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ABSTRACT
Earthquakes induce dynamic stresses in structures, and past seismic events have demonstratedshown that the existing heritage buildings are highly strongly vulnerable. This vulnerability applies to involves both reinforced-concrete and masonry buildings, which are concentrated in historic centerscentres throughout Italy. Significant variables variations in construction account for the inadequacy of existing structures to withstand seismic actions, such as the materials used and the construction details, which can be neglected in building practices. 
This work focuses deals withon the analysis of heritage buildings through an inventory using the CARTIS (Caratterizzazione TIpologica Strutturale (CARTIS) form developed by the ReLUIS (Seismic Engineering University Laboratories Network) in conjunction with together with the DPC (Civil Protection Department). On Kknowing a building framework, structural health monitoring (SHM) (SHM) systems can be applied on on those Ttown Ccompartments (TCs) (TC) whichthat are prone to the highest vulnerabilities. A priority criticalities scale can be devised rawn starting from the building inventory by identifying thedetecting the TCs through the CARTIS-based data. This approach can be it is used in order to determine identified a safety threshold obtained viaby structural parametrical analysis carried out, using  with a commercial software (VEMnl) with, on different building typologies. 
The next stage consists of the implementation of approperiate SHM SHM in order tto provide important information regarding about the structural integrity of the buildings. The proposed methodology is outlined in this paper with reference to the suggested SHM system.
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Introduction
Seismic-damage  prevention is one of the main goals of researchers in the management of historical heritage buildings. However, an properappropriate appraisal of the building’s heritage requires the definition of the building’s characteristics for to examinatione, especially in terms of with particular attention to (i) the construction type (i.e., reinforced concrete [RC] or masonry), (ii) the intended use (i.e., residential or specializsed), and (iii) the state of conservation (i.e., good or neglected) [1]--[3]. 	Comment by Proofed: I think this is what you mean. Please check.
The first step in obtaining a building inventory is to ensure have the survey- measure is focused on non-specialist buildings. The narrowing of the investigation framework is important to for optimising the ze analytical effectiveness [4], [5]. This paper presents is a preliminary study aimed ato defineing a methodology for coupling the recent trends in building inventory procedures with those of structural monitoring. In the last few decades, there have been various attempts have been made to formulate refined collecting models. At the regional scale, the census data provides were the main first sources for a classification of buildings vulnerability. Meanwhile, Tthe data sources provided by interview-based or building-by-building surveys alloweds for an in-depth examination, despite the significant difficulty in of accessing the relevant  to information [6]. From the collaboration between the Seismic Engineering University Laboratories Network (REeLUIS) and the Civil Protection Department (DPC) emerged the Caratterizzazione TIpologica Strutturale (CARTIS) tool.  arising from the collaboration between RELUIS and DPC. It iThis is s a territorial knowledge tool based on the concept of buildings with specific structural features typologyies and presents . This approachan approach that is remarkably adaptable to the diversity of buildings throughout Italy, where in which each city is the result of an historic evolution leading up to the current situation. 
The use of speedy and efficient approaches allows for the individuation of the critical town compartments (TCs) that showingindicate the major ost structural safety issues. Real-time damage identification systems can might help to mitigate prevent seismic risk. Here, Tthe aim is to act exclusively on the most vulnerable buildings with minimal intervention in order to optimizse both the technical and the  economic resources, which . This objective can be achieved by using structural health monitoring (SHM) systems combined with the internet of things (IoT) paradigm [7]--[14]. 
TThis work presents  proposes a preliminary study aimed at to definning e aan integrated methodology for inventory, monitoring, transmission, and data management. 
The remainder of the paper is organizsed as follows:. Sections 2–4 outline  preliminarily, the CARTIS approach and the theoretical formulation of seismic vulnerability as well as the nd of equivalent frame model were exposed; successively,. Section 5 then the introduces and explains the monitoring systems related to from historical building construction before section 6 s is introduced and explained; in the last sectionpresents the preliminary study based on the application of CARTIS, with the parametric numerical modelling and the the SHM system is presented,. and tThe conclusions are then drawn in section 7.
BUILDING INVENTORY using WITH THe CARTIS APPROACH
Defining homogeneous territorial zones, namely, the TCs, is the first step of the CARTIS methodology [15]. These zones group buildings of the same age and construction technique. The data collection is carried out by filling out forms subdivided into different levels: a first- level single form for the city (Figure 1); ; second- level forms, one for each TC individuated in the local territory (Figure 2);; and third- level forms, one for each building type (BT) within each TC (Figure 3).

[image: ]
Figure. 21. First- level CARTIS approach.
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Fig.ure 2. Second- level CARTIS approach. Identification of TCs.

[image: ]
Fig.ure 3. Third- level CARTIS approach. Identification of the characteristics of the existing buildings present oin the various several TCs.

Figures 1, 2 and 3 show the application of the various levels of CARTIS to a small town located in the central part of the Calabria Region, Fuscaldo, identifying two different TCs in its historical compartment and the most ubiquitousfrequent masonry building types.
Qualified technicians (professionals and researchers) conduct effect the survey campaign both in terms of building-by-building surveys and through interviewing local experts operating in the sector with an in-depth knowledge of the territory. 
In the third- level surveying, the classification of the building typologies of each compartment is carried out  occurs by identifying the macro-classes of the buildings, that is, : between reinforced concreteRC or and masonry (labelled as CAR and MUR, respectively, on the forms inside the forms). Other determining factors, that contributinge  to defining the typologies, include are the slab-types, the number of floors, and the number (percentage) of openings, and so forth. However, it is worth noting that there can be multiple masonry typologies. In RCreinforced concrete buildings, the approperiate building details correspond to the date of construction (e.g., class of strength of concrete strength, diameter/spacing of strips, percentages of rebars in the beams and pillars). Meanwhile, Ffor masonry buildings, a more marked variability tends to exist might be found forwith the same type kind of material due , owing to the texture and the cross- sections, the presence of courses and diatons, and the  type of corner connections and , thin-bed joints, et ceterac.  [16], [17]. Furthermore, these buildings are usuallygenerally geometrically irregular in terms of both in plan and in elevation. Clearly, the role of the data collector is fundamental and is highly related to their ability to access information.	Comment by Proofed: Do you mean diatoms here?
While Although the collected data may appear to be accumulated, they can still be used to define vulnerability models on at different scales. Another aspect of the potential of CARTIS is the web application, (available at the address "https: //cartis.plinivs.it",), where all the data manually gathered through the forms are introduced and are accessible to the scientific community. The web application guides the data entry procedure, reducing the chances of human error that can affect impact on the collection. Moreover, specific "‘query"’ commands allow the data to be queried. As suchTherefore, the same information can might be subjectively assessed to define and calibrate new refined models of seismic vulnerability [17], [18].
SEISMIC VULNERABILITY
Nowadays, various approaches are employed to estimate the seismic vulnerability of buildings [19]. However, the strategy employed must establish a priori (i) which are the differentials that contributinge to defininge the seismic reactions of a typological class, (ii) the damage scale, and finally (iii) the to what extent to which these classified buildings are vulnerable to a determined level of seismic intensity [20]. Therefore, researchers have attempted to standardizse the vulnerability concept to ensure make analogous investigations [21].
In this framework, the damage probability matrix (DPM) is one of the main tools employed [22]. This ey relates to the probability that a determined damage level k happensoccurs for a seismic event of a certain intensity,

	(1)
taking into account a specified building class. For each I value, which represents the vulnerability index of each building, the distribution of damage d presents a mean value of:

	(2)
Wwhere the term 1/5 is related to the five damage degrees (Dk) foreseen by this type kind of approach. According to the adopted model, specific curves known as called vulnerability curves (Figure 4), which plot the damage distribution d vs. intensity I , can be drawn.
[image: ]
Figure. 4. Example of a vulnerability curve.

