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Abstract. The assessment of the seismic vulnerability of existing buildings (in particular for 
public or strategic) is frequently based on strongly simplified methods than those used for 
new or retrofitting design at least for the first evaluation. In particular, the seismic perfor-
mances are often summarized by simple and poor indexes, incorrectly called seismic risk in-
dexes. For example, the seismic risk index provided from several standard code or guidelines 
for practice are based on simplified and deterministic procedure. Moreover, the evaluation of 
the reference seismic intensity is generally based on simplified model. In this work, these limi-
tations are highlighted and overcame. A new and probabilistic approach to define a more ac-
curate Seismic Risk Index (SRI) for existing building is proposed. The novel SRI is based on 
reliable and analytical Fragility Curves.  
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1 INTRODUCTION 
In last years, the priority ranking for the retrofit of existing buildings has become a key is-

sue in the mitigation of seismic risk [1]. The ranking lists are generally based on seismic risk 
of the buildings, which is defined based on several analysis methods and procedures.  

The seismic risk index (SRI) can be considered as the most important parameter in plan-
ning of seismic risk mitigation strategies and in prioritization of retrofitting interventions [2], 
[3], [4]. Moreover, the SRIs are also useful tools for monitoring the changes in seismic risk 
through time and space [5]. 

The SRIs should be able to investigate and summarize the building safety level. Neverthe-
less, they are needed in order to investigate about the economic impact of the existing build-
ings vulnerability. 

Unfortunately, there is not a standard method and definition of seismic risk indexes. Con-
sequently, the significant differences could be lead to significant discrepancies in term of 
seismic risk strategies. The SRI is affected from a high number of factors, such as simple pro-
cedure providing inappropriate results. 

The SRI should be defined starting from one or more goals, which are generally called Re-
habilitation Objectives (RO), for example [6]. RO is based on a Target Performance Level 
and a Seismic Hazard Level. The Target Performance Level (PL) must be defined in terms of 
safety of the buildings and their occupants during and after the event. 

In the last years, several studies have been carried out and different approaches have been 
proposed and reported in guidelines, standards, and codes. These last applications have been 
defined in order to provide better and simple procedure for practice engineers and decision 
makers in order to reduce the seismic risk of the communities. 

In this work, the new procedure to define the Seismic Risk Index for existing buildings is 
defined. New SRI definition has been applied to existing reinforced concrete with moment 
resisting frames (RC-MRF) building types. 

On the first, several existing approaches have been reported and described in order to in-
vestigate the main existing procedures to SRI evaluation. Different safety assessment proce-
dures and SRI definitions are reported in very much guidelines and codes in other part of the 
world. In Table 1, only some approaches have been reported, those are considered the most 
interesting in order to comparison with the new proposal. 

The first definition has been widely used in the past years in order to define the prioritiza-
tion for public or strategic Italian buildings [2], [3]. The second can be considered as the actu-
al evolution of the first and it is defined Italian and European codes in force.  

The classic SRI is based on the simple comparison (as ratio) between the building capacity 
and demand, where the building capacity is expressed in a deterministic way. In this ratio, the 
comparison between capacity and demand is expressed in terms of seismic intensity parame-
ters.  

The seismic capacity of the existing buildings is expressed in terms of seismic intensity 
that marks out the achievement of Performance Level. However, the demand level is defined 
as the seismic intensity threshold compatible with the hazard level accepted for each perfor-
mance level. 

The above SRI must be used according to a deterministic or semi probabilistic structural 
behavior assessment procedures. This approach is coherent with knowledge factor defined in 
the Italian and European codes [9], [10].  

Then, the classic seismic risk index measures the level of non-compliance to PL require-
ment (different between capacity and demand).  
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Consequently, in some cases the SRI values could be not representative of real building 
seismic safety state. In fact, in most cases the factors considered in the deterministic approach 
could be no able to take into account the uncertain and variability of real seismic behavior of 
the existing buildings, and could be representative of a singular and low probable failure be-
havior.  

It to be highlight that in more recent Italian regulations [7], [8], SRI is based on the same 
concept. It used for distribution of economic funding for seismic risk mitigation and post 
event reconstruction. 

 
Code or 

Guidelines SEISMIC RISK INDEX 
O.P.C.M. 
3274/2003 
and subse-

quent guide-
lines 

𝛼𝐿𝑆𝑖 =
𝑃𝐺𝐴𝑃𝐿𝑖

𝑃𝐺𝐴𝑃𝐿𝑖|𝐻𝐿
 

PGALSi= seismic intensity that marks out the achievement of Performance Level (PLi) com-
pliance criteria. 
PGALSi= maximum seismic intensity threshold in accordance with the Hazard Level associ-
ated to PL. 

 
 
 

NTC08 
EC8 

𝛼𝐿𝑆𝑖 = 𝑚𝑖𝑛 {
𝜃𝑃𝐿𝑖

max(𝜃𝑃𝐿𝑖|𝐻𝐼)
,

𝑉𝑟𝑃𝐿𝑖

𝑚𝑎𝑥 (𝑉𝑃𝐿𝑖|𝐻𝐼)
} 

max(θPLi|HI) = maximum deformation of ductile elements achieved under a seismic intensity 
compatible with the Hazard Level associated to PL. 
θPLi= limit deformation for ductile elements required by Performance Level (PLi). 
max(VPLi|HI) = maximum force of brittle elements achieved under a seismic intensity compat-
ible with the Hazard Level associated to PL. 
VrPLi= limit force for brittle elements required by Performance Level (PLi). 

