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Abstract. European historical city centers are particularly prone to natural disasters. This is
due to the fragility of structures that often times do not comply with seismic codes; the high
constructions’ density that causes induced damage, and the historical relevance of buildings
that makes difficult the enacting of mitigation strategies.

In Italy, major earthquake caused extensive damages over the last century. Seismic events have
a huge impact on the nation’s economy growth due to direct and indirect impacts, such as for
example the high reconstruction costs or the business interruption spread out over a long
period, respectively. In addition, the duration of recovery can affect the population wellbeing
and cause permanent displacement. For this reason, the preventive planning of disaster
management strategies are crucial to mitigate the damage and enhance resilience. Proposed
strategies have to be effective and economically sustainable.

In this paper, two towns affected by the 2012 Northern Italy Earthquake are chosen to analyze
the reconstruction process. Using information published on the town journal, relevant aspects
of the community resilience are highlighted. In particular, the housing recovery, i.e. the return
of displaced people to a permanent housing solution is investigated.

Then, a suite of seismic mitigation strategies is proposed for both cities, taking into account the
peculiarity of the built environment and the damage distribution available thanks to the post-
event buildings’ inspection. The effectiveness of the proposed strategies is assessed through a
cost-benefit analysis, highlighting optimal solutions to reduce the economic and social losses.
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1 INTRODUCTION

Major earthquakes are among the deadliest and costliest natural disasters both worldwide [1]
and in Europe [2] in the past decades. In Italy, four major seismic sequences occurred since
2009 (L’Aquila 2009, Northern Italy 2012, Central Italy 2016-2017 and Ischia 2017) causing
more than 650 casualties and injuring almost 2400 people [3,4,5,6].

The high social impact can be associated to the high vulnerability of the built environment.
In fact, the first seismic zonation map, i.e. the identification of the potential seismic hazard and
probability of occurrence, covering the entire Italian territory was developed only in 2003 [7]
and adopted in the Design Code of 2008 [8]. On the other hand, the vast majority of buildings
were designed pre-2003 and therefore without following earthquake-resistant design (ERD)
concepts, see Figure 1 [9].
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Figure 1. Percentage of Italian buildings per construction period (blue bar) and their comulative sum (red line).

This vulnerability led to significant direct and indirect losses in the occurrence of major
earthquakes. Direct losses include the repair and reconstruction costs [10,11], while indirect
losses may be referred to the business interruption [12] and the cost of providing temporary
housing for the people displaced [13].

In particular, when people are displaced from their home, two different solutions are
generally adopted: they are provided with a temporary shelter, called PMAR (Prefabricated
Adaptable and Movable Residences), or they are given a monetary contribution called CAS
(Contribution for Accommodation Self-determined) in case they decide to independently find a
housing solution. These housing solutions are defined as “temporary”, even if they may last for
several years, affecting the population wellbeing, causing identity loss [14] or, in extreme cases,
the depopulation [15].

All the aforementioned aspects highlight the need of preventive seismic risk mitigation
strategies at the urban scale, in order to reduce the socio-economic impact of earthquakes.
Recently, the Italian Government issued a tax break called SismaBonus [16] up to 85% in 10
years of the cost invested by owners of houses or flats in increasing the seismic performance of
the buildings they live in. To easily quantify the actual and target seismic performance of
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buildings, guidelines have been introduced that classify buildings into seven classes depending
on a safety index IS —V [17], see Table 1. IS —V is evaluated by performing structural
analyses according to the Code provisions [18].

Table 1. Risk classification depending on the Safety Index IS-V.

Safety Index IS-V Class
100% < IS-V Aty
80% < IS-V < 100% Ajsv
60% < IS-V < 80% Bis.v
45% < IS-V < 60% Cis.v
30% <IS-V <45% Disv
15% < IS-V <30% Eis.v
IS-V < 15% Fis.v

In this paper, the recovery process of two cities affected by the 2012 Northern Italy
earthquake (NIE) is presented. Data are collected through the cities’ municipal journal. Then,
the effect of preventive seismic mitigation strategies is investigated thanks to the post-seismic
buildings’ inspection. A cost-benefit analysis is performed considering both socio-economic
losses.

2 DOCUMENTING THE HOUSING RECOVERY

Two major seismic events hit the Emilia Romagna Region, Northern Italy on May 20" May
29 2012. These earthquakes caused 27 fatalities, injured approximately 400 people and left
almost 15000 homeless [19,20]. The high number of people displaced required the Civil
Protection Agency to provide PMARs, see Figure 2, or assign CASs so that temporary housing
solutions could be found.
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Figure 2. PMARs installed after the 2012 NIE.