When several damage grades of Dk are taken into account, the curves become fragility curves (Figure 5), which are regularly developed on the basis of a lognormal distribution of d values [23].
[image: ]
Figure. 5. Example of a fragility curve.
Seismic fragility is identified in terms of as the chance that the seismic capacity in terms ofrelated to a ground-motion parameter (PGA- Ppeak ground acceleration [PGA]) A of a structure is below a a lesser amount of a threshold a of that PGA [24], [25].

	(3)
The PGA seismic capacity A of a structure is often expressed as a function of three variables:

	(4)
Wwhere Am is the median PGA seismic capacity;, εU is the epistemic uncertainty of A due to a lack of knowledge, and is a random variable representing uncertainty, asnd εR is linked to the concept of aleatory uncertainty, and is a random variable representing the inherent randomness of A [26]. The two random variables are taken to be lognormally distributed with unit average values and with logarithmic standard deviations of βU and βR, respectively [27]. In accordance with Eq. equation 4 and the assumption that εR and εU are lognormally distributed, the seismic fragility curve, which that identifieds the probability of failure given a PGA threshold a at a confidence level of Q = q, is expressed as follows in accordance with [28]:

	(5)
whereIn equation 5 Φ represents the standard normal distribution function. The confidence levels Q are often taken as severalvarious discrete values, such as, for example, 5 %, 50 %, andor 95 %. Generally, this equation identifies a family of seismic fragility curves for various levels of confidence, as shown in Figure 6 [29]. 
[image: ]
Figure. 6. Fragility curve based on the formulation proposed using with the equation numberEq. 5 [29].
It is possible to obtain a high confidence of low probability of failure (HCLPF) seismic capacity in terms of a selected PGA by solving Eequation. 5 with a taking 5 % probability of failure and a 95 %%  of confidence level. The subsequent analysis thus conducted will leads to the formulation identification of Eq. equation 6:

	(6)
Here, Tthe median capacity Am, as well as nd the associated randomness βR and uncertainty βU , become the principal values to calculate in order to obtain the seismic fragility curves and the HCLPF seismic capacity of a given structure [30].
The safety factor, F, which is an intermediate random variable, is used in order to calculate the Am, βR, and βU. Here, F describes the extent to which level that the PGA seismic capacity A is above the reference earthquake level in terms of the same PGA quantity ARef; and it is defined as follows:

	(6)
Meanwhile, Tthe physical meaning of F is the ratio of actual seismic capacity of the structure analyzsed to the actual response (demand) of the same in terms of due tothe reference earthquake chosen for the analysis.
It is clear seems evident that the vulnerability studies carried out using by means of these approaches lead to having a comprehensive overview of the most critical building classes. NormallyGenerally, higher mean damage is experienced undergone by the more vulnerable building classes than by instead of the less vulnerable classes. Attention should be paid focused onto these buildings when, setting up systems for monitoring the structural safety in real- time.
However, past earthquakes data have revealed that a given building class may ight work perform better in the case of weaker seismic events rather than in the case of stronger eventsones. Thus, it could prove might be difficult to compare different building classes in terms of vulnerability.
theoretical formulation of equivalent frame model
The seismic analysis of masonry structures tis conducted akes place using software based on "equivalent frames" or macro-elements models [31], [32]. In these approaches, the walls are subdivided into the vertical elements – the piers – and the horizontal elementsones – the  so-called spandrels interconnected by rigid nodes [33], [34]. As suchTherefore, the structural response is brought back to the constitutive laws of these elements.
Generally speakingOften, in modelling and analysis techniques, the contribution of the spandrels is neglected and, – even at the regulatory level – , their effectiveness is often subordinated to the presence of tie-rods or RCReinforced Concrete (RC) bond-beams. Thus, in assessing the safety of existing buildings, this approach leads to a large number of them being labelled as called "‘unsafe’". IIt is clear that this outcomeresult is not plausible, and that the hypothesis adopted is too burdensome since because the possible contribution of the spandrels is not considered [35], [36]. 
Certain Some modelling strategies ofor masonry structures are based on the identification of the macroscopic structural elements. These are defined in terms of through finite elements (FEs) – membranes [37]--[39] or frame solids [40], [41], – from a geometric and kinematic point of view, or in terms of through generalizsed internal forces, from a static point of view [34]. The latter models mentioned aboveare aimed at a substantial reduction of the computational burden, as they are based on a discrete modelling in which the basic element is designed to model a given masonry panel. According to a more simplified approach, the basic macro-elements can represent complete whole ppiers and/or spandrels. This reduces the computational burden and decreases the degrees of freedom (DOF) of the structural system.
The so-called frame models are the most commonly used widespread of these macro-models and are based on a discretizsation of the walls using the through macro-elements. Here, They consider the walls are regarded in terms of an as an idealizsed frame, in which rigid nodes connect the deformable elements (Figure 7) [35]. Meanwhile, Tthe piers are the elements that  which discharge the loads to the ground, and their failure causes the collapse of the wall, while, ; oin the contraryst, the spandrels -– which are vertically aligned with the openings -– influence the behaviour of the wall in relation to the degree of coupling with the piers without directly causing the collapse. 
[image: ]
Fig.ure 7. Equivalent frame idealizsation [35].
This idealizsation derives from the observation of the damage caused by an earthquake, in relation to the concentration of diagonal cracks in these elements and the absence of cracking or damage mechanisms in the rigid nodes (Figure 8). In fact, it is assumed that in the rigid nodes, the strains remain in the elastic field, which can result in allowing their contribution to being neglected in the evaluation of the seismic behaviour of the building [42], [43].
[image: mur05]
Fig. 8. Damage that occurs in Ppiers during a seismic event.
In the new Italian Technical Standard (NTC 2018), the spandrels are considered as 90 ° rotated piers. However, due owing to the anisotropy of the material, the behaviour between the piers and the spandrels will be different and, depending according toon whether the direction of the applied forces is orthogonal (piers) or parallel (spandrels) to the layouting of the mortar bedding joints.
The Italian NTC 2018 assigns a resistance to damage value for to the spandrels only in the presence of tensile-strength elements capable of generating a compressive stress. The bending strength of these structural elements tends to will be related to the formation of the diagonal strut mechanism that guarantees the coupling with the piers. However, even in the absence of additional elements, the masonry will tend to have has a considerable resistance to bending stress due to the friction force between the blocks, especially with for spandrels characterizsed by small dimensions.
In order tTo obtain moderate values of the axial load acting on the spandrels and the related buckling strength, equationEq. 8 was employed, following modification of ying the formulation used for the piers (Equation. 7):

	(7)

