible techniques 
transferable to school buildings, have been carried out at the Berkeley University Campus 
(United States). The following examples are taken from www.nisee.berkeley.edu. 

• Figure 14.6(a) shows the construction of new concrete footings and external shear walls, 
which are attached to existing walls on a new base at Berkeley University Campus.

• Barrows Hall, an eight-storey reinforced-concrete frame and wall building that was rated 
seismically “poor”, was one of the first buildings to be retrofitted in a recent campus-
wide initiative (Figure 14.6(b)). The retrofit consisted of new anchored reinforced-
concrete walls and foundations, which wrap around each end of the building and are 

Figure 14.6. (a) Retrofit work, Berkeley University Campus 
(b) Barrows Hall, Berkeley University Campus

(a) (b)

Figure 14.7. (a) New central dining and office facility on Bowditch Street, 
Berkeley University Campus (b) Student residences, Berkeley University Campus

(a) (b)
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linked by collector beams extending along the north and south faces of the building 
on the upper floors. New construction was complicated by requirements to keep the 
building in full use during work and to preserve window arrangements.

• Figure 14.7(a) presents a new four-storey central dining and office facility on Bowditch 
Street. This steel-frame building used unbounded braced or “buckling restrained braced 
frame” (BRBF). 

• The student residences shown in Figure 14.7(b) comprise an externally retrofitted, 
concentrically braced steel frame and shear wall. The older reinforced-concrete framed 
building is now rated seismically “good”. 

• The building shown in Figure 14.8(a) is located close to surface tracings of the Hayward 
Fault. It was rated seismically “very poor” before the retrofit. The reconstruction used 
high-damping rubber base isolation bearings and preserved most of the building’s 
original details. 

• South Hall (Figure 14.8(b)), designed by David Farquharson, is a fine example of late 
Victorian architecture. South Hall was constructed between 1870 and 1873 using fired 
brick made of local Bay clay. The original design incorporated a bond-iron framework 
on granite foundations and some diagonal bracings for earthquake resistance. Interior 
walls comprise unreinforced masonry. In the 1980s, the building was declared hazardous 
and a “centre coring” reconstruction scheme was developed to preserve historic wall 
surfaces and ceilings.

Figure 14.8. (a) Exterior view of excavation, showing temporary supports 
and scale of the project, Berkeley University Campus (b) Oldest building still 

standing on the campus, South Hall, Berkeley University Campus

(a) (b)
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A public administration perspective: The Emilia-Romagna experience

The public administration is usually faced with two challenges related to earthquakes: 
first, managing a post-earthquake emergency; and second, reducing the seismic risk 
level of buildings for the purposes of prevention. The reduction of the seismic risk level 
must also be the main goal during the post-earthquake “reconstruction”, after the first 
emergency phase. In both cases, the first task is to prepare a “priority list” and a retrofit 
cost programme in order to adequately assign the economic resources required.

In the post-earthquake case, the problem is partially simplified. A post-earthquake damage 
analysis can provide additional information to evaluate surviving buildings’ seismic 
vulnerability. However, in a purely preventive programme, the vulnerability analysis is 
usually more difficult as it must take into account the risk related to building use.

The experience of the Emilia-Romagna Regional Administration (see www.regione.emilia-
romagna.it/geologia/Sismic.htm) began in 1986 in 12 municipalities located in Emilia 
Appennino. It continued between 1989 and 1990 with the completion of a vulnerability 
investigation of about 2 700 strategic buildings – hospitals, schools and town halls – in 
76 municipalities that were classified as seismically prone in 1983 (Figure 14.9). Currently, 
the regional administration is preparing to update and extend this analysis. A substantial 
agreement between all Italian regional administrations was reached recently concerning 
the necessity of having a common simplified but validated method to select buildings 
and create a priority list for seismic retrofit.

Figure 14.9. Vulnerability analysis from 1989 to 1990
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In the course of these investigations, vulnerability was estimated by means of fragility curves, 
which relate the damage index d(y,V), expressed as a percentage of the building value, to the 
vulnerability index V and the peak ground acceleration y. yi and yc are the first damage and the 
collapse accelerations, respectively. Details on the procedure and the parameters used in the 
numerical models can be found at www.gndt.ingv.it → Strumenti → Schede di Rilevamento. 
The user manuals can be downloaded at www.regione.marche.it/terremoto/VulnEntry.htm.

   = 0  for y ≤ yi 
d(y,V)   =  (y – yi) / (yc – yi) for yi < y < yc

   = 1  for yc ≤ y

The first result of this analysis is a curve showing the cumulative distribution of the 
examined buildings it terms of its vulnerability (Figure 14.10(a)). The attribution of a 
“cost model” to each building typology allows for the definition of an “attended damage” 
vs. “cost” curve. Figure 14.10(b) shows the result of applying this procedure to school 
buildings in Emilia-Romagna. It can be seen that a significant percentage of buildings can 
be retrofitted. In the model, indirect damages and “human damages” – that is the seismic 
exposure – have not been taken into account: a corrected damage curve can be obtained 
whenever these factors are considered and the equilibrium point moves up.

Some aspects could be improved by applying this procedure. A joint effort between 
interested countries – in developing European guidelines for example – could be profitable 
in this sense. In particular, the following points can be elucidated from our experience:

• The vulnerability evaluation should take into account construction details, which are 
often the source of failures.

• The criteria and the procedure used to compare the vulnerability of different building 
typologies should be better clarified.

• Indirect damages should be defined and evaluated.

Figure 14.10. (a) Distribution of the buildings’ vulnerability index 
(b) Cumulative curves of attended damages and preventive seismic retrofit costs
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• The seismic exposure – especially in terms of human resources – should be considered. 
Since this is typically a “political” task, the technical role is to define a set of parameters 
to facilitate political decisions.

Evidently, economic interests can create conflicts between different administrations when 
applying a risk evaluation procedure: the role of a control authority is important.

Finally, it is clear that the economic effort involved in seismic retrofitting is huge. 
Moreover, after a careful reliability analysis, the cost-benefit evaluation could suggest 
strategies other than retrofitting. A radical decision could be the demolition of some 
building parts or floors – to reduce masses and/or to achieve a greater regularity – or, an 
extreme solution, the restriction of school activities.

 