The area affected by the NIE is highly industrialized and it is reasonable to assume that this
aspect significantly contributed to the disaster recovery, as people were able to retain their job.
Yet, one of the most important aspects for the recovery is the return to their pre-event home or
a permanent housing solution. This is generally referred to as housing recovery [13]. Few
studies have already evaluated the trend of people living in a PMAR or being assigned a CAS.
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For example, Mannella et al. (2017) [21] analyzed the evolution of people displaced after the
2009 L’Aquila earthquake until the end of 2016. Then, Carnelli and Frigerio (2017) [22] studied
the number and social indicators of people living in PMARSs in the city of Mirandola until mid-
2016. It is worth noting that, even considering a time span of seven years, the full recovery was
not observed, meaning that the issue of people displaced by major earthquakes may last for a
very long time after the event.

In this study, the housing recovery of Concordia sulla Secchia and Mirandola, two cities
affected by the 2012 NIE is documented. Data are collected through the municipal journals, the
“Concordia Comune” [23] and “Indicatore Mirandolese” [24], see Figure 3, which are freely
accessible online.
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Figure 3. First issue of the (left) Concordia Comune and (right) Indicatore Mirandolese after the 2012 NIE.

The housing recovery is associated to the number of people either living in a PMAR or being
assigned a CAS. No information was found on the number of people staying in a hotel and
similar lodging establishments or that decided to move out from the city, and therefore are not
included in the study. Results are shown in Figure 4.

After the 2012 NIE occurrence, in the city of Concordia sulla Secchia slightly less than three
hundred people (94 households) lived in a PMAR and almost nineteen hundred people (756
households) were assigned a CAS. In the city of Mirandola, the number of homeless was
significantly higher, as almost a thousand people (286 households) lived in a PMAR and
slightly less than 7500 people (2964 households) were assigned a CAS. In 2017, approximately
five years after the NIE, all households living in a PMAR in both cities had returned to a
permanent housing solution. On the other hand, 13% and 7% of people displaced were still
assigned a CAS in Concordia sulla Secchia and Mirandola, respectively. These findings
highlight the very long process of housing recovery that may take several years, causing distress
in the population and affecting the community resilience, i.e. the return to the pre-event
performance [25].
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It is worth noting that, despite these data are considered reliable given that they are provided
by a journal issued by the municipality itself, they are scattered throughout the years, making it
difficult to understand the trends.
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Figure 4. Housing recovery for (left) Concordia sulla Secchia and (right) Mirandola after the 2012 NIE.

Very few information are available regarding the cost of PMARs and CAS. A report states

that each PMAR cost approximately 26.000€ [26] while another puts the cost at 125.000€ [24],
probably including the money needed for the land expropriation and PMAR installation.
Regarding the CAS, some information is drawn again from the municipal journal “Concordia
Comune” [22], see Table 2. From 2012 to 2018, more than 6 million Euros have been assigned

to the people displaced, with a monthly contribution of approximately 400€ per households.

Table 2. CAS contribution for Concordia sulla Secchia between 2012 and 2018.

Period CAS [€] No. Households
May - July 2012 545737 756
August - November 2012 1458690 735
December 2012 - January 2013 651074 612
February - March 2013 546177 506
April - May 2013 497894 466
June - July 2013 411320 411
August - September 2013 322162 292
October - November 2013 309440 282
December - January 2014 299510 273
February - May 2014 441800 194
January - March 2016 120168 142
April - June 2016 119782 140
July - September 2016 117950 137
October - December 2016 114891 132
January - March 2017 108920 126
April - June 2017 96873 108
July - September 2017 86341 105
October - December 2018 71709 101
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3 SEISMIC RISK MITIGATION AT THE URBAN SCALE

Given the high impact that major earthquakes have on affected communities, that require
several years to recover and have significant associated losses, preventive seismic mitigation
strategies become crucial. These strategies have to be effective but also economically
sustainable.

As for early 2020, 140.6 and 470.5 million Euros have been assigned for the repair and
reconstruction of residential buildings in the city of Concordia sulla Secchia and Mirandola,
respectively [27]. Considering the total area of buildings, it leads to an investment of
approximately 1500€/m? to rebuild or retrofit a structure up to the current Code provision in
terms or ERD concepts (class Ais.v of Table 1). However, for existing buildings that were
designed without ERD concepts, the seismic retrofit may not be the optimal solutions in
monetary terms. For example, installing bond-beams and/or tied rods to guarantee the box-like
behavior of unreinforced masonry (URM) buildings or preventing the shear failure of reinforced
concrete (RC) columns with fiber-reinforced polymers may prevent collapse and therefore
guarantee a sufficient safety level. This concept can be referred to as class upgrade (CU). A
CU raise the considered building up a IS — V class and it therefore is expected to undergo a
lower damage in the occurrence of an earthquake. Considering the five damage levels defined
in the European Macroseismic Scale (EMS-98) [28], CUs are described in Table 3.

Table 3. Summary and description of the considered class upgrades for buildings.

U;?;?Ziie IS-V Class Ig‘;’;;tgeg Example
CUT  Bisv—Disv  DS—D4 peConti cover esoration and eack sepir (30
U2 DuvoCar DioDy UL Amieaionciiendbems o ionh 1
CUS ooy D32 L Mol oo i s
CU 4 Bisy — Arsy D2 — DI URM: Reduction of in-plan slab flexibility

RC: Reduction of in-plan slab flexibility
URM: Walls reinforcement with TRM [35]
RC: Introduction of new resistant system [36]

CU 5 AIS—V — A+IS-V Dl — DO

Damage level D5 is associated to complete collapse and DO is associated to no damage. Class
Fis-v of Table 1 is not considered as the very poor seismic performance makes it unfeasible to
undertake any strengthening work.