	(8)
Wwhere: N is the compression load applied to the piers;, t is the thickness of the masonry element;, b and h are respectively the base and the height, respectively, of the pier or spandrel, ; A is the cross- section of the element and is equal to h∙t;, fd is the design compressive strength of the masonry;, fhd is the design horizontal compressive strength of the masonry;, P is the compressive horizontal load applied to the spandrel;, and k is an imposed coefficient less than or equal to 0.85.
In the case of the presence of tie-rods or RCReinforced Concrete (RC)  bond-beams in the structure, the value of the buckling is calculated using with eEquation. 9:

	(9)
where Hp is the minimum value of the tensile stress between reinforcement element (tie-rod or RC bond-beam) and 0.4 h∙t fhd.
The strength and stiffness of the piers and spandrels are determined by the relative failure criteria, while the node element is considered infinitely rigid and resistant.
The great advantage of this method liesconsists in the possibility of reproducing the non-linear behaviour of the wall panels. The piers and the spandrels are modelled through two-dimensional finite macro-elements that are - representative of wall panels, - with two nodes and three DOF per node (ux, uz, roty).
The remaining wall portions are therefore considered as rigid nodes, as - identified in the wall plane by two a couple of points (x, z), - to which the macro-elements are connected, with ; the latter transmitting the forces to each node along the three DOF. This approach requires a limited number of DOF with a reasonable computational burden, allowing for the analysis of complex models of unrestored masonry structures, obtained by assembling the walls and horizontal elements.
In this approach, the loads are only applied to the nodes, meaning so the element is not loaded along its own axis. In the constitutive laws, the initial elastic branch is directly determined by the shear and the the bending stiffness, calculated on the basis of the geometric and mechanical properties of the masonry wall, as summarizsed in the stiffness matrix Ke [29;], [38]:

	(10)
where ψ is the coefficient calculated as 1.2·El2/(Gh2);, E and G are respectively the elastic and shear modulus, respectively, A and J are the cross-section area and the moment of inertia of the panel, respectively, l and h are the length and height of the panel, respectively, and; η is the a stiffness reduction coefficient [44], [45].
The employment of the equivalent frame model for the analysis of masonry structures allows for permits the identification of the possibility of schematizsing as well as , also, the buildings with one- dimensional elements. To calculate the stresses, it is simply necessary to solve the structural scheme of the frame (as is performeddone, for example, for RC structures).
Since masonry walls are configured as two-dimensional elements, in which two dimensions (width and length) are preponderant compared to the third (thickness), the simplifications of the Bernoulli model cannot be applied. In fact, Tthis model e latter is applied to the "beam" elements, i.e. a one-dimensional element for which two dimensions are negligible with respect to the longitudinal development.
The stiffness of the elements is schematizsed according to the theory of Timoshenko’s theory,  which takes into account the bending and shear component of the strain [45]:

	(11)
The behaviour of the spandrels strongly influences the overall response;. iIn fact, in the case of tensile-strength elements, the coupling between with the piers is ensured while the rotational behaviour of the piers occurs in the absence of tensile-strength elements [46], [47].
MONITORING SYSTEM FOR HISTORICAL BUILDINGS
Through the application of the CARTIS approach, an historic city centre can be classified, ensuring the individuation of the building compartments that could be most damaged when subjected to seismic action. Given this, monitoring these compartments through the application of preventive SHM systems becomes an interesting pursuit.
HereIn the latter, the modification of structural behaviour associated with the local dissimilarities in structural rigidity, which are generally characteristically the result of produced by seismic events or dynamic loads, is achieved obtained through by monitoring the dynamic actions and assessing the dynamic parameters [48].
Vibration-based SHM systems are highly very attractive since because they can providefurnish reliable dynamic parameter estimates from in-service response data. Generally, Aautomated operational modal analysis (OMA) techniques incorporating by the use of a small number of sensors provide these results [49]--[51] .
Forecasting the degradation of the physical and chemical properties of the masonry: – the main raw material used in historic buildings, – is affected by the sensitivity of the SHM sensor [52], [53].
In the near futureSoon, the new technologies will attempt to resolve the aforeabove-mentioned problem by adopting the simulation of intelligent data processing by associating SHMs with the IoT paradigm [54], [55]. At present, Tthe events that , causinge great damage to the engineering structures, at present, are studied through the transformation of models that simulate their behaviour. This is because owing to the attendant processes are described being often dynamic and tend to changineg over time. If the dynamics of the source events are is greater higher than those in the real world, their description will provebecomes to be difficult [56].
PRELIMINARY STUDY
The CARTIS methodology iwas set up in relation to on a case study to define a preliminary researchstudy. Here, Tthe main objective goal iwas to implement an SHM system to be used on the most vulnerable building classes, individuated using the with CARTIS approach. The methodology is viable only for residential buildings, those that are the most ubiquitouswidespread throughout the region land and that have possessed the same properties over time. Specializsed buildings, such as aristocratic palaces, religious buildings, and other historic buildings, require need specific acumen developed using alternativewith other  methodologies [59]--[62]. This work aims to assess the subjection to seismic risk of an urban centre in the Calabria Rregion, in the southern of Italy, namely, Mendicino. Specifically, the study area is the “‘old town”’, which is widely held to be notoriously the most vulnerable TC of the town. After analysing the buildings inventory and thereby identifying detecting the TC through the CARTIS-based data, a study based on the pushover approach [63] applied to the most common building typologies (BTs) of the TC iwas carried out. The seismic safety indexes of the patterns identified awere elaborated by varying the geometric and structural parameters [36] using . The VEM nl calculation software is used to this purpose. As suchIn this way, a qualitative interpretation of the urban fabric iwas carried out, supplying a classification of the most suitable strengthening for each BT configuration.
With regard to Concerning the monitoring system, a possible preliminary SHM system for to observing e tthe building sectors in real time is proposed in this paper, which . The SHM system proposed is made up consists of a cyber part and and a physical part. WithIin this context, the quality of analytical or numerical models, the adoption of a specific n algorithm and the attendant its parameters, and the accuracy of sthe sensor measurements, are all potential sources of errors and uncertainty [64].
CARTIS-based methodology for on a case study
The case study in question relates to examined is the municipality of Mendicino, which is in close proximity to the provincial capital of Cosenza. While Although the territory under investigation is extensive (35.7 km2), the built-up area includes counts the "‘old town"’ and "‘expansion area"’  TCs (Figure 9), while . Ffurther subdivisions into smaller TCs are possible. However, this work is aimed at s to individuating e a prevalent BT within the "old town" (Figure 10) so as to carry out relevant studies on the seismic susceptibility of these buildings and the possible reinforcement measures. Thus, the focus is is on the second and third levels of the CARTIS forms. 

