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INTRODUCTION 

 

In this report we present the geological setting and the geophysical measurements and results 

obtained in the framework of the 2019-2021 agreement between INGV and DPC, called 

Allegato B2: Obiettivo 1 - TASK 2: Caratterizzazione siti accelerometrici (Responsabili: G. 

Cultrera, F. Pacor) for the site characterization of station IT.SULA (Sulmona). 

 

Location and coordinates are reported in Table 1. 

 

Table 1. 

CODE NAME LAT [°] LON [°] ELEVATION [m] 

IT.SULA  Sulmona 

Autoparco (AQ) 

42.07340* 13.91660* 412* 

ADDRESS Via Provinciale Morronese, 13, 67039 Sulmona AQ, Italy 

* Reference table from ITACA (December 2020) 

 

 

A. Geological setting 

 

 

A1. TOPOGRAPHIC AND GEOLOGICAL INFORMATION  

Topographic information related to the site are reported in Table 2.  

Table 3 summarizes all available geological maps from literature for geological analyses. 

 

Table 2. 
 

Topography  Description  Topography 

Class  

Morphology 

Class 

EC8 Class 

 Flat top of isolated  relief 

with slope i<=15° 

T1 VC* C 

* According to nomenclature of ITACA (December 2020) 
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Table 3. 

 

Geological map  Source  Scale  

IT.SULP Geological map of Italy sheet N.146 (Sulmona)  1:100.000  
IT.SULP Geological map of Italy sheet N.369 (Sulmona)  1:50.000  
IT.SULP Geological and technical map – Seismic Microzonation 1:5.000  
 

In Table 4 Geological and Lithotechnical Units (according to Seismic Microzonation classification; 

Technical Commission SM, 2015) are described and are concerned to maps of following chapters. 

The term “original” means the result comes from a preexisting cartography (Table 3); the term 

“deduced” means the result comes from an interpretation of a preexisting cartography according 

to the nomenclature of corresponding cartography. 

 

Table 4 

 

GEOLOGICAL UNITS  

 

LITHOTECHNICAL UNITS  

Geological map. Seismic Microzonation 
(5k) - Municipality of Sulmona. Original. 
 

Lithotechnical Map. According to the 
nomenclature of Seismic Microzonation (Technical 
Commission SM, 2015). Deduced.  

code  description  code  description  

ant Anthropic deposit RIzz Soils containing residues of 
anthropic activity 

col Eluvial-colluvial cover Mlec Inorganic silt, silty or clayey fine 
sand, low-plasticity clayey silt of 
eluvial-colluvial cover 

at1 Alluvial terrace- first order GWfd mixed graved and sand of fluvial 
terrace 
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A2. GEOLOGICAL MAP  

In Figure 1 Geological Map is reported in a 1km x 1km square around the station. 

 

 
Figure 1. Geological map of seismic station site IT.SULA. Scale 1:5.000. Geological units are mapped 
according to the nomenclature of geological map of geological map of Italy 1:50.000 
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A3. LITHOTECHNICAL MAP  

In Figure 2 Lithotechnical Map is reported in a 1km x 1km square around the station. 

 

 
 

Figure 2: Lithotechnical map of the seismic station site IT.SULA. Scale 1:5.000. The lithotechnical units 
are attributed according to the nomenclature of Seismic Microzonation study (Technical Commission 
SM, 2015). 
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A4. SURVEY MAP  

Figure 3 shows the Survey Map reporting both previous investigations and geophysical 

surveys conducted by INGV Working Group. 

 
 

Figure 3: Map of the geophysical surveys made in the sectors around the seismic station IT.SULA. 
Scale 1: 5.000. The box at the bottom right contains a zoom of the area. To the northwest of the station 
have been performed the geophysical investigation conducted by INGV Working Group for the seismic 
characterization of the site (Convenzione DPC-INGV 2019-21, Allegato B2-WP1, Task B, Velocity 
profile at the seismic station report IT.SULA). 
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A5. GEOLOGICAL MODEL  

 

5.1 General description 

 

The seismic station is located in the Sulmona Basin, an intramontane basin extended in a NW-

