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1 _INTRODUCTION

The building undergoing intervention is called "Town Hall" and is located in the Municipality
of Torre de’ Passeri (PE) on Via Papa Giovanni XXIII; it consists of two building bodies: the
main body (US1) and the bathrooms located outside (US2). The intervention in question
concerns both building bodies. According to the Technical Standards for Construction referred
to in Ministerial Decree 17/01/2018 and the related explanatory Circular no. 07/2019, the
seismic upgrade aims to perform technical checks on seismic safety levels. The cognitive and
functional analyses necessary for the project's realization involve verifying seismic safety
levels through surveys, diagnostic investigation campaigns, and structural studies of the assets
subject to the contract.

The geographical coordinates of the structure are:

WGS84 ED50
LATITUDINE 42.244805 42.245776
LONGITUDINE 13.927504 13.928403

Table 1: coordination of the project

The safety objectives for the building under examination have been defined by the NTC 2018:
-Nominal Life, Buildings with High-Performance Levels (VN) set at 50 years.

-Usage Class IV, Buildings with Important Public or Strategic Functions.

Figure 1 - Aerial View with an indication of the Building



2 DESCRIPTION OF THE STRUCTURE

As mentioned in the preceding paragraph, the structures undergoing structural assessment
belong to the Town Hall of Torre de’ Passeri. The complex is located in the northern area of
the municipality: the north boundary is delimited by the railway line, while the southern
boundary is Piazza 6.

The main building body features a reinforced concrete load-bearing structure and spans across
one basement level and four above-ground floors, reaching a total gross floor area of
approximately 1536.84 m2.

This document pertains to the structural units US1 and US2, as depicted in the figure below.
The structure extends across three above-ground floors and one basement level.

ot e i TS

Figure 2 - Identification of structural units



3 ARCHITECTURAL MODELL EX-ANTE

In this section, to enhance clarity and comprehension, I have included architectural floor plans,

sections, and views.
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Figure 3 - Architectural plan-Underground floor
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Figure 4 - Architectural plan-Ground floor
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Figure 5 - Architectural plan-First Floor
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Figure 8- Architectural plan-Section 2-2
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4 STRUCTURAL MODEL EX-ANTE

In this section, structural plans have been included to enhance clarity and comprehension.
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Figure 13- Structural plan- Underground floor slab
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5 CLASSIFICATION AND SEISMIC BEHAVIOR OF SOIL

The seismic classification of the national territory has introduced specific technical regulations
for the construction of buildings, bridges, and other structures in geographical areas
characterized by the same seismic risk. Below is the seismic zone for the territory of Torre de’

Passeri.
Zona sismica Zona con pericolosita sismica alta.
1 Indica la zona pill pericolosa dove possono verificarsi fortissimi terremoti.

Table 2.Seismic zone of the municipality of Torre de’Passeri

The criteria for updating the seismic hazard map have been defined in the Ordinance of the
Prime Minister n. 3519/2006, which divided the entire national territory into four seismic zones

based on the value of the maximum horizontal acceleration (ag) on rigid or flat ground, which

has a 10% probability of being exceeded in 50 years.

Zona Descrizione accelerazione con accelerazione onzzontale  numero
sismica probabilita di massima convenzionale = comuni
superamento del 10% in {Norme Tecniche) con
50 anni [ag] territon
[ag] ricadenti
nells
zona (")
1 Indica la zona pid ag»025¢g 0,354 703
pericolosa, dove possono
verificarsi fortissimi
terremoti.
2 Zona dove possono 015=a;=025¢g 0,25¢g 2.224
verificarsi forti terremoti.
3 Zona che pud essere 005<a;=015¢g 015¢g 3.002
soggetta a forti terremoti
ma rari.
4 E'la zona meno pericolosa, ag=0.05¢g 005qg 1.982

dove i terremoti sono rari ed
e facolta delle Regioni
prescrivera 'obbligo della
progettazione antisismica.

Table 3 - Identification of the Seismic Zone of the Municipality of Torre de’ Passeri
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On the following page, the historical seismicity of the municipality of Torre de’ Passeri is
reported for seismic events with Magnitude > 4.00 as recorded in the "Parametric Catalog of

Italian Earthquakes 2015 DBMI15.
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Figure19- Seismic Events Diagram for the Municipality of Torre de’ Passeri



Effetti In occasione del terremoto del

Int. Anno Me Gi Ho Mi Se Area epicentrale HMDP To Mw
9 1456 12 05 Appennino centro-meridionale 199 11 7.1%
g-9 1706 11 03 13 Maie=lla 99 10-11 6.8
1841 06 10 Maiella 11 7 4.898
1841 10 18 13 Valle del Pescara 1 5 4.18

2 01 23 San Sewverinc Marche 10 4-5 4.41

4 1873 03 12 20 04 Lppennino marchigiano 1588 8 5.85
3 18587 04 27 02 17 5 Maiella 27 5 4.21
5 1900 01 29 04 22 Llanno 13 5 4.08
5 1901 10 15 13 55 5 Alanno 10 5 4,22
HE 1908 01 16 10 27 Lquilanc 11 4-5 4.12
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4-3 15952 02 18 03 30 0 Chietino 73 5-5 4.11
NF 1982 07 16 05 38 5 Chietino 107 5-& 4.22
4-5 1997 09 26 00 33 1 Appennino umbro-marchigianc 760 -8 5.66
4-5 1997 0% 26 09 40 2 Appennino umbro-marchigianc 369 B-9 5.87
4 1997 10 14 15 23 1 Valnerina 7886 5.62
w 2002 11 01 15 09 O Molise 638 7 5.72
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Figure 7 - Locati M., Camassi R., Rovida A., Ercolani E., Bernardini F., Castelli V., Caracciolo
C.H., Tertulliani A., Rossi A., Azzaro R., D’ Amico S., Conte S., Rocchetti E. (2016). DBMI15,
the 2015 version of the Italian Macroseismic Database. Istituto Nazionale di Geofisica e
Vulcanologia. doi: http://doi.org/10.6092/INGV.IT-DBMI15


http://doi.org/10.6092/INGV.IT-DBMI15

It is observed that the municipality of Torre de’ Passeri falls within seismic hazard zone 918
"Abruzzo Apennines" of seismic hazard zoning ZS9, according to the seismic hazard map
(INGV — C. Meletti and G. Valensise, 2004), based on the Ordinance P.C.M. of March 20,
2003, No. 3274.

Figure 20- an excerpt from the Seismic Zoning Map ZS9 (by Meletti and Valensise, 2004, http://zonesismiche.mi.ingv.it/).



6 DEFINITION OF BASIC STRUCTURAL MODELLING DATA

6.1 Safety assessment

This report aims to assess the seismic vulnerability of the building under scrutiny. The goal is
to identify any structural weaknesses that may arise under the seismic forces specified by
current regulations.

We evaluate the structure against three limit states: operational limit state (SLO), damage limit
state (SLD), and life safety limit state (SLV).

To analyze the building's seismic vulnerability, we conducted a nonlinear static analysis (Push-
over). This method was chosen because linear methods cannot track the evolving dynamic
behavior during a seismic event, the development of plasticization mechanisms, or the actual
distribution of ductility demands across structural elements. Linear methods typically
concentrate these aspects into a single parameter called the "Structure Factor" (q).



7 NOMINAL LIFE, USAGE CLASS, REFERENCE PERIOD

7.1 Nominal Life

The nominal life (Vn) of a structural work represents the duration, in years, for which the
structure, given regular maintenance, remains fit for its intended purpose. This parameter
underscores the expected lifespan of the structure, ensuring its sustained functionality and
safety over time. The specific nominal life for various types of structures is detailed in the
subsequent table.

Vita Nominal
TIPI DI COSTRUZIONE tta  Romhate
Vx (in anni)
1 | Opere provvisorie - Opere provvisionali - Strutture in fase costruttiva <10
2 Opere ordinarie, ponti, opere infrastrutturali e dighe di dimensioni 550
contenute o di importanza normale
3 Grandi opere, ponti, opere infrastrutturali e dighe di grandi dimensioni o di 100
importanza strategica -

Table 4:Nominal life according to construction type

The Nominal Life (VN) of a building, as defined in § 2.4.1 of the NTC (Italian Building Code),
is the duration that must be taken into consideration during the design phase regarding the
durability of the structures. It guides the sizing of structures and construction details, the
selection of materials, and the implementation of protective measures to ensure the
maintenance of strength and functionality. In the design predictions, therefore, if environmental
and usage conditions remain within expected limits, extraordinary maintenance interventions
to restore the construction's durability will not be necessary until the end of this period. The
actual lifespan of the building cannot be assessed during the design phase, as it depends on
future events beyond the designer's control. In fact, the vast majority of buildings have had and
continue to have, even though subsequent maintenance interventions, a much longer actual
lifespan than the nominal life quantified in the NTC. Referring to Table 2.4.1, it is highlighted
that, according to the effects of the Decree of the Head of the Department of Civil Protection
No. 3685 of October 21, 2003, the strategic nature of a work or its relevance to the
consequences of a possible collapse is defined by its usage class.

Considering that the building in question falls under Type 2, a nominal life of >50 years will
be imposed in accordance with the client's requirements. Therefore, a Nominal Life (VN) of
50 years will be assumed. At the end of the period specified by the VN, the building must
undergo vulnerability assessment again.



7.2 Usage Classe

In the event of seismic actions and considering the consequences of operational disruptions or
potential collapses, buildings are classified into usage classes as follows:

Class I: Buildings with occasional presence of people, such as agricultural buildings.

Class II: Buildings with normal occupancy levels, without hazardous environmental content
or essential public and social functions. Industries with non-hazardous environmental
activities. Bridges, infrastructure works, road networks not falling into Class III or Class IV,
and railway networks whose interruption does not lead to emergency situations. Dams whose
collapse does not result in significant consequences.

Class III: Buildings with significant occupancy levels. Industries with hazardous
environmental activities. Extra-urban road networks do not fall into Class IV. Bridges and
railway networks whose interruption leads to emergency situations. Dams are significant for
the consequences of their potential collapse.

Class IV: Buildings with important public or strategic functions, especially regarding civil
protection management in case of disasters. Industries with particularly hazardous
environmental activities. Road networks of Type A or B, as defined by D.M. 5 November 2001,
No. 6792, "Functional and Geometric Norms for Road Construction," and Type C when part
of routes connecting provincial capitals not served by Type A or B roads. Bridges and railway
networks are critical for maintaining communication routes, especially after a seismic event.
Dams connected to the operation of water supply systems and electricity production plants.

The value of the usage coefficient Cu varies according to the usage class, as shown in the

following table:
CIASSO DI USO I 11 I11 IV
COEFFICIENT Cu | 0.7 1.0 1.5 2.0

Table 5:Usage coefficient (Tab. 2.4.1 NTC 2018)

The building under assessment belongs to Class IV, for which the associated usage coefficient
Cu is 2.00.

7.3 Reference period for Seismic Action

Seismic actions on each building are evaluated in relation to a reference period Vr, derived for
each type of construction by multiplying its nominal life VN by the usage coefficient Cu:

Vr=Vn " Cu




Considering that the construction is of Type 2 and the building's usage class is IV, the reference
period VR is determined to be:

Vr=50 - 2 =100 years

The reference period VR is of significant importance because, assuming that the seismic action
recurrence law follows a Poisson process, it is used to evaluate, given the probability of
exceedance PVR corresponding to the considered limit state (Table 3.2.1 of the NTC), the
return period TR of the seismic action to be referenced for verification.



8 ON-SITE INVESTIGATIONS

For buildings, to acquire the level of knowledge, the confidence factor (FC), and the properties
of materials

Confidence factors, derived from the level of knowledge acquired, are applied to average
material strength values obtained from both destructive and non-destructive tests. This process
estimates the average material strengths within the considered confidence interval, typically
set at 95%. Determining confidence factors for different structural elements or assemblies
involves considering uncertainties in material strength estimation and identifying construction
details. The acquired level of knowledge from surveys, investigations into structural details,
and material tests guide the application of confidence factors to material properties. This
approach may vary for different structural elements or groups of elements, and the most
suitable analysis method is recommended. In the absence of specific assessments, Table C8.5.
IV serves as a reference.

Livello di Geometrie . . Proprieta dei . -
. Dettagli strutturali prieta ¢ Metodi di analisi | FC (¥)
conoscenza | (carpenterie) materiali
Progetto simulato in Valori usuali per la
accordo alle norme pratica costruttiva Analisi lineare
LC1 ; . © - . el 1,35
dell'epoca e indagini dell'epoca e prove statica e dinamica
limitate in situ limitate in situ
Da disegni di . . .[I!alle_ spec1ﬁche
. Elaborati progettuali originali di progetto o
carpenteria . . ! .. . . .
originali con incompleti con indagini dai certificati di prova
LC2 e . limitate in situ; in originali, con prove Tutti 1,20
rilievo visivo a o .. 2 S
. . alternativa indagini limitate in situ; in
campione; in o :
. estese in situ alternativa da prove
alternativa -
. estese in situ
rilievg
Completo ex- diriciudicdu ul ]Jl uvd
NOVo Elaborati progettuali originali o dalle
completi con indagini specifiche originali di
LC3 limitate in situ; in progetto, con prove tutti 1,00
alternativa indagini estese in situ; in
esaustive in situ alternativa da prove
esaustive in situ

Table 6:Level of Knowledge, Geometries (carpentry), Structural Details, Material Properties, Analysis Methods,
Confidence Factor (Fc)

LC1: This level is achieved when a historical-critical analysis commensurate with the level
considered has been carried out (referring to § C8.5.1). The structure's geometry is known
based on original drawings (verified by a visual survey of a sample to confirm actual
correspondence to the drawings) or a survey in case the construction drawings are not available.
Detailed construction information is derived from a simulated project (referring to § C8.5.2),
and limited on-site investigations on the reinforcements and connections in the most important
elements have been conducted (collected data must allow for local resistance checks). In the
absence of information on the mechanical characteristics of materials (from construction
drawings or test certificates), typical values from the construction practice of the time, validated




by limited on-site tests on the most important elements, have been adopted (referring to §
C8.5.3); the corresponding confidence factor is FC=1.35. Safety assessment is generally
performed using linear, static, or dynamic analysis; the gathered information must allow for
the development of a suitable structural model.

LC2: This level is achieved when a historical-critical analysis, tailored to the considered level,
has been conducted (as referenced in § C8.5.1). The structure's geometry is determined from
original drawings or a survey. Construction details are either known, partially from original
construction drawings supplemented by limited on-site investigations into reinforcements and
connections of key elements or obtained from extensive on-site investigations (as per § C8.5.2).
Mechanical properties of materials are obtained from construction drawings, supplemented by
limited on-site tests or extensive on-site tests (as described in § C8.5.3), resulting in a
confidence factor of FC=1.2. Safety assessments are conducted using linear or nonlinear, static
or dynamic analysis methods. Data collected on structural element dimensions and structural
details enable the development of an appropriate structural model.

This level is considered achieved when a historical-critical analysis, tailored to the relevant
level, has been conducted (as referenced in § C8.5.1), and the structure's geometry is
determined from original drawings or a survey. Construction details are known either from
original construction drawings supplemented by limited on-site investigations into
reinforcements and connections of key elements or from extensive on-site investigations (as
per § C8.5.2). Mechanical properties of materials are obtained from construction drawings and
original test certificates, supplemented by limited on-site tests (if values obtained from on-site
tests are lower than those indicated in original test certificates, exhaustive on-site tests are
conducted) or through exhaustive on-site tests (as described in § C8.5.3). The corresponding
confidence factor is FC=1. Safety assessment is carried out using linear or nonlinear, static or
dynamic analysis methods. The information collected on structural element dimensions and
structural details must enable the development of a suitable structural model.

The material strengths used in the capacity formulas of the elements are derived from the
average strengths obtained from available information and additional on-site tests, divided by
the FC values indicated in Table C8.5. IV.

FC values can also be evaluated differently for different materials based on statistical
considerations conducted on a significant dataset for the elements under consideration and
methods of proven validity.

As a purely indicative measure, in Tables C8.5.V and C8.5.VI, the level of investigations
(limited, extensive, exhaustive) is linked to the number of surveys of construction details and
tests for the assessment of material mechanical characteristics. It is understood that the
investigation plan must be appropriately calibrated based on the preliminary analysis (see §
(C8.5.2.2 and C8.5.3.2) and, therefore, in relation to the level of knowledge to be achieved,
directed towards the necessary investigations in the areas of the structure where it is deemed
appropriate, both in relation to the static commitment of the different elements and their role



in the safety of the structure and in relation to the degree of consistency of the results of

preliminary tests and their agreement with what is provided in the original documents.

livello di indagini e prove

Rilievo (dei collegamenti) (2

Prove (sui materiali) ®)(c).(d)

Per ogni elemento "primario” (trave, pilastro)

limitato

La quantita e disposizione
dell’armatura é verificata per almeno
il 15% degli elementi

1 provino di cls. per 300 m? di piano
dell’edificio, 1 campione di armatura per
piano dell’edificio

La quantita e disposizione

2 provini di cls. per 300 m? di piano
dell’edificio, 2 campioni di armatura per

esteso dell’armatura é verificata per almeno

il 35% degli elementi piano dell’edificio

La quantita e disposizione 3 provini di cls. per 300 m? di piano
esaustivo dell’armatura ¢ verificata per almeno | dell’edificio, 3 campioni di armatura per
il 50% degli elementi piano dell’edificio

Table 7.C8.5.V- Guideline Definition of Survey and Testing Levels for Reinforced Concrete Buildings

EXPLANATORY NOTES TO TABLES C8.5.V AND C8.5.VI

The percentages of elements to be investigated and the number of samples to be extracted and
subjected to resistance tests are reported in Tables C8.5.V and C8.5.VI are indicative and
should be adapted to individual cases, taking into account the following aspects:

(a) When checking the achievement of the percentages of investigated elements for the survey
of construction details, consideration is given to any repetitive situations that allow extending
the controls to a wider percentage of checks on certain structural elements that are part of a
series with obvious characteristics of repeatability, for equal geometry and role in the structural
scheme.

(b) Steel tests aim to identify the steel class used according to the regulations in force at the
time of construction. For the purpose of achieving the required number of steel tests to acquire
the desired level of knowledge, it is advisable to consider the diameters (in reinforced concrete
structures) or the profiles (in steel structures) most commonly used in the main elements,
excluding stirrups.

(c) For material tests, it is allowed to replace some destructive tests, up to 50%, with at least
triple the number of non-destructive tests, single or combined, calibrated on the destructive
ones.



(d) The number of samples reported in Tables C8.5.V and C8.5.VI can be varied, either
increased or decreased, depending on the material homogeneity characteristics. In the case of
in-situ concrete, these characteristics are often related to the typical construction methods of
the construction era and the type of structure, which should be considered when planning the
investigation. It will be appropriate, in this regard, to plan for a second campaign of
supplementary tests if the results of the first campaign are highly heterogeneous.

8.1 Summery of Qualification of Tests

Below is a summary of the quantification of tests performed for the two structural units, US1
and US2, according to the level of knowledge LC2, as per table C8.5.V of the current NTC
2018 regulations and related explanatory notes.

The survey campaign carried out for the two structural Units includes:

40 ferroscan for checking the construction details of beams, columns, and nodes in reinforced
concrete;

5 ferroscan for evaluating the framework of the floors;

9 endoscopies for verifying the stratigraphic sequence of the floors and 4 for vertical elements;
22 extractions of concrete samples (cores);

20 extractions of steel bar samples;

1 load test;

The quantification of tests allows for a comprehensive geometric survey and the acquisition of
a level of knowledge equivalent to LC2.

8.2 Material Properties

Within the calculation model, the mechanical characteristics of materials were considered
using the values obtained from the investigation campaign. Location of the samplings and
photographic documentation The hardened concrete samplings, named with the letter "PRC P
or T" and a progressive number identifying the level of belonging and the number of the
element from the project numbering, were carried out corresponding to the pillar and beam
elements in reinforced concrete of the building in question. Below is a table containing the
location of the hardened concrete samplings identified based on the numbering of pillars



indicated during the geometric survey, with the unique identification code of the samples, the
dimensions of the samplings, and the specimens derived from them.
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Figure24- Location of material Investigation_Second Floor
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Dimensiond
Sigla Ubicazione / Pos. in Opera Diam. Lungh. Anomalie / Armature Carbonatazione
[rmen] [rmm] [rmm]

TRAVE PLANG INTERRATO B0 133 Messum

PRC_P_01 PILASTRO PLANG INTEREATD B46 125 MNesgurm
PRC_P_02 PILASTRO PLANG INTERRATO B4 6 185 Nessum
PRCT 02 TEAVE PIANG INTERRATO B0 158 Nessuna
PRC_S 01 SETTO PIANG INTERRATO B0 170 MNessuim
PRC_E 8 PILASTRO PIANO TERRA B0 195 Meszurm
PRE_T 82 TRAVE PLANG TERRA B0 153 Megzurm
PRC_T 03 TRAVE PLANO TERREA 86 125 Messum
PRC_P @ PILASTRO PLANG TERRA B0 150 Nessum
FRC_T_01 TRAVE PLANC TEREA B4 6 155 MNesgumm
FRC_P_01 PILASTRO PLANG TERRA B4 6 148 MNesgumm
FRC_F_81 PILASTRO PLANO PRIMO B0 178 Nessuna
PRC_P @ PILASTRO PIANO PRIMO B4.6 163 Nessuna
PRC_T_01 TRAVE PLANG PRIMO B4.6 158 Nessum
PRE_T 82 TRAVE PLANC PRINCY B0 183 Megzurm
PRC_P_0L FILASTRO PLANG SOTTOTETTO 846 148 I esguE
FRC_P_ @ PILASTRO PLANG SOTTOTETTO 6 170 MNessum
TRAVE PLIANG SOTTOTETTO B46 135 MNesgurm

FRC_T_02 TRAVE PIANO SOTTOTETTO B46 158 MNessum
PRC_P 01 PILAS TRO PIANO SECONDO B0 165 Nessuna
PRC_P @ PILAS TRO PIANO SECONDO B0 148 MNessum
TRAVE PIANO SECONDO B4 155 Nessun

Table 8: location and geometric characteristics of the section




DOCUMENTAZIONE FOTOGRAFICA

PRC_T_02- P. Interrato

PRC_P 01 - P. Iaterrato

PRC_T_0M = P. Interrato

PRC_P_02 - P. Intemato

PRC_S 01- P. Intermato

PRC T_03=P. Term

PRC_P M = Sonotetto

PRC_T 02 - Sottote tto

PRC_P_02 - P. Pama

PRC_T 01— P. Primo
PRC_P 01 =P. Secondo

PRC_P_(2-P. Tem

-T
| &

PRC_T_01 - P. Secondo |

PRC_P _01-P. Terra

PRC_P 03 -P. Terra

PRC T =P. Terra

PRC T 02— P. Term

PRC P 02=P. Secondo

Figure26- photographic documentation_Samples of materials




Description and method of test execution

The samples, taken using an electric rotary core drill equipped with a diamond-tipped crown
cooled with water, were cut at the bases and then weighed and measured with 1 mm accuracy,
verifying conformity with the UNI 12504-1 and UNI EN 12390-3 standards. The tests were
carried out in accordance with the UNI EN 12504-1 standard, with the following test
conditions, unless otherwise specified:

The samples undergoing testing do not present cracked, indented, or flaked surfaces;
The samples undergoing testing have a length-to-diameter ratio of 1:1;

The samples were placed on the plate of the press, without the interposition of deform-able
material and in axis with the load, and were brought to breakage with a load gradient of 0.60 +
0.20 MPa per second,

The test was performed with the sample surface dry.
Expression of results

The compressive strength of the cylindrical specimen (core) is determined using the following
expression:

feore = N/A (MPa)

Where:

N = Break load (N);

A = Area of the reactive section (mm?)