Figure . 9. The TCs of the municipality of Mendicino.
The “old town” TC was the only compartmentone in the area uuntil 1954. The mMasonry BTs are the principal typeones in this TC and are , classified in terms of three types according to the formal and construction properties. Nonetheless, there are examples of RCreinforced concrete buildings that were not taken into account during the survey campaign performed with the aid of the second- level forms. In Ttypologically terms, the terraced house is the most ubiquitous recurring BT in the area, building kind formed by the primary unit known as calleda  "‘tower-house"’, as illustrated in Figure 11.
For the definition of the structural behaviour of the BTs, three actual buildings (square plan, rectangular plan, and irregular plan)  located at in three different points of the “old town” TC were have been considered:. square plan, rectangular plan and irregular plan. In briefWithout going into too many details, the most common properties of the tower-house covering for all typologies are as follows:
•	an average storey height of 2.50 m;
•	two-2 to 3three-storey structures with elevations mainly built in the mid-twentieth century (in most cases);
•	a ground floor, largely mostly semi-underground, with a lowera height lower than that of the intermediate levels. Moreover, it changes tThe intended use has changed from a workshop or a shelter for animals to a residential area;
•	a top floor with a further reduction in of hm.;	Comment by Proofed: Is this height?
•	wide openings compared with the size of the masonry panels.
Other applicable parameters, in addition to the shape of the plan, are as follows: 
•	the thickness of the masonry, of (= 0.60 m) throughout the entire height; 
•	the masonry type, from the weaker rubble masonry to the stronger masonry blocks;
•	the different ground floor heights, ranging extending betweenfrom 2.30 to , 2.50 and 2.80 m; 
•	the type of slab,: wooden slab (lightweight) or steel I-beam with hollow flat blocks (stiffer).
[image: ]
FigFigure. 10. “Old town” TC.
[image: C:\Users\Carmelo\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Senza titolo-2.jpg]
Figure. 11. Typological example of the tower-houses in Mendicino.
According to the pushover approach established by the Italian Structural Codes [65], [66], the seismic safety of a building is defined by the following: 


	(11)

This index represents the ratio of capacity displacements identified in the control point (umax, generally situated on the centroid of the attic floor) to seismic demand (dmax). In Tthis paper, the  aim is to identify the safety indexes by varying the percentage of openings (from 9 % to 20 %), and the mechanical parameters of the structure. HereFurthermore, <1 is the non-reliability condition.
Parametric analysis
Parametric seismic analysis was carried out using the VEM nl software based on the schematizsation of buildings using with the equivalent frame method. The structures considered are all of the type of "tower- house" type and differ from each other in terms of according to the plan (square, rectangular, and irregular). In addition, typological evolutions were have been identified for each typology based on the number of storstoreyseys, which  ranged ing from two 2 to three3. Table 1 and Figure 12 show the evolution of the basic elements and the eight8  variants analysed, which . They awere distinguished according to ground floor height hpt, the raw material (rubble stone or ashlars), and the type of slab (wood or rigid). The thickness of the masonry was set at a imposed constant, at 0.60 m.
Table 1. Characteristics of the eight models.



Masonry
Slab

t  [m]
hpt        [m]
Rubble                stone
Ashlars
Wood
Rigid
A
0.60
2.50
X

X

B
0.60
2.50
X


X
C
0.60
2.50

X
X

D
0.60
2.50

X

X
E
0.60
2.30
X

X

F
0.60
2.30
X


X
G
0.60
2.80
X

X

H
0.60
2.80
X


X


Analyses were conducted for each type of plan, for each of the eight8 variants, for all 2two-storey buildings and, subsequently, forwith all  3three-storey buildings by varying the percentage of openings in the structure.

[bookmark: _Ref312314329]Figure 12. The parametric analysis was carried out starting from an elementary cells A0 and B0, which which assembled together identified the different BTs present in the Mendicino area. The figure also shows a scheme of the square-shaped BT elevations and the attendant its model in the software VEM nl software.
The ultimate aim was to identify the safety index (Is) for each individual variant of the model. For masonry buildings, thise analysis using in NTC 2018 must had to be conducted for 16 seismic load configurations, eight8 along the x axis and eight along the y axeis, proportional to the masses and heights, and another eight8 with consideration of ing a possible rotation of the action along the two main axes.
In order not to create further confusion, fFor simplicity, only the values obtained for the configuration of the seismic analysis proportional to the masses along the positive x direction are have been reported.
Square Pplan – 2- two-Sstorey	Comment by Proofed: It is requested not to use further sub-sub-sections. These have thus been incorporated into section 6.2.
The Nnumerical analysis led to the identification of 72 safety indices, for each typology of seismic load combination, calculated for the eight8 configurations of the two-storey square plan by varying the percentage of openings in the wall in a the range of that goes from approximately 1010 %–to about 20 %. This was subsequently performed done for each type and for each load combination. The results of the first load combination are presented reported in Table 2 and Figure 13.
Table 2. Value for sSafety index values ofor two-storey Ssquare Pplane -. 2-Storey
%
A
B
C
D
10.0
3.38
3.32
7.55
5.00
11.3
3.23
3.17
7.54
4.85
12.6
3.33
3.28
8.07
5.02
13.8
3.31
3.24
5.14
3.58
15.1
3.34
3.27
5.17
3.57
16.2
1.84
1.81
3.02
2.25
18.4
1.74
1.72
2.12
1.91
19.2
1.72
1.70
2.10
1.89
20.2
1.65
1.64
2.04
1.84

%
E
F
G
H
10.0
4.79
3.56
2.47
2.01
11.3
4.68
3.41
2.34
1.98
12.6
4.46
3.28
2.25
1.93
13.8
4.44
2.03
2.22
1.84
15.1
4.30
3.01
2.20
1.86
16.2
2.93
2.24
1.53
1.28
18.4
1.99
1.76
1.50
1.35
19.2
1.92
1.70
1.44
1.32
20.2
1.92
1.71
1.45
1.32



Figure. 13. Two-storey Ssquare Pplan – 2-Storey. Graphic: Is VSvs. % openings.

Square Pplan – 3three-Sstorey
Table 3. Value for sSafety index values ofor three-storey Ssquare Pplan – 3-Storey.

%
A
B
C
D
8.3
1.59
1.47
2.66
2.12
9.8
1.29
1.18
1.76
1.55
11.5
1.22
1.10
1.66
1.46
12.5
1.24
1.13
1.72
1.50
14.0
1.68
1.51
2.21
1.95
15.3
1.69
1.51
2.23
1.96
17.0
1.45
1.27
1.78
1.65
18.2
1.00
0.91
1.69
1.53
19.5
1.05
0.97
1.31
1.22

%
E
F
G
H
8.3
1.98
1.63
1.42
1.98
9.8
1.56
1.35
1.28
1.56
11.5
1.40
1.24
1.04
1.40
12.5
1.40
1.24
1.04
1.40
14.0
1.84
1.65
1.40
1.84
15.3
1.87
1.67
1.40
1.87
17.0
1.76
1.57
0.88
1.76
18.2
1.57
1.12
0.98
1.57
19.5
1.92
1.71
1.45
1.32



Fig. 14. Square Plan – three3-S-storey. Graphic: Is VSvs. % openings.





Rectangular Pplan – 2two-Sstorey
Table 4. Value for sSafety index values ofor two-storey Rrectangular Pplan. – 2-Storey
%
A
B
C
D
9.0
2.69
2.19
5.18
3.89
10.1
2.52
2.02
4.95
3.65
11.8
2.55
2.05
5.34
3.86
13.2
2.53
1.95
4.39
3.19
14.3
2.54
1.97
4.33
3.15
15.5
2.36
1.84
3.97
2.92
17.1
1.42
1.25
2.25
1.97
18.7
1.69
1.53
2.15
1.97
20.0
1.65
1.49
2.08
1.88

%
E
F
G
H
9.0
3.50
2.71
2.01
1.78
10.1
3.30
2.53
1.92
1.72
11.8
3.21
2.46
1.87
1.69
13.2
3.20
2.30
1.91
1.67
14.3
3.17
2.29
1.92
1.68
15.5
2.39
1.64
1.19
1.09
17.1
1.84
1.41
1.43
1.31
18.7
1.87
1.65
1.41
1.29
20.0
1.85
1.65
1.42
1.30



Figure. 15. Rectangular Pplan – two2--Sstorey. Graphic: Is VSvs. % openings.
Rectangular Pplan- – three3-Sstorey
Table 5. Value for sSafety index values for of three-storey Rrectangular Pplan – 3-Storey.
%
A
B
C
D
8.3
1.38
1.28
1.68
1.49
10.1
1.27
1.16
1.75
1.58
11.4
1.08
0.98
1.40
1.27
12.3
1.07
0.98
1.41
1.26
14.0
1.46
1.33
1.86
1.68
15.5
1.43
1.30
1.81
1.64
16.8
0.93
0.82
1.50
1.39
18.1
1.03
0.95
1.28
1.18
19.3
1.01
0.93
1.26
1.16



%
E
F
G
H
8.3
1.56
1.39
1.22
1.12
10.1
1.44
1.30
1.12
1.03
11.4
1.22
1.08
0.95
0.87
12.3
1.20
1.08
0.95
0.87
14.0
1.66
1.49
1.27
1.16
15.5
1.60
1.44
1.24
1.14
16.8
1.43
0.99
0.75
0.70
18.1
1.19
1.09
0.91
0.84
19.3
1.15
1.04
0.89
0.83




Figure. 16. Rectangular Pplan – three3-Sstorey. Graphic: Is VSvs. % openings.
Irregular Pplan –– two2-Sstorey
Table 6. Value for sSafety index values for of two-storey Iirregular Pplan- 2-Storey.
%
A
B
C
D
7.2
2.39
2.02
3.92
3.21
9.1
2.20
1.86
3.49
2.86
10.1
2.18
1.83
3.45
2.83
11.5
2.23
1.83
3.65
2.90
13.0
2.34
1.87
3.86
2.69
14.2
2.00
1.72
3.14
2.55
15.4
1.52
1.39
2.00
1.70
17.3
1.47
1.34
1.87
1.64
19.0
1.46
1.35
1.86
1.63

%
E
F
G
H
7.2
3.67
3.00
1.67
1.57
9.1
3.36
2.75
1.58
1.47
10.1
3.23
2.69
1.59
1.47
11.5
3.45
2.75
1.53
1.41
13.0
2.78
2.30
1.57
1.45
14.2
2.70
2.23
1.50
1.40
15.4
1.77
1.57
1.27
1.19
17.3
1.74
1.53
1.26
1.17
19.0
1.75
1.54
1.24
1.17




Figure. 17. Irregular Pplan -– two2-Sstorey. Graphic: Is vs. % openings.
Irregular Pplan -– three3-Sstorey
Table 6. Value for sSafety index values for ofthree-storey Iirregular Pplan- 3-Storey.
%
A
B
C
D
8.1
1.25
1.15
1.59
1.47
9.3
1.45
1.09
1.49
1.37
10.1
1.18
1.07
1.47
1.37
11.4
1.14
1.03
1.37
1.30
13.1
1.11
1.00
1.33
1.25
14.0
1.12
1.01
1.33
1.26
15.4
1.09
0.98
1.32
1.22
17.0
1.02
0.95
1.23
1.17
18.4
1.00
0.94
1.19
1.14

%
E
F
G
H
8.1
1.40
1.28
1.15
1.11
9.3
1.37
1.25
1.04
0.99
10.1
1.30
1.19
1.08
0.99
11.4
1.24
1.14
0.93
1.00
13.1
1.18
1.09
1.07
0.96
14.0
1.20
1.10
1.02
0.95
15.4
1.21
1.11
0.95
0.88
17.0
1.15
1.09
1.21
1.13
18.4
1.11
1.05
0.59
0.56



Figure. 18. Irregular Pplan - – three3-Sstorey. Graphic: Is VSvs. % openings.
Physical part
A possible solution to the SHM physical part [67] will involves be made up of aa wired Ssensor network characterizsed by two types of piezoelectric accelerometer sensors (Integrated Electronic Piezoelectric—IEPE): a KS48C-MMF with a voltage sensitivity of 1 V/g and a measurement range of ± 6 g, and a ; KB12VD-MMF with a voltage sensitivity iof 10 V/g and a measurement range of ± 0.6 g. The data recorded with the sensors are acquired via a by gateway to be sent to a remote control and service room [68], [69], where they will be analyzedanalysed and compared to the results obtained via by the finite elements model (FEM) model in order to obtain the value of the control point displacement of control point (umax).
Cyber part
Nowadays, natural Ccomputing is employed to automate the monitoring processes so as to reduce human errors owing to human decisions. Here, the Ppossible sources of errors are identified via by means of aa sensitivity analysis of the parameters used in the dynamic models. Meanwhile, Nnature-inspired algorithms are adopted to ensure convergent solutions to the problems in a local context, with specific attention paid to the suitability of the solutions toin constraints problems, such as the optimal sensor placement (OSP) and model-based Ddamage Iidentification (DI). Specifically, when the DI- strategies are used, it is possible to assess specific damage parameters from alterations in the elastic-mechanical properties of the structural system by solving the inverse problem of the system analyzedanalysed [70]--[73].
Vibration-based methods allow for permitthe initial individuation of damage by means of measurements of ddynamic property measurementsies. These methods relate y concernto the changes in the mass, damping, and rigidity of the system, determined through the analysis of natural frequencies using by employing accelerometers [74]--[75].
Conclusions
The pushover analyses conducted in relation effected forto various  several configurations of two- and three2- to 3-storey BTs returned show some important results. Firstly, the safety index which always demonstrated reaches values more significant than one1 in the case of two2-storey buildings, while ereas the reliability condition was rarely is seldom not satisfied with the three3-storey buildings. An index reduction iwas also noted with from the buildings with a regular plan compared to those with an irregular planone. As could be expected, Tthe performance decay was due is owing to the weaker mechanical properties of the calculation model, such as the type of masonry and the flexural strength of the floors, as can be foreseen. The increase in the storey- height, as well as the percentage of openings in the main façade, led to adverse effects on the seismic safety. HoweverStill, the index tendsed toward analogous values regardless no matter whatof the structural properties of the model.

Figure. 19. Distribution of notn- verified Is for two-storey Rrectangular Pplan  2-Storey model for each seismic load distribution.

Figure. 20. Distribution of notn -verified Is for three-storey Rrectangular Pplan 3-Storey model for each seismic load distribution.

Fig.ure 21. Distribution of notn- verified Is for two-storey Iirregular Pplan  2-Storey model for each seismic load distribution.

Fig.ure 22. Distribution of notn- verified Is for three-storey Iirregular Pplan 3-Storey model for each seismic load distribution.
Specifically, the vulnerability elements awere ordered as followsthus: the number of floors →> the storey- height →> the stiffness of the slabs →> the percentage of openings (with a focus on their vertical misalignment) →> the plan shape. This is shown in Figures 19-20-21-–22, where are reported the all configurations characterizsed by a notn- verified safety index Is are presented, the and whose analysis of which led to defining e thise scale of possible vulnerability. Therefore, the proposed SHM system proposed could might be applied to the buildings that present the above-defined elements according to by means of the vulnerability ranking (Figure 23). The choice through the CARTIS approach identification of the buildings most exposed to seismic risk using the CARTIS approach will ould llead to a reduction in both costs and computational burden. The buildings identified would be monitored via by SHM after calculating the maximum displacement demand (dmax) for each. The dynamic solicitations recorded by the system would subsequently be sent in real time to a control room in order to identify whether the Is is less than or greater than the unit, carrying out a highly most accurate analysis via by Finite Elements Model.


Number of floors

Average storey- height

Slabs stiffness

% openings

Plan shape

Masonry properties
Fig.ure 23. Vulnerability Rranking of various vulnerability structural elements.
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A	10.046948356807512	11.267605633802818	12.6056338028169	13.802816901408454	15.140845070422534	16.15023474178404	18.403755868544604	19.178403755868548	20.211267605633804	3.38	3.23	3.33	3.31	3.34	1.84	1.74	1.72	1.65	B	10.046948356807512	11.267605633802818	12.6056338028169	13.802816901408454	15.140845070422534	16.15023474178404	18.403755868544604	19.178403755868548	20.211267605633804	3.32	3.17	3.28	3.24	3.27	1.81	1.72	1.7	1.64	C	10.046948356807512	11.267605633802818	12.6056338028169	13.802816901408454	15.140845070422534	16.15023474178404	18.403755868544604	19.178403755868548	20.211267605633804	7.55	7.54	8.07	5.14	5.17	3.02	2.12	2.1	2.04	D	10.046948356807512	11.267605633802818	12.6056338028169	13.802816901408454	15.140845070422534	16.15023474178404	18.403755868544604	19.178403755868548	20.211267605633804	5	4.8499999999999996	5.0199999999999996	3.58	3.57	2.25	1.91	1.89	1.84	E	10.033617791569693	11.274890095681407	12.412723041117145	13.653995345228855	15.050426687354538	16.084820274114303	18.308766485647784	19.239720713731572	20.17067494181536	4.79	4.68	4.46	4.4400000000000004	4.3	2.93	1.99	1.92	1.92	F	10.033617791569693	11.274890095681407	12.412723041117145	13.653995345228855	15.050426687354538	16.084820274114303	18.308766485647784	19.239720713731572	20.17067494181536	3.56	3.41	3.28	2.0299999999999998	3.01	2.2400000000000002	1.76	1.7	1.71	G	9.7749869178440587	11.030873888016744	12.318158032443746	13.57404500261643	14.955520669806383	16.316064887493457	17.990580847723706	19.099947671376242	20.104657247514385	2.4700000000000002	2.34	2.25	2.2200000000000002	2.2000000000000002	1.53	1.5	1.44	1.45	H	9.7749869178440587	11.030873888016744	12.318158032443746	13.57404500261643	14.955520669806383	16.316064887493457	17.990580847723706	19.099947671376242	20.104657247514385	2.0099999999999998	1.98	1.93	1.84	1.86	1.28	1.35	1.32	1.32	% openings 


Is




A	8.3074775054297234	9.8278001861619604	11.542041576171268	12.47285138070121	13.962147067949115	15.265280794291032	17.033819422897921	18.212845175302512	19.515978901644427	1.59	1.29	1.22	1.24	1.68	1.69	1.45	1	1.05	B	8.3074775054297234	9.8278001861619604	11.542041576171268	12.47285138070121	13.962147067949115	15.265280794291032	17.033819422897921	18.212845175302512	19.515978901644427	1.47	1.18	1.1000000000000001	1.1299999999999999	1.51	1.51	1.27	0.91	0.97	C	8.3074775054297234	9.8278001861619604	11.542041576171268	12.47285138070121	13.962147067949115	15.265280794291032	17.033819422897921	18.212845175302512	19.515978901644427	2.66	1.76	1.66	1.72	2.21	2.23	1.78	1.69	1.31	D	8.3074775054297234	9.8278001861619604	11.542041576171268	12.47285138070121	13.962147067949115	15.265280794291032	17.033819422897921	18.212845175302512	19.515978901644427	2.12	1.55	1.46	1.5	1.95	1.96	1.65	1.53	1.22	E	8.5978611441181485	10.023765065353931	11.509081649974538	12.578509590901374	14.004413512137159	15.36241724664743	16.856221354608728	18.078424715667964	19.50432863690375	1.98	1.56	1.4	1.4	1.84	1.87	1.76	1.57	1.21	F	8.5978611441181485	10.023765065353931	11.509081649974538	12.578509590901374	14.004413512137159	15.36241724664743	16.856221354608728	18.078424715667964	19.50432863690375	1.63	1.35	1.24	1.24	1.65	1.67	1.57	1.1200000000000001	1.1000000000000001	G	8.4921292460646232	10.045567522783761	11.20546810273405	12.462027064346863	14.008561170947251	15.334161833747579	17.018779342723004	18.123446561723277	19.366197183098588	1.42	1.28	1.04	1.04	1.4	1.4	0.88	0.98	0.91	H	8.4921292460646232	10.045567522783761	11.20546810273405	12.462027064346863	14.008561170947251	15.334161833747579	17.018779342723004	18.123446561723277	19.366197183098588	1.3	1.18	0.96	0.95	1.28	1.28	0.81	0.91	0.85	% openings


Is




A	9.0426758938869689	10.149942329873129	11.810841983852367	13.194925028835065	14.302191464821224	15.50173010380623	17.116493656286046	18.731257208765861	20.023068050749714	2.69	2.52	2.5499999999999998	2.5299999999999998	2.54	2.36	1.42	1.69	1.65	B	9.0426758938869689	10.149942329873129	11.810841983852367	13.194925028835065	14.302191464821224	15.50173010380623	17.116493656286046	18.731257208765861	20.023068050749714	2.19	2.02	2.0499999999999998	1.95	1.97	1.84	1.25	1.53	1.49	C	9.0426758938869689	10.149942329873129	11.810841983852367	13.194925028835065	14.302191464821224	15.50173010380623	17.116493656286046	18.731257208765861	20.023068050749714	5.18	4.95	5.34	4.3899999999999997	4.33	3.97	2.25	2.15	2.08	D	9.0426758938869689	10.149942329873129	11.810841983852367	13.194925028835065	14.302191464821224	15.50173010380623	17.116493656286046	18.731257208765861	20.023068050749714	3.89	3.65	3.86	3.19	3.15	2.92	1.97	1.97	1.88	E	9.3584905660377373	10.56603773584906	11.672955974842766	13.333333333333334	14.339622641509431	15.647798742138368	17.20754716981132	18.716981132075471	19.773584905660378	3.5	3.3	3.21	3.2	3.17	2.39	1.84	1.87	1.85	F	9.3584905660377373	10.56603773584906	11.672955974842766	13.333333333333334	14.339622641509431	15.647798742138368	17.20754716981132	18.716981132075471	19.773584905660378	2.71	2.5299999999999998	2.46	2.2999999999999998	2.29	1.64	1.41	1.65	1.65	G	9.5794871794871792	10.810256410256411	11.825641025641026	13.302564102564103	14.656410256410256	15.98974358974359	17.466666666666665	18.717948717948719	19.825641025641023	2.0099999999999998	1.92	1.87	1.91	1.92	1.19	1.43	1.41	1.42	H	9.5794871794871792	10.810256410256411	11.825641025641026	13.302564102564103	14.656410256410256	15.98974358974359	17.466666666666665	18.717948717948719	19.825641025641023	1.78	1.72	1.69	1.67	1.68	1.0900000000000001	1.31	1.29	1.3	% openings


Is




A	8.3447228549734245	10.091116173120728	11.366742596810933	12.277904328018222	14.009111617312071	15.466970387243736	16.833712984054671	18.109339407744876	19.255884586180716	1.38	1.27	1.08	1.07	1.46	1.43	0.93	1.03	1.01	B	1.28	1.1599999999999999	0.98	0.98	1.33	1.3	0.82	0.95	0.93	1	C	8.3447228549734245	10.091116173120728	11.366742596810933	12.277904328018222	14.009111617312071	15.466970387243736	16.833712984054671	18.109339407744876	19.255884586180716	1.68	1.75	1.4	1.41	1.86	1.81	1.5	1.28	1.26	D	8.3447228549734245	10.091116173120728	11.366742596810933	12.277904328018222	14.009111617312071	15.466970387243736	16.833712984054671	18.109339407744876	19.255884586180716	1.49	1.58	1.27	1.26	1.68	1.64	1.39	1.18	1.1599999999999999	E	8.2630272952853598	9.8263027295285355	11.331679073614557	12.25806451612903	14.044665012406947	15.43424317617866	17.121588089330029	18.312655086848633	19.569892473118284	1.56	1.44	1.22	1.2	1.66	1.6	1.43	1.19	1.1499999999999999	F	8.2630272952853598	9.8263027295285355	11.331679073614557	12.25806451612903	14.044665012406947	15.43424317617866	17.121588089330029	18.312655086848633	19.569892473118284	1.39	1.3	1.08	1.08	1.49	1.44	0.99	1.0900000000000001	1.04	G	8.3164300202839758	10.006761325219742	11.304935767410411	12.366463826910074	14.016227180527382	15.314401622718051	16.991210277214332	18.451656524678835	19.391480730223119	1.22	1.1200000000000001	0.95	0.95	1.27	1.24	0.75	0.91	0.89	H	8.3164300202839758	10.006761325219742	11.304935767410411	12.366463826910074	14.016227180527382	15.314401622718051	16.991210277214332	18.451656524678835	19.391480730223119	1.1200000000000001	1.03	0.87	0.87	1.1599999999999999	1.1399999999999999	0.7	0.84	0.83	% openings


Is




A	7.2400810889081955	9.0501013611352441	10.078192875760211	11.468288444830584	12.974225311323488	14.24847958297133	15.40689255719664	17.26035331595714	18.969012452939474	2.39	2.2000000000000002	2.1800000000000002	2.23	2.34	2	1.52	1.47	1.46	B	7.2400810889081955	9.0501013611352441	10.078192875760211	11.468288444830584	12.974225311323488	14.24847958297133	15.40689255719664	17.26035331595714	18.969012452939474	2.02	1.86	1.83	1.83	1.87	1.72	1.39	1.34	1.35	C	7.2400810889081955	9.0501013611352441	10.078192875760211	11.468288444830584	12.974225311323488	14.24847958297133	15.40689255719664	17.26035331595714	18.969012452939474	3.92	3.49	3.45	3.65	3.86	3.14	2	1.87	1.86	D	7.2400810889081955	9.0501013611352441	10.078192875760211	11.468288444830584	12.974225311323488	14.24847958297133	15.40689255719664	17.26035331595714	18.969012452939474	3.21	2.86	2.83	2.9	2.69	2.5499999999999998	1.7	1.64	1.63	E	7.2498029944838445	9.0464933018124505	10.023640661938535	11.599684791174152	13.254531126871552	14.152876280535855	15.413711583924352	17.39952718676123	19.101654846335695	3.67	3.36	3.23	3.45	2.78	2.7	1.77	1.74	1.75	F	7.2498029944838445	9.0464933018124505	10.023640661938535	11.599684791174152	13.254531126871552	14.152876280535855	15.413711583924352	17.39952718676123	19.101654846335695	3	2.75	2.69	2.75	2.2999999999999998	2.23	1.57	1.53	1.54	G	7.2312451662799688	8.9971642175818509	10.002577984016499	11.523588553750969	13.044599123485437	14.333591131734984	15.364784738334626	17.440061871616397	18.986852281515855	1.67	1.58	1.59	1.53	1.57	1.5	1.27	1.26	1.24	H	7.2312451662799688	8.9971642175818509	10.002577984016499	11.523588553750969	13.044599123485437	14.333591131734984	15.364784738334626	17.440061871616397	18.986852281515855	1.57	1.47	1.47	1.41	1.45	1.4	1.19	1.17	1.17	% openings


Is




A	8.0723064415857682	9.2774138013485725	10.080818707857109	11.362440820620726	13.122280139639425	14.04045717564918	15.417722729663815	16.986275166180484	18.401798096695519	1.25	1.45	1.18	1.1399999999999999	1.1100000000000001	1.1200000000000001	1.0900000000000001	1.02	1	B	8.0723064415857682	9.2774138013485725	10.080818707857109	11.362440820620726	13.122280139639425	14.04045717564918	15.417722729663815	16.986275166180484	18.401798096695519	1.1499999999999999	1.0900000000000001	1.07	1.03	1	1.01	0.98	0.95	0.94	C	8.0723064415857682	9.2774138013485725	10.080818707857109	11.362440820620726	13.122280139639425	14.04045717564918	15.417722729663815	16.986275166180484	18.401798096695519	1.59	1.49	1.47	1.37	1.33	1.33	1.32	1.23	1.19	D	8.0723064415857682	9.2774138013485725	10.080818707857109	11.362440820620726	13.122280139639425	14.04045717564918	15.417722729663815	16.986275166180484	18.401798096695519	1.47	1.37	1.37	1.3	1.25	1.26	1.22	1.17	1.1399999999999999	E	8.142864580621648	9.2258030926224812	10.100484198469307	11.350028635393343	13.161868068933197	14.099026396626229	15.348570833550264	17.056281564013119	18.368303222783357	1.4	1.37	1.3	1.24	1.18	1.2	1.21	1.1499999999999999	1.1100000000000001	F	8.142864580621648	9.2258030926224812	10.100484198469307	11.350028635393343	13.161868068933197	14.099026396626229	15.348570833550264	17.056281564013119	18.368303222783357	1.28	1.25	1.19	1.1399999999999999	1.0900000000000001	1.1000000000000001	1.1100000000000001	1.0900000000000001	1.05	G	8.1131753877620589	9.3403783875916133	10.167035963865688	11.394238963695242	13.303221407874551	14.155445713311742	15.501960115902504	17.104141810124421	18.416567240497695	1.1499999999999999	1.04	1.08	0.93	1.07	1.02	0.95	1.21	0.59	H	8.1131753877620589	9.3403783875916133	10.167035963865688	11.394238963695242	13.303221407874551	14.155445713311742	15.501960115902504	17.104141810124421	18.416567240497695	1.1100000000000001	0.99	0.99	1	0.96	0.95	0.88	1.1299999999999999	0.56000000000000005	% openings