SE direction, in the outer portion of the Central Apennines, in the Abruzzo Region. The 

compressive tectonic stress that led to the formation of the Apennine Chain generated a 

overthrusts and folds system, with north-eastern vergence. The tectonic structures here 

essentially involve the Triassic-Miocene carbonate cover, belonging to the Lazio-Abruzzo 

domain. In the examined area, the platform and basin carbonates outcrop in the large 

anticline structure of the Monte Morrone. The carbonate successions constitute the oldest 

outcropping units of the geological substratum, here thrusting toward the north-east, over the 

more recent Tertiary terrigenous units of the Apennine Foredeep (Figure 4). The Sulmona 

Basin was generated by Plio-Pleistocene distensive deformation, on the inner side of the 

Morrone fold, affected by a system of normal NO-SE striking faults. The normal faults are 

linked to the extentional phase that has affected the area since the beginning of the 

Pleistocene. These faults, associated with the individual seismogenic source ITIS040 

"Sulmona Basin" (DISS Working Group, 2018), are responsible for the frequent seismicity 

affecting this axial sector of the Apennine chain (e.g., Calamita et al., 1994; Galadini e Galli, 

2000; Pizzi e Galadini, 2009). The tectonic activity of these faults induced the development of 

a halfgraben asymmetric basin, with the depocentre placed in the eastern sector, near the 

Morrone border-fault system.  

The Sulmona halfgraben is filled by a thick Pleistocene-Holocene succession, consisting of 

continental clastic deposits, several hundred meters thick, deposited into lake, river and 

apron-fan environments. The seismic station is placed on the top of the continental 

succession.  

 

 

 
 
Figure 4: Geological profile crossing the Monte Morrone and the  Sulmona basin plain.  The folded 
Mesozoic carbonate units  overthrusted Tertiary tubidites and were then dissected by a system of Plio-
Pleistocene normal faults (Geological Sheet 369 - 1:50.000 “Sulmona”). 
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5.2 Geological Section 

 

The seismic station is located in the industrial area of Sulmona, in the central-northern part of 

the homonymous tectonic basin. 

The geological sections M-M’ and C-C’ (Figures 5 and 6), attached to the seismic 

microzonation of the Municipality of Sulmona, describe the geological structure of the study 

area. 

The geological sections intersect each other near the seismic station and were obtained 

through the stratigraphic correlation, based on both the information deriving from the 

geological field surveys and geotechnical and geophysical tests of the subsurface. 

The Mesozoic Carbonate successions of the geological substratum outcrops on the walls of 

Monte Morrone, at the eastern edge of the Sulmona basin. Similar units, strongly lowered by 

direct fault movements, provide the base for the thick Quaternary deposits accumulated into 

the subsiding tectonic depression. 

The Quaternary units accumulated at the base of the Morrone slope consist of slope debris 

breccias and conglomerates. At the basin margin, the slope deposits interfinger with fluvial 

sand-gravel deposits, with a total thickness of several tens of meters, forming morphological 

terraces and alluvial fans. 

The river units rest on peaty clay deposits, deposited into a lake environment. The fluvial 

deposit are of variable thickness, which decreases towards the center of the basin. The lake 

successions show a maximum thickness of several hundred meters, in the depocentre areas of 

the eastern sectors of the basin, whereas the thicknesses decrease sharply proceeding 

towards the southern and western edges of the Sulmona depression.  

The lake deposits interfinger with fluvio-deltaic gravelly-sand bodies, which become more 

frequent and thicker near the edges of the basin. 

 

 

Figure 5: Schematic geological cross section, oriented SSE-NNW, showing the relationships between 
the Mesozoic carbonate bedrocks and the Quaternary sedimentary infilling of the active graben basin 
(Sulmona Seismic Microzonation - geological cross section M-M’).  

http://hdl.handle.net/2122/14050


 
 

 
Convenzione DPC-INGV 2019-21, All.B2- WP1, Task 2: “Caratterizzazione siti accelerometrici” (Coord.: G.Cultrera, F. Pacor) 
Cite as: Working group INGV "Agreement DPC-INGV 2019-21, All.B2- WP1, Task 2”, (2020). Site characterization report at the seismic station 

IT.SULA – Sulmona (AQ) http://hdl.handle.net/2122/14050      

10 

 

Figure 6: Schematic geological cross section, oriented NE-SW, showing the relationships between the 
Mesozoic carbonate bedrocks and the Quaternary sedimentary infilling of the active graben basin 
(Sulmona Seismic Microzonation - geological cross section C-C’). 
 