In accordance with the indications contained in the most recent Guideline on the matter,
specifically the "Guidelines for methods of investigation on structures and soils for the projects
of repair, improvement, and reconstruction of unusable buildings" issued by the Department of
Civil Protection in March 2012, the in-situ cylindrical strength fc, is of the cement
conglomerate was calculated using the following formulation from the ACI 214.4R regulation
issued by the American Concrete Institute:

Re=Fq * feore

where:

* R, is = In-situ cubic resistance of the sample of cement conglomerate;

* feore = Value of strength resulting from the compression of the concrete specimen,;

» Fq = Resistance correction factor that takes into account the disturbance caused to the material
during the sampling (coring) phases and assumes a value between 1.00 and 1.10, dependent on



fcore (according to the "Guidelines for the assessment of concrete characteristics in situ" (2017)

of the Superior Council of Public Works - Central Technical Service)

8.3 Test Results

Below is a summary of the compressive strength values of the hardened concrete cores taken

using the methods already described in this chapter, attached to this Test Report.

Resistenza . oy s
Sigla Ubicazione [/ Pos. in Opera del REE[EIIEIZIZZ meﬂnmm.dl Note
- Provino( Cubicat® Carbonatazione
[MPa] [MPa] [
PFRC_T_01 TRAVE PIANO INTERRATO 18,2 19,9 -— -—
PRC_P_01 PILASTRO PIANC INTERRATO 16,4 180 _— —_
PRC_P_i2 PILASTRO PIANCO INTERRATO 15,2 16,6 -— —
PRC_T_02 TRAVE PIANCO INTERRATO 18,7 204 -— _
PRC_S_ SETTO PIANG INTERRATO 298 36 -— —
PRC_P_03 PILASTRO PIANC TERRA 204 223 -— —_
PRC_T_02 TRAVE PIANCO TERRA 17,1 187 - —
PRC_T_03 TRAVE PIANC TERRA 24,5 264 -— —-
PRC_P_i2 PILASTRO PIANC TERRA 16,2 17,7 -— —_
PRC_T_i1 TRAVE PIANCO TERRA 18,4 201 - —-
PRC_P_1] PILASTRO) PIANO TERRA 12,6 13,8 -— —-
PRC_P_01 PILASTRO PIAND PRIMO 12,8 14,1 -— —-
PRC_P_02 PILASTRO FIANO PRIMO 17,8 1924 - —
PRC_T_i TRAVE PIANC PRIMO) 14,9 16,3 -— —-
PRC_T_02 TRAVE PIANC PRIMO) 16,1 17,6 -— —
PRC_P_01 PILASTRO PIANG SOTTOTETTO 26,9 289 -— _
PRC_P_02 PILASTRO PIANO SOTTOTETTO 25,1 271 -— —-
PRC_T_iH TRAVE PIANG SOTTOTETTO 70 298 -— —-
PRC_T_02 TRAVE PIANC SOTTOTETTO 226 246 -— —
PRC_P_i1 PILASTRO PIANG SECONDO 20,0 229 -— —-
PRC_P_02 PILASTRO PIANG SECONIDN) 17,5 19,1 -— —-
PRC_T_i1 TRAVE PIANO SECONDO) 15,2 16,6 -— —

Table 9:Determination of compressive strength of concrete cores

The document outlines the method for checking how strong the reinforcement bars (rebar) are

in a concrete structure's pillars. To get the rebar for testing, small parts of the concrete were

removed using ferromagnetic equipment. Reinforcement bars belonging to pillars and beams

of various orders of elevation were sampled to undergo tensile testing. Each sample of rebar

tested contains a code that includes letters and numbers (for instance, S1) to identify it. "S"

stands for the kind of sample, and "1" is just a number to keep track of each test. The purpose

of the test is to determine the tensile strength of the material under examination.
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Figure 28- Location of material Investigation_Ground Floor
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DOCUMENTAZIONE FOTOGRAFICA

PRB_P_0i = P. Intcrra

PRB_T_ i = Sottotctio PRE_T_02= Sonotctio

PRE 5 0f = P. Intcrrato

PRB_T_0f = P. Primo

Figure 32 - photographic documentation Samples of materials

Sigh | Tipologia Posizione in Opera 0® | Snervam. | Rotra Am:fm'

o) | o [ ey | )
PRE_T_01 am. Trave piano seminterrmio 16,1 5318 7089 21,6
PRB_P 01 AfTL. Pilas tro prano semintereato 121 5443 Tol,8 220
PRB_P_02 am. Pilastro piano seminterrato 179 535,06 T26.8 214
PRE_T_02 am. Trave piano seminterrmio 140 5200 7010 21,6
PRB_S_01 am. Setto prano seminterrato 14,1 518 .4 6761 212
PRB_P_01 am. Pilastro piano primo 176 5357 T79.6 214
PRB_P_02 A Pilagtro prand primo 17.6 530,1 7520 21,0
PRE_T_01 am. Trave prano primo 16,0 467 5 642 8 237
PRB_T_02 A Trave pranc primo 16,0 500,9 (95,8 226
PRE_T_01 am. Trave piano terra 160 4859 6519 230
PRE_T_02 . Trave piano terra 16,0 4993 686,4 221
PRB_P 01 A Pilagtro piano terra 182 5147 7019 21,1
PRE_P_02 am. Pilastro prano terra 176 5084 T06.5 220
PRB_P 01 am. Pilagtro piano somotetto 163 5119 7224 217
PRB_P_02 am. Pilastro piano sottotetto 163 5200 7275 222
PRB_T_01 am. Trave piano sottorerto 140 5215 T47.8 236
PRB_T_02 am. Trave p{amo SOLTOLELT 140 530,6 T49.1 225
PRB_P_01 am. Pilastro piano secondo 18,0 5177 7249 231
PRB_P_02 am. Pilastro piano secondo 181 4857 6947 242
PRB_T_01 A, Trave piano secondo 140 5016 T00,1 230

Table 10:Determination of tensile strength of reinforcement rebars




In the calculation model, we included the mechanical properties of materials based on the
results from our survey. Test results for average concrete cores and reinforcement bars in

beams:
Prove su carote in ca.
Travi
Carota Piano Resistenza provino | Resistenza cubica
(Mpa) (Mpa)
PRC_T_01 | Interrato 18.2 19.9
PRC_T_02 | Interrato 18.7 20.4
PRC_T_02 Terra 17.1 18.7
PRC_T_03 Terra 24.5 264
PRC_T_01 Terra 18.4 20.1
PRC_T_01 Primo 14.9 16.3
PRC_T_02 Primo 16.1 17.6
PRC_T_01 | Secondo 15.2 16.6
PRC_T_01 | Sottotetto 279 29.8
PRC_T_02 | Sottotetto 22.6 24.6
Media 19.36 21.04

Table 11: resistance test on reinforcement concrete cores for beams

Prove sulle barre di armatura
Travi
Resistenza a .
Campione Piano snervamento Resistenza a
rottura (Mpa)
(Mpa)
PRB_T_01| Seminterrato 531.8 708.9
PRB_T_02| Seminterrato 520 701
PRB_T_01 Terra 485.9 651.9
PRB_T_02 Terra 499.3 686.4
PRB_T_01 Primo 535.7 779.6
PRB_T_02 Primo 500.9 695.8
PRB_T_01 Secondo 501.6 700.1
PRB_T_01 Sottotetto 427.5 747.8
PRB_T_02 Sottotetto 530.6 749.1
Media 503.70 713.40

Table 12: resistance test on rebars for beams



Test results for concrete cores and reinforcement bars in columns:

Prove su carote in c.a.
Pilastri
Carota Piano Resistenza provino |Resistenza cubica
(Mpa) (Mpa)
PRC_P_01 | Interrato 16.4 18
PRC_P_02 | Interrato 15.2 16.6
PRC_S_01 Interrato 29.8 31.6
PRC_P_03 Terra 20.4 22.3
PRC_P_02 Terra 16.2 17.7
PRC_P_01 Terra 12.6 13.8
PRC_P_01 Primo 12.8 14.1
PRC_P_02 Primo 17.8 19.4
PRC_P_01 | Secondo 26.9 289
PRC_P_02 [ Secondo 251 271
PRC_P_01 | Sottotetto 21 229
PRC_P_02 | Sottotetto 17.5 19.1
Media 19.31 20.96

Table 13: resistance test on reinforcement concrete cores for Columns

Prove sulle barre di armatura
Pilastri
Resistenzaa |Resistenzaa
Campione Piano snervamento rottura
(Mpa) (Mpa)
PRB_P_01 Seminterrato 544.3 760.8
PRB_P_02 Seminterrato 535.6 726.8
PRB_S_01 Seminterrato 5184 676.1
PRB_P_01 Terra 514.7 701.9
PRB_P_02 Terra 508.4 706.5
PRB_P_01 Primo 535.7 779.6
PRB_P_02 Primo 530.1 752
PRB_P_01 Secondo 517.7 724.9
PRB_P_02 Secondo 485.7 694.7
PRB_P_01 Sottotetto 511.9 722.4
PRB_P_02 Sottotetto 520 727.5
Media 520.23 724.84

Table 14: resistance test on rebars for Columns

9 ACTION ON CONSTRUCTION

The actions considered for the evaluation of the seismic vulnerability of the building are as
follows:

a) PERMANENT (G): Actions that act throughout the nominal life of the construction, whose
intensity variation over time is so small and slow that they can be considered constant over
time. These include:

Self-weight of all structural elements (G1);



Self-weight of all non-structural elements (G2);

b) VARIABLE (Q): Actions on the structure or structural element with instantaneous values
that can vary significantly over time:

Long duration: Acts with significant intensity, even if not continuously, for a time not
negligible relative to the nominal life of the structure;

Short duration: Actions that act for a brief period relative to the nominal life of the structure.

This category includes, among the most common, variable loads on floors and loads due to
snow and wind:

CAT B, Offices:

o CAT B2 (Offices open to the public) gk=3.00 [kN/m2];

o CAT B (Common staircases, balconies, walkways) qi=4.00 [kN/m2];
o CAT H (Roofs accessible only for maintenance) qi=0.50 [kN/m2];

0 SNOW qx=0.80 [kN/m2];

9.1 ¢) SEISMIC (E): Actions deriving from earthquakes. Combination
of actions

With reference to the elementary actions previously determined, the following load
combinations have been considered:

Fundamental combination used for Ultimate Limit States(SLU):

vG1-Gi+7y62-Ga+yp-P+7yo1- Qi +v02 woz - Q2+ 703 - o3 - Quz + ...

Where:

G = value of permanent actions

G2 = value of non-structural permanent actions

P = Value of pre-stressing actions

Or1 = characteristic value of the basic variable action for each combination
Ok = characteristic value of the i-th variable action

VG = partial coefficient = 1.3 (1.0 if its contribution increases safety)

ypP = partial coefficient = 0.9 (1.2 if its contribution increases safety)

20) = partial coefficient = 1.5(0.0 if its contribution increases safety)

Woi = combination coefficient (Table 2.5.1 of NTC2018)



Seismic combination for the Ultimate Limit State of life safeguarding (SLV):

The effects of seismic action will be evaluated considering the masses associated with the
following gravitational loads:

Fa=E+ G+ Pr+ [ (w2Qx) 1]
Where:

Fy = Design value of each of the actions acting on the structure obtained from its
characteristic value Fk as indicated in §2.3 of NTC2018.

E = Value of seismic action for the limit state under consideration.

G = Characteristic value of permanent actions.

Py =Characteristic value of pre-stressing actions.

Qi = Characteristic values of variable actions, each independent of the others.

W = Combination coefficient (Table 2.5.1 of NTC2018)

Seismic combination for the Damage Limit State (SLD):

The seismic action, derived from the design spectrum for the damage limit state, was combined
with the other actions using the following formula:

Fa=E+Gk+Pc+ [ (w2Qx)]
Where:

Fa  =The design value of each action acting on the structure is obtained from its characteristic
value \( F_k\) as indicated in §2.3 of the NTC2018.

E =the seismic action value for the limit state under examination
G =characteristic value of permanent actions

P =characteristic value of pre-stressing actions

Qi = characteristic values of independent variable actions

w2  =combination coefficient (Table 2.5.1 of NTC2018)

Combinations for Serviceability Limit States (SLE):

G1+G2+P+ Qi +yo2 Qe+ w3 Qs + ... rare combination



G +G+P+yiiQu +y22 Qe+ y23 Qs+ ... frequent combination

G +G+P+y21 Qui +y22 Qe+ w23 Qs+ ... quasi-permanent combination

Where:

G = value of the permanent actions due to the self-weight of all structural elements.

G = value of the permanent actions due to the self-weight of all non-structural elements.
P = value of the pre-stressing actions.

Or1 = characteristic value of the base variable action for each combination

Ok = characteristic value of the i-th variable action.

w1 = coefficient used to define the allowable action values at the 0.95 fractiles of the

distributions of instantaneous values.

Woi =coefficient used to define the quasi-permanent values of the allowable actions at the
mean values of the distributions of instantaneous values.

Coefficiente | EQU | Al A2
Yr
~ ~ Favorevoli 09 1,0 1,0
Carichi permanenti G - Ye1
Sfavorevoli 1,1 1,3 1,0
~ N Favorevoli 0,8 08 08
Carichi permanenti non strutturali Gt - Yez -
Sfavorevoli 1,5 1,5 1,3
Favorevoli 0,0 0,0 0,0
Azioni variabili Q - Yo —
Sfavorevoli i 1,5 1,5 1,3

1)
Nel caso in cui 'intensita dei carichi permanenti non strutturali o di una parte di essi (ad es. carichi per-

manenti portati) sia ben definita in fase di progetto, per detti carichi o per la parte di essi nota si potranno
adottare gli stessi coefficienti parziali validi per le azioni permanenti.

Table 19:Partial coefficient

Categoria/Azione variabile Wy Yy Yy
Categoria A - Ambienti ad uso residenziale 0,7 0,5 0,3
Categoria B - Uffid 0,7 0,5 0,3
Categoria C - Ambienti suscettibili di affollamento 0,7 0,7 0,6
Categoria D - Ambienti ad uso commerciale 0,7 0,7 0,6

Categoria E — Aree per immagazzinamento, uso commerciale e uso industriale 10 09 0s
Biblioteche, archivi, magazzini e ambienti ad uso industriale ’ " ’

Categoria F - Rimesse , parcheggi ed aree per il traffico di veicoli (per autoveicoli

di peso =30 kN) 0,7 0,7 0,6




Categoria G — Rimesse, parcheggi ed aree per il traffico di veicoli (per autoveicoli 0.7 05 03
di peso = 30 kIN)

Categoria H - Coperture accessibili per sola manutenzione 0,0 0,0 0,0
Categoria I — Coperture praticabili da valutarsi caso per
Categoria K — Coperture per usi speciali (impianti, eliporti, ...) caso

Vento 0.6 02 0,0
Neve (a quota = 1000 m s.1.m.) 05 02 0,0
Neve (a quota > 1000 m s.L.m.) 0,7 0,5 02
Variazioni termiche 0.6 0.5 0.0

Table 20:Seismic coefficients



9.2 Load Analysis

Classification of the actions by variation in Time.

permanent action (G1, 2) :

Actions acting throughout the design working life of the building, the variation in intensity of
which

In the meantime, the time is very slow and modest.
e.g.

- self-weight (dead loads), carried permanent loads
- prestressing

- Settlement

- earth and water pressure...

(] variable action (Q):

For this reason, the variation in magnitude with time is neither negligible nor monotonic.
e.g.

- imposed loads on building floors and roofs

- wind and snow loads

- temperature variations

[J accidental action (A):

usually, of short duration, that is unlikely to occur with a significant magnitude on a given
structure

during the design working life, but its consequences might be catastrophic.
e.g.

- earthquakes and related seismic actions,

- fires, explosions,

- Impacts.

Structural permanent loads (Dead loads) — g1,k

The permanent gravitational actions associated with the weights of structural materials
are derived from the geometric dimensions and by the weights of the unit of volume of

materials from which the structural parts of the construction are made.



MATERIALI PESO UNITA DI VOLUME

[kMN/m?]
Calcestruzzi cementizi e malte
Calcestruzzo ordinario 240
Calcestruzzo armato (@fo precompresso) 25,0
Caleestruzzi “leggeri”: da determinarsi caso per caso 14,0200
Calcestruzzi “pesanti”: da determinarsi caso per caso 28,0+ 50,0
Malta di calce 18,0
Malta di cemento 21,0
Calce in polvere 10,0
Cemento in polvere 14.0
Sabbia 17.0
Metalli ¢ leghe
Acciaio 78.5
Chisa 725
Alluminio 27,0
Materiale lapideo
Tufo vulcanico 17.0
Calcare compatto 26,0
Caleare tenero 22,0
Gesso 13.0
Granito 27,0
Laterizio (pieno) 18,0
Legnami
Conifere e pioppo 4,0+6,0
Latifoglie (escluso pioppo) 6,0+ 8,0
Sostanze varie
Acqua dolce (chiara) 9.81
Acqua di mare (chiara) 10,1
Carta 10,0
Vetro 25,0

Table 21:specific weight
Non-structural permanent loads (Carried permanent) — g2,k

Non-structural permanent loads shall be considered to be loads present on the building
during its normal operation, such as those relating to external infills, internal partitions,
lightweight concrete layers, insulation, pavements, plasters, false ceilings, systems and
more, although in some cases, it is necessary to consider transitional situations in which
they are not present.

The proper weights of non-structural materials are derived from geometric dimensions
and the weights of the unit of volume of materials from which the non-structural parts of
the construction is made.

In principle, in the presence of floor systems, non-structural permanent loads may be
assumed as uniformly distributed.

In particular, partitions and light installations in residential and office buildings may
generally be assumed as equivalent distributed loads, provided that the floors have

adequate transversal distribution capacity.



Below are the different types of flooring and their corresponding load analyses used in the
calculation model:

Set of equivalent distributed loads g> for internal partitions for building.

Internal partition elements with :

G2<1,00 KN/m; g2=0,40 KN/m?;
1,00=<G2<2,00 KN/m; g2=0,80 KN/m?;
2,00=G2<3,00 KN/m; g2=1,20 KN/m?;
3,00=G2<4,00 KN/m; g2=1,60 KN/m?;
4,00=G2<5,00 KN/m; g2=2,00 KN/m?;

For the floors of residential and office buildings, the weight of the internal
partition elements may be assumed as permanent load evenly distributed
2k, provided that the appropriate construction measures are taken to
ensure adequate transverse load repartition.

Internal partitions with G2 > 5 kn/m should be considered in their actual position.

Imposed loads on floor systems — q1,x

The imposed loads (“sovraccarichi”) include loads related to the intended category of use
of the building.

The representative models of such actions can consist of:

® [} vertical uniformly distributed loads gk

® [] vertical concentrated loads Qx

® [] horizontal uniformly distributed loads Hx



Cat. Ambienti G @ B

[kN/m?] (kNI [kN/m]

Ambienti ad uso residenziale
Aree per atlivith domestiche e residenziali; sono
compresi in questa calegoria i locali di abitazione e

A relativi servizi, gli alberghi {ad esclusione delle aree 2,00 2,00 100
soggette ad affollamento), camere di degenza di
ospedali
Scale comuni, balconi, ballatoi 4,00 4,00 2,00
Uffiei

B Cat. Bl Uffici non aperti al pubblico 2,00 2,00 1,00
Cat. B2 Uffici aperti al pubblico 3,00 200 1,00
Scale comuni, balooni e ballatoi 4,00 4,00 2,00
Ambienli suscetlibili di affollamento
Cat. C1 Aree con tavoli, quali scucle, caffé, ristoran- 200 300 100

1, sale per banchett, lettura e ricevimento

Cal. C2 Aree con posti a sedere fissi, quali chiese,
tealri, cinema, sale per conferenze e altesa, aule 4,00 4,00 2,0
universitarie e aule magne

Cat. T3 Ambienti privi di ostacoli al movimento
delle persone, quali musei, sale per esposiziond,

aree d’accesso a uffic, ad alberghi e ospedali, ad s00 500 300
c atri di stazioni ferroviarie
Cal. Cd. Aree con possibile svolgimento di attivita - =
/00 A} 3
fisiche, quali sale da ballo, palestre, palcoscenici. o ’ 0
Cat. U5. Aree suscettil di grandi affollamenti,
quali edifici per eventi pubblidi, sale da concerto, 500 500 3,00

palazzetti per lo sport e relative tribune, gradinate e
piattaforme ferroviarie.

Secondo categoria d'uso servita, con le

Scale comuni, baleoni e ballatoi seguent limitazioni
2400 | =40 [ =200
S % Q, H,
Cat. Ambienti
[N/ ‘ [kN] ‘ [kN/m]
Ambienti ad uso commerciale
Cat. D1 Negozi 4,00 4,00 2,00
D C_al._ D2 Centri commerciali, mercati, grandi magaz- 500 500 200
zini
Scale comuni, balconi e ballatoi Secondo categoria d'uso servita

Aree per immagazzinamenlo e uso commerciale
ed uso industriale

Cat_ E1 Aree per accumulo di merd e relative aree
E d'accesso, quali biblioteche, archivi, magazzini, = 6,00 7.00 1,00
depositi, laboratori manifatburieri

Cat. E2 Ambienti ad uso industriale da valutarsi caso per caso

Rimesse e aree per raffico di veicoli (esclusi i
ponti)

Cat_ F Rimesse, aree per traffico, parcheggio e sosta

2.5 2
di veicoli leggeri (peso a pieno carico fino a 30 kN) 2= ‘ 2x1000 ‘ Lo

F-G

Cat. G Aree per traffico e parcheggio di veicoli me-
di (peso a pieno carico compreso fra 30 kN e 160
kN, quali rampe d"accesso, zone di carico e scarico

da valularsi caso per caso e comungue
non minori di

. 5,00 2 x 50,00 1,00°%
merdi.
Coperture
Cat. H Coperture accessibili per sola manutenzione 0,50 ‘ 1,20 ‘ 1,00

€ riparazions

H-LK | Cat I Coperture praticabili di ambienti di categoria

secondo categorie di appartenenza
d'uso compresa fra Ae D - egone di appartens

Cat. K Coperture per usi speciali, quali impianti,

- . da walutarsi caso per caso
eliporti.

* non comprende be axioni orizzontali e tualmente i dlai materiali i rimati.
** per i sali parapetti o pastizioni nelle zone pedonali. Le aziond sulle barrien: csercitate dagli automersi dovanno essere
valutate caso per caso.

Table 22:Imposed loads based on building function
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Figure 34- ceiling direction_Ground Floor



Figure 35- ceiling direction_First Floor
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SCHEDA SOLAIO

[Tipo di solai Solaio in laterocemento con travetti in c.a.p.

[Elementi resistenti: [Cravetti in cap. b= 12 cm

t Armatura travetto: [Lrefolo @ 6 mm

t Interasse: B0 cm

[Elemento di alleggerimento: Coppia di Pignatte a “C” h 8+10 cm innestate tra di loro
Camera d’aria 16 cm

Presenza cald 51 —3 cm

Carichi permanenti: Massetto in cls alleggerito con polistirolo >2,5 cm +
piastrella.

t o alPintradosso: 31 — spessore 1 em

SCHEMA SOLAIO TIPO
m e ;

: - +— Pignatta h 10 cm
I [ - |

i
| |
i 1Camemd’aria 16 cm : ‘
10
1‘ - 1t — |

Pignatta h 8 cm

Table 23:Investigation results for first-floor structure of underground slab END_S_01

(L agint stratigrafia intradosso solaio — Pignatta b 8 cm

Lmmagini stratigrafia intradosso solaio — Caldana + Massetto

Deocumentagione fotografica solato — Interasse 50 em + Larghesza travetio 12 om + Dettaglio trefolo ) 6 mm

Figure 37-layers measurement _Underground ceiling (END_S_01)



SOLAIO DIPIANO- PIANO INTERRATO (TIPO 1)

PESO PROPRIO: G; 4.13 kN/m’
Solaio laterocementizio con travetti in c.a.p. 4.13 kN/m? |
Sovraccarico PERMANENTE: G, 1.69 kN/m?
- Intonaco 1cm 0.20 kn/m?
- Massetto 3 cm x 16 kN/m® 0.48 kN/m?
- Pavimento 1cm 0.21 kN/m2
- Tramezzi 0.80 kN/m’
Sovraccarico VARIABILE - CATEGORIA B2 (Uffici aperti al pubblico): g« 3.00 kN/m?
SOLAIO DI PIANO

Solaio laterocementizio con travetti in c.a.p. (34+4) cm

Tipo di carico| Carico | kN/mc b (m) h (m) i(m) kN/mgq
Laterizi 8.00 0.38 0.18 0.50 109
G1 Travetti 25.00 0.12 0.34 0.50 2.04
Soletta 25.00 1.00 0.04 1.00 1.00
TOT. 4.13 kN/mq

Table 24:permanent action calculation for first-floor structure of underground slab END_S_01

SCHEDA SOLAIO
Tipo di solaio: Solaio in laterocemento con travetti in c.a.p.
[Elementi resistenti: I'ravetti in c.ap. b= 12cm
- Armatura travetto: ['refolo @ 4 mm
+ Interasse: 50 cm
[Elemento di alleggerimento: Pignatta h 14
IPresenza caldana: Bi—3,5cm
ICarichi permanenti: Massetto in cls alleggerito con polistirolo 8 cm + piastrella.
Intonaco alPintradosso: Bi — spessore 1 cm
SCHEMA SOLAIO TIPO
: > > B i &

Table 25:Investigation results for first-floor structure of underground slab END_S_02



Irmmagini stratigrafia intradosso solaio — Pignatta b 14 cm

[rmagini stratigrafia intradesse solaio — Caldana 3,5 + Massetto 8 cm

\Dactmentazione fotografica solaio — Interasse 50 cm + Larghesza travetto 12 cm + Dettaglio trefolo © 4 mm

Figure 38-layers measurement _Underground ceiling (END_S_02)

SOLAIO DI PIANO - PIANO INTERRATO (TIPO 2)

PESO PROPRIO: G; 2.81 kN/m?
Solaio laterocementizio con travetti in c.a.p. 2.81 |<|\|/|-|-|2
Sovraccarico PERMANENTE: G, 2.68 kN/m?
- Intonaco 1cm 0.20 kN/m?
- Massetto 8 cm X 16 kN/m’® 1.28 kN/m?
- Pavimento 2 cm 0.40 kN/m’
- Tramezzi 0.80 kN/m?
Sovraccarico VARIABILE - CATEGORIA B2 (Uffici aperti al pubblico): gy 3.00 kN/m?
SOLAIO DI PIANO
Solaio laterocementizio con travetti in c.a.p.
Tipo di carico| Carico | kN/mc | b (m) h (m) i(m) | kN/mq

Laterizi 8.00 0.38 0.14 0.50 0.85

G1 Travetti 25.00 0.12 0.18 0.50 1.08

Soletta 25.00 1.00 0.04 1.00 0.88

TOT. 2.81 kN/mq

Table 26:permanent action calculation for first-floor structure of underground slab END_S_02




SCHEDA SOLAIO

Tipo di solaio:

Solaio in laterocemento con travetti in c.a.p.

[Elementi resistenti:

[[ravetti in c.ap. b=12cm

- Armatura travetto:

Indagine non eseguita

L Interasse:

50 em — Passo travetti rilevato con Ferroscan Hilt

[Elemento di alleggerimento: Pignatta h 16

Presenza caldana:

-3 cm

ICarichi permanenti:

Massetto in cls alleggerito con polistirolo 10 ¢cm + piastrella.

Intonaco alPintradosso:

S1 — spessore 0,5 cm

SCHEMA SOLAIO TIPO

r

1

}_

g ST R g ST Hg

Table 27:Investigation results for second-floor structure of Ground floor slab END_S_01

rmm h 16 o

\Documentazione fotografica solaio — Larghesza travetto 12 cm + b totale solato senza piastrella

Figure 39-layers measurement _Ground Floor ceiling (END_S_01)




SOLAIO DI PIANO - PIANO TERRA (TIPO 1)

PESO PROPRIO: G, 3.17 kN/m?
Solaio laterocementizio con travetti in c.a.p. 3.17 kN/m?
Sovraccarico PERMANENTE: G, 2.95 kN/m?
- Intonaco 0.5 cm 0.15 kN/m?
- Massetto 10 cm X 16 kN/m? 1.60 kN/m?
- Pavimento 2 cm 0.40 kN/m?*
- Tramezzi 0.80 kN/m?
Sovraccarico VARIABILE - CATEGORIA B2 (Uffici aperti al pubblico): g, 3.00 kN/m?
SOLAIO DI PIANO
Solaio laterocementizio con travetti in c.a.p. (16+4) cm
Tipo di carico| Carico | kN/mc | b (m) h (m) i (m) kN/mq

Laterizi 8.00 0.38 0.16 0.50 0.97

G1 Travett 25.00 0.12 0.20 0.50 1.20

Soletta 25.00 1.00 0.04 1.00 1.00

TOT. 3.17 kN/mq

Table 28: permanent action calculation for the second-floor structure of Ground floor slab END_S_01

SCHEDA SOLAIO

Tipo di solaio:

Bolaio in laterocemento con travetti in c.a.p.

I[Elementi resistenti:

[[ravetti in c.a.p. b= 12 cm

F Armatura travetto:

[ndagine non eseguita

+ Interasse:

B0 cm

Elemento di alleggerimento:

Pignatta h 16

Presenza caldana:

No

ICarichi permanenti:

Massetto in cls 6 cm + Guaina bituminosa sp= 0,5 cm +
[I'egole di copertura.

Intonaco allintradosso:

51 — spessore (,5 cm

SCHEMA SOLAIO TIPO

p—

Table 29: Investigation results for second-floor structure of Ground floor slab END_S_02



Documentazione fotografica solaio — Interasse 50 cm + Larghesza travetio 12 cm

PESO PROPRIO: G

Figure 40-layers measurement _Ground Floor ceiling (END_S_02)

SOLAIO DI COPERTURA - PIANO TERRA (BAGNI ESTERNI)

1.93 kN/m?
Solaio laterocementizio con travetti in c.a.p. 1.93 kN/.-.-.2
Sovraccarico PERMANENTE: G 2.06 kN/m?>
- Intonaco 0.5 cm 0.15 kN/m?
- Massetto 6 cm X 16 kN/m® 0.96 kN/m?
- Guaina bituminosa 0.5 cm X 10.5 kN/m? 0.05 kN/m?
- Tramezzi 0.90 kN/m?
Sovraccarico VARIABILE - CATEGORIA B2 (Uffici aperti al pubblico): qy 3.00 kN/m?
Sovraccarico VARIABILE - NEVE Q- COPERTURA A FALDE 0.80 kN jmz
SOLAIO DI COPERTURA
Solaio laterocementizio con travetti in c.a.p.
Tipo di carico| Carico | kN/mc | b (m) h (m) i(m) kN/mq
Laterizi 8.00 0.38 0.16 0.50 0.97
Gl Travetti 25.00 0.12 0.16 0.50 0.96
TOT. 1.93 kN/mq

Table 30: permanent action calculation for the second-floor structure of Ground floor slab END_S_02




SCHEDA SOLAIO

[Tipo di solaio: Bolaio in laterocemento con travetti in c.a.p.

I[Elementi resistenti: [I'ravetti in c.ap. b= 12 cm

F Armatura travetto: Indagine non eseguita

I Interasse: 50 cm — Passo travetti rilevato con Ferroscan Hilt

[Elemento di alleggerimento: “oppia di Pignatte a “C” mnnestate tra di loro con camera
d’aria

I’indagine ¢ stara eseguita sulla spalla della pignarta ed &
stata rilevata un’altezza di 16 cm a pignatta.

IPresenza caldana: No
ICarichi permanenti: Indagine non eseguita
[ntonaco all’intradosso: S1 — spessore 1,5 cm
SCHEMA SOLAIO TIPO
‘ | — —
H totale spalle 32 cm | |4 L= Spalla pignatta h 16 cm

Table 31:Investigation results for second-floor structure of Ground floor slab END_S_03 (balcony)

[ nmagini stratigrafia intradosso solaio — Prima spalla pignatia h 16 cm
Nota: cerchiato in rosso dettaglio fine spalla prima pignatia — iniio spalla seconda pignatia

Spessore totale 43 om + Piastrella

Figure 41-layers measurement _Ground Floor ceiling (END_S_03)



BALCONE - PIANO PRIMO

PESO PROPRIO: G, 4.87 kN/m>
Solaio laterocementizio con travetti in c.a.p. 4.87 kN/mZ
Sovraccarico PERMANENTE: G, 1.58 kN/m?
- Intonaco 1.5 cm 0.30 kN/m*
- Massetto 3 cm X 16 kN/m’® 0.48 kN/m®
- Pavimento 2 cm 0.40 kN/m?*
- Parapetto 0.40 kN/m*
Sovraccarico VARIABILE - Scale comuni, balconi, ballatoi: Qy 4.00 kl'\llm2
BALCONE
Solaio laterocementizio con travetti in c.a.p. (32+4) cm
Tipodi carico| Carico | kN/mc b (m) h (m) i(m) kN/mq

Laterizi 8.00 0.38 0.32 0.50 1.95

Gl Travett 25.00 0.12 0.32 0.50 1.92

Soletta 25.00 1.00 0.04 1.00 1.00

TOT. 4.87 kN/mq

Table 32:permanent action calculation for the second-floor structure of Ground floor slab END_S 03 (balcony)

SCHEDA SOLAIO

Tipo di solaio:

Bolaio in laterocemento con travetti in c.a.p.

I[Elementi resistenti:

I'ravettiin ca.p. b= 12 em

F Armatura travetto:

[ndagine non eseguita

F Interasse:

50 ¢m - Passo travettt rilevato con Ferroscan Hilu

[Elemento di alleggerimento:

Pignattah 12

Presenza caldana:

Bi—3cm

ICarichi permanenti:

Massetto in cls alleggerito con polistirolo =2 cm + piastrella

Intonaco alPintradosso:

b1 — spessore 0,5 cm

SCHEMA SOLAIO TIPO

Table 33:Investigation results for third Structural floor- First-floor slab END_S_01.




Unmiagini stratigrafia intradosso solaio — Pignatta b 12 om

\Dacumentazione forografica solaio — Larghesza travetto 12 cm + b totale solato senza plasirella

Figure 42-layers measurement _First Floor ceiling (END_S _01)

PESO PROPRIO: G,

SOLAIO DIPIANO - PIANO PRIMO

2.63 kN/m’
Solaio laterocementizio con travetti in c.a.p. 2.63 kN/m? |
Sovraccarico PERMANENTE: G, 1.83 kN/m?
- Intonaco 0.5 cm 0.15 kN/m?
- Massetto 3 cm X 16 kN/m® 0.48 kN/m?
- Pavimento 2 cm 0.40 kN/m?
- Tramezzi 0.80 kN/m?
Sovraccarico VARIABILE - CATEGORIA B2 (Uffici aperti al pubblico): gy 3.00 kN/m?

SOLAIO DI PIANO
Solaio laterocementizio con travetti in c.a.p. (15+4) cm
Tipo di carico| Carico | kN/mc [ b (m) h (m) i(m) | kN/mq
Laterizi 8.00 0.38 0.12 0.50 0.73
G1 Travett 25.00 0.12 0.15 0.50 0.90
Soletta 25.00 1.00 0.04 1.00 1.00
TOT. 2.63 kN/mq

Table 34:permanent action calculation for third Structural floor- First-floor slab END_S_01



SCHEDA SOLAIO
Tipo di solaio: Solaio in laterocemento con travetti in c.a.p.
[Elementi resistenti: I'ravetti in ca.p. b= 12 cm
L Armatura travetto: Indagine non eseguita
F Interasse: b0 cm
Elemento di alleggerimento: Pignatta h 20
Presenza caldana: Bi—6cm
Carichi permanenti: Massetto in cls alleggerito con polistirolo 5 em.
[ntonaco allintradosso: Bi— spessore 1 cm
SCHEMA SOLAIO TIPO
i 1 i ) | L 1
= = s = e = &

Table 35:Investigation results for fourth structural floor- Sec floor slab END_S_01

£

e~ F— i g
Documentazione Jotoprafica solaio — b massetto in ols 5 cm \Documentazione fotografica solaio—interasse travetti 50 om

Figure 43-layers measurement _Second Floor ceiling (END_S_01)




SOLAIO DIPIANO - PIANO SECONDO

PESO PROPRIO: G, 4.28 kN/m’
Solaio laterocementizio con travetti in c.a.p. 4.28 kN/m?
Sovraccarico PERMANENTE: G, 2.20 kN/m?
- Intonaco 1cm 0.20 kN/m?
- Massetto 5cm X 16 kN/m? 0.80 kN/m?
- Pavimento 2cm 0.40 kN/m?
- Tramezzi 0.80 kN/m?
Sovraccarico VARIABILE - CATEGORIA B2 (Uffici aperti al pubblico): q, 3.00 kN/m?>

SOLAIO DI PIANO

Solaio laterocementizio con travetti in c.a.p. (26+6)

Tipo di carico| Carico | kN/mc b (m) h (m) i(m) kN/mq
Laterizi 8.00 0.38 0.20 0.50 1.22
G1 Travetti 25.00 0.12 0.26 0.50 1.56
Soletta 25.00 1.00 0.06 1.00 1.50
TOT. 4.28 kN/mq

Table 36:permanent action calculation for Fourth Structural floor- Sec floor slab END_S_01

SCHEDA SOLAIO

Tipo di solaio:

Bolio in laerocemento con travetti in ca.p.

[Ele menti resistenti:

‘oppia di traverti in c.a.p. b= 12 cm dispost in maniera
plternata a coppie e singolo distribuiti con uniformita per
futto 1l solao

b Armatura travetto:

[ndagine non eseguita

I Interasse:

B6 cm

[Ele mento di alleggerimento:

Pignatea h 20

Presenza caldana:

Bi=4 cm

Carichi permanenti:

l'egole di copertura

Intonaco allintradosso:

Mo

Table 37:Investigation results for fifth Structural floor- attic slab END_S_01




\Dcrmentazzone folografica solato—inierasse fravellf 36 cm

rrelfs

Ir )nw.rm#j’mc‘_!ngﬁm solain — Dﬂ.‘a desitriliesgo e

Figure 44-layers measurement_Attic (END_S_01)

PESO PROPRIO: G;

SOLAIO DI COPERTURA - LATEROCEMENTO

3.37 kN/m’
Solaio laterocementizio con travetti in c.a.p. 3.37 |<|\‘|/|-n2 |
Sovraccarico PERMANENTE: G, 1.16 kN/m?
- Intonaco 1.5 cm 0.30 kN/m?
- Massetto 4 cm X 14 kN/m® 0.56 kN/m?
- Guaina 0.10 kN/m2
- Impianti 0.20
Sovraccarico VARIABILE - CATEGORIA H: (Coperture accessibili per sola manutenzione) Q, 0.50 kN/m?
Sovraccarico VARIABILE - NEVE Q, - COPERTURA A FALDE 0.80 kN/m?

SOLAIO DI COPERTURA

Solaio laterocementizio con travetti in c.a.p.

Tipodi carico| Carico | kN/mc | b (m) h (m) i(m) kN/mq
Laterizi 8.00 0.38 0.20 0.56 1.09
Gl Travetti 25.00 012 0.24 0.56 1.29
Soletta 25.00 1.00 0.04 1.00 1.00
TOT. 3.37 kN/mq

Table 38:permanent action calculation for fifth Structural floor- attic slab END_S_01



SCHEDA SOLAIO

Tipo di solaio: [Pizm-:mrmln intermedio con solettainca h 20 cm
T —— Ve @ D T ® E DD @
>l aillh Al Aiin T w1
il
=
El

Armatura secondaria
pranerottolo intermedio con soletta in ca.
Rilevate n®4 barre di armatura - Sansionat: 104 cm

T e ) Q@A E DD DD

Armatura principale
pranerottolo mermedio con soletta in ca.
Rilevate n®5 barre di armatura - Sansiomati 75 cm

Table 39:Investigation results for Second Structural floor- Stairs END_S 04

\Docarmemtagzone folograficn b soletia in c.a.

Figure 45-layers measurement _Ground floor stairs(END_S_04)




VANO SCALA

PESO PROPRIO: G; 5.00 kN/m?
- Soletta in cemento armato 20 cm X 25 kN/m® | 5.00 kN/m?
Sovraccarico PERMANENTE: G, 1.46 kN/m*
- Intonaco 1.5 ¢m 0.30 kN/m®
- Massetto 5 cm X 16 kN/m? 0.80 kN/m?®
- Pavimento 2 cm X 18 kN/m’® 0.36 KN/m>
Sovraccarico VARIABILE - Scale comuni, balconi, ballatoi: Qi 4.00 |<|\|/mz

Table 40:permanent action calculation for Second Structural floor- Stairs END_S_04



Direction of Slabs

The direction of the slab in the first structural floor -Slab of the underground floor is shown in
the figures below :

| I T

T

Rilevati travetti in c.a. b= 12 cm con interasse di 50 cm

Table 41:Investigation results for first Structural floor-underground floor ORD_S 01
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Figure 46-Slab direction First structural floor (ORD_S_01)



The direction of the slab in the second structural floor -Slab of Ground floor are shown in the

Rilevati travetti in c.a. b= 12 em con interasse di 50 cm

figures below :

Lo Loy | yomos] )] |wpd

Table 42:Investigation results for Second Structural floor-Ground floor ORD_S_01
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Figure 47-Slab direction _Second structural floor (ORD_S_01)



The direction of the slab on the third structural floor and the slab on the First floor are shown

in the figures below :

o

P I T L I T

Rilevati travetti in c.a. b= 12 cm con interasse di 50 cm

Table 43:Investigation results for third Structural floor-First floor ORD_S 01.

-y

it

Figure 48-Slab direction _Third structural floor (ORD_S_01)



The direction of the slab in the fourth structural floor -Slab of the second floor is shown in the
figures below :

[ T L T e

Rilevati travetti in c.a. b= 12 cm con interasse di 50 cm

Table 44:Investigation results for the fourth Structural second floor ORD_S_01.