Table 1: Seismic Risk Index definitions.  

An improvement in seismic risk evaluation should be obtained dealing the performance as-
sessment problem in a probabilistic way; the uncertainties are directly considered. In this way, 
it is to be highlighted that the classic expressions of SRI definitions are unsuitable to syntheti-
cally handle the results of probabilistic assessment procedure, and then a new definition 
should be defined.  

2 METHODOLOGY 
New Seismic Risk Index is integrated in a probabilistic performance assessment procedure, 

which directly take into account all the uncertainty sources in building behavior. The new SRI 
quantifies the level of seismic risk in terms of probability that the building capacity no fulfill 
the demand required by each limit state. This is the main difference with the existing consid-
ered approach. In fact, the new SRI is based on Fragility Curves and accurate characterization 
of Hazard Level required for each PL.  

The Fragility Curves (FCs) approaches allow a complete probabilistic characterization of 
building performances. However, the seismic intensity corresponding to the Hazard Level as-
signed at each PL allows identifying the range or the ordinate of FC to consider; taking into 
account that each performance criteria must be verified for given reference intensity. 

In Figure 1, the amounts involved in new Seismic Risk Index definition in reference a ge-
neric Performance Level are highlighted. 

 

3227



M. Mastroberti, M. Vona 

 
Figure 1. Framework to Seismic Risk Index definition. 

 
New SRI definition is the follow: 

 SRIPLi = 1 −
∫ P[PL≥PLi|I]dI

IPLi,f
IPLi,i

∫ dI
IPLi,f

IPLi,i

 (1) 

 
In discrete way, the SRI become: 

 𝑆𝑅𝐼𝑃𝐿𝑖 = 1 −
∑ 𝑃[𝑃𝐿≥P𝐿𝑖|𝐼]𝛥𝐼

𝐼𝑃𝐿𝑖,𝑓
𝐼𝑃𝐿𝑖,𝑖

∑ 𝛥𝐼
𝐼𝑃𝐿𝑖,𝑓
𝐼𝑃𝐿𝑖,𝑖

 (2) 

 
SRI is equal or near to 1.0, if the considered building shows a good performances (or no 

achieves or exceeds the PL). For SRI less than 1.0, the considered building achieves or ex-
ceeds the PL requirements. The reliability of the new SRI strongly depends from accuracy of 
building fragility curves and hazard level characterization. In figure 2, a graphic representa-
tion of the formal definition of new SRI is reported. 

 
Figure 2: Graphic representation of new seismic risk index definition.  

In the next section, a first application of new SRI is reported. 
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2.1 First application to existing RC-MRF buildings 
As first application, in this work the proposed SRI definition has been applied to the most 

Italian and European widespread existing RC-MRF building types [11]. This application 
would provide a fast and reliable evaluation of the seismic safety level of considered building 
types with regard to the national Italian territorial scale. The application is based on previous 
studies [12], [13] and consequent Fragility Curves conditioned to Housener intensity. 

On the first, it is to be highlighted that different approaches are available to FCs definition, 
base on different analysis methods, different damage models, different forms, and different 
intensity parameters; advantages and disadvantage have been discussed in other studies of the 
authors in order to define the optimal way [13], [14]. 

2.2 Seismic performance of investigated types 
The considered types have been widely characterized in previous study [11]. The building 

types are low-mid-high rise (2-4-8 storey) and different infill panels distribution have been 
considered (frames without effective infills, BF; frames with regularly arranged of effective 
masonry infills IF; frames with effective masonry infills at the ground floor, PF). Based on 
the design code and construction age, other two different types have been considered. They 
can be considered as low-engineered buildings, designed with old codes and pre-modern 
seismic code typical of Southern Europe. The considered building types are briefly reported in 
Figure 3. 

 

 
Figure 3. Considered building types: number of storey and infill distributions. 

 
Structural performances have been evaluated using Non Linear Dynamic Analyses 

(NLDAs). More details about non linear models and analyses are reported in a previous study 
[11], [15]. 

The maximum performances have been summarized using global parameters (for example 
interstory drift ratio) and local ones (maximum, medium ductility ratio of beams and col-
umns). These latter have been interpreted in terms of damage level based on a specific Dam-
age Model [12], [13]. The considered damage levels are linked to four Performance Levels 
considered by Italian (NTC08) and European (EC8) code: Operatively PL, Light Damage PL, 
Life Safety PL and Collapse PL. 

Each Damage Level (DL) has been characterized by a quantitative description addressed to 
section yield level of the more critical structural elements. In a synthetic way, the Figure 4 
shows the structural elements flexural performance required by each Damage Level consid-
ered. Moreover, the Damage Level 0-1, is been linked also to interstorey drift ratio, that 
strongly influence the non-structural elements damage.  
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Figure 4: Structural element flexural performance required by each Damage Level. 

According with Damage Model and the maximum damage distribution, base on the com-
parison between the achieved maximum structural performance by each primary structural 
element and non-structural element and the DL limit requirements, the achieved damage level 
has been identified. 

2.3 Italian Life Safety Hazard level  
With regard to methodology summarized in framework (Figure 1), seismic intensity range 

compatible with hazard levels required for each Performance Level have been identified. The 
Hazard Levels required by Italian seismic code in terms of probability of exceedance in a ref-
erence time interval of 50 years for each PL respectively have been considered. 

 
Figure 5: Italian Hazard map in MCS macro-intensity for an exceedance probability of 10% in 50 years. 

In this study only the Life Safety Hazard Level has been characterized based on the Italian 
hazard map proposed in [16] in Mercalli-Cancani-Sieber macro-seismic intensity (MCS) for a 
return period of 475 years (Figure 5). The Figure 5 shows as the Italian territory could be 
splitted in six macro-seismic regions. Each of them is characterized by an expected macro-
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seismic intensity (MCS) with a return period of 475 years or probability of exceedance of 10% 
in 50 years. 

The map has been chosen due to the strong correlation between MCS macro-seismic scale 
and EMS-98 one. As reported in previous study [17], about the macroseismic intensity scale, 
a substantial equality between Mercalli–Cancani–Sieberg scale (MCS; Sieberg 1930) and the 
European definition of macroseismic intensities (MSK-76, EMS-92 and EMS-98) has been 
considered. 

3 RESULTS 
New Seismic Risk Index values have been evaluated for considered RC-MRF building 

types. In this application, the EMS-98 intensity [18] has been considered as reference intensi-
ty thus, SRIs have been evaluated based on the discrete expression (2) in regarding to a range 
of seismic intensity. In this way, based on relationship between European macro-seismic scale 
EMS-98 and Housner intensity (IH) proposed in [17] equivalence between IH and EMS-98 has 
been defined. In Figure 6, the Fragility Curves for some building types considered have been 
reported. Moreover, the relation between IH and EMS-98 has been highlighted.  
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Figure 6: Fragility curves: Old Code for 2-4-8 storey types. 

Different areas of fragility curve have been involved in SRIs quantification according with 
life safety hazard level intensity characterization. For each MCS Italian seismic area a differ-
ent range of Fragility Curve has been considered. In order to clarify the application, in Figure 
7 the areas of the fragility curve (for Life Safety LS) for each seismic region have been high-
lighted. 
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Figure 7: Fragility Curve and seismic intensity Hazard level characterization. 

 
In Figure 8 are reported the SRIs values obtained for considered types for VII and VIII 

EMS98. SRIs have been classified in ascending order. For each Italian seismic region, types 
ranking lists for Life Safety PL have been obtained. 

The Figure 8 (a) shows that the Old Code (OC) and PF types suffer the greater seismic risk 
level for IEMS98 = VII (0,8 < SRI < 1). However, the Figure 8 (b) shows that all types are char-
acterized by a high seismic risk level for IEMS98 = VIII (0,3 < SRI < 0,63). Particularly, the 
typological ranking highlights as the Seismic Risk Index firstly depends by the infill panel 
distribution and effectiveness condition (PF-BF-IF). PF types are the most vulnerable types, 
following by BF and IF types. 

For the same infill panel distribution and effectiveness condition, SRI is influenced by the 
design code. Building types designed in accordance with a no-seismic code (OC) are more 
vulnerable than those designed according to old seismic design code (PC). Finally, the Seis-
mic Risk Index seems to be less influenced by the storey number. 

 

  
Figure 8: SRIs (for Life Safety PL) for each building types considered as situated in Italian seismic regions char-

acterized by a reference macro-seismic intensity for Life Safety PL of VII, VIII EMS-98 intensity. 

4 CONCLUSIONS  
A new Seismic Risk Index based on the probabilistic approach has been defined in order to 

compare in a probabilistic way the performance of existing buildings with PL requirements. 
Specific Performance Level requirements have been proposed based on in force codes. It is 
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considered a more accurate way to seismic risk evaluation, than the conventional approach 
based on the simple and deterministic comparison between building capacity and required 
demand. The new SRI definition, based on a totally probabilistic approach (both in building 
characterized that in performance assessment), seems to provide different seismic risk index 
estimation than the conventional one. Then, it could be considered a useful tool for a more 
accurate and realistic estimation of building seismic risk index, based on the probability that a 
PL could be exceeded.  

The new SRI requires a more accurate probabilistic building characterization and the defi-
nition of building FCs, which are the best way to represent the building seismic vulnerability. 

The new SRI for the MRF-RC building types considered in this first study could be a ref-
erence for practice applications but only for building types or single building similar to those 
examined. Therefore, a more extensive use of the obtained information could be possible rely-
ing on the expert judgment of the analysts, which may revise the results in accordance with 
the peculiarities of analyzed buildings. 

In future works, the effectiveness of new SRI than classic one will be further tested, based 
on recent post-earthquake scenario, and specify cases study. 
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