5.3 Subsoil model 
 

A geological model to the depth of 400 m for the area surrounding the IT.SULA station was 

developed (Figure 7). The model is based on the extrapolation of surface data, existing 

geotechnical and geophysical surveys, and new geophysical investigations, performed by the 

INGV Working Group, for the seismic characterization of the site and the definition of the 

velocities profiles of the body waves. 

The subsurface model is well constrained for the first 30 - 40 m of subsurface, thanks to the 

correlation of several continuous coring probes, available near the seismic station. The deeper 

part of the model is reasonably well constrained, since a few deep cores (200 to 430 m in 

depth) are available in the study area.  

The first twenty meters of subsoil consist of terraced alluvial deposits (blue in Figure 1 and 5 

and 6) consisting mainly of dense to very dense gravels, and subordinate levels of consistent 

sandy and clayey silts. 

Beneath the terraced alluvial deposits (see the geological sections C-C' and M-M’) there is a 

thick succession of silty-peaty clays, deposited into  lake environments. These cohesive 

deposits increase their stiffness with depth. 

Local sharp increases of stiffness are associated with gravel and sand layers. The alluvial and 

deltaic granular deposits can be at places well cemented (e.g. between 190 and 210 m depth). 

No borehole in the central sectors of the Sulmona tectonic basin reaches the carbonate units 

forming the geological substratum. 
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Figure 7: Bottom - Geological section crossing seismic station IT.SULA. Right - Subsoil model under 

the IT.SULA seismic station and classification according nomenclature of geological map of Italy 

1:50.000 and according to Seismic Microzonation (SM). 
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B. Vs profile 

 

B1. GEOPHYSICAL INVESTIGATIONS 

 

IT.SULA strong motion station is located on a new developed industrial area about 3 km north 

of the Sulmona historical city center. The station is deployed on a small building in a flat area 

surrounded by cultivated fields and logistic sheds. For logistic reasons the geophysical data 

used to characterize the station site were collected on a field located about 300 meters apart 

from the strong motion station assuming a homogeneous geological setting for the two areas. 

To check for this hypothesis a preliminary single station ambient noise H/V measurement 

(HVSR) was collected in the area of geophysical investigation to be compared with the same 

data available at the station site.  The obtained results, shown in Figure 8, are quite similar 

indicating a homogeneous geological condition in the area surrounding SULA station 

confirming the selection of the area used for the geophysical investigations.  

 

 

Figure 8: Comparison between HVSR available at the SULA site (red curve), and obtained at the 

geophysical investigations area (blue curve).   

 

The geophysical investigations made to characterize the velocity profile at SULA site where 

based on: 

 

● A 2D array composed by 12 Reftek 130 data logger equipped with triaxial velocity 

sensors Lennartz LE3D-5S (0.2 Hz natural frequency) in order to record the low 

frequency contribution to the wavefield related to the deepest part of the Sulmona 
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alluvial basin, Figure 9.  The array data were also used for single station ambient 

vibration analysis. The array maximum aperture was of about 300 meters. 

 

 

Figure 9: Plan view of the 2D array based on Reftek 130 instruments. 

 

● A 2D array composed by 24 vertical component geophones (4.5 Hz natural frequency) 

deployed in two concentric circles and connected by cables to a 24 bits Geometrics 

Geode digital recorder, Figure 10. The radius of the two concentric circles was of 13 

and 24 meters. 

The data were collected on July 16,2020. 
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Figure 10: Plan view of the 2D array based on vertical geophones connected to Geometrics-Geode 
data recorder. 

 
B2. H/V spectral ratio from temporary seismic noise measurements 

 
The Reftek array stations were employed to evaluate HVSR at all the 12 recording sites, Figure 

11 shows the obtained H/V curves. All the H/V curves are quite stable in the 0.3–15 Hz 

frequency band suggesting that the velocity model can be considered common to all the 

measuring points.  A clear peak centered at around 0.4 Hz is present at all the array stations 

with amplitude ranging between 5.5 and 7.5. This peak can be related with a deep impedance 

contrast at the base of the basin. Another minor peak, with amplitude between 3.5 and 4 is 

also clear at a frequency of about 0.6 Hz. No peaks are visible at higher frequencies with a 

trend showing H/V amplitudes lower than 1 in a frequency band centered at 5 Hz. This 

feature suggests the absence of clear impedance contrasts in the shallow part of the basin 

where a velocity inversion cannot be excluded. 