For each CU, a nominal cost of 300€/m? is assumed based on the Authors’ professional
experience. Information about the buildings’ construction type, floor area and observed damage
are available thanks to the Da.D.O. (Database of Damage Observed) online database [37] that
collects data about the post-event inspections that assess the damage and evaluate the
accessibility. Only URM and RC buildings are considered, as they represent almost the entirety
of the sample. The structural type and damage distributions for Concordia sulla Secchia and
Mirandola are shown in Figure 5.
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Figure 5. Structural type and damage distribution for (left) Concordia sulla Secchia and (right) Mirandola.

Repair and replacement cost are assumed based on a recent study about the reconstruction
after the 2009 L’Aquila earthquakes [38] and are defined for five damage levels, see Table 4.

Table 4. Assumed repair and replacement costs.

Damage Level

Repair/replacement cost [€/m?]

D1 27

D2 135
D3 405
D4 810
D5 1350

A cost-benefit analysis of seismic mitigation strategies is performed for Concordia sulla
Secchia and Mirandola by considering the five CUs described in Table 3. At first, only most
damages buildings are reinforced and the cost of a preventive strengthening is compared with
that of the repair and replacement costs. The analysis is carried on until all buildings have been
retrofit so that they are expected not to undergo any damage in the occurrence of an event
similar to the NIE. Results of the analysis are shown in Figure 6.
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Figure 6. Cost-benefit analysis of various CUs for (left) Concordia sulla Secchia and (right) Mirandola.
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Obtained results show that the optimal solution (the point where the strengthening and the
repair cost curves meet) is between the 2™ and 3™ CU. In terms of IS — V Class, the optimal
solution is between class Cis.v (45% < IS-V < 60%) and Bis.v (60% < IS-V < 80%). These
findings are in line with provisions of Italian Guidelines [39] that suggest for existing buildings
to adopt strengthening works that allow them to withstand up to 60% of the expected seismic
actions.

In addition, it is noted that estimated repair and replacement costs for residential buildings
of Concordia sulla Secchia and Mirandola, obtained with values of Table 4, are comparable to
those actually assigned [27], see Table 5.

Table 5. Comparison between estimated and assigned repair and replacement costs for Concordia sulla Secchia
and Mirandola.

City Estimated repair and Assigned repair and
replacement costs [MIL €] replacement costs [MIL €]
Concordia sulla Secchia 131.8 140.6
Mirandola 412 470.5

The positive effect of seismic mitigation strategies is assessed also in terms of the social
impact. In particular, the expected number of injuries and fatalities is evaluated for the same
CUs of Figure 6. The casualty estimation is performed using the approach defined by Zuccaro
and Cacace (2012) [40]. Results are shown in Figure 7.
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Figure 7. Injuries and fatalities estimation for (left) Concordia sulla Secchia and (right) Mirandola.

Obtained results show that with 2 CUs an event similar to the 2012 NIE is expected not to
cause any injury or fatality. These findings further support those obtained with the cost-benefit
analysis in Figure 6.

4 SUMMARY AND CONCLUSIONS

In this paper, the benefit of preventive seismic mitigation strategies at the urban scale is
presented and evaluated. In Italy, these strategies are crucial due to the age of the built
environment, that in most cases is not designed following ERD concepts and therefore may
undergo significant damage event with earthquakes of moderate intensities.
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Damage is considered in terms of both social and economic losses. Social losses include loss
of lives and injuries, but also the people displaced who are in need of a new housing solution.
In particular, people displaced may need several years to return to a permanent home, with
consequences on their wellbeing and the overall community resilience. Economic losses
include both the repair and replacement costs and the business interruption. In order to reduce
losses, preventive mitigation strategies have to be implemented. These could range from
localized strengthening works to a complete retrofit.

This paper presented a data collection of the housing recovery of two cities affected by the
2012 NIE thanks to the information included in the municipal journals. It is observed that, more
than seven years after the earthquake, a considerable portion of the population hasn’t returned
to a permanent housing solutions yet.

Then, the concept of class upgrade is introduced and used to perform a cost-benefit analysis
of a suite of mitigation strategies. By comparing the strengthening and the repair and
replacement costs, the optimal solutions is found. This solution is in line with the current Code
provision for existing buildings and may be used to enact policies at the Stakeholders’ level to
promote a “culture of mitigation”. A significant contribution in this way is given by the recently
introduced SismaBonus, a tax break in 10 years for the seismic strengthening of residential
buildings that could make the work more affordable. For this reason, the use of risk assessment
methods at the urban scale [41] is crucial to clearly identify the more vulnerable areas of a city
and in this way prioritize the strengthening works.
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