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L'EFFETTO DELLE REPLICHE SULLE AZIONI SISMICHE DI PROGETTO IN ITALIA

. lervolino
Dipartimento di Strutture per I'lngegneria e I'Architettura, Universita degli Studi di Napoli Federico Il., Napoli, Italy

Le norme di progettazione strutturale, se avanzate, prevedono che le accelerazioni sismiche
di progetto derivino dalla analisi probabilistica di pericolosita sismica (APPS; McGuire, 2004).
La APPS fornisce, per un sito di interesse, i valori di una misura di intensita dello scuotimento
(MI) che corrispondono a una serie di tassi di eccedenza (la cosiddetta curva di pericolosita).
La MI ¢, in genere, I’ordinata di uno spettro in pseudo-accelerazione e la struttura deve essere
progettata per valori di MI corrispondenti a tassi che sono funzione della prestazione sismica
desiderata.

Anche se gli eventi sismici si verificano generalmente concentrati nello spazio e nel tempo
(sequenze sismiche), la APPS descrive I’occorrenza dei terremoti mediante processo di Poisson
omogeneo (PPO). Questo modello viene utilizzato per determinare le azioni sismiche di
progetto in Italia, sebbene altri processi possano essere utilizzati per la APPS (si veda a esempio
Beauval et al., 2006, o Polidoro et al.,2013). Dall’ipotesi di PPO per 1’occorrenza dei terremoti,
consegue che gli eventi che causano il superamento di un dato valore di MI a un sito di interesse
occorrano ancora secondo un PPO (Cornell, 1968). Per essere compatibile con quest’ipotesi di
modellazione, la APPS considera solo i terremoti principali, in genere i terremoti di magnitudo
maggiore all’interno di ciascuna sequenza. Per identificare le sequenze ed estrarre i terremoti
principali si utilizzano procedure generalmente note come de-raggruppamento del catalogo
(e.g., Gardner e Knopoff, 1974).

Per scopi di valutazione e gestione del rischio a breve termine durante sequenze sismiche, ¢
stata sviluppata la APPS per le repliche o0 APPS-R (Yeo e Cornell, 2009). La APPS-R modella
I’occorrenza di scosse di replica tramite il processo di Poisson non omogeneo (PPNO), il cui
tasso ¢ funzione sia del tempo trascorso dal terremoto principale sia della sua magnitudo,
attraverso la legge Omori modificata (Utsu, 1961). Poiché le sequenze di terremoti, che
includono terremoti che precedono e seguono quello principale, si verificano con lo stesso tasso
di occorrenza dei terremoti principali, & possibile combinare APPS e APPS-R per includere
le repliche nella APPS, sebbene utilizzando il catalogo in cui le repliche sono state rimosse.
Infatti, ¢ stata recentemente presentata la analisi di pericolosita basata su sequenze sismiche
(APPS-S), Iervolino et al. (2014. 2018). Per ogni dato valore di MI, la APPS-S fornisce il tasso
di occorrenza di sequenze sismiche in grado di causarne il superamento al sito di interesse, € i
suoi principali vantaggi sono:

(1) e probabilisticamente rigorosa nel quadro delle ipotesi di APPS e APPS-R;

(2) consente di conservare I’ipotesi del PPO per 1’occorrenza delle sequenze;

(3) evitaiproblemi dei cataloghi relativi alla completezza rispetto alle scosse di replica (si

veda anche Marzocchi e Taroni, 2014).

Va anche sottolineato che la APPS-S, sebbene stimolata dal lavoro di Boyd (2012), ¢ diversa
principalmente perché: (i) non considera terremoti che precedono quello principale; (ii) fa
ricorso alla APPS-R per descrivere 1’occorrenza delle scosse di replica; e (iii) fornisce una
analitica estensione analitica del classico integrale di pericolosita.

Per quantificare I’effetto delle scosse di replica sulle accelerazioni di progetto, la SPSHA
¢ stata applicata al caso italiano per sviluppare mappe di (pseudo) accelerazioni spettrali
corrispondenti a quattro periodi di ritorno del superamento, cio¢ quelli che sono pilt comuni
per la progettazione delle strutture secondo il codice sismico italiano. A questo scopo, ¢ stato
utilizzato lo stesso modello sorgente (Meletti et al., 2008) dell’attuale mappa di pericolosita
sismica ufficialmente adottata dalla normativa (Stucchi et al., 2011). Le mappe di APPS-S
ottenute sono state confrontate con quelle corrispondenti basate sullo stesso modello sorgente,
ma ottenute con la APPS classica. Cio ha consentito di valutare quantitativamente gli effetti delle
repliche sulla progettazione strutturale, una questione rilevante dalla prospettiva dell’ingegneria
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Fig. 1 - Mappe di PGA su roccia per quattro periodi di ritorno del superamento pari a: 50, 475, 975 e 2475 anni. I
pannelli da (a) a (d) sono calcolati tramite la APPS, (e) a (h) sono calcolati tramite la APPS-S.

sismica. Come esempio di risultati, nella Fig. 1 si riportano le mappe ottenute attraverso la
APPS e la APPS-A per la PGA e relativamente a quattro periodi di ritorno del superamento su
roccia: 50,475,975 e 2475 anni.

I risultati portano a concludere che, pur tenendo conto delle I’ipotesi di lavoro alla base
dello studio, e che potrebbero certamente essere riviste sulla base di ulteriori approfondimenti,
I’introduzione delle sequenze di scosse di replica, secondo la legge di Omori modificata, pud
avere un effetto non trascurabile sulle azioni sismiche di progetto in Italia soprattutto nei siti
con la pericolosita pit alta secondo la pericolosita classica.
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THE SEISMIC VULNERABILITY ASSESSMENT OF THE MEF BUILDING IN ROME
DOWNTOWN: THE CONTRIBUTION OF THE 1D SITE RESPONSE ANALYSIS

L. Macerola, M. Tallini, G. Bosco
Department of Civil, Construction-Architectural and Environmental Engineering, L'Aquila University, Italy

The results of the 1D local seismic response analysis of the area of the Italian Ministry
of Economy and Finance building (in the following MEF site) are presented. The seismic
site analysis has been planned to support the seismic vulnerability assessment of the above-
mentioned building placed in the Rome downtown (Castro Pretorio district nearby Porta Pia
and Termini railway station).

The subsoil model and the seismostratigraphy at the MEF building site have been achieved
via an extensive investigation program that included the drilling of a 60 m-deep borehole with
continuous sampling (named S1), the retrieval of 21 undisturbed and disturbed soil samples on
which were carried out several static and dynamic lab tests as well as the determination of the
physical properties of the different soil layers.

5 B ng(kr&/ S)o_ 7 6E Once coring was completed the borehole was
@ /4 anthropic equipped with the PVC pipe for later down-
;| deposit hole tests.
. x st:(;-%osmrf The geophysical investigation comprised
— . ' the execution of two down-hole tests in the
pyroclastics borehole S1, using two different techniques
. \gltt:r;iiiagigg'?(l:t (single receiver and couple of receivers 1 m
(TLL, SKF) apart), the execution of another down-hole
15 ! . foégo'ﬁ%mnﬁs test (couple of receivers 1 m apart) inside a
gl - i different borehole, always located in the MEF
1 site, the execution of MASW and seismic
@ . refraction investigation and the recording of
\ three long-duration microtremor measurements
25 ‘ . throughout a 24 hours time interval.
Based on the results of the intensive
’é\ ; , investigation and by interpreting the litho-
=3 Al stratigraphy of the borehole S1 considering
= sand and gravel : .
= . G it the geological background and mapping of the
O 35 Paleo-Tiber R. Roman area (APAT, 2008; AA.VV., 2008), a
o . .
(CIL) multitask approach was carried out to define
/ Vs=200-400 m/s , representative subsoil model of the MEF
40 Z=174-51m . R .
site, to assign the numerical values to the
parameters involved in the modelling, to select
45 the input motions, and, finally, to perform
the 1D numerical modelling with the code
STRATA (Kottke and Rathje, 2008) (Tab. 1;
50 .
Figs. 1, 2, and 3).
I - clayey silt Based on the geotechnical and down-hole
55| == min. value (MVA) data, a seismostratigraphy of the MEF site
| = average value \zlfg?eioe% comprising several horizons showing different
I Bt 2 LA Vs values was reconstructed to a depth of 60 m

Fig. 1 - Vs values from the down-hole tests performed
in the borehole S1. The acronyms TLL, SKF, CIL and
MVA refer to the geological formation of the CARG
sheet 374 Rome at 1:50,000 scale. Vs: shear wave

velocity value; Z: depth (m bgl).

bgl (Tab.1).The seismic bedrock was established
at 550 m bgl considering the stratigraphy of the
nearby Circo Massimo deep borehole (AA.VV.,
2008; Pagliaroli et al., 2011) which evidences
at that depth, within the between the Pliocene
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marine continental shelf deposit, the boundary between the clayey unit (i.e. MVA Formation of
CARG sheet 374 Rome) and the underlying sandy unit of (AA.VV.,2008) (Tab. 1). The adopted
depth of the seismic bedrock (H), equal to 550 m bgl, agreed with the estimation of H for the Mef
site by applying the formula: f = Vs / 4H, imposing the resonance frequency (f) equal to 0.30-
0.35 Hz and an average Vs obtained from the available measures (Pagliaroli ef al.,2011). For the
soil behaviour the well-known equivalent linear model was adopted. Thus, the shear modulus G
and the damping factor D depend on the shear strain y induced by the earthquake motion and are
iteratively adjusted until they match a fraction of the maximum strain caused in each layer by the
passing shear waves. The adopted G/G, vs ¥ and D vs 7y curves of the soil units were obtained
from resonant column tests specifically performed (Fig. 2). Only for the sandy gravel layers we
adopted curves from literature (Rollins et al., 1998) (Tab. 1).

Tab. 1 - The subsoil model and seismostratigraphy of the MEF site. CI refers to the curve G/GO vs y and D vs y
obtained from the borehole S1 soil samples and reported in Fig. 2.

Geological unit Lithology Depth (m) Vs Density Dynamic
(m/s) | (KN/m3) Behaviour
(see Fig.2)
Anthropic deposit Sand and clayey silt with 0-6.8 100 17 Cl2
(Holocene) (“h" of brick fragments
CARG sheet 374 Rome)
Pyroclastics (cinerite Silty-sandy pyroclastics 6.8-9.2 160 16 Cl2
and tuff) of Sabatini
Volcanic District (Middle cinerite 9.2-11.4 190 16 caz2
Pleistocene)
(“LTT", “SKF" of Sandy-silty pyroclastics 11.4-17.4 200 16 Cl2
CARG sheet 374 Rome)
Silty clay 17.4-20.3 200 18 Cl3
Silt and sand with 20.3-23 240 19 cl4
travertine concretions
Silt and sand with 23-26.4 310 19 cl4
travertine concretions
. . Sandy-clayey silt with 26.4-30 340 19.5 cl4
Alluvial _depos_|t of travertine concretions
Paleo Tiber River
(Middle Pleistocene) Sandy-clayey silt with 30-31.7 360 19.5 Ccl4
(CIL of CARG travertine concretions
sheet 374 Rome) Clayey silt 31.7-39.7 390 19.5 c7
Silty sand 39.7-43.7 350 19.5 cl7
Sandy gravel 43.7-46 360 22 Rollins et al.
(1998) mean
Sandy gravel 46-51 400 22 Rollins et al.
(1998) mean
Clayey silt 51-60 (from | 360 20 CR 15
(MVA of CARG sheet 374 | borehole S1)
Rome encountered in the [/ 550 m (from
Circo Massimo borehole) |Circo Massimo
Pliocene pelite and sand borehole,
of the Tyrrhenian Sea 0and 1D
continental shelf numerical
modelling)
Sand (seismic bedrock) - 800 23.5 damping
(encountered in the =1%
Circo Massimo borehole)
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Fig. 2 - The G/G, vs y and D vs vy curves adopted for the modelling (see Tab. 1), which were obtained from the
borehole S1 soil samples.

The 1D site response analyses have been performed using three free field natural
accelerograms at the bedrock, specific of the seismicity of central Italy, which were recorded
by the Italian Accelerometric Netwotk (RAN): (i) 6 April 2009 (Mw: 6.1) L’ Aquila earthquake
recorded at the AQG station; (ii) 30 October 2016 (Mw: 6.5) Norcia earthquake recorded at
the AVE station; (iii) 19 September 1979 (Mw: 5.9) Valnerina earthquake recorded at ARQ
station. The selected time histories were scaled with respect to two PGA values at the MEF site
provided by the NTC, 2008: ultimate limit state (SLV) with an occurrence probability of 10%
in 200 years.

For the MEF site, the code STRATA was used to perform the analyses of local seismic
response given the above-mentioned three seismic input motions and seven accelerograms
obtained from the Rexel catalogue (Iervolino et al., 2010) and the subsoil model of Tab. 1. As
preliminary results of the site response analysis, the output spectra are compared with the NTC
(2008) spectra specific of the MEF site (Fig. 3). We present several output spectra and NTC
(2008) spectra considering different configurations as reported in Tabs. 2 and 3. At last, as a
first observation, in Fig. 3 we can note that the output spectra are quite similar in shape to, but
weakly lower than those of NTC (2008). The results are promising and so, in the next, our effort
will be devoted to perform the 2D modelling considering that the subsoil model of the MEF
site is very complex because is characterized by vertical and horizontal changing of lithologies
and by the presence of cave in the pyroclastic strata, anthropic deposit and rooms in the MEF
building basement.
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Tab. 2 - The configuration adopted for the modelling whose output spectra are reported in Fig. 3.

Reference acronym of Base level for the modelling Seismic input source
output spectrum in Fig. 3
free-field Rexel db free-field (street level) Rexel catalogue
foundation Rexel db foundation level (-12 m from street level) Rexel catalogue
free-field RAN db free-field (street level) RAN catalogue
foundation RAN db foundation level (-12 m from street level) RAN catalogue

Tab. 3 - The configuration adopted for the NTC (2008) spectra reported in Fig. 3. Vn50 and c2 refer to the nominal
design life (here assumed as 50 years) and the building usage class (here assumed as c2), respectively.

Reference acronym of NTC Ultimate Limit States Soil category
(2008) spectrum in Fig. 3
slv D Vn50 c2 Life Safety Limit State (slv) Soil type D
slc D Vn50 c2 Collapse Limit State (slc) Soil type D
slv CVn50 c2 Life Safety Limit State State (slv) Soil type C
slc CVn50 c2 Collapse Limit State (slc) Soil type C

—free-field Rexel db
——foundation Rexel db

0.9 free-field RAN db
~foundation RAN db
0.8 slv DVn50 c2

——slc D Vn50 c2
—slv CVn50c2

0.7 —slc CVn50 c2

0.3

0.2

0.1

0 0.5 1 15 2 25 3 35 a
Period (s)

Fig. 3 - Comparison between the output spectra obtained from the modelling (free-field Rexel db; foundation Rexel
db; free-field RAN db; foundation RAN db) and those from NTC (2008) (slv D Vn50 ¢2; slc D Vn50 ¢2; slv C Vn50
¢2; slc C Vn50 c2).
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