The rotational H/V spectral ratio, reported in Figure 12 for three of the array stations as an 

example, does not show any particular directional effect in the recorded data suggesting the 

hypothesis of an omni-directional wavefield. 
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Figure 11: H/V ambient noise spectral ratio for the 12 Reftek instruments (left); average H/V curve, 
along with its standard deviation, (right). 
 

 

Figure 12: Rotational H/V ambient noise spectral ratio for three of the Reftek stations.  
 
 

B3. Results from 2D Reftek Array 

                  

The Reftek instruments were running in continuous mode recording during a several hours 

time window. It was possible to cut a synchronized common time window of two and a half  
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hours to be analyzed in terms of: high resolution frequency-wavenumber (HRFK) analysis on 

the vertical component of ambient vibration (Capon, 1969); three components frequency-

wavenumber analysis (FK3C), (Neidell et al., 1971); Extended Spatial Autocorrelation analysis 

(ESAC), (Aki, 1957; Bettig et al., 2001). The results were interpreted in terms of both Rayleigh 

and Love surface-waves using the software Geopsy (http://www.geopsy.org).   

The results, presented in Figure 13, show for Rayleigh waves, a clear dispersion curve in the 

1.5 – 9.0 Hz for the FK analysis and in the 1.5 – 4.5 Hz for The ESAC approach. All the 

techniques produce similar results confirming the good quality of the recorded data. The 

velocity decrease from about 600 m/s to less than 300 m/s moving towards high frequencies. 

  

 

Figure 13: Rayleigh waves dispersion curve for Rektek array using different techniques: trhee 
components FK analysis (left); High resolution FK (center); ESAC (right). 
 

The dispersion curve obtained for Love waves is less evident but still visible in the 1.5 – 4.0 Hz 

frequency band (Figure 14). In this case the velocity decreases from about 450 m/s to 350 m/s 

moving towards high frequencies. 
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Figure 14: Love waves dispersion curve for Rektek by three components FK analysis.  

 

B4. Results from 2D Geophones Array 

 

The geophones array data were recorded, at a sample rate of 250 sample/s during 39 four 

minutes long recording windows, for a total recording length of 156 minutes. Data were then 

merged in a unique Sac (Seismic Analysis Code), (Goldstein et al., 2003), format data file and 

analyzed in terms of conventional high resolution and conventional frequency-wavenumber 

analysis to the vertical component of ambient vibration. Also the ESAC technique was applied.  

The results were interpreted in terms of Rayleigh surface-waves (http://www.geopsy.org).       

Figure 15 shows the dispersion results. For FK technique a dispersion curve is visible in the 4 

- 20  Hz frequency interval with velocity values slowly decreasing from about 300 m/s to 250 

m/s. ESAC results also show a dispersion curve in the range 3 – 15 Hz with velocity varying in 

the 300 – 250 m/s interval. Also in this case all applied techniques give similar results. 

 

Figure 15: Rayleigh waves dispersion curve for Geophones array using different techniques: FK 
analysis (left); High resolution FK (center); ESAC (right). 
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B5. Dispersion curve selection 

The good quality of the recorded data and the similarity between the results obtained using 
different approaches allows to put together 2D and geophones array data to obtain a unique 
dispersion curve for Rayleigh waves. This curve is well defined in a wide frequency range (1.5 
– 20 Hz) with velocity decreasing from 500 to about 250 m/s moving towards high 
frequencies (Figure 16). At low frequencies ESAC dispersion curve is slightly slower than FK 
curves, as often observed in experimental data. For this reason, the final dispersion curve to 
be inverted was picked following the ESAC data at low frequencies. For Love waves we 
selected the only curve available (Figure 14). 

 

 

 

Figure 16: Rayleigh dispersion curve obtained by the combination of all the applied techniques 

analysis. 

B6. 1D seismic velocity model 

 

The selected dispersion curve has been associated with the fundamental mode of Rayleigh 

and Love surface-waves. In order to enlarge the frequency band to be used in the inversion 

procedure and, as a direct consequence the investigation depth, we performed a joined 

inversion of both Rayleigh and Love waves dispersion curve and H/V spectral ratio curve 

interpreted as Rayleigh waves ellipticity curve and peak. The parametrization was chosen in  
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order to describe the sedimentary layers described in the geological section.  The initial model 

is based on an outcropping soft soil surface low velocity overlying a sandy gravel layers with 

maximum thickness of 30 meters. A constraint was put to the gravel thickness tacking into 

account the data obtained in a cross-hole test performed between the array area and the SULA 

station site. Below the gravel layer the lacustrine clay unit was parameterized   with three 

over imposed layers with increasing velocity. A velocity inversion is allowed at the gravel – 

clay interface. The model bedrock is constituted by limestone at a depth that can reach the 

value of some hundred meters. The results of the inversion are shown in Figure 17 in terms of 

fit between measured and inverted dispersion and ellipticity curves.  The quality of fit is quite 

good for all the three used target curves.  