Is




A	9.0426758938869689	10.149942329873129	11.810841983852367	13.194925028835065	14.302191464821224	15.50173010380623	17.116493656286046	18.731257208765861	20.023068050749714	0	0	0	0	0	0	0	0	0	B	9.0426758938869689	10.149942329873129	11.810841983852367	13.194925028835065	14.302191464821224	15.50173010380623	17.116493656286046	18.731257208765861	20.023068050749714	0	0	0	0	0	0	0	0.96	0.94	C	9.0426758938869689	10.149942329873129	11.810841983852367	13.194925028835065	14.302191464821224	15.50173010380623	17.116493656286046	18.731257208765861	20.023068050749714	0	0	0	0	0	0	0	0	0	D	9.0426758938869689	10.149942329873129	11.810841983852367	13.194925028835065	14.302191464821224	15.50173010380623	17.116493656286046	18.731257208765861	20.023068050749714	0	0	0	0	0	0	0	0	0	E	9.3584905660377373	10.56603773584906	11.672955974842766	13.333333333333334	14.339622641509431	15.647798742138368	17.20754716981132	18.716981132075471	19.773584905660378	0	0	0	0	0	0	0	0	0	F	9.3584905660377373	10.56603773584906	11.672955974842766	13.333333333333334	14.339622641509431	15.647798742138368	17.20754716981132	18.716981132075471	19.773584905660378	0	0	0	0	0	0	0	0	0	G	9.5794871794871792	10.810256410256411	11.825641025641026	13.302564102564103	14.656410256410256	15.98974358974359	17.466666666666665	18.717948717948719	19.825641025641023	0	0	0.99	0	0	0	0	0	0	H	9.5794871794871792	10.810256410256411	11.825641025641026	13.302564102564103	14.656410256410256	15.98974358974359	17.466666666666665	18.717948717948719	19.825641025641023	0	0.9	0.87	0	0	0.99	0	0	0	% openings


Is




A	8.3447228549734245	10.091116173120728	11.366742596810933	12.277904328018222	14.009111617312071	15.466970387243736	16.833712984054671	18.109339407744876	19.255884586180716	0	0.97	0.9	0.89	0	0	0.83	0.89	0.97	B	8.3447228549734245	10.091116173120728	11.366742596810933	12.277904328018222	14.009111617312071	15.466970387243736	16.833712984054671	18.109339407744876	19.255884586180716	0.94	0.89	0.83	0.98	0	0	0.76	0.92	0.88	C	8.3447228549734245	10.091116173120728	11.366742596810933	12.277904328018222	14.009111617312071	15.466970387243736	16.833712984054671	18.109339407744876	19.255884586180716	0	0	0	0	0	0	0	0	0	D	0	0	0	0	0	0	0.98	0.99	0.98	1	E	8.2630272952853598	9.8263027295285355	11.331679073614557	12.25806451612903	14.044665012406947	15.43424317617866	17.121588089330029	18.312655086848633	19.569892473118284	0	0	0	0.99	0	0	0.94	0	0.99	F	8.2630272952853598	9.8263027295285355	11.331679073614557	12.25806451612903	14.044665012406947	15.43424317617866	17.121588089330029	18.312655086848633	19.569892473118284	0	0.99	0.91	0.9	0	0	0.85	0.92	0.99	G	8.3164300202839758	10.006761325219742	11.304935767410411	12.366463826910074	14.016227180527382	15.314401622718051	16.991210277214332	18.451656524678835	19.391480730223119	0.89	0.81	0.77	0.79	0	0	0.73	0.88	0.85	H	8.3164300202839758	10.006761325219742	11.304935767410411	12.366463826910074	14.016227180527382	15.314401622718051	16.991210277214332	18.451656524678835	19.391480730223119	0.82	0.77	0.69	0.71	0.96	0.92	0.68	0.8	0.79	% openings


Is




A	7.2400810889081955	9.0501013611352441	10.078192875760211	11.468288444830584	12.974225311323488	14.24847958297133	15.40689255719664	17.26035331595714	18.969012452939474	0	0	0	0	0	0	0	0	0	B	7.2400810889081955	9.0501013611352441	10.078192875760211	11.468288444830584	12.974225311323488	14.24847958297133	15.40689255719664	17.26035331595714	18.969012452939474	0	0.99	0.98	0	0	0	0	0	0	C	0	0	0	0	0	0	0	0	0	1	D	7.2400810889081955	9.0501013611352441	10.078192875760211	11.468288444830584	12.974225311323488	14.24847958297133	15.40689255719664	17.26035331595714	18.969012452939474	0	0	0	0	0	0	0	0	0	E	7.2498029944838445	9.0464933018124505	10.023640661938535	11.599684791174152	13.254531126871552	14.152876280535855	15.413711583924352	17.39952718676123	19.101654846335695	0	0	0	0	0	0	0	0	0	F	7.2498029944838445	9.0464933018124505	10.023640661938535	11.599684791174152	13.254531126871552	14.152876280535855	15.413711583924352	17.39952718676123	19.101654846335695	0	0	0	0	0	0	0	0	0	G	7.2312451662799688	8.9971642175818509	10.002577984016499	11.523588553750969	13.044599123485437	14.333591131734984	15.364784738334626	17.440061871616397	18.986852281515855	0.96	0.92	0.93	0	0	0	0	0	0	H	7.2312451662799688	8.9971642175818509	10.002577984016499	11.523588553750969	13.044599123485437	14.333591131734984	15.364784738334626	17.440061871616397	18.986852281515855	0.91	0.87	0.86	0	0	0	0.98	0.97	0.97	% openings


Is




A	8.0723064415857682	9.2774138013485725	10.080818707857109	11.362440820620726	13.122280139639425	14.04045717564918	15.417722729663815	16.986275166180484	18.401798096695519	0.96	0.92	0.91	0.88	0.87	0.87	0.86	0.79	0.79	B	0.89	0.85	0.88	0.84	0.81	0.81	0.81	0.74	0.74	1	C	8.0723064415857682	9.2774138013485725	10.080818707857109	11.362440820620726	13.122280139639425	14.04045717564918	15.417722729663815	16.986275166180484	18.401798096695519	0	0	0	0	0	0	0	0.93	0.92	D	8.0723064415857682	9.2774138013485725	10.080818707857109	11.362440820620726	13.122280139639425	14.04045717564918	15.417722729663815	16.986275166180484	18.401798096695519	0	0	0	0.99	0.97	0.97	0.96	0.87	0.87	E	8.142864580621648	9.2258030926224812	10.100484198469307	11.350028635393343	13.161868068933197	14.099026396626229	15.348570833550264	17.056281564013119	18.368303222783357	0	0	0.99	0.95	0.95	0.96	0.95	0.87	0.85	F	8.142864580621648	9.2258030926224812	10.100484198469307	11.350028635393343	13.161868068933197	14.099026396626229	15.348570833550264	17.056281564013119	18.368303222783357	0.97	0.97	0.93	0.88	0.88	0.89	0.88	0.81	0.79	G	8.1131753877620589	9.3403783875916133	10.167035963865688	11.394238963695242	13.303221407874551	14.155445713311742	15.501960115902504	17.104141810124421	18.416567240497695	0.77	0.76	0.78	0.75	0.75	0.74	0.71	0.79	0.54	H	8.1131753877620589	9.3403783875916133	10.167035963865688	11.394238963695242	13.303221407874551	14.155445713311742	15.501960115902504	17.104141810124421	18.416567240497695	0.75	0.73	0.73	0.7	0.69	0.69	0.79	0.73	0.52	% openings


Is
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