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and the geometric configuration. A period corresponding to the last 50 to 60 years was considered and the 

building stock subdivided between pre-code and low-code design, for the structures that date back to before 

and after 1996, respectively. In fact the first (unsatisfactory) attempts to include provisions for the design of 

reinforced concrete precast structures in seismic zones were carried out in 1987 and 1996, but an appropriate 

design code including a specific chapter on precast structures was introduced only in 2003 (OPCM 3274 

[6]). The very limited number of precast buildings in Italy designed in accordance with the latter regulation 

meant that it was not worth considering a post-code typology with modern seismic design in the adopted 

classification. Moreover, the little knowledge of the real design criteria applied in the absence of code 

provisions in the decades before the ‘70s, combined with the relatively scarce design documentation, results 

in a large uncertainty in the evaluation of the capacity of RC precast structures built in that period.  

 

Two main categories were selected to represent the most common geometric configurations of the Italian 

precast industrial building stock, as described in Table 2.1. This classification was developed based on 

information from the available Italian literature, from precast elements producers, and designs reported in 

Calvi et al. [7, 8], and from the direct survey of 650 warehouses located in Tuscany, Emilia Romagna and 

Piedmont regions, built between 1960 and 2010. Part of the survey data were provided by the Seismic Risk 

Prevention Area of Tuscany Region [3], which conducted a campaign for risk and hazard assessment of 

industrial areas, which is fully described in Ferrini et al . [9]. Additional information was collected by field 

teams from the European Centre for Training and Research in Earthquake Engineering [4]. The results of the 

investigations were used to derive the statistical distributions of the geometric properties for each building 

typology. Some information required for this study (e.g. material properties and design loads) could not be 

extracted from the surveys, and was instead obtained from the literature, or estimated through expert opinion.  

 

The first typology, more traditional and frequently used, consists of a series of one-storey basic portal 

frames. Each portal is comprised of two or more columns fixed at the base and a saddle roof beam, usually 

simply supported by the columns or with shear resistant connections. The second common typology consists 

of one-storey frames linked by perpendicular straight beams, which carry the main roof beams or directly 

support the large span slab elements. Table 2.1 describes the classification of the building stock according to 

the structural configuration and the design lateral load. 

 

Table 2.1 Classification of the building typologies used in this study. 

Structural configuration Code level Design lateral load*  I d code 

Type 1 

 

Pre-code 2% T1-PC-2 

Low-code 4% T1-LC-4 

7% T1-LC-7 

10% T1-LC-10 

Type 2 

 

Pre-code 2% T2-PC-2 

Low-code 4% T2-LC-4 

7% T2-LC-7 

10% T2-LC-10 

 * as a percentage of the weight of the structures 
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METODOLOGIA DI 
PROGETTAZIONE
➢ pre-code (DM75);
➢ low-code (DM96);
➢ current-code

(NTC 2018)

Stato Limite Pre-code (DM75) Low-code (DM96) Current-code (NTC08) 

LS 1: 
Leggeri/Da moderati ad Ampi s = y 

LS 2: 
Da moderati ad Ampi/Totali 

VB = 80% VB,max  = 3%  = 3% 

 

Definizione Stati Limite

Analisi condotte:

Fase  1

Costruzione di database con vasto numero di edifici prefabbricati
in c.a. industriali italiani in modo da individuare le tipologie
strutturali più rappresentative e le loro caratteristiche.

Database:
• EMILIA-ROMAGNA (1767 edifici)
• EUCENTRE (48 edifici)
• REGIONE TOSCANA (600 edifici)
• DPC-RELUIS (22 edifici)

• Database EMILIA-ROMAGNA (1767 edifici) • Database EUCENTRE (48 edifici)
• Database REGIONE TOSCANA (600 edifici)
• Database DPC-RELUIS (22 edifici)

Distribuzioni
probabilistiche
che caratterizzano 
le proprietà 
geometriche e 
materiali delle 
strutture 
prefabbricate
appartenenti al 
database

Costruzione curve di fragilità per modelli di monopiano a telaioFase  2

Curve di fragilità - Metodo analitico

 
LC-T1-6 

 
LC-T2-6 

 
LC-T1-9 

 
LC-T2-9 

 
LC-T1-12 

 
LC-T2-12 

Figura Errore. Nel documento non esiste testo dello stile specificato..2: Curve di capacità per 100 edifici casualmente simulati e 
assegnazione dello stato limite di snervamento (LS1) e del collasso (LS2) per le tipologie LC-T1-6,9,12 e LC-T2-6,9,12 

riferite alla progettazione low-code (DM96). 
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Curve di capacità 
per 100 edifici 
casualmente 
simulati per 
tipologie e 

progettazione low-
code (DM96).

 
PC-T1-6 (coef. d’attrito = 0.2) 

 
PC-T1-6 (coef. d’attrito = 0.3) 

Figura Errore. Nel documento non esiste testo dello stile specificato..3: Curve di fragilità considerando la probabilità di 
superamento dello stato limite di snervamento (SL1) e di collasso per flessione e connessioni (SL2) per la tipologia PC-T1-6 

con connessioni a mensola e coef. d’attrito 0.2 e 0.3 
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Figura Errore. Nel documento non esiste testo dello stile specificato..3: Curve di fragilità considerando la probabilità di 
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Curve di fragilità SL1 e SL2 
Tipologia PC-T1-6 

Connessioni a mensola 
Coeff. d’attrito 0.2

Curve di fragilità SL1 e SL2 
Tipologia PC-T1-6 

Connessioni a mensola 
Coeff. d’attrito 0.3

Edifici monopiano con pannelli di tamponamento
Analisi tipologie pannellature e correlazione con livello di danno

Analisi comportamento telai con o senza 
tamponature ed effetto di pilastri tozzi: 
(a) Telaio centrale senza tamponatura; 
(b) Telaio con tamponatura e finestra a 

nastro; 
(c) Variazione di rigidezza data dalla

presenza di pilastro tozzo.

Edifici monopiano con pannelli di tamponamentoFase  3

WP 4 – Mappe di Rischio e Scenari di danno sismico
Task 4.5 – Vulnerabilità di capannoni e altri edifici ‘‘speciali’’ReLUIS