Figure 49-Slab direction _forth structural floor (ORD_S_01)



A load of Walls
For considering the wall loads, it is essential to do an investigation on different floors; the
location of the investigations, results, and calculations are reported below:

PIANO INTERRATC
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Figure50-Location of investigated walls in the underground floor (END_P_01, END_P_02)
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Figure 51-Location of investigated walls in the underground floor (END_P_01, END_P_02, END_P _03)



= o, R |
] I .
END_P_0i —i .
5
| | - =
| END_P_02 ¥

Figure 52-Location of investigated walls on the first floor (END_P_01, END_P_02)
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Figure 53-Location of investigated walls on the second floor (END_P_01)
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Figure 54-Location of investigated walls in Attic(END_P_01)



RILIEVO DEI DETTAGLI COSTRUTTIVI DELLE PARETI VERTICALI MEDIANTE
INDAGINE ENDOSCOPICA
Sede Municipale — Piazza 6 Aprle 2009 — 65029 Torre De’ Passen (PE)
END_P_01: Piano interrato

S i (cm)
Pk = 3 ok Spessore Profonditi
la indagine | Ubicazione = = .
Sigl R I mlc:ca{acdnt I I el parcte (cm) | Indagine (cm)
paramento |/ paramenio
Piano interrato| 1,5 B — =30 ni 42 405

END_P_01 |Indagine eseguita da interno verso esterno con perforazione parsale sullo spessore della parete.
Rilevato primo paramento in laterizio forato dello spessore di 8 cm, a seguire un secondo paramento in
lateriao forato =30 cm

.
Immagine stratigrafica inis fmm.qg&'ﬂe.re‘mtg'gngﬁml fine primo paramento + inisio
seqandn paramento

Ja — ‘|

- d
Immagine stratigrafica secondn paramento

Figure 55-layers measurement for walls _Underground floor(END_P_01)

TAMPONATURA TIPO 1 - PIANO INTERRATO

PESO PROPRIO: G, 4.40 kN/m’
- Mattoni forati in laterizio 8 cm X 11 |<|\.|,~‘m3 0.88 kamZ
- Mattoni forati in laterizio 32 cm X 11 kl'\l,"m3 3.52 kN/mz
Sovraccarico PERMANENTE: G, 0.30 kN/m’
- Intonaco interno 1.5 cm 0.30 kh.l,fm2

Table 45::permanent action calculation for Walls in Underground floor- END_p_01




RILIEVO DEI DETTAGLI COSTRUTTIVI DELLE PARETI VERTICALI MEDIANTE
INDAGINE ENDOSCOPICA
Sede Municipale — Piazza 6 Aprile 2009 — 65029 Torre De’ Passen (PE)
END_P_02: Piano interrato

Spessori (cm)
it - 3 Spessore Profonditi
Sigla indagme | Ui . = .
iy I mt:!clp:dul: 1T o parcte {cm) | Indagine (cm)
pa v |/ isolante | paramenm
Piano interrato| 1 8 10 8 1 28 28

END_P_02 |Indagine con perforamone totale sullo spessore della parete.
Rilevaro primo paramento in latertzio forato dello spessore di B cm, intercapedine 10 em, ed infine un
secondo parmento in laterino foraw dello spesore di B em.

=
lmmagine siratigrafica infercapedine + inizio seando U mmagine stratigrafica fine secondn paramento
\haaramrento

Figure 56-layers measurement _Underground floor(END_P_02)

TAMPONATURA TIPO 2 - PIANO INTERRATO

PESO PROPRIO: G, 1.76 I(Nlm2
- Mattoni forati in laterizio 8 cm X 11 k|'\|,fm3 0.88 kN,fm2
- Mattoni forati in laterizio 8 cm X 11 |<|\|,fm3 0.88 kam2
Sovraccarico PERMANENTE: G, 0.20 kN,o’m2
- Intonaco interno 1cm 0.20 kN/mz
- Intonaco esterno 1cm 0.20 kN,f'm2

Table 46::permanent action calculation for Walls in Underground floor- END_P_02




RILIEVO DEI DETTAGLI COSTRUTTIVI DELLE PARETI VERTICALI MEDIANTE
INDAGINE ENDOSCOPICA
Sede Municipale — Piazza 6 Aprile 2009 — 65029 Torre De’ Passen (PE)
END_P_01: Piano terra

Spesson {cm)
Sigla indagine | Ubicazione i S il o ., ;
ot I mn:!cx!)cdm: I 1 et parete (cm) | Indagine (cm
I / par Eeic
Piano terra 2 8 10 12 2 34 34

END_P_01 |Indagine da interno verso estemo con perforazione totale sullo spessore della parete.
Rilevato primo paramento in laterizio forato dello spessore di 8 em, intercapedine 10 em, ed infine un
secondo paramento mn laterzio forato dello spessore di 12 em,

\Lmmagine siratigrafica fie primo paramento + inigio
i tercapedine

X
mmagine stratigrafica fine infercapedine + inizin secondo \lmmagine stratigrafica fine secondo paramento

aramenio
Figure 57-layers measurement _Ground floor(END_P_01)
TAMPONATURA TIPO 3 - PIANO TERRA
PESO PROPRIO: G, 2.20 kN/m’
- Mattoni foratiin laterizio 8 cm X 11 k|'~‘|,fm3 0.88 kl'\lfm2
- Mattoni forati in laterizio 12 cm X 11 k|'~‘|,|fm3 1.32 kamz
Sovraccarico PERMANENTE: G, 0.40 kl".lf'm2
- Intonaco interno 2 cm 0.40 kN,s’m2

Table 47:permanent action calculation for Walls on Ground floor- END_P_01



RILIEVO DEI DETTAGLI COSTRUTTIVI DELLE PARETI VERTICALI MEDIANTE
INDAGINE ENDOSCOPICA
Sede Mumicipale — Prazza 6 Apnle 2009 — 65029 Torre D¢’ Passen (PE)
END_P_02: Piano terra

Spesson {cm)
g P
Sigla indagine | Ubicazionc 5 5 X s
e I mtcfc arcd.m: I s parcte {cm) | Indagine (cm)
I ] [ is e paramcnin

e 26 26

- 1

Pramo werra 1 24

END_P_02 |Indagine da interno verso esterno con perforazione totale sullo spessore della parete.
Rilevato unico paramento in laterizio forato dello spessore di 24 cm.

=] =
o
iy
| -
A *
a—.
h i f. 3
i pardamiento Ummagine stratigrafica paramenio
[mmiagine stratggrafica fine paramento ]
Figure 58-layers measurement _Ground floor(END_P_02)
TAMPONATURA TIPO 4 - PIANO TERRA
PESO PROPRIO: G, 2.64 kN/m’
- Mattoni forati in laterizio 24 cm X 11 kN/ms 2.64 kN/'m2
Sovraccarico PERMANENTE: G, 0.40 kN/ m’
- Intonaco interno 1cm 0.20 kN/m2
- Intonaco interno 1cm 0.20 kN/'m3

Table 48:permanent action calculation for Walls on Ground floor- END_P_02




RILIEVO DEI DETTAGLI COSTRUTTIVI DELLE PARETI VERTICALI MEDIANTE
INDAGINE ENDOSCOPICA
Sede Municipale — Piazza 6 Apnle 2009 — 65029 Torre De’ Passen (PE)
END_P_01: Piano primo

i (cm)

g Prof

I intercapedine I Eitviiiais pxl'tllt {cm) I'.n::laghc {cm)
/ inal

Sigla indagine | Ubi

Inwnaco

Piano primo 1,5 8 6,5 12 ni, 30 28

END_P_01 (Indagine con perforzone parzale sullo spessore della parete.
Rilevato primo paramento in laterizio forato dello spessore di 12 em, intercapedine 6,5 em, ed infine un
secondo paramento in laterizio > 7 cm.

mmagine stratigrafica inisio primo paramenio mmagine stratigrafica fine primm paramento + tnizio

Entercapedine

Immagine siratigrafica fine intercapedine U nimagine stratiprafica secondp paramento

Figure 59-layers measurement _First floor(END_P_01)

TAMPONATURA TIPO 5 - PIANO PRIMO

PESO PROPRIO: G, 3.04 kNlm2
- Mattoni forati in laterizio 8 cm X 11 |<|\|,fm3 0.88 kN/m2
- Mattoni pieni in laterizio 12 cm X 18 kN/m3 2.16 kN/m2
Sovraccarico PERMANENTE: G, 0.20 kN/ m’
- Intonaco interno 1.5 cm 0.20 kN/m2

Table 49:permanent action calculation for Walls on the First floor- END_P_01



END_P_02: Piano primo

RILIEVO DEI DETTAGLI COSTRUTTIVI DELLE PARETI VERTICALI MEDIANTE
INDAGINE ENDOSCOPICA
Sede Municipale — Piazza 6 Apale 2009 — 65029 Torre De’ Passen (PE)

Spessori (cm)

Sigla indagine | Ubicazione
Intonaco

inte reapedine
/ isolante

Intonaco

parcte (cm)

Profonditi
Indagine (cm)

param.

Prano primo 1

=7

L

10

10

[mmagine stratigrafica inigio paramento

END_P_02 |Indagine con perforazione parziale sullo spessore della parete.
Rilevato unico paramento in laterizio forato =7 cm

U mmagine stratigrafica paramento

Figure 60-layers measurement _First floor(END_P_02)

TRAMEZZATURA - PIANO PRIMO

PESO PROPRIO: G, 0.88 kN,|fm2
- Mattoni forati in laterizio 8 cm X 11 k|'\|,fm3 0.88 kl'\u’m2
Sovraccarico PERMANENTE: G, 0.20 I(N,{m2
- Intonaco interno 1cm 0.20 kN/mz

Table 50:permanent action calculation for Walls on the First floor- END_P_02




RILIEVO DEI DETTAGLI COSTRUTTIVI DELLE PARETI VERTICALI MEDIANTE
INDAGINE ENDOSCOPICA

Sede Municipale — Piazza 6 Apnle 2009 — 65029 Torre De’ Passen (PE)
END_P_01: Piano secondo

Spessorni (cm)

5

Sigla indagine | Ubi - _ : giicns
s I mhc!capcdllx m s parcte (cm) | Indagine (cm)
/ isolante
Prano secondo 1 8 11 >11 ni, 1] 3
END_P_01 (Indagine da interno verso estemo con perforznone parzale sullo spessore della parete

Rilevato primo paramento in laterieio forato dello spessore di 8 em, inereapedine 11em, ed infine un secondo
paramento in laenzio =11 cm

Immagine stratigrafica &

Immagine stratigrafica intercapedine

Vemmagene stratigrafias secondo paramento

Figure 61-layers measurement_Second floor(END_P_01)

TAMPONATURA TIPO 6 - PIANO SECONDO

PESO PROPRIO: G, 3.04 kN/m’
- Mattoni forati in laterizio 8 cm X 11 kN/ms 0.88 kN[mz
- Mattoni pieni in laterizio 12 cm X 18 kN/m3 2.16 kN/m2
Sovraccarico PERMANENTE: G, 0.20 kN/m’
- Intonaco interno 1cm 0.20 kN,fm2

Table 51:permanent action calculation for Walls on the Second floor- END_P_01




RILIEVO DEI DETTAGLI COSTRUTTIVI DELLE PARETI VERTICALI MEDIANTE
INDAGINE ENDOSCOPICA

Sede Municipale — Piazza 6 Apnle 2009 — 65029 Torre De’ Passen (PE)
END_P_01: Sottotetto

Rilevato primo paramento in laterizio forato dello spessore di 6 em, intercapedine 11em, ed infine un secondo
paramento in laterzio >8 cm.

Spesson {cm)
Sigla ind Ubi Sp Profonditi
= . 1 lnt;lt!x‘!)ed.ll‘l 11 I parete (cm) | Indagine (cm)
Sotroterto no (3 11 =H i, non rilevabile 25
END_P 01 Im.‘lagine da interno verso esterno con per{mzmm par;.'mhz sullo spessore della parete.

Immagine stratigrafica intercapedine

Ummagine stratigrafica secondn paramento

Figure 62.layers measurement_Attic floor(END_P_01)

TAMPONATURA TIPO 7 - PIANO SOTTOTETTO

PESO PROPRIO: G, 2.46 kN}'m2
- Mattoni forati in laterizio 6 cm X 11 kN/m3 0.66 kN;’m2
- Mattoni pieni in laterizio 10 cm X 18 kN/m3 1.80 kN/m2
Sovraccarico PERMANENTE: G, 0.00 kN}'m2
- Intonaco interno 0 cm 0.00 kN,fm2

Table 52:permanent action calculation for Walls in the attic floor- END_P_01




9.3 Calculation of seismic action

- Seismic hazard is defined in terms of the maximum expected horizontal acceleration
under free-field conditions on a reference rigid site with a horizontal topographic
surface and through the ordinates of the elastic response spectrum in acceleration
corresponding to it concerning predetermined exceed probabilities Py, within the
reference period, as defined in § 2.4. These spectral shapes are defined for each
exceedance probability within the reference period Vg, starting from the following
parameters:

- ay maximum horizontal acceleration at the site;

- F, the maximum value of the acceleration spectrum amplification factor;

- T; The reference value for determining the onset period of the constant velocity
segment of the horizontal acceleration spectrum.

The above values can be calculated with reference to four different limit states corresponding
to the following exceedance probabilities:

Stati Limite PVR: Probabilita di superamento nel periodo di riferimento Vy
oo | SLO 81%
Stati limite di esercizio
SLD 63%
Stati limite ultimi SLV 10%
ati limite ultimi
SLC 5%

Table 53:Probability of Exceedance Pvr as a Function of the Considered Limit State
Having established the reference period of the construction using the following relationship:
Vr =Vy Cy
Where:

- Vy The nominal life of the construction;
- Cy Coefficient of use of the construction.

For each limit state, it is possible to derive the return period Tr of the earthquake using the
following:

Tp=— 'R
R In(1-"Pypy

Based on the return period of the event, the basic seismic hazard parameters are provided from
a reference grid available on the website http://essel.mi.ingv.it/. A point (which identifies the
location of the site of interest) within this grid can be processed by weighted averaging of the
values taken by the generic parameter at the vertices of the elementary mesh of the reference
grid containing the point in question, using the inverses of the distances between the point in
question and the four vertices as weights, through the following expression:



i=1¢;
s 1
i=17,

Where:

- p Value of the parameter of interest at the point in question;

- p; Value of the parameter of interest at the i-th point of the elemental mesh containing
the point in question

- d; It is the distance from the point in question to the i-th point of the aforementioned
mesh.

Seismic hazard assessment of the site:

For the site under consideration, we obtain:

Latitudine 42.244811

Longitudine 13.927464

Altitudine [s.l.m.]: 172

Tipo di struttura Edificio publico

Classo di uso v

Vita nominale [anni] | 50

Coefficiente d'uso 2.00

Table 54:Site and Structural Information

For the four points of the reference grid, the results are:

Nodes of the reference grid

Site 1 ID: 26979 Lat: 42.2343  Long: 13.8954 Distance: 3000.608
Site 2 ID: 26980 Lat: 42.2340 Long: 13.9629 Distance: 3128.324
Site 3 ID: 26758 Lat: 42.2840 Long: 13.9632 Distance: 5130.764

Site 4 ID: 26757 Lat: 42.2843 Long: 13.8957 Distance: 5055.077

From which, through interpolation for the site under examination, one obtains:



Stato Limite Tr [anni] ag [g] Fo Tc*[s]
Operativita (SLO) 60 0.092 2.392 0.300
Danno (SLD) 101 0.115 2.402 0.316
Salvaguardia vita (SLV) 949 0.269 2.499 0.360
Prevenzione collasso (SLC) 1950 0.340 2.522 0.374

Table 55:Seismic Design Parameters by Limit State

Response Spectrum simplified approach nrtcis.

The simplified approach proposed by NTCI18 allows for obtaining response spectra that
consider site effects (§3.2.2 NTC18). In particular, these effects are classified into:

-Strati-graphic effects;
-Topographic effects.

For both, the regulations allow the association of a stratigraphic category and a topographic
category. The former, based on the examined stratigraphy, is evaluated based on the
parameters:

H

h:
N L
Zi=1 Vs.i

VS,Eq =

Where:

- h; The thickness of the i-th layer;

- Vs; Shear wave velocity in the i-th layer;

- N Number of layers;

- H Depth of the bedrock, defined as the formation consisting of rock or very stiff soil,
characterized by a shear wave velocity not less than 800 m/s

The subsoil categories that allow the use of the simplified approach are defined in the following
table:

Categoria Descrizione

A Ammassi rocciosi affioranti o terreni molto rigidi caratterizzati da valori di velocita delle
onde di taglio superiori a 800 m/s, eventualmente comprendenti in superficie terreni di
caratteristiche meccaniche piu scadenti con spessore massimo pari a 3 m.

B Rocce tenere e depositi di terreni a grana grossa molto addensati o terreni a grana fina
molto consistenti, caratterizzati da un miglioramento delle proprieta meccaniche con la
profondita e da valori di velocita equivalente compresi tra 360 m/s e 800 m/s.

C Depositi di terreni a grana grossa mediamente addensati o terreni a grana fina

mediamente consistenti con profondita del substrato superiori a 30 m, caratterizzati da




un miglioramento delle proprietd meccaniche con la profondita e da valori di velocita
equivalente compresi tra 180 m/s e 360 m/s.

Depositi di terreni a grana grossa scarsamente addensati o di terreni a grana fina
scarsamente consistenti, con profondita del substrato superiori a 30 m, caratterizzati da
un miglioramento delle proprieta meccaniche con la profondita e da valori di velocita
equivalente compresi tra 100 e 180 m/s.

Terreni con caratteristiche e valori di velocita equivalente riconducibili a quelle definite
per le categorie C o D, con profondita del substrato non superiore a 30 m.

Table 56: subsoil categories

From the results obtained with the MASW tests, a Vs, eq = 364 m/sec is obtained. Therefore,
the soil is classified seismically as category B.

To evaluate topographic effects, in the case of simple configurations (elongated ridges and

crests with a height greater than 30 m), the following categories can be referred to:

Categoria | Caratteristiche della superficie topografica
T1  Superficie piana, pendii e rilievi isolati con pendenza media 1 < 15°
T2  Pendii con pendenza media i > 15°
T3  Colline con larghezza della cresta molto inferiore rispetto alla base e pendenza media
di 15°<1<30°
T4  Creste con larghezza della cresta molto inferiore rispetto alla base e pendenza media di
i>30°

Table 57: Topographic Surface Characteristics

The topography category of the site under examination is T1.




Comparison of simplified spectral methods according to NTC2018 and RSL

Through the regularization procedure proposed in Appendix 1 of Ordinance No. 55 of April
24, 2018, it is possible to transform the response spectrum, resulting from numerical
simulations of local seismic response, into a standard-shaped spectrum (according to NTC18).
Specifically, this procedure provides parameters for inserting the elastic spectrum into
structural analysis software aimed at designing structures in seismic areas.

Below is the comparison for different limit states between the spectrum obtained using the
simplified method of NTC2018 and the normalized spectrum obtained from RSL. Since the
spectra obtained using the simplified method of NTC2018 are more conservative than those
obtained from RSL, the spectra obtained with the simplified method of NTC2018 were used in
the calculation model.

SLO

— Spettro NTC 2018
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Figure 63:Seismic Spectra Analysis (SLO)

The seismic parameters obtained from the normalization of the spectrum resulting from local
seismic response to the SLO are as follows:

Apax | S Fo | Tg[sec] | T¢ [sec] | Tp [sec]

0.138 | 1.49 | 3.13 | 0.09 0.26 1.97

Table 58:spectrum resulting from local seismic response to the SLO



It is obtained from the structural calculation software that the main mode in the X direction has
a period of 0.801 seconds.
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Figure 64:Seismic Spectra Analysis (SLD)

The seismic parameters obtained from the normalization of the spectrum resulting from the
local seismic response to the SLD are as follows:

Apax | S Fo | Tg[sec] | T¢ [sec] | Tp [sec]

0.173 | 1.51 | 3.12 | 0.09 0.26 2.06

Table 59:spectrum resulting from local seismic response to the SLD

It is obtained from the structural calculation software that the main mode in the X direction has
a period of 0.801 seconds.
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Figure 65:Seismic Spectra Analysis (SLV)

The seismic parameters obtained from the normalization of the spectrum resulting from the
local seismic response to the SLV are as follows:

Apax | S Fo | Tg[sec] | T¢ [sec] | Tp [sec]

0.578 | 2.15|2.37 | 0.11 0.34 2.68

Table 60:spectrum resulting from local seismic response to the SLV

It is obtained from the structural calculation software that the main mode in the X direction has
a period of 0.801 seconds.
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Figure 66:Seismic Spectra Analysis (SLC)

The seismic parameters obtained from the normalization of the spectrum resulting from the
local seismic response to the SLC are as follows:

Apax | S Fo | Tg[sec] | T¢ [sec] | Tp [sec]

0.573 | 1.68 | 2.67 | 0.11 0.33 2.96

Table 61 :spectrum resulting from local seismic response to the SLC

It is obtained from the structural calculation software that the main mode in the X direction has
a period of 0.801 seconds.



9.4 Determination of Wind loads

P=qp *ce *cp *cq

Calculation of Reference kinetics pressure( qp) :
qb=Vb2 [3.3.1]

p=Air density-1.25 kg/m3

Viy=Reference wind speed (in m/s)
*Calculation of Reference wind speed Vb
Vo=Vb0. Ca =27*1=27

V0 =is the basic reference speed at sea level, assigned in Tab. 3.3.1 according to the area in
which the building is located

C.=1s the altitude coefficient given by the relation:
Ca=1 for as a0 [3.3.1.b]
as=175

a0=500

ko =0.37

a0, ko = they are parameters provided in Tab. 3.3.1 according to the area in which the building
stands (Fig. 3.3.1);

as = 1s the altitude above sea level of the site where the building stands.

Tab. 3.3.1 -Valori dei parametri v, a,, k,

Zona Descrizione Vi lm/s] | a; [m] k,

Valle d' Aosta, Piemonte, Lombardia, Trentino Alto Adige,

1 Veneto, Friuli Venezia Giulia (con I'eccezione della pro- 25 1000 0,40
vincia di Trieste)

2 Emilia Romagna 25 750 0,45
Toscana, Marche, Umbria, Lazio, Abruzzo, Molise, Puglia,

3 | Campania, Basilicata, Calabria (esclusa la provincia di 27 500 0,37
Reggio Calabria)

4 | Sicilia e provincia di Reggio Calabria 28 500 0,36

Sardegna (zona a oriente della retta congiungente Capo

5 28 750 0,40
Teulada con I'lIsola di Maddalena) i
Sardegna (zona a occidente della retta congiungente Capo
6 Teulada con I'Isola di Maddalena) 28 500 0,36
7 | Liguria 28 1000 0,54
8 Provincia di Trieste 30 1500 0,50
9 |lIsole (con I'eccezione di Sicilia e Sardegna) e mare aperto 31 500 0,32

Table 63: parameter values of Vb,0,a0, KO
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Figure 67:Italian wind climatic zone
The location of the site is in zone 3:
Vb,0 =27 m/s, a0 =500m , K =0.37
The sea level of ex manifattura Tabbachi according to Google map :
as= 172 as<ap Ca=l1
according to the tab 3.1.1
Qp=Vr2 =Y *¥1.25%272 =455.63
Influence of the return period Tr:
Vr=Vy . C;
Vr = Reference wind speed for return periods different from 50 years.
Cr = Return coefficient.
Tr = return period expressed in years.

*For new work in the phase of construction or for transitional phases relating to interventions
on existing buildings, the period of return of the action may be reduced as follows:

- for construction phases or transitional phases with an expected duration at the time of the
project of between three months and one year, it will be assumed TR =50 years.



c, =0.75|1-0.2%In| -In 1-L
Cr:1

Exposure coefficient Ce:

The exposure coefficient C. depends on the height z above the ground of the point considered,
the topography of the terrain, and the exposure category of the site where the construction
stands. In the absence of specific analyses that take into account the direction of origin of the
wind and the actual roughness and topography of the land surrounding the building, for heights
on the ground not greater than z =200 m, it is given by the formula:

Topographic coefficient C; =1 (suggested)

| ZONE 12345

75
Coast 500m iy /

Sea l e~ | ——
2km [10 km |30 km

A == I\ v ' \' v
B - L} 11 v v v
C -- - L 1 v I\
D I Il I Il i -

Categoria |l in zona 1,2,3.4
Categoria lll in zona 5

#= Categoria lll in zona 2,345
Categoria IV in zona 1

Table 64:Zonal Classification Based on Distance from Coast and Elevation

Categoria di esposizione del sito k, Z, [m] Z o [m]
I 0,17 0,01 2
II 0,19 0,05 4
1 0,20 .10 5
v 0,22 1,30 8
v 0,23 0,70 12

Table 65: parameter values of Ky, Zo, Zmin



Roughness class of the soil Description

& Aree urbane in cu1 almeno 1l 15% della superficie sia coperto da edifici la cm
altezza media supeni1 15m  Urban areas

B Aree urbane (non di classe A), suburbane, industriali e boschive Suburban areas

c Aree con ostacoli diffus: (alber1. case. muri, recinzioni ....). aree con rugositi non
riconducibile alle class1 A, B.D Rural areas

D Aree pnive di ostacoh (aperta campagna, aeroporti, aree agnicole, pascoli, zone
paludose o sabbrose. superfici innevate o ghiacciate, mare, laght.....) Open fields

L’assegnazione della classe di rugosita non dipende dalla conformazione orografica e topografica del terreno. Affinché
una costruzione possa dirst ubicata m classe A o B é necessano che la situazione che contraddistingue la classe
permanga wmtorno alla costruzione per non meno di 1 km e comunque non meno di 20 volte 1'altezza della costruzione.
Laddove sussistano dubbi sulla scelta della classe di rugosita, a meno di analisi dettaghate, verra assegnata la classe pia
sfavorevole.

Table 66:Roughness Class of the Soil
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Table 67: Exposure coefficient graph based on the height (Fore C:=1)

The project is in zone3 with a sea level elevation of 172 m and in the Suburban area (B)
Category=1V Kr=0.22, Z0 =0.30(m), Zmin =8 (m)

Z:165 . Zmin :8 m, ZZZmin ,Ce :OS
Pressure coefficient cp:

It depends on the type and geometry of the construction and its orientation with respect to the
wind direction. The net pressure coefficient C, is given by the difference between the
Cpe(external) and the Cp (internal), a difference made considering the most unfavorable
condition of the sign.

Cp= Cpe - Cpi

*External pressures coefficients Cpe:
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Figure 68: Reference scheme for the double-pitched roof{positive and negative values)
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Figure 69: pressure coefficient for double pitched roofs (¢ in °): wind normally directed to the ridge lines
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Figure 70: Pressure coefficients for double-pitched roofs: leeward slope with wind direction perpendicular to the ridge.



Cpe=-0.8+0a/75 =-0.8+18/75=-0.56
Cpi=0.3

Cp=0.56-0.3=0.26

Cq4 (Dynamic Coeft.)

Dynamic Coeff. can be assumed as Cq=1 in buildings of recurrent types, such as buildings of
regular shape not exceeding 80 m in height and industrial warehouses

P=qp ce cp Ca

P=0.455*1*0.26*1=0.1183

9.5 Determination of snow loads

The snow load on roofs, where applicable, is calculated using the following formula from the
regulations:

gs=1 * ask * Cg * Cq (Refer to §3.3.7)

Where:
gs = snow load on the roof;
i = shape coefficient of the roof, as specified in (Refer to §3.4.5);

ask = the characteristic reference value of the snow load on the ground [kN/m?], as specified in
(Refer to §3.4.2) of the NTC 2018

for a 50-year return period;
Ck = exposure coefficient, according to (Refer to §3.4.3);

C. = thermal coefficient, according to (Refer to §3.4.4).

DATA DEFINITION

In accordance with Section 3.4 of the Italian NTC18 regulations, the minimum reference snow
load for areas at or below an altitude of 1500 meters above sea level (m a.s.l.) must align with
the values specified in the regulatory tables, which are based on a statistical return period of 50
years. When dealing with locations at or above 1500 m a.s.l., it is required to consult local
statistical data to determine appropriate snow load values. However, these locally determined
snow loads should never be below the minimum values specified for an altitude of 1500 m
a.s.l. in the NTC18 regulations.

as=Altitude from sea level



as=172m
the building is located in Pescara, which is in zone II.

In the context of Italian building regulations regarding snow loads for structures situated at
altitudes exceeding 1500 meters above sea level, the minimum snow load values are
determined based on local climate and exposure conditions. These values must be at least
equivalent to the baseline values established for an elevation of 1500 meters.

For structures under construction or for temporary structures associated with modification or
repair works on existing buildings, the standard return period for snow load calculations is
modified as follows:

If the construction phase or temporary condition is anticipated to last no more than three
months, a reduced return period of at least 5 years is used for snow load calculations.

If the construction phase or temporary condition is expected to last between three months and
one year, a longer return period of at least 10 years is applied.

These adjustments to the return period account for the shorter duration of risk exposure due to
snow loads during the specified construction or temporary phases.

The exposure coefficient should be used to modify the value of the snow load on roofs based
on the specific characteristics of the area where the structure is located. Normally, one adopts
Ce=1. The recommended coefficients for the different topographic classes are reported in the
table.

As the topographical class is normal, Ce=1.
The angles of the roof are:
al=18

a2=18

qs=0.8*1*1*1=0.8KN/mq



10 DEFINITION OF GENERAL AND SPECIFIC CRITERIA FOR ASSESSING THE
SEISMIC VULNERABILITY AND STATIC ADEQUACY OF BUILDINGS

10.1 Regularity analysis - US1

A building is considered regular in plan if it meets all of the following conditions:

a) The distribution of masses and stiffnesses is approximately symmetrical with respect
to two orthogonal directions, and the plan shape is compact, meaning that the outline
of each floor is convex; the requirement can be considered satisfied even in the presence
of plan recesses when they do not significantly affect the stiffness in the plane of the
floor, and for each recess, the area between the floor perimeter and the circumscribed
convex line does not exceed 5% of the floor area;

b) The ratio between the sides of a rectangle in which the building is inscribed is less
than 4;

c) Each floor has a stiffness in its own plane much greater than the corresponding
stiffness of the vertical structural elements so that its deformation in plan negligibly
affects the distribution of seismic actions among these elements, and it has sufficient
strength to ensure the effectiveness of such distribution.

Analyzing the previous requirements to establish plan regularity, THE BUILDING IS
FOUND TO BE IRREGULAR IN PLAN.

Height irregularity check

A building is considered regular in height if it meets all of the following conditions:

a) All systems resisting horizontal actions extend throughout the entire height of the
building or, if there are parts with different heights, up to the top of the respective part
of the building;

b) Mass and stiffness remain constant or vary gradually, without abrupt changes, from
the base to the top of the building (mass variations from one floor to another do not
exceed 25%, and stiffness does not decrease from one floor to the one above by more
than 30% and does not increase by more than 10%); for stiffness purposes, structures
with walls or concrete cores, or walls and cores in masonry with constant section height,
or braced steel frames, to which at least 50% of the seismic action is allocated at the
base, can be considered regular in height;

c¢) The ratio between capacity and demand at the SLS is not significantly different, in
terms of strength, for successive floors (this ratio, calculated for a generic floor, must
not differ by more than 30% from the same ratio calculated for the adjacent floor); the
last floor of framed structures with at least three floors may be an exception;



d) Any narrowing of the horizontal section of the building occurs continuously from
one floor to the next or occurs so that the setback of a floor does not exceed 10% of the corresponding
dimension of the floor immediately below nor 30% of the dimension of the first floor. The last
floor of buildings with at least four floors is an exception, for which no narrowing
limitations are provided.

Analyzing the previous requirements to establish height regularity, THE BUILDING
IS FOUND TO BE IRREGULAR IN HEIGHT.

10.2 Regularity analysis US2

Regular buildings are a special category whose characteristics can significantly simplify some
design and verification choices. The requirement of regularity ensures that the first
modes of vibration of the structure are similar to those of a shelf, with almost total
involvement of the entire mass and limitations on torsional frequencies. A building is
considered regular if it is regular both in plan and in height.

Plan regularity verification
A building is considered regular in plan if it meets all of the following conditions:

a) The distribution of masses and stiffness is approximately symmetrical with respect to two
orthogonal directions, and the plan shape is compact, meaning the outline of each floor is
convex. The requirement can be considered satisfied even in the presence of plan recesses when
they do not significantly affect the stiffness in the floor plane, and for each recess, the area
between the perimeter of the floor and the convex circumscribed line does not exceed 5% of
the floor area;

b) The ratio between the sides of a rectangle in which the building is inscribed is less than 4;

c¢) Each floor has stiffness in its own plane greater than the corresponding
stiffness of the vertical structural elements, such that its deformation in plan

negligibly influences the distribution of seismic actions among these elements
and has sufficient strength to ensure the effectiveness of such distribution.

Analyzing the above requirements to determine plan regularity, THE BUILDING IS
CONSIDERED TO BE REGULAR IN PLAN.

Height regularity verification
A building is considered regular in height if it meets all of the following conditions:

a) All systems resisting horizontal actions extend throughout the entire height of the building,
or if parts with different heights are present, extend to the top of the respective part of the
building;



b) Mass and stiffness remain constant or vary gradually, without abrupt changes, from the base
to the top of the building (variations in mass from one floor to another do not exceed 25%, and
stiffness does not decrease from one floor to the one above by more than 30% and does not
increase by more than 10%); for stiffness purposes, structures with walls or concrete cores, or
walls and cores in masonry with constant section height, or steel braced frames, to which at
least 50% of the seismic action is assigned at the base, can be considered regular in height;

c) The ratio between capacity and demand at the SLS is not significantly different, in terms of
strength, for successive floors (this ratio, calculated for a generic floor, must not differ by more
than 30% from the analogous ratio calculated for the adjacent floor); an exception can be made
for the last floor of frames of at least three floors;

d) Any narrowing of the horizontal section of the building occurs continuously from one floor
to the next or occurs so that the setback of a floor does not exceed 10% of the dimension
corresponding to the immediately underlying floor, nor 30% of the dimension corresponding
to the first floor. An exception is made for the last floor of buildings with at least four floors,
for which no narrowing limitations are provided.

Analyzing the above requirements to determine height regularity, THE BUILDING IS
CONSIDERED TO BE REGULAR IN HEIGHT.



11 STRUCTURAL MODELING

11.1 Introduction to Modeling and choice of calculation code

The software used for the modeling and subsequent analysis of the building is CDSwin 2022,
license number 36779.

The modeling of each structural unit was approached comprehensively through a three-
dimensional model. In particular, modal analysis and nonlinear static verification (Pushover)
were conducted.

Structural modeling is the process through which the structural system is schematized with a
physical-mathematical model composed of sub-models:

Geometric model: geometry of the structural system, defined through the selection of elements
and constraints;

Mechanical model: constitutive laws of the structural materials used, defined by mechanical
parameters (strength and deformability);

Actions model: "actions that affect the structural system during its design life. The software
used for modeling and subsequent analyses of the building is CDSwin 2022, license number
36779."

Geometric Modell — US1 e US2

The geometric model is created in the calculation software in the 'input for floors' section and
represents the first operational phase. In this phase, the structure is modeled using the finite
element method and various specialized library elements to schematize the various structural
elements. A virtual model of the building is then created using parametric objects such as
columns, beams, partitions, etc., and the seismic parameters and design criteria of each
structural element are defined.

All the information identified from on-site surveys and retrieved from the original project has
been entered into the geometric model:

The sections of the structural elements were derived from the laser scanner survey conducted
from scratch and from the investigations carried out to investigate the construction details;

The loads on the floors were derived from endoscopies of the floor slabs;

The mechanical characteristics are defined based on the results obtained from destructive and
non-destructive tests carried out during the survey campaign.

In the schematization of the floors, they are chosen to be inserted as a load in order to represent
their effects on the beams.



The inter-floor slabs are of the concrete block type (with different thicknesses on various
floors); the roof for USI is a pitched concrete block roof with a thickness of 20+4 cm, and for
US2, it is a flat concrete block slab, 16 cm thick. The infill walls are of various types, including:

Box infill walls consisting of a first internal layer of perforated brick, an air gap, and a second
layer of perforated brick;

Infill walls consisting of a single layer of perforated brick;
Modelling

® As the first step of the modeling part, it is necessary to export the plans files from Revit to
Autocad and simplify them as much as possible in order to just have the mean structural
elements; below the simplified plans are available :

Figure 72. Simplified plan of Ground floor
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Figure 75. Simplified plan of Attic floor



® [n order to coordinate the plans in CDSwin, it is essential to bring a specific point that is
similar in all plans to (0,0) coordination; for making reference points more easily, the
axis of columns had been drawn by cross-shaped lines.

Figure76..moving to coordination 0.0

® To Start a new project: To start a new project, I made a new folder in drive C named EX-
ANTE for the project, then in CDS WIN: File /open the project/EX-ANTE.

sultati  Esecutivi  RiVerfiche  TavoleCAD

BED g oo i - e e

Figure 77..starting a new project in CDSwin.



® In the next step, it is necessary to identify a folder in which the CDSwin file is going to be
located:
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Figure 78.Creating a new folder for starting a new project in CDSwin

® The files that have been exported from Autocad software in DXF format should be pasted
on the same folder as the mean file is in :
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Figure 79.Inserting DXF
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Figure 80. DXF files inserted

® For Making floors in CDSwin, the path is choosing floors (Quotes) from the mean bar and
then inserting the name of the floors as numbers and also their height; the name of the dxf
files should be inserted in the DXF ARCHIT part:
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Figure 81. Floor1-Underground floor
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Figure 84. Floor 4-Second floor
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Figure 85. Floor 5-Attic floor

® To put the reference points by going to the points(fili) part and choosing the command
DXEF, the related plan of the floor will appear, and then it is possible to choose the desired
points:

4
e i (e Poum Poen Py bediem o
Rl palb” il oa 58 i Hed e
%Y g st
L
.5
&'E -
i H
',\ 3 + B
& [ i i +
L™ . - +
< |
N 1
i # & # | #
| ™Y .
& + CoH
E: 3 B E u W
&
o | 2 %
1
f W W
+. 1.2
g
? .
x L] A i
s st g
s
o

Figure 86:Underground slab in CDS win
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Figure 87:Ground floor slab in CDS win
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® To model the columns in the main bar, the column(Pilastri) should be chosen. Then, for
having a new section, the path is a section/new section /rectangular shape, and then the
dimensions can be inserted; in the following part, it is possible to add the desired angle
and position of the column according to a reference point:
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Figure90.Column with section: 30*40
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Figure 91.Creation of a New Column with section: 30*40
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Figure 92.Creation of a New Column with section: 30*60
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® For modeling the beams, the path is the main bar/beams(travel); for making the new
section, the procedure is like the one for columns. It is necessary to provide two points,
initial and final, for determining the position of the beam:
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Figure 99.Creation of New beam with section: 50*20
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Figure100.Creation of New beam with section: 90*45
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® Below are the figures for each floor consisting of columns and beams :
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Figure108.Beams of Underground floor slab
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Figure 109 .3D representative of Beams and columns of underground floor



Input per impaleat

% Arch Fili Quete Pilastri Plinti  Piastre Travi/Setti AttrSetti QuoMNedi Carichi  Vinceli  Armature Fuoco  GenSolai  Gen3D Menu 7 -8 %
& i raRib™ il oo oBEe S g =0 L
e o = - A 4, & S
COUER O\E’%@ﬁ'ﬁﬂ 32 8 e o @ & B ey Ok S

- PILASTRI
b 2
Rl 2 4

o 1B Filo Mo
DEF|r | ®
b

E

E =

& «

@

= =

NFENERL I &==F

Mostia Help DatoAtivo

Filo N.ro:

OK | PaUp | PaDw || Aboit

X:-10.05 ¥: 2060 CAP NUM SCRL

Figure 110.3D is representative of Beams and columns until the Ground floor.
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® In the last step of modeling columns and beams, the model should be regenerated.
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Figurel14. Regeneration of Beams and columns

Loads

® For inserting and introducing the loads, the path consists of going to the main bar and load
option, and then special panels are chosen. In this part, the calculated loads should be added
to the relevant parts, and it's essential to select the initials and final beams.
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Figurel15. Load of the underground floor slab
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Figure 116. load of the underground floor slab(type2)
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Figure 118. load of the first-floor slab
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Figure120. Load of the attic floor slab
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Figure121. Load of the underground floor slab (type2)
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Figure122. load of the UNI2 slab
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Figurel23. load of the scales
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Figure124. Load of the balcony
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Figurel25. Inserting slab loads

® In order to Insert loads of walls, this path should be as follows:
loads(carichi)/walls(temperature); after making a new load, the related beam should be
chosen for the load to be applied on, and the desirable height should be introduced.
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Figurel26. Example of wall load creation



fach P Duoee Plaid Pieti Pisire ToSem Airiel) Qucted Coich Voo Aemsher Fasco Gl

Rt paMpb” PR e SN “mbhdedtb 0

5
()

NEmAPEL IS =F

H
H

oy e

Gl Mew P, T

Figure127. Example of wall loads
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Figurel32. Loads of Attic slab



Figure 133- Geometric model US2 - Input for slabs(impalcati)

It is noted that at the basement level, the reinforced concrete walls have been defined in the
mechanical model and, therefore, are not visible in the geometric model shown above.



Figure 134 - Geometric model US2 - Input for slabs(impartial)



Mechanical model - US1 and US2

In the calculation software, once the geometric modeling in the 'input for floors' section is
completed, the mechanical model is created in the 'spatial input' section. In this phase, the
structure is understood as the set of many simple elements whose stress-strain relationship at
each point is known exactly. Each element interacts with its neighbors through specific points
(the nodes), where congruence and equilibrium are respected. With the finite element method,
the mass and inertia of the rods are considered condensed along their own centroidal axis.

The mechanical model describes the relationship between the field of deformations and
stresses, or between the generalized characteristics of stresses and the dual displacements,
whose compatibility is validated through appropriate criteria or domains of resistance.

Once the nature of a given construction material is defined, the mechanical model that
characterizes it consists first of all in the definition of a constitutive law (c-¢) that interprets in
a simplified way the relationship between stresses and strains, identified through specific
laboratory tests.

For the sectional verifications of reinforced concrete elements, the following relationships were
used:

Parabola-rectangle relationship for concrete;
Perfectly elastic-plastic or limited ductility hardening relationship for steel.

In order to evaluate the capacity of ductile or brittle elements/mechanisms, the properties of
existing materials directly obtained from on-site tests and any additional information are used,
divided by confidence factors. Furthermore, for the calculation of the resistance capacity of
primary brittle elements, the material strengths are divided by the corresponding partial
coefficients and confidence factors.

Through the mechanical model, it is possible to schematize the constraints and define the
mechanical properties of each individual rod.






Figure 136 — Mechanical model USZ - Spatial input

12 ADOPTED ANALYSIS METHODS

The analysis methods used are static analysis for evaluating the safety of the structure, linear
dynamic analysis to assess the main modes of the structure, and nonlinear static analysis (Push-
over) for the overall assessment of the seismic vulnerability of the structure.

12.1 Non-seismic static analysis

The non-seismic static analysis involves evaluating the structure's response to gravitational
loads due to the self-weight of the structural elements (G1), non-structural permanent loads
(G2), and variable loads (Qk). The fundamental combination used for the ultimate limit states
(ULS) is as follows.

'YG : G,l +'YG : G,2 + 'YP P+ 'YQ . Qk,l +Z II)O’YQQk,i

The definition of actions complies with what is formulated in §2.5.1.3 and §2.5.2; in particular,
Qk,1 is the dominant variable action, while Qk,2, Qk,3, ..., are variable actions that can act
simultaneously with the dominant one. The variable actions Qk,j are combined with
combination coefficients y whose values are provided in §2.5.3, Table 2.5. 1



12.2 Dynamic linear analysis

The free oscillations of a linear elastic system can be considered as the superposition of "simple
oscillations," each of which corresponds to a well-defined shape or deformation (mode), i.e.,
such that the ratio of displacements of any two parts remains constant over time. Each
oscillation corresponds to a period. The study of the dynamics of the elastic structure through
its principal modes is called modal analysis.

The modes of vibration depend on the stiffness and inertial (mass) characteristics of the system
and are calculated by solving specific eigenvalue problems.

The analysis considers all vibration modes that provide a significant contribution to the
dynamic response of the structure. In this regard, it is helpful to emphasize that the current
standard (see § 7.3.3.1) requires that all modes with significant participating mass be
considered. This criterion is considered satisfied if the sum of the effective modal masses, for
all considered modes, amounts to a significant percentage of the structure (85%) or if all modes
with participating mass greater than a minimum percentage (5%) are considered.

Each of the identified vibration modes is associated with a participation coefficient which, in
turn, in relation to the design spectrum, allows evaluating the maximum vectors of equivalent
static forces related to the various modes.

The maximum probable value of any effect (displacement, stress, etc.) is given by statistical
derivation formulas. The most commonly used combinations of seismic responses to obtain
maximum effect values are: SRSS (square root of the sum of the squares of the modal responses
E1) and CQC (complete quadratic combination).

The calculation of seismic forces to be applied to the structure depends on the design spectra,
1.e., relationships that provide the structural acceleration as a function of some factors, the main
ones being the period of the structure, ground acceleration, and soil characteristics.

In the case of modal analysis, the calculation of response parameters is performed with
reference to the dynamic characteristics of the structure (its natural vibration modes).

12.3 Non-linear static analysis

Nonlinear static analysis involves applying gravitational loads to the structure and, for the
considered direction of seismic action, a system of distributed horizontal forces at each level
of the building, proportional to the inertial forces and having a resultant (base shear) Fb. These
forces are scaled to monotonically increase, both positively and negatively, until reaching local
or global collapse conditions, the horizontal displacement dc of a control point coinciding with
the center of mass of the top level of the building (excluding any towers). The Fb - dc diagram
represents the capacity curve of the structure.

At least two distributions of inertial forces must be considered, falling into the main
distributions (Group 1) and the secondary distributions (Group 2), as illustrated below.



Group 1 - Main distributions:

If the fundamental mode of vibration in the considered direction has a mass participation of not
less than 75%, one of the following two distributions is applied:

- Distribution proportional to the static forces as described in § 7.3.3.2, using the a)
distribution of Group 2 as the second distribution;

- Distribution corresponding to an acceleration pattern proportional to the shape of the
fundamental mode of vibration in the considered direction;

In all cases, the distribution corresponding to the pattern of floor forces acting on each level
calculated in a linear dynamic analysis can be used, including in the considered direction a
number of modes with a total mass participation of not less than 85%. The use of this
distribution is mandatory if the fundamental period of the structure exceeds 1.3 TC.

Group 2 - Secondary distributions:

a) Force distribution, derived from a uniform acceleration pattern along the height of the
building;

b) Adaptive distribution, which changes as the displacement of the control point increases
depending on the plastic behavior of the structure;

¢) Multi-modal distribution, considering at least six significant modes.

Nonlinear static analysis allows determining the capacity curve of the structure, expressed by
the relationship Fb - dc, where Fb is the base shear, and dc is the displacement of a control
point, which for buildings is typically represented by the center of mass of the top level. For
each considered limit state, comparing the capacity curve with the displacement demand allows
for determining the level of performance achieved. For this purpose, a real structural system is
associated  with an  equivalent  single-degree-of-freedom  structural  system.

*

F 4

dt
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Figure 137 - Equivalent Bilinear System and Diagram

The force F* and displacement d* of the equivalent system are related to corresponding
quantities Fb and dc of the real system by the relationships:

%
F =F/T
3k
d =d,/T
Where is the "modal participation factor" defined by the relationship:

T
M
r==>2%
¢ M@

Where:
¢; is the i-th mode shape vector.
M is the mass matrix of the system.

r is the vector representing the distribution of the applied forces (often the influence vector).

The capacity curve of the equivalent system now needs to be replaced by a bilinear curve with
a first elastic segment and a second perfectly plastic segment. Let Fy, be the maximum strength
of the real structural system and Fyu = Fyu/ the maximum strength of the equivalent system. The
elastic segment is identified by requiring it to pass through the point 0.6 Fyy on the capacity
curve of the equivalent system, and the yielding force Fy* is identified by setting the equality
of the areas under the bilinear curve and the capacity curve for the maximum displacement du
corresponding to a reduction in strength < 0.15 Fou.

The elastic period of the bilinear system is given by the expression:

T =2n m
k

sk

Where m*=®" Mt e k* is the stiffness of the elastic segment of the bilinear curve. In case the
elastic period of the building T* satisfies T* > Tc 1, the displacement demand for the inelastic
system is assumed to be equal to that of an elastic system with the same period.

*

e = Ao = Spe (T7)

In the case of T* < Tc, The displacement demand for the inelastic system is greater than that
of an elastic system with the same period and is obtained from the latter using the expression:



#

i = d;“:a* L (0" =1)5 (2

where q*=Se(T*) m* /F*y

It represents the ratio between the elastic response force and the yielding force of the equivalent
system. If *< 1 then d*max = d*e,max.
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The accidental torsional effects are considered as prescribed in § 7.2.6 of the NTC. Once the
displacement demands d“max for the limit state under consideration is found, it is verified that
d*max< d’y and the compatibility of displacements for ductile elements/mechanisms and
resistances for fragile elements/mechanisms are checked. The static nonlinear analysis
conducted in the manners prescribed by the NTC may significantly underestimate deformations
on the stiffer and more resistant sides of torsionally flexible structures, i.e., structures where
the torsional mode of vibration has a period greater than at least one of the main translational
modes of vibration. To account for this effect, among the secondary force distributions, the
adaptive distribution should be chosen. The seismic action must be applied for each direction,
in both possible directions, and the most unfavorable effects resulting from the two analyses
must be considered.

13 ASSESSMENT OF SEISMIC SAFETY AND VULNERABILITY EX-ANTE

The assessment of seismic safety and vulnerability was carried out using the calculation
methods outlined in the chapter "Adopted Analysis Methods." Before performing a
comprehensive safety assessment, it is necessary to evaluate any local criticalities that generate



local vulnerabilities. Based on the available documentation, geometric and structural surveys,
and on-site investigations, local criticalities such as degradation and/or detachments were
identified.

14 CRITICALITIES

- The assessment of structural criticalities generating local vulnerabilities is based on the
available documentation, geometric and structural surveys, and on-site investigations.
From this assessment, it emerged that:

- All horizontal planes, made of reinforced concrete with a slab thickness of at least 4
cm, can be considered infinitely rigid in their plane, as outlined in paragraph § 7.2.6 of
the NTC2018.

- The building materials (concrete and steel) exhibit satisfactory mechanical
characteristics.

Therefore, it can be stated that the building does not present significant criticalities.
Among the criticalities identified are:
- Some structural elements exhibit visible phenomena of spalling of concrete cover.




Figure 138 - Beam experiencing concrete cover spalling (US1)

-

Figure 3 -The partition is experiencing rebar cover expulsion (US1).

- Material degradation due to humidity:

Figure 140- External plaster degradation (US2).



Figure 141- Internal plaster degradation (US2).

Figure 142 - Internal plaster degradation (US2).



Figure 143- Plaster lesions (US2).

Figure 144 - material degradation on the underside of the balcony (US1



15 DISTANCE BETWEEN CONTIGUOUS BUILDINGS ACCORDING TO §7.2.1 OF
NTC2018

The distance between contiguous buildings must be such as to avoid hammering phenomena
and cannot be less than the sum of the maximum displacements determined for the LLS,
calculated for each building according to §7.3.3 (linear Analysis) o il §7.3.4 (nonlinear
Analysis).

The distance between two points of facing buildings cannot, in any case, be less than 1/100 of
the elevation of the points considered, measured from the foundation's break or the top of the
rigid box structure described in §7.2.1, multiplied by 2a,S/g < 1.

| Distanza tra costruzioni contigue NTC2018 |

Verifica spostamento tra unita strutturali: Piano Primo
Unita Strutturale 1
Dati: Unita Strutturale 2
ag 0578
5 215
H nada 32 m
Giunto
esistente 70 mm
us1 usz2
Nodo 94 MNodo 6
u fmm) 3922 u (mm) 1.47
Verifica nodo 1
40.69 = 70 DISTANZA ADEGUATA

The joint verification is satisfied.



16 NON-SEISMIC STATIC ANALYSIS

In this chapter, the structure's response to gravitational loads due to the self-weight of structural
elements (G1), non-structural permanent loads (G2), and variable loads (Qk) will be evaluated.
From the visualization of the mechanical model and its respective legend, it is possible to assess
which elements pass the verification and which ones do not.

16.1 Results of non-seismic static analysis - US1

SHEAR

Figure 145 - share verification (US1).

The shear verification is considered satisfied when the Applied Shear is less than the
Resistance Shear. In this case, the structural element is identified with the color green.

The shear verification is satisfied.






Flexural bending

Figure 146 - Flexural bending verification (US1).

The flexural verification is considered satisfied when the applied bending moment is less than
the resistance moment. In this case, the structural element is identified with the color green.
The flexural verification is satisfied.



16.1 Results of non-seismic static analysis - US2

SHEAR

VERIFICA ASTE
A TAGLIO SLU

Figure 147 - share verification (US2).

The shear verification is considered satisfactory when the Soliciting Shear is less than the
Resistant Shear, in which case the structural element is identified in green. The shear
verification is satisfied.



Flexural bending

VERIFICA RSTE
A PRESSO-FLEISICNE

Figure 148- Flexural bending verification (US2).

Flexural verification is deemed satisfactory when the Soliciting Moment is less than the
Resisting Moment; in this case, the structural element is identified with green. The flexural
verification is satisfied.



17 FLOOR SLAB VERIFICATION

17.1 Load Test

The load test was conducted on a reinforced concrete floor slab, as shown in the following
image:
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Figure 149 — Ubicazione della prova di carico

Flexible hydraulic load tanks with maximum plan dimensions of 2.40x3.00 m were used for
the load test. The load test was performed on the second floor's horizontal plane of the structure.
The vertical displacements of the structures were measured using digital comparators —
Mitutoyo brand, accuracy 0.01 mm, full scale 25 mm, calibrated — placed on the undersides of
the floor directly in contact with the monitoring sections using telescopic rods.



In accordance with NTC2018 C4.1.2.2.2, the limit for long-term deflection of beams and floors,
calculated under the quasi-permanent condition of loads, should not exceed 1/250 of the span
for safeguarding the appearance and functionality of the structure.

For the case under consideration, the load test resulted in a maximum deformation at midspan
of 0.34 mm following the application of 3 kN/sqm, as shown in the load-deflection graph
below:
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Figure 150 :load-deflection graph

Since the maximum span of the analyzed floor is 4.00 m, you get:

A . Spostamento
Luce solaio Limite massimo verticale max | Verificad <1/250*L
1/250*L )
misurato &
i) i) ) VERIFICATO
4.00 16.00 0.34

Table 68. Verification of Maximum Vertical Displacement of Floor Slabs

The verification is satisfied and extends to all floors of the same type.

0,40




18 VERIFICATION OF NON-STRUCTURAL ELEMENTS

The verification of non-structural elements refers to those elements "with stiffness,
strength, and mass significant enough to influence structural response, and those that,
although not affecting structural response, are equally significant for the safety and/or

well-being of individuals" (cf. § 7.2.3 D.M. 2018).

Floor infills meet the definition of N.T.C. 2018, as they have been modeled in the building
since they are elements that do not affect structural response but still need to be
considered in the structural analysis with their mass for the correct determination of
gravitational and seismic loads.

The verifications of non-structural elements required by D.M. 2018 are illustrated in the
following Table 7.3.11], depending on the building's use class (as defined in §2.4.2) and
the considered limit state. It can be seen that, for non-structural elements (indicated as
"NS"), stability checks (indicated as "STA") are required only for use classes 2 to 4
(excluding only works with occasional presence of people and agricultural buildings) and
for the Limit State of Safeguarding Life (SLV) only.

Verifiche richieste per ciascun tipo di elemento (ST = elemento strutturale; NS = elemento
non strutturale; IM = impianto), per ciascuna classe d’uso e per ciascun stato limite (cfr.
Tabella 7.3.1ll D.M. 2018)

cul cull culllelv
bl Uil ST sT NS IM sT NS M
SLO RIG FUN
SLE SLD RIG RIG RES
sLu sLV RES RES STA STA RES STA STA
SLC DUT™ DUT™

(*) Nelle CU Il e IV, negli impianti sono compresi gli arredi fissi;
(**) Nei casi esplicitamente indicati nel D.M. 2018.

Table 69.Verification Requirements for Each Type of Element, Usage Class, and Limit State (Table 7.3.111 D.M. 2018)

Being in use class IV, stability checks (§7.3.6.2 of D.M. 2018) are performed to verify that
the non-structural element is not "expelled" under the equivalent seismic action.



18.1Wall Verification

Non_structural constructive elements refers to the elements with enough stiffness,
resistance and mass that can influence the structural response and the safety of people
,even though they don’t be considered as part of the primary structure; These elements
must be stronger than the expected seismic forces, which are determined by project
designer.

Seismic demand on the non-structural elements can be determined by applying
horizontal force F defined is follows:

Faz(Sa . Wa )/qa

F, is the horizontal seismic force distributed or acting in the center of mass of the non-
natural element, in the most unfavorable direction, resulting from the distributed forces
proportional to the mass.

S, is the maximum acceleration, dimensionless with respect to that of gravity, that the
structural element undergoes during the earthquake and corresponds to the limit state
examined (see §3.2.1),

W, is the weight of the element;

q is the behavior factor of the element.



Below is the analysis of the infills, considering seismic action.

EX-ANTE - wall (8+12) cm located in Ground floor

STRATIGRAFTA DELLA TAMPONATURA

Descrizione degli strati della tamponatura

Tipologia di tamponatura

Spessore Peso
[em] [kNim*] ]
Intonaco esterno TR
Matbane Farato esterno e
Intercapedine LY
Patbane Forato inkerno '
Intonaca interno .

- . - _ . "_ \ .I
Dimensioni del singolo strato da verificare VA
Fiesistenza caratteristica a compressione dell'elemento bk Mimme Ll
Fesiztenza della malta ' II
Fiesiztenza caratteristica a compressione della tamponatura fk: 9.70 Mmm® iR
Coefficiente di sicurezza del materiale h 2.00 s
Fiesiztenza di progetta a compressione della tamponatura fd 4.85 MPa

Altezza della tamponatura m
Feso del paramento interno M et 2.94 kMNim
Inerzia del paramenta interno [ 0.00004 mYm
Peso del paramento esterna Myt 4.94 kNim
Inerzia del paramento esterno [ 0.00014 mYm
Moadulo elastico dei paramenti E 3700 MPa
Definizi el azi L
Accelerazione maszima del terreno ag su sottozuclo di tipo & agig
Coefficients Fy
Categoria di sottosualo S=
Condizione topografica St
Coefficients S 122
Fattare di comportamento della parete non stratturale [Circolare i’y - Tab, C7.21) qa
Altezza dell'edificia H m
Cluata del baricentro dell’'elementa non strutturale misurata a partire dal piano di Fondazion c m

| Coefficiente [Circolare NTC2018 paragrafo C7.3.3.2 formula C.7.3.2) 1 I
Periodo Fondamentale di vibrazione della costruzione nella direzione considerata T1 EI.ST’.SE-C
Paramenta #iéenia
Masza della muratura m 0.30 daMimasza
Perioda fandamentale di vibrazione dell'elementa non strutturale Ta 0.321 sec
Farametra [(Circolare n'?_C7.2.3-Tab. CT.20) a 0.3
Parametra [Circolare n'?_C7.2.3-Tab. C7.2.00) b 12
Farametro [(Circolare n'?_C7.2.3-Tab, C7.210) ap 4
Accelerazione massima [Circolare n'?_C7.2.3) Salta) 397789 g
Farza Orizzontale [Domanda sismica) [MTC 2018 _ 7.2.3] Fa 5.55 kN
FParamenia esierng
Masza della muratura m 0.50 daMimasza
Perioda fandamentale di vibrazione dell'elementa non strutturale Ta 0.226 zec
Farametro [Circolare n'?_C7.2.3-Tab, C7.2.00) a 0.3
Farametra [(Circolare n'?_C7.2.3-Tab. CT.20) b 1.2
Farametro [Circolare n'?_C7.2.3-Tab. C7.2.10) ap 4
Accelerazione massima [Circolare n'?_C7.2.3) Salta) 378 g
Farza Orizzontale [Domanda sismica) [MTC 2018 £7.2.3] Fa 3.532 kMim




VERIFICA A RIBALTAMENTO SEMPLICE - paramento interno

Momento ribaltante [domanda) Miie 372 EN"mim
Momento stabilizzante [capacita) Morn 0.12 kN mim
Rapporto Mgg Mo, 0iC 82 66 NON YERIFICATO

VERIFICA A RIBALTAMENTO SEMPLICE - paramento esterno

Momento ribaltante [domanda) Mue 16.32 kN"m/m
Momento stabilizzante [capacita) Moyn 0.30 kN mim
Rapporto Mg, iMoqs O 5511 NON YERIFICATD

CALCOLO INDICATORE DI RISCHIO

Calcola indieatore di rischio Stato di Fatto |

a, 121
31

Accelerazione sismica commispondente all'indicatore di rischio 0.0070 g

The verification is not satisfied, and therefore, an intervention for anti-toppling of the
infills is planned by connecting them to reinforced concrete beams and columns using
structural plaster based on pure lime, bi-axial basalt fiber mesh, and helical stainless steel
bars.
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Figure 451 - Detail of the anti-toppling intervention for the infills.
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Ex-post
STRATIGRAFIA DELLA TAMFPONATURA

. ~ _ Epessore Pezo
Dezcrizione degli strati della tamposatera [cm] [kMim] A}
Intanacn srtsrna 150 30,00 [-id
HMattane Farato 12.00 500 wl
Intana<olnterno 2.50 20,00 |
Epeszsare takale della tampanatura 26.50

Bicgil i _ ich itich icke dell

LampoRaters |
Alkozza del pannalla muraria H 550 m :
Lunghexzapannello murario L 1.00 m |
Ferndella murakurakokale wi'a T.65 kM'm L
HMadula elartica E 370000 Nimm*
Fierirtenzadiprogettn a somprerrione della muratura 1 4.55 MPa

CARATTERISTICHE GEOMETRICHE DEL RINFORZ0D
Riaf Geo Grid 120 ¢ GeoCalce Malti

Fiimoziane diintonato crkernn

Terrione diprogekto dellareke =] 213.53 Mpa
C < lzig i

|Diqmotrndoi:nnnottnri a I r il

Fierirtenzaataglio di proqekto dei connettari ki
Farroorizzontale deionnektari alm Sh m
Lunghezzainghiraggio canncttari L... mm
Azzelerazione marrima del kerreno aqrurottoruolo ditipo & aqlq 0575
CocFFizicnke Fa i b
Ciateqoria dirottorunlo Sr 1.22
Condizione topoqrafiza S 1
CocFFizicnke = 1.22
Fattore di comportamento della parcte nonrtrukkurale [(Gircolare n'7 - Tab, GT.2.10 qa 2
Altexza dell'cdifizio H 151 m
Qupta delbarizentra dell' clemento nonrtrakburale mirarata apartiee dal piano di fe 2 513 m
CocfFizicnks 1 0.075
Ferindo Fondamentale divikrazione della zorkruzione nella direzion e conriderata Ti 05T sec
HMarra dellamuratura m 0.50 dablimazsa

Faramctra 3 0.3
Farametro b 1.2
Faramctro ap 4
Mamento d'inerzia sfizaze delparamentn erternn L 0.00017% mYm
Feoriodo Fondamentale divibrazione dell*clemento nonrkrutkurale Ta 0.044 sec
Bizcelorazione marrima EalTa) 1422 g




YERIFICA DI RESISTENZA A PRESSOFLESSIONE FUORI DAL PIANDO DEL PARAMENTO ESTERNO

DeFinizi lella d i
Ferodellatamponatura almetralineare di alkexza walm 132 kN'mi'm

FarzaOrizzontale (Domandarirmica] (HTC 2045 _ §7.2.3) Fa 084 kMimim

Schema Statico ™ Mell'hp di
Maomentorolle<itante csonfFarza dirtrikuita M.]_|.|_"| 072 EN"mim semincastro &
Sfarzo narmals aqenke paramenta srkerng [T 250 kMim necesgaria
Dsfinizions dells capacity del paramente rerso isterns proedere le Stecl
Airca paramenko srkernn & LIR K] I1'|=|'rl'| Dr!"Fix anche ally
Tenrione di comprerrionerul paramenta erterno TH el 0.015 Mpa'm baze del pannclle
Humsntn rarirtsnts a prarraflirrimns Funri dal piann varrm IMint M wld_wul 015 EN"mim

Fiapporto DomandadCapacitd [s IS

YERIFICA A TAGLIO DEI CONNETTORI DI ANCORAGGIO_TELAID-TAMPONATURA

Defimizi el i =

Intorarre prizzontale dei connottari [ 0.5 m
Humero di connettorialmekro n''m 2

Humerotaotale di zonnettori n'ror 2

Furza di taglin tmtals agents rul lntmraperimrafinferinrs dallan ¥ad 1.64 ENim
Ficrirtenza ataglio delringalo conncttare Py 0.76 kM
Rarirtenxe al taglim tutals Y 1.51 ENim

Fiapportn DomandadiZapazitd D

CALCOLO INDICATORE O1 RISCHID

[alealo Indicatore i rischio Stato di Progetto |

Talutaximns dellaricursxxa par axinni Fanri dal piane rerrm intsran

Momento rerirkente Fuori dal piano werro interno della tamponatura Prd 015 kMmi'm
Indizatore dirirchio T 1a%
Acceleraxione corrirpondente all'indicatare dirirchio qy 0111 g

FIGLIORARENT O ZIERICIO

Talutaximns dallaricursxxa par axinni Fanri dal piane rerrm Fartarnm

Mamentorerirkenke Fuoridalpianouerrnl'erkernn dellatampanatura Pird 055 kMmi'm
Indizaktore dirirchio -8 122%
Azcelerazione corrirpondente all'indicatare dirirchio Iy 0.T05 g

ADEGLUAMENTO SIERICO

Following the proposed intervention, the verification is satisfied.



EX ANTE - wall (8+12) cm First Floor

STRATIGRAFIA DELLA TAMPONATURA

Descrizione degli strati della tamponatura

Tipologia di tamponatura

Spessore Peso
[eml [kNim*] ]
Intonaca esterno TR
Ilatbaone Forato estemnma e
Intercapedine LY
Ilatbane Farato interna '
Intanaca inkerno ]

- . - _ . "_ . .I
Dimensioni del singolo strato da verificare Vi
Fiesistenza caratteristica a compressione dell'elementa bk Mimm® Lk
Feziztenza della malta ' II
Fiesistenza caratteristica a compressione della tamponatura fk 9,70 Mimm® iR
Coefficiente di sicurezza del materiale h 2.00 s
Fesistenza di progetto a compressione della tamponatura fd 4.85 MPa

Altezza della tamponatura m
Fezo del paramentainterno Mo i 2.94 kMNim
Inerzia del paramenta interno line 0.00004 m*m
Fezo del paramento esterno bl et 4,94 kMNim
Inerzia del paramento esterno [ 0.00014 m*m
Madulo elastico dei paramenti E 3700 MPa
Accelerazione massima del kerreno ag su sottosuclo di tipo A aglg
Coefficients Fi
Categoria di sottosuclo Sz
Condizione topografica St
Coefficients S 122
Fattore di comportamento della parete non strutturale [Circolare o7 - Tab, C7.20) qa
Altezza dell'edificia H m
Clucta del baricentro dell'elemento non strutturale misurata a partire dal piano di fondazion c m

I Coefficiente [Circolare MTC2018 paragrafo C7.3.3.2 formula C.7.3.2) C1 |
Perioda fondamentale di vibrazione della costruzions nella direzione cansiderata T1 D.stec
Paramenta flenma
Masza della muratura m 0.30 daMimasza
Periodo fondamentale di vibrazione dell'slemento non strutturale Ta 0.321 zec
Farametro [Circolare n'?_C7.2.3-Tab, C7.211) a 0.3
Farametro [Circolare n'?_C7.2.3-Tab, C7.211) b 1.2
Farametro [Circolare n'7_C7.2.3-Tab. CF.21) ap 4
Accelerazione massima [Cireolare n'7_C7.2.3) Salta) 44420 g
Farza Orizzontale [Domanda sismica) (NTC 2018 _ §7.2.3) Fa .53 kN
Faramenio esterng
Mas=a della muratura m 0.50 daM!massza
Perioda fondamentale di vibrazione dell'elementa non strutturale Ta 0.226 zec
Farametro [Cireolare n'7_C7.2.3-Tab. C7.2.01) a 0.3
Farametro [Circolare n'?_C7.2.3-Tab, C7.211) b 1.2
Farametro [Circolare n?_Cv.2.3-Tab, C7.201) ap 4
Accelerazione massima [Cireolare n'7_C7.2.3) Salta) 4,44 g
Forza Orizzontale [Domanda sizmica) (MTC 2018 §7.2.3) Fa 10.96 kMim




VERIFICA A RIBALTAMENTO SEMPLICE - paramento interno

Momento ribaltante [domanda) Mue 11.43 kN mim
Momento stabilizzante [capacita) Meorn 0.12 kN mim
Rapporto Mg,g IMoqs oic 77 NON VERIFICATO

VERIFICA A RIBALTAMENTO SEMPLICE - paramento esternoc

Momento ribaltante [domanda) Mue 19.18 kN mim
Momento stabilizzante [capacita) Meorn 0.30 kN mim
Rapporto Mg,g iMoqs oic 6478 NON VERIFICATO

CALCOLO INDICATORE DI RISCHIO
T sl ol Yo (P e G AT |

@, 1.03%
a"

Accelerazione sismica comrrispondente all'indicatore di rischio 0.0053 g

The verification is not satisfied, and therefore, an anti-toppling intervention for the infills is
planned by connecting them to reinforced concrete beams and columns using structural plaster
based on pure lime, bi-axial basalt fiber mesh, and helical stainless steel bars
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Figure 152 - Detail of the anti-toppling intervention for the infills.



EX-POST

STRATIGRAFIA DELLA TAMPONATURA

o ) A Spessore Peso
Descrizione degli strati della tamponatura [em] [kNim*1 L
Intonaco esterno 150 30.00 .l [
MMathone forato 12.00 5.00 M 6l
Intonaco Interno 250 20.00 [ |
Spessore totale della tampaonatura 26.50 |
Biepilogo dimensioni geometriche e caratteristiche meccaniche della {
lamponatura |
Altezza del pannello murario H 350 m I |
Lunghezza pannello murario L 1.00 m o
Peso della muratura totale ‘w'a T.88 kMim |__‘_-
Madulo elastico E S700.00 Mimm® 1%
Fesistenza di progetto a compressione della muratura fa 4.585 MP=a

CARATTERISTICHE GEOMETRICHE DEL RINFORZO
Binf Geo Grid 120 ¢ GeoCalce Multi

Rimozione diintonato esterno

Tensione di progetto della rete T4 213.33 Mpa
C - lmini
IDiametrn dei connettori A I I =

Fiesistenza a taglio di progetto dei connettori 5]
Fas=o arizzontale dei connettari al m = m
Lunghezza inghizaggio connettori L can mim
DEFINIZIONE DELL'AZIONE SISMICA

Accelerazione massima del terreno ag su sottosuola ditipo & agig 0.578
Coefficients Fy 313
Categoria di sottosuclo Ss 122
Condizione topografica St 1
Coefficients S 122
Fattore di comportamento della parete non strutturale [Circolare n'7 - Tab, C7.21) qa 2
Altezza dell'edificia H 151 m
uota del baricentro dell'elementa non strutturale misurata a partire dal piano di Far Z G683 m
Coefficients C1 ta

Periodo Fondamentale di vibrazione della costruzione nella direzione conziderata T1 #WALORE! zec
Mazsa della muratura m 0.80 dabimasza

2019 _ C7.2.3

Farametro a #JVALORE!
Farametro b #JVALORE!
Parametro ap #JALORE!

MMomento d'inerzia efficace del paramento esterno (I 0.000175 m%m
Feriodo fondamentale di vibrazione dell'elemento non strutturale Ta 0.044 zec
Accelerazione mazssima SalTa) #YALORE! g




VERIFICA DI EESISTENZA A PRESSOFLESSIONE FUORI DAL PIANO DEL PARAMENTO ESTERNO

Defini jella d 7
Peso della tamponatura al metra lineare di altezza ‘wialm 1.32 kNimim

Forza Orizzontale [Domanda sismica) [NTC 2018 _ 7.2.3) Fa #VALORE! kMimim

Schema Statico T Mel'hp di
IWMomenta sollecitante can Forza distribuita 1,4 ear e SYALORE! EkN mim semincastro &
Shorzo normale agente paramento estermna [ 230 kMim Mecessaro
Definizione della capacitd del paramento verso linterno prvedere le Steel
Area paramento estemo & 013 mm OryFi anche alla
Tenzione di compressione sul paramenta esternc Fip o 0.015 Mpalm base delpannello
Momento resistente a pressoflessione fuori dal piano verso linter ™ M, ., 015 kN"mim

Fapporto DomandalCapaciti oic #WALORE! #ial ORE!

VERIFICA A TAGLIO DEI CONNETTORI DI ANCORAGGIO_TELATO-TAMPONATURA
Definizi jel i "

Interazse arizzontale dei connettori ican 0.5 m

Mumera di connettari al metra nim 2

Mumero totale di connettori nrar 2

Forza di taglio totale agente sul lato superioredinferiore della trave V=d MALDORE! kN/m

Fiesistenza a taglio del singalo connettare E, 0.76 kM

Resistenza al taglio totale Vg 1.51 kN!m

Rapporto DomandalCapaciti Dic #y AL ORE! #VALORE!

CALCOLO INDICATORE DI RISCHIO

Caleole Indicatore di rischio Stato di Progetto |

¥alutazione della sicurezza per azioni fuori dal piano verso Finterno

Mamento resistente fuari dal piano verso linterno della tamponatura Mrd 0.15 kNmim
Indicatore di rischio @, 168
Accelerazione corispondente allindicatore di rischio a, 0.034 g
MIGLIORAMENTO SISMICO
¥alutazione della sicurezza per azioni fuori dal piano verso Iesterno
MMaomento resistente fuari dal piano versa l'esterno della tamponatura Mrd 0,88 kNmim
Indicatore di rischio @, 104
Accelerazione corispondente allindicatore di rischio a, 0602 g
AOEGLUAMEMNTO SISMICD

Following the proposed intervention, the verification is satisfied.



EX-ANTE - wall(8+12) cm Second Floor

¢ degli ztrati della tamponatera

Tipologia di tamp tara
Spessore Pezo

[cm] [kHim"] 4
Intarazo erterno W
Mattone Forako erterno *
Inkerzapedine
HMakkane Farakoinkerno
Inkona<oinkerno
FRierirtenza caratkerirtica a comprerrione dell'clemento fbk Nn'mrnz N
Ferirkanzadellamalta
Ficrirkenza caratkerirkicza a comprerrione della tamponatura fk a.7o Nn'mrn= i
CoefFizienks dirizurezzadel makariale TH 2.00
Rierirtenza di proqekto a compresrione della tamponatura fd 455 MPa

Di ioai del lle di N ifi il ifi id laral itaria dell

Altezzadellatamponatura H m
Ferodelparamentointerno 2.92 kMN/m
Inerziadel paramentoinkerno liut 000004 m'im
Ferodel paramento erkerno 431 kMim
Inerziadel paramentoerternn la 000014 m‘n'm
Modulo elarkizo dei paramenti E AT00 MPa
Definizi jell'azi - .

Accelerazione marrimadelterreno aqrurattoruolo ditipo A aqiq

CocfFicionte Fy

CGakeqoria dirottorunlo Zr

CGondizione topografica St E

CocFFizients = 122
Fatkare di zomportamentn dellaparcke nonrkrutturale (Girzolare 77T - Tak. GT.2.10 qa

Alkexrza dell'sdifizin H

Pupkadelbarizenkro dell'clementn nanrkrukkurale mirurataapartire dalpiano difondazio z I Am
CoefFizienks [CGirzolare HTCE01E paraqrafe CT.EZ.2 Farmula GT.3.2) ]

FerindoFondamentals divikbrazione della zartruzione nelladirezione zonrideraka Ti 05T sec
Faramesis interae

Marradellamuratura m 030 daNimazza
Ferindo Fondamentale divikrazione dell'clemenko nonrtrutturale Ta 0517 sec
Farametro (Gircolare ' T_GT.2.3-Tabk. GT.2.110 a 0.3
Farametro (Gircolare ' T_GT.2.3-Tabk. GT.2.110 b 1.2
Farametro (Gircolare ' T_GT.2.3-Tabk. GT.2.110 ap 4
Azzelerazione marrima(Cirzalare ' T_CT.2.3] Sa[ta] E.0302 J
FarzaOrizzonkale (Domandarirmizal (HTC 2015 _§T.2.3) Fa T.44 kM
Parzmenls aslerys

Marradellamuratura m 0.50 daM'massa
Feriodo Fandamentale di vikrazione dell'clementa nanstrakiurale Ta 0224 zec
Farametro[Cir<olare n'T_CT.2.2-Tak. CT.2.100 b 0.3
Farametro[Cir<olare n'T_CT.2.2-Tak. CT.2.100 E 1.2
Farametro(Cir<olare n'T_CGT.2.3-Tak. CT.2.110 I 4
Azcelerazione marrima(Cirzolare i T_GT.2.23] 3:\[':%] 503 q

ForzaOrizzontale (Domandarirmical (HTC 201F _57.2.3] Fa 12.43 kMN/m




VERIFICA A RIBALTAMENTO SEMPLICE - paramento interno

Momento ribaltante [domanda) Mue 12.95 kN"'mim
Momento stabilizzante [capacita) Meorp 0.12 kN mim
Rapporto Mgg iMcq, oic 1071 NON YERIFICATO

VERIFICA A RIBALTAMENTO SEMPLICE - paramento esterno

Momento ribaltante [domanda) Mue 21.73 kN"'mim
Momento stabilizzante [capacita) Mcorp 0.23 kN mim
Rapporto Mgg iMcq, oic T3.81 NON YERIFICATO

| CALCOLO INDICATORE DI RISCHIO
et sl o B T o o o L B |

a, 0.93x%
a"

] Accelerazione sismica cormrispondente all'indicatore di rischio 0.0054 g

The verification is not satisfied, and therefore, an anti-toppling intervention for the infills
is planned by connecting them to reinforced concrete beams and columns using
structural plaster based on pure lime, bi-axial basalt fiber mesh, and helical stainless steel
bars.
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Figure 149 -Detail of the anti-toppling intervention for the infills.



EX-POST

STRATIGRAFIA DELLA TAMPONATURA

o ) A Spessore Peso
Descrizione degli strati della tamponatura [em] [kNim®]
Intonaco esterno 1.50 30.00 n o |
Mattone Forato 12.00 a.00 - |4 "|
Intercapedine 4.00 0.00 {1 B
Mattone Forato G.00 G.00 " 11 _".
Intonaca Inkerna 1.00 20,00 .
Spessore totale della tamponatura 26.50 .| '_
r |&-m
Biepilogo dimensioni geometriche e caratteristiche meccaniche della I'!
lamponatura 'l 1k
Altezza del pannella muraric H 348 m [ '
Lunghezza pannello murario L 1.00 m U | |
Pesao della muratura tatale e T.83 kMNim ¢
Modulo elastico E 700,00 Mimm®
Fiesistenza di progetto a compressione della muratura fa 4.85 MPa

CAFRATTERISTICHE GEOMETRICHE DEL RINFORZO

LConnettor tra paramento esterne & paramento interno

Fazzo werticale dei connettori al m 5, m
Fazso arizzontale dei connettori al m 5}, m
Diametro dei connettori 5]

Fesistenza di progetto a trazione dei connetbori kM

Binf Geo Gnd 120 = GeoCaloe Multi

Riimozione di inbonato esterno

Tensione di pragetto della rete Ty 213.33 Mpa
C - lmioi

Diametro dei connetbori 5]

Fiesistenza a taglio di progetto dei connettori kM
Fazso arizzontale dei connettori al m 5}, m
Lunghezza inghizaggio connettari L an mm
DEFINIZIONE DELL'AZIONE SISMICA

Accelerazione massima del terreno ag su sottosuola ditipo & agig 0.578
Coefficiente Fu 313
Categoria di sottozualo Sz 122
Condizione topografica St 1
Coefficiente S 122
Fattore di comportamento della parete non strutturale [Circolare n'? - Tab, C7.21) qa 2
Altezza dell'edificio H BE1m
GQuata del baricentra dell'slemento non strutturale misurata a partire dal piano di For c 215 m
Coefficiente 1 0.075
Feriodo Fondamentale di vibrazione della costruzione nella direzione considerata T1 0.57 zec
Mas=a della muratura m 0.80 dalimasza

Farametro a 0.3
Parametro b 12
Farametro ap 4
Momento d'inerzia efficace del paramenta esterna (" 0.00017S m™m
Feriodo Fondamentale di vibrazione dell'elementa non strutturale Ta 0.044 zec
Accelerazione massima SalTa) 1.906 g




VERIFICA DI EESISTENZA A PRESSOFLESSIONE FUORI DAL PIANO DEL PARAMENTO ESTERNO

Defini jella d 7
Peszo della tamponatura al metro lineare di altezza Walm 1.32 kNImim

Forza Orizzontale [Domanda sismica) (MTC 2018 _ §7.2.3) Fa 1.25 kMimim

Srohemna Statico | T v ke di
Maomenta sollecitante con farza distribuita M, d vat et 0.35 kN 'mim semincastio &
Sforzo normale agente paramento esterno Py g ot _ort 223 kMNim necessario
Definizione della capacits del paramento verso linterno prvedere le Steel
Area paramento esterno A 013 mim DryFis anche alla
Tensione di compreszione zul paramenta esterno Ty or 0.015 Mpalm base del pannello
Momento resistente a pressoflessione fuori dal piano verso Finter M, .. 0.15 kN 'mim

Fapporto DomandalCapacita oic

VERIFICA DEI CONNETTORI DI COLLEGAMENTO TRA I DUE PARAMENTI -Azioni per ribaltamento del paramento interno
Definizi jel m =

Forza di trazione massima agente sui conettori Fri con 0.356 kMNIm
Fiesistenza connettore Frd 033 kMim
Fapporto DomandalCapacita Oic

VERIFICA A TAGLIO DEI CONNETTORI DI ANCORAGGIO_TELAIO-TAMPONATURA
Definizi jel i "

Interasze arizzontale dei connettori izan 0.5 m
Mumero di connettori al metrao rim 2

Mumera totale di connettori M rar 2

Forza di taglio totale agente sul lato superiorefinferiore della trave V=d 2. 18 kMNIm
Fesistenza ataglio del singalo connettars By 076 kM
Resistenza al taglio totale Vi 1.51 kMNIm
Fapporto DomandalCapacita oic

CALCOLO INDICATORE DI RISCHIO

Caleole Indicatore di nzchio Stato di Progetto |

Yalutazione della sicurezza per azioni Fuori dal piano verso I'interno

Mamenta resistente fuari dal piano wersa linterno della tamponatura Mrd 0,15 kNmim
Indicatore di rischio @, 15
Accelerazione corispondente all'indicatore dirischio a, 0038 g
MIGLIORAMENTO SISMICT
Yalutazione della sicurezza per azioni fuori dal piano verso I'esterno
Maomenta resistente fuari dal piang werso l'esterno della tampanatura Mrd 0.85 kNmim
Indicatore di rischio @, b e
Accelerazione corispondente allindicatare di rischio ay 0.563 g
MIGLIORAMEMNTO SISMICT

The verification, following the proposed intervention, is deemed satisfactory.



EX-ANTE - Internal Wall

STRATIGRAFIA DELLA TAMPONATURA

Descrizione degli strati della tamponatura

Tipologia di tamponatura

Spessore Peso
[cm] [kMim*]

Intonaca esterno
Plattone Forato esterno
Intonaca interno
Fiesiztenza caratteristica a compressione dell'elemento fbk Mimm®
Fesistenza della malta
Fiesistenza caratteristica a compressione della tamponatura fke 9.70 Mimm®
Coetficiente di sicurezza del materiale h 2.00
Fiezistenza di progetto a compressione della tamponatura fd 4,85 MPa

Altezza della tamponatura H

m
Peso del paramenta interno bty e 0,00 kMNim
Inerzia del paramento interno i 0.00000 m*'m
Pesa del paramenta esterna Mt 3.64 kMNIm
Inerzia del paramento esternc [ 0.00004 m*m
Modulo elastico dei paramenti E 3700 MPa
Definizi ell azi .
Accelerazione massima del terrena ag su sotbosuolo ditipo & agig
Coefficients Fy
Categoria di sottosuolo Sz
Condizione topografica St
Coefficiente S 122
F attore di comportamento della parete non strutturale [Circolare 07 - Tab, CY.20) ga
Altezza dell'edificia H m
Cluota del baricentro dell'elementa non stratturale misurata a partire dal piano di Fondazion c m
Coefficiente [Circolare NTC2018 paragrafo C7.3.3.2 formula C.7.3.2] 1
Ferioda fondamentale di vibrazione della costruzione nella direzione considerata T1 0.57 zec
FParamenta esterng
Maszza della muratura m 0.37 daMimasza
Pericdo fandamentale di vibrazione dell'elemento non strutturale Ta 0.357 zec
Parametro [Cireolare n'?_C7.2.3-Tab. 57200 a 0.3
Farametro [Cireolare n'?_C7.2.3-Tab. C7.20) b 12
Farametro [Circolare n'?_C7.2.3-Tab. Cr.21) ap 4
Accelerazione massima [Circolare n'7_C7.2.3] Saltal 444 g
Forza Orizzontale [Domanda sismica) (MTC 2018 §7.2.3) Fa 5.05 kMNim




VERIFICA A RIBALTAMENTO SEMPLICE - paramento esterno

Momento ribaltante [domanda) Mo 1415 kN "mim
Momento stabilizzante [capacita) Maorn 015 kN 'mim
Rapporno Mg Mo, OC 717 NON YERIFICATO

CALCOLO INDICATORE DI RISCHIO

e e |

@, 1.033%
a"

Accelerazione sismica comispondente all'indicatore di rischio 0.0053 g

The verification is not satisfied, and therefore, it is planned to intervene by anti-toppling
the infills by connecting them to reinforced concrete beams and columns using structural
plaster based on pure lime, bi-axial basalt fiber mesh, and helical stainless steel bars.
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Figure 153 - Detail of the intervention for anti-toppling of the infills.



EX-POST
STRATIGRAFIA DELLA TAMPONATURA

o ) A Spessore Peso
Descrizione degli strati della tamponatura [em] [kNim®] 84
Intonaco esterno 1.00 20.00 .l [
Mattone Forato .00 .00 sl
Intonaco Interno 1.00 20.00 [
Spessore totale della tamponatura 10.00 !
lamponatura |
Altezza del pannello murario H 350 m I |
Lunghezza pannello murario L 1.00 m |
Peso della muratura totale ‘wla 364 kMim |__‘_-
Madulo elastico E S700.00 Mimm® 1%
Fesistenza di progetto a compressione della muratura 4 4.85 MPa

CARATTERISTICHE GEOMETRICHE DEL RINFORZO
Rinf Geo Grid 120 e GeoCalce Multi

Riimozione di inbonato esterno

Tensione di progetto della rete T4 213.33 Mpa
C - lmici
IDiametrn dei connettori A I I =

Fesiztenza a taglio di progetto dei connettori kM
Fazso arizzontale dei connettori al m 5}, m
Lunghezza inghizaggio connettori L an mim
DEFINIZIONE DELL'AZIONE SISMICA

Accelerazione massima del terreno ag su sottosuola ditipo & agig 0.578
Coefficients Fu 3.13
Categoria di sottozualo Sz 122
Condizione topografica St 1
Coefficients S 122
Fattore di comportamento della parete non strutturale [Circolare n'? - Tab, C7.21) qa 2
Altezza dell'edificio H E1m
GQuata del baricentra dell'slemento non strutturale misurata a partire dal piano di For c 865 m
Coefficients 1 0.075
Periodo Fondamentale di vibrazione della costruzione nella direzione conzsiderata T1 057 zec
Mazza della muratura m 0.37 dabimassa

COLARE n°7 21/01/201% _ CT.2.3

Farametro a 0.3
Farametro b 1.2
Farametro ap 4
Mamento d'inerzia efficace del paramenta esterno Lot 0.000057 m*m
Feriodo Fondamentale di vibrazione dell'elementa non strutturale Ta 0.066 sec
Accelerazione mazsima SalTa) 2067 g




VERIFICA DI EESISTENZA A PRESSOFLESSIONE FUORI DAL PIANO DEL PARAMENTO ESTERNO

Defini jella d 7
Peszo della tamponatura al metra lineare di altezza ‘walm 0.3 kNImim

Forza Orizzontale [Domanda sismica) (MTC 2018 _ §7.2.3) Fa 0.38 kMNimim

Schema Statico T Mellhp di
Maomenta sollecitante con farza distribuita M d ot et 0.75 kN mim semincastio &
SForzo normale agente paramento estermo Py g ot _ort 1.65 kMim necessario
Definizione della capacits del paramento verso linterno prvedere le Steel
Area paramento esterno A 0.03 mim DryFiss anche alla
Tensione di compreszione zul paramenta esterno Ty ar 0.019 Mpalm base del pannello
Momento resistente a pressoflessione fuori dal piano verso Finter M, .. 0.07 kN mim

Fapporto DomandalCapacita oic

VERIFICA A TAGLIO DEI CONNETTORI DI ANCORAGGIO_TELAIO-TAMPONATURA
Definizi jel i "

Interasze arizzontale dei connettori izan 0.5 m
Mumero di connettori al metra rim 2

Mumero totale di connettori M rar 2

Forza di taglio totale agente sul lato superiorelinferiore della trave V=d 1.7 kNIm
Fiesistenza a taglio del singalo connettore By 0.76 kM
Resistenza al taglio totale Viea 1.51 kMNIm
Fapporto DomandalCapacits oc

CALCOLO INDICATORE DI RISCHIO

Caleolo Indicatore di mzchio Stato di Progetio |

Yalutazione della sicurezza per azioni fuori dal piano verso I'interno

Momentao resistente Fuori dal piano wersa l'interno della tamponatura Mrd 0.07 kNmim
Indicatare di rizchio @, 1004
Accelerazione corrispondente all'indicatare di rischio a, 0056 g
MIGLIORAMENTO SISMICT
Yalutazione della sicurezza per azioni fuori dal piano verso I'esterno
Momenta resistente fuori dal piano werza I'esterno della tamponatura Mrd 0.58 kNmim
Indicatare di rizchio @, ToM
Accelerazione cormispondente all'indicatore dirischio a, 0451 g
MIGLIDRAMEMTO SISMICT

The verification, following the proposed intervention, is deemed satisfactory.



19 INTERVENTIONS AIMED AT ADDRESSING LOCAL CRITICALITIES.

Interventions aimed at addressing local criticalities include:

Anti-toppling systems for infill walls.

19.1 _Anti-toppling prevention of infills by applying a bi-axial network
made of natural basalt fiber onto the existing plaster, with a skim

coat of pure lime and stitching using stainless steel helical bars.

For non-structural elements, measures must be taken to prevent possible expulsion under the
action of Fa (horizontal seismic force distributed or acting at the center of mass of the structural
element, in the most unfavorable direction, resulting from forces distributed proportionally to
mass) (see §7.2.3) corresponding to the considered SL and CU. (D.M. January 17, 2018
"Technical Standards for Constructions" §7.3.6.2)

Non-structural construction elements refer to those with stiffness, strength, and mass
significant enough to influence the structural response and those that, while not affecting the
structural response, are still significant for the safety and/or well-being of individuals.

Possible collapse mechanisms of infills:
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Figure 154 - In-plane collapse mechanism
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Figure 155 - Out-of-plane collapse mechanism
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To prevent possible collapse mechanisms of the infills, an anti-overturning system for the
infills is proposed. This involves applying a biaxial network made of natural basalt fiber
with a base plaster of pure lime and stitching it with helical stainless steel bars. The
reinforcement will be properly connected to the adjacent structural elements (beams,
columns, partitions) near the infills.

20 GLOBAL SEISMIC ANALYSIS EX-ANTE

The Italian legislation (D.M. 17/01/2018) for assessing the seismic resistance of masonry
buildings and reinforced concrete buildings allows the application of the following types
of analyses:

linear static;

linear dynamic;

nonlinear static (Pushover);
nonlinear dynamic.

- For the purpose of seismic safety assessment, a nonlinear static analysis
(PUSHOVER) has been performed.

20.1Results of the nonlinear static analysis - US1

In this chapter, the seismic vulnerability of the building analyzed in its current state will
be addressed. In particular, the values of the risk indices related to the 32 seismic
combinations will be reported.

Curve Pushover

Below, we will present the capacity curves obtained from the Pushover analysis, along
with the curve corresponding to the most significant risk index. Finally, a summary table
of the risk indices related to the structure in question will be provided.
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Figure 156- Curve of Pushover n.25

All the curves exhibit a brittle behavior of the building under seismic action due to the
failure of the unconfined nodes. For the complete data of each curve, please refer to the
tables attached.
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Determination of risk indices

The level of seismic vulnerability of buildings is expressed in terms of RISK INDICATORS
(CE), where CE = CAPACITY/DEMAND. If this value is > 1.00, the building's capacity to
withstand seismic action exceeds what is required by regulations (demand). The lower
the RI compared to this value, the more deficient the building structures are in
withstanding seismic action.

Numero PushOver PgaSLO/Pga81% PgaSLD/Pga63% PgaSLV/Pgal0% [PgaSLC/Pga5%
1 .08 .064 .019 .023
2 .081 .064 .019 .024
3 11 .088 .026 .032
4 .097 077 .023 .028
5 .099 .079 .024 .029
6 101 .08 .024 .03
7 141 113 .034 .042
8 138 A1 .033 .04
9 077 061 .018 .023
10 .083 .066 .02 .024
11 113 .09 .027 .033
12 .087 .069 .021 .025
13 .096 .076 .023 .028
14 .103 .082 .024 .03
15 14 A11 .033 .041
16 122 .098 .029 .036
17 076 061 .018 .022
18 .086 .068 .02 .025
19 112 .09 .027 .033
20 079 .063 .019 .023
21 .095 .075 .022 .028
22 107 .085 .025 .031
23 14 A11 .033 .041
24 A11 .088 .026 .033
25 074 .059 .017 021
26 .088 .07 .021 .026
27 .099 .079 .024 .029
28 072 .058 .017 .021
29 .092 .073 .022 .027
30 A1 .088 .026 .032
31 122 .097 .029 .036
32 102 .081 .024 .03
Min. PgaSL/Pga% 072 .058 .017 021




Analyzing the results of the 32 curves in the ADSR plane, it is evident that THE BUILDING
ISNOT SEISMICALLY ADEQUATE. The minimum risk indicator is reported with reference
to the life safety, damage, and operability limit states in terms of acceleration (PGA):

Stato Limite | (g (PGAc/PGAb)
SLV 0.017
SLD 0.058
SLO 0.072
SLC 0.021

20.2Results of the nonlinear static analysis - US2

In this chapter, the seismic vulnerability of the building analyzed in its current state will
be addressed. Specifically, the values of the risk indices related to the 32 seismic
combinations will be reported.



Curve Pushover

Below, the capacity curves obtained from the Pushover analysis will be presented, along

with the curve corresponding to the most significant risk index. Finally, a summary table

of the risk indices related to the structure in question will be provided.
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Figure 159 - Curve of Pushover n.31




Figure 160-Formation of plastic hinges - deteriorating curve
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Figure 161-Formation of plastic hinges for beam-column joint collapse - deteriorating curve

Determining the risk indices

The level of seismic vulnerability of buildings is expressed in terms of RISK INDICATORS
(€e), where Ce = CAPACITY/DEMAND, If this value is > 1,00the building's capacity to
withstand seismic action exceeds what is required by regulations (demand). The lower
the RI compared to this value, the more deficient the building structures are in
withstanding seismic action.

Numero PushOver PgaSLO/Pga81% PgaSLD/Pga63% PgaSLV/Pgal0% [PgaSLC/Pga5%
1 21.234 18.333 18.576 22.208
2 21.665 20.329 26.321 31.665
3 20.384 16.26 10.261 10.94
4 16.146 12.88 20.37 25.868
S 21.234 18.333 18.576 22.208
6 21.665 20.329 26.321 31.665
7 20.384 16.26 10.261 10.94
8 16.146 12.88 20.37 25.868
9 20.092 17.272 18.32 21.998
10 21.382 23.554 25.334 30.484
11 20.43 16.297 10.664 12.31
12 17.04 13.593 20.36 25.695
13 20.092 17.272 18.32 21.998




14 21.382 23.554 25.334 30.484
15 20.43 16.297 10.664 12.31

16 17.04 13.593 20.36 25.695
17 21.406 17.75 18.293 21.951
18 19.732 21.962 25.336 30.636
19 19.164 15.287 11.945 12.049
20 25.34 20.214 24.314 29.855
21 21.406 17.75 18.293 21.951
22 19.732 21.962 25.336 30.636
23 19.164 15.287 11.945 12.049
24 25.34 20.214 24.314 29.855
25 21.519 18.363 18.731 22.412
26 19.863 22.806 25.478 30.587
27 18.266 14.571 9.85 9.936

28 25.957 20.705 24.28 29.663
29 21.519 18.363 18.731 22.412
30 19.863 22.806 25.478 30.587
31 18.266 14.571 9.85 9.936

32 25.957 20.705 24.28 29.663
Min. PgaSL/Pga% [16.146 12.88 9.85 9.936




Analyzing the results of the 32 curves in the ADSR plane, it is evident that THE BUILDING
IS SEISMICALLY ADEQUATE. The minimum risk indicator is reported with reference to
the life safety, damage, and operability limit states, in terms of acceleration (PGA):

Stato Limite | (g (PGAc/PGAb)
SLV 9.85

SLD 12.88

SLO 16.146

SLC 9.936




21 CONCLUSIONS EX-ANTE

Based on the information provided in the previous chapters and after determining the
minimum index resulting from the global analysis, it is considered that the structural unit
in question exhibits a high degree of seismic risk.

21.1Reporting the results of verifications - US1

ANALISI STATICA LINEARE NON SISMICA EX ANTE

PRESSOFLESSIONE 100 % elementi | VERIFICA SODDISFATTA
verificati
TAGLIO 100 9% elementi | VERIFICA SODDISFATTA

verificati

ANALISI STATICA NON LINEARE

SLV Ce (PGAc/PGAp) = 0.117 | VERIFICA NON
SODDISFATTA

SLD Ce (PGAc/PGAp) = 0.058 | VERIFICA NON
SODDISFATTA

SLO Ce (PGAc/PGAp) = 0.072 | VERIFICA NON
SODDISFATTA

SLC ¢k (PGAc/PGAp) = 0.021 | VERIFICA NON
SODDISFATTA

The Structural Unit exhibits HIGH SEISMIC RISK due to the brittle failure of the
unconfined beam-column joints.

21.2Reporting the results of verifications - US2

ANALISI STATICA LINEARE NON SISMICA EX ANTE

PRESSOFLESSIONE 100 9% elementi | VERIFICA SODDISFATTA
verificati
TAGLIO 100 9% elementi | VERIFICA SODDISFATTA

verificati




ANALISI STATICA NON LINEARE

SLV Ce (PGAc/PGAp) =9.85 | VERIFICA SODDISFATTA
SLD Cr (PGAc/PGAp) = 12.88 | VERIFICA SODDISFATTA
SLO Cr (PGAc/PGAb) = 16.146 | VERIFICA SODDISFATTA
SLC Cr (PGAc/PGAb) = 9.936 | VERIFICA SODDISFATTA

The structural unit is deemed seismically adequate with a LOW SEISMIC RISK.

22 ANALYSIS OF INTERVENTIONS FOR REDUCING SEISMIC VULNERABILITY.

Vulnerability is an inherent characteristic of constructions and can be defined as the
probability that certain seismic actions correspond to specific levels and types of damage.
Although every building is different from the others, it is possible to identify common
traits in the modes of damage that can be referenced both during the damage analysis
phase and in the phase of hypothesizing alternative interventions to reduce such seismic
vulnerability. Their evaluation is of fundamental importance because, when the seismic
action of project occurs, the structure as a whole must be able to function as a system in
which all ductile elements dissipate, proportionally to their capacity, the energy supplied

by the earthquake in the form of inelastic deformations.




23 MAIN TYPES OF SEISMIC DAMAGE IN REINFORCED CONCRETE STRUCTURES.

- Here's a list of the main causes of damage identified in the structural unit that
requires interventions:

- Brittle failure of beam-column joints without confinement;
- Excessive displacement

24 PRINCIPAL INTERVENTION

The objectives of a consolidation project are to identify the structural behavior of the
building, assess the residual structural safety, determine the safety coefficient, and finally
identify structural improvement interventions. The choice of type, technique, and extent
of the intervention depends on the results obtained in the vulnerability assessment
phase. The aim should be to counteract the development of local and/or fragile
mechanisms and to improve the overall behavior of the construction.

24.1 Reinforcement of beam-column joints using metal plates

To enhance the node's resistance capacity, reinforcing the node through plating with a
shaped steel plate and fixing it with mechanical anchoring is proposed. This intervention:

Ensures confinement with increased strength and ductility of the node.
Does not involve any increase in the geometry of the elements.

Does not entail any increase in the mass and rigidity of the structural elements.
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Figure 162- Detail of the beam-column joint intervention (facade and corner)



24.2 Stiffening with steel bracing

Here is a step-by-step description of the proposed intervention for inserting steel bracings:

Removal of Existing Fixtures: Remove any existing fixtures or elements that may obstruct the
installation of the steel bracings.

Insertion of Steel Bracing Elements: Install the steel bracing elements in predetermined
localized areas of the structure where they will provide the most effective reinforcement against
lateral movements. These bracing elements should be designed to absorb a significant portion
of the seismic forces.

Connection of Steel Elements to Existing Columns: Connect the steel bracing elements
securely to the existing columns using plates and bolt connections. This step ensures proper
load transfer and structural integrity.

Refinishing and Reinstallation of Fixtures: After the steel bracing elements are securely
installed and connected, refinish the affected areas and reinstall any fixtures or elements that
were removed in the first step. This ensures that the structural enhancements blend seamlessly
with the existing building aesthetics.

The objective of this intervention is to have the steel bracing elements absorb a significant
portion of the seismic forces and enhance the structural rigidity of the building by modifying
its vibration modes.
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Figure 163 - Detail of reinforcement intervention with steel bracings

Here is an image illustrating the flexural reinforcement process described:

Reinforcement of beams byv cladding with galvanized UHTS
steel fiber fabrics with epoxy adhesive

S

This reinforcement involves applying galvanized ultra-high tensile strength steel fiber fabric
with epoxy adhesive to both the intrados and extrados of the beams to enhance their flexural
capacity, reduce deformations under service loads, and limit cracking.
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Figure 164-Detail of flexural reinforcement for beams.

Here is an image illustrating the reinforcement process described:

[This reinforcement involves applying galvanized steel fiber fabric and structural mineral
thixotropic mortar in a U-wrap configuration around the beams to enhance their shear strength,
reduce deformations under service loads, and limit cracking.

=~ I
\T/"—‘
)
9 B { d
= : : | ; j
) ed | E _
' i i I I | [ i
I~ 4— K A A\ <10 cm = 4_ 3
!" | “’JA LARGH, : | 1
| ' FASCIA |
l e|— i PASSO  PASSO PASSD PSSO l <3|— |
& RINFCRY) | RNFORZ ARz | RercRz | || @ |
| % 12 |
J_Ei,_ J LUNGHEZZA TRAVE LE1_ _J
e I | |
| |
PROSPETTO

RINFORZO A TAGLIO DELLA TRAVE MEDIANTE
PLACCAGGIO CONTINUO

Figure 165 - Detail of shear reinforcement for beams



24.4Consolidation of columns with steel jacketing.

This intervention involves the installation of a steel jacket around the structural columns
to enhance their shear strength, ductility, joint efficiency, and vertical load-carrying
capacity through confinement. The steel jacket, made of S355 steel, will consist of four
angle profiles onto which continuous steel plates (stirrups) will be welded.
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Figure 56 - Detalil of steel jacketing for columns.



25 GLOBAL SEISMIC ANALYSIS EX POST

25.1Results of the nonlinear static analysis US1

Intervention

Below are the results of the overall seismic vulnerability analysis obtained for the
structural unit in question following the following interventions:

Strengthening of beam-column joints;
Shear and flexural reinforcement of beams;
Steel jacketing of columns;

Stiffening with steel bracing.



Figure 167 - Mechanical model of Structural Unit 1

Following the intervention, the structure exhibits good behavior under seismic conditions.



Pushover’s Curve

Below, the most deteriorating capacity curve obtained from the Pushover analysis will be
presented, followed by the failure related to the most significant risk index, and finally, the
summary table of risk indices related to the structure in question will be provided.
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Figure 168 - Curve of Pushover n.8

All the curves demonstrate the building's good seismic action performance. For the complete
data of each curve, please refer to the attached tables. The intervention adopted has increased
the overall ductility of the structure, reducing the occurrence of fragile mechanisms. The
figures indicating the formation of plastic hinges in the structure following the intervention for
the same curve are provided.



Figure 169- Formation of plastic hinges following the intervention



Figure 170 - Formation of plastic hinges



Determination of risk indices

The level of seismic vulnerability of buildings is expressed in terms of the risk index (£ where
(E=CAPACITY/DOMANDA. If this value is > 1.00 (§ 8.4.3 NTC 2018), the building's
capacity to withstand seismic action exceeds what is required by the regulations (demand). The

lower the risk index is below this value, the more deficient the building's structures are in

withstanding seismic action.

Numero PushOver PgaSLO/Pga81% PgaSLD/Pga63% PgaSLV/Pgal0% [PgaSLC/Pga5%
1 1.49 1.467 1.232 1.373
2 1.523 1.291 1.246 1.26
3 1.124 1.133 1.252 1.483
4 1.037 1.024 1.466 1.757
S 1.874 1.734 1.613 1.718
6 1.931 1.54 2.145 2.322
7 1.42 1.133 1.572 1.87
8 1.284 1.024 1.802 2.166
9 1.59 1.424 1.625 1.855
10 1.689 1.348 2.057 2.296
11 1.118 1.126 1.293 1.54
12 1.136 1.113 1.554 1.873
13 1.865 1.705 1.699 1.901
14 2.035 1.629 1.772 1.787
15 1.412 1.126 1.597 1.911
16 1.396 1.113 1.91 2.281
17 1.587 1.266 1.604 1.662
18 1.655 1.471 1.443 1.512
19 1.088 1.066 1.253 1.497
20 1.117 1.129 1.445 1.724
21 1.905 1.52 1.116 1.126
22 1.938 1.762 1.342 1.437
23 1.336 1.066 1.559 1.872
24 1.415 1.129 1.787 2.126
25 1.477 1.239 1.267 1.278
26 1.443 1.536 1.485 1.766
27 1.091 1.126 1.325 1.581
28 1.093 1.113 1.51 1.797
29 1.866 1.488 1.061 1.07
30 1.802 1.853 1.014 1.023
31 1.359 1.084 1.638 1.968
32 1.377 1.098 1.857 2.223
Min. PgaSL/Pga% 1.037 1.024 1.014 1.023

Analyzing the results of the 32 curves in the ADSR plane, it is evident that THE BUILDING
IS SEISMICALLY ADEQUATE. The minimum risk indicator in reference to the life safety
limit state, in terms of acceleration (PGA), is reported below:




Stato Limite | (g (PGAc/PGAD)
SLV 1.014
SLD 1.024
SLO 1.037
SLC 1.023

26 CONCLUSION EX-POST

Through the necessary interventions to increase seismic safety outlined in the previous
chapters, a risk coefficient higher than the minimum required by the NTC2018 has been
achieved. Below are the reports detailing the results of the verifications of the Structural Unit
comprising the building.

26.1Report of verification results — US1

ANALISI STATICA LINEARE NON SISMICA

PRESSOFLESSIONE 100 % elementi | VERIFICA SODDISFATTA
verificati

TAGLIO 100 % elementi | VERIFICA SODDISFATTA
verificati

ANALISI STATICA NON LINEARE

SLV Ce (PGAc/PGAD) = | VERIFICA SODDISFATTA
1.014

SLD Ce (PGAc/PGAD) = | VERIFICA SODDISFATTA
1.024

SLO Ce (PGAc/PGAD) = | VERIFICA SODDISFATTA
1.037

SLC Ce (PGAc/PGAD) = | VERIFICA SODDISFATTA
1.023




Based on the results obtained, the Structural Unit as a whole, in accordance with §8.4.3 of the
NTC2018, is deemed seismic compliant and suitable, therefore, to withstand the seismic
actions anticipated for the building.

27 STRUCTURAL MODEL EX-POST

Figure 171:3d model of ex-post
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Figure 172~ Structural plan-Slab of Underground floor
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Figure 173- Structural plan-Slab of ground floor
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Figure 174~ Structural plan-Slab of the first floor
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Figure 175- Structural plan-Slab of the Second floor
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STRUCTURAL INTERVENTIONS

Interventions aimed at achieving seismic improvement

// Restoration of plaster for confinement plates of beam/column joints
/ Restoration of plaster for anti-overturning intervention
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28 MAIN REFERENCE REGULATIONS

The type of intervention falls under the provisions of DPR No. 380/2001 Article 3, as letter b),
"extraordinary maintenance interventions," which include works and modifications necessary
to renew and replace even structural parts of buildings, as well as to create and integrate
sanitary and technological services, provided that they do not alter the overall volume of the
buildings and do not entail urbanistically relevant changes in land use involving an increase in
urban load. Extraordinary maintenance interventions also include those consisting of the
fractionation or aggregation of real estate units with works that may involve changes in the
surfaces of individual real estate units and urban load, provided that the overall volume of the
buildings is not modified and the original intended use is maintained. Also included in
extraordinary maintenance interventions are modifications to the facades of buildings
legitimately made necessary to maintain or acquire the habitability of the building or access to
it, provided that the intervention complies with current urban planning and building regulations



and does not concern properties subject to protection under the Cultural Heritage Code and
Landscape, Legislative Decree 22 January 2004, no. 42 (letter amended by art. 10, paragraph
1, letter b), of Law no. 120 of 2020).

For the execution of the works, the main reference legislation is generally as follows:

Public procurement regulations:

- Legislative Decree 50/2016 and subsequent amendments, as well as its corrective Legislative
Decree 56/2017 and subsequent amendments;

- DPR 207/2010 and subsequent amendments;
- Ministerial Decree 145/2000 - General specification for public works contracts;
- DPR 34/2000 - Regulation of the qualification system for public works contractors;

- Compliance with the Minimum Environmental Criteria as per Ministerial Decree 24/12/2015.

Building regulations:

- DPR 06.06.2001, no. 380 and subsequent amendments, "Unified text of legislative and
regulatory provisions on building matters";

- Current building regulations of the Municipality of Torre de' Passeri;
- Local hygiene regulations of the Municipality of Torre de' Passeri;

- Technical implementation regulations of the UCP.

Technical regulations on construction:
- Ministerial Decree 17/01/2018 - New technical regulations for constructions;

- Circular of the Ministry of Infrastructure and Transport 21.01.2019, no. 7 "Instructions for
the application of the 'New technical regulations for constructions' pursuant to Ministerial
Decree 17.01.2018";

- DM LL.PP. 11.03.1988 "Technical rules concerning investigations on soils and rocks,
stability of natural slopes and embankments, general criteria and prescriptions for the design,
execution, and testing of earth retaining structures and foundation works";

- Prime Minister's Ordinance 3274 of 20.03.2003, "Initial elements regarding general criteria
for the seismic classification of the national territory and technical regulations for constructions
in seismic areas" and subsequent amendments;



- DPCM 9 February 2011 "Assessment and reduction of seismic risk to the cultural heritage
with reference to the technical regulations for constructions pursuant to Ministerial Decree 17
January 2018".

Environmental protection regulations:

- Legislative Decree 03.04.2006, no. 152 and subsequent amendments, "Environmental
regulations."

Safety regulations on construction sites and workplaces:

- Legislative Decree 81/2008 - Implementation of Article 1 of Law 3 August 2007, no. 123,
concerning the protection of health and safety in the workplace.