 

 

Figure 17: Fit between observed and modelled:  fundamental mode Rayleigh waves dispersion curve 

(left); fundamental mode Love waves dispersion curve (center); ellipticity curve associated to 

Rayleigh waves dispersion fundamental mode (right). 

 

The inverted velocity models are shown in Figure 18 in terms of both Vp and Vs values. The 

best inverted model shows a surface 10-15 meters thick layer characterized by a velocity of 

about 250 m/s. The underlying gravel layer is characterized by velocity in the 450 – 600 m/s 

range and a few meters thickness. The clay layers show a velocity value starting from about 

320 m/s and increasing to about 600 m/s at a depth of 160 – 200 meters where a 

discontinuity is found with a step in velocity that raises up to more than 1000 m/s. The  
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bedrock interface is found at depth between 600 and 700 meters, with an uncertainty due to 

the lowering of resolution typical of surface waves approach. The obtained results are in 

agreement with available data, in particular the cross hole results show a velocity inversion at 

the gravel – clay interface with gravel velocity higher than 500 m/s and clay initial value 

slightly higher than 300 m/s. A 400 meters deep borehole located in the vicinity of the 

investigation area cannot reach the bedrock confirming the high thickness of the alluvial 

filling of the valley in the investigation area.  

 

 

 

 

Figure 18: Inverted velocity models for Vp (left) and Vs (center). The right panel refers to the Vs 

profile in the first 100 meters.  

 

 

Figure 19: Best Vs model derived from the inversion procedure.   
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The best Vs model derived from the inversion is presented in Figure 19 and in Table 1, these 

data can be used for evaluating the soil class for SULA station. 

 

From (m) To (m) Thickness (m) Vs (m/s) Vp(m/s) 

0 13 13 256 780 
    

13 15 2 595 1491   

15 30 15 321 1500    

30 45 15 352 1500 

45 60 15 382 1500 

60 75 15 413 1500 

75 90 15 444 1500 

90 105 15 474 1500 

105 120 15 505 1500 

120 135 15 536 1500 

135 150 15 566 1500 

150 165 15 597 1500 

165 190 25 758 3082 

190 215 25 854 3082 

215 627 412 1102 3860 

627   2831 4965 

 
Table 1: Parameters of the best model derived from the inversion procedure. 
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B7. CONCLUSIONS 

 
Surface-wave analysis at IT.SULA station indicates a site of soil class C (Table 2).  

Ambient vibration H/V spectral ratio shows a clear and stable peak at low frequency (0.4Hz) 

and not secondary peaks at higher frequencies. The joint inversion of dispersion and 

ellipticity curves provides the  best Vs models of Figure 19 with the bedrock layer at a depth 

of about 627 meters and a impedance contrast at a depth of about 160 - 200 meters indicating 

some possible variation in the characteristics of the clay layer characterizing the major unit in 

the basin. 

A particular attention must be addressed to the shallow gravel layer responsible for a velocity 

inversion in the first meters of the stratigraphic column. Its presence is clear in the cross-hole 

site located close to the array area but it is not so evident analyzing the dispersion curves 

obtained in this study. In the best model proposed by the inversion the gravel thickness is 

quite small, about 2 meters, but, considering the errors associated to the inversion process, a 

higher value of gravel thickness can also be considered possible. In any case the thickness of 

about 20 meters for the outcropping gravel layer proposed by the cross-hole results is not 

compatible with the array results. The presence of a low velocity outcropping layer is strongly 

suggested by surface waves data indicating an inhomogeneity on the characteristics of the 

gravel layer reported as outcropping in the cross – hole data.   

The VS30 retrieved from the best inverted model is 297 m/s (Table 2), then IT.SULA station 

can be classified following EC8 or NTC08 as soil class C.  

 

 

 

 

VS30 (NTC08 or EC8) Soil Class  

297 m/s C   

 

Table 2: Soil class following NTC08 and NTC18. 

 
 
 

http://hdl.handle.net/2122/14050


 
 

 
Convenzione DPC-INGV 2019-21, All.B2- WP1, Task 2: “Caratterizzazione siti accelerometrici” (Coord.: G.Cultrera, F. Pacor) 
Cite as: Working group INGV "Agreement DPC-INGV 2019-21, All.B2- WP1, Task 2”, (2020). Site characterization report at the seismic station 

IT.SULA – Sulmona (AQ) http://hdl.handle.net/2122/14050      

23 

 
REFERENCES 
 
Aki, K., 1957. Space and Time Spectra of Stationary Stochastic Waves, with Special Reference 

to Microtremors, Bull. Earthq. Res. Inst. Tokyo, 35, 415-457.  

 

Bettig B., P.-Y. Bard, F. Scherbaum, J. Riepl, F. Cotton, C. Cornou, D. Hatzfeld, 2001. Analysis of 

dense array measurements using the modified spatial auto-correlation method (SPAC). 

Application to Grenoble area., Boletin de Geofisica Teoria e Applicata, 42, 3-4, 281-304. 

 
Calamita F, e Pizzi A (1994) – Recent and active extensional tectonics in the southern umbro-

marchean Apennines (central Italy). Mem. Soc. Geol. It., 48, 541-548. 

 
Capon, J., High-Resolution Frequency-Wavenumber Spectrum Analysis, Proceedings of the 
IEEE, 57, No. 8, 1408-1419, 1969. 
 

Carta Geologica d’Italia in scala 1:100.000 (1943) - Foglio 146 - Sulmona. ISPRA 

http://193.206.192.231/carta_geologica_italia/tavoletta.php?foglio=146 

 

Carta Geologica d’Italia in scala 1:50.000 (2005) - Foglio 369 - Sulmona. ISPRA 

http://www.isprambiente.gov.it/Media/carg/369_SULMONA/Foglio.html 

 
Commissione Tecnica per la Microzonazione Sismica (2015). Microzonazione sismica. 

Standard di rappresentazione e archiviazione informatica, Versione 4.0b (Commissione 

tecnica inter-istituzionale per la MS nominata con DPCM 21 aprile 2011) 

 
DISS Working Group (2018): Database of Individual Seismogenic Sources (DISS), Version 

3.2.1: A compilation of potential sources for earthquakes larger than M 5.5 in Italy and 

surrounding areas.  http://diss.rm.ingv.it/diss/, Istituto Nazionale di Geofisica e Vulcanologia; 

DOI:10.6092/INGV.IT-DISS3.2.1. 

 
EN 1998-5 (2004). Eurocode 8: Design of structures for earthquake resistance - Part 5: 

Foundations, retaining structures and geotechnical aspects, CEN European Committee for 

Standardization, Bruxelles, Belgium. 

 

http://hdl.handle.net/2122/14050
http://193.206.192.231/carta_geologica_italia/tavoletta.php?foglio=146
http://www.isprambiente.gov.it/Media/carg/369_SULMONA/Foglio.html
http://diss.rm.ingv.it/diss/


 
 

 
Convenzione DPC-INGV 2019-21, All.B2- WP1, Task 2: “Caratterizzazione siti accelerometrici” (Coord.: G.Cultrera, F. Pacor) 
Cite as: Working group INGV "Agreement DPC-INGV 2019-21, All.B2- WP1, Task 2”, (2020). Site characterization report at the seismic station 

IT.SULA – Sulmona (AQ) http://hdl.handle.net/2122/14050      

24 

Galadini F, e Galli P (2000) – Active tectonics in the Central Apennines (Italy) – input data for 

Seismic Hazard Assessment. Nat. Hazards, 22, 225-270, doi:10.1023/A:1008149531980. 

 
Goldstein, P., D. Dodge, M. Firpo, Lee Minner (2003) “SAC2000: Signal processing and analysis 

tools for seismologists and engineers, Invited contribution to “The IASPEI International 

Handbook of Earthquake and Engineering Seismology”, Edited by WHK Lee, H. Kanamori, P.C. 

Jennings, and C. Kisslinger, Academic Press, London. 

 

Luzi L, Pacor F, Puglia R (2019). Italian Accelerometric Archive v3.0. Istituto Nazionale di 

Geofisica e Vulcanologia, Dipartimento della Protezione Civile Nazionale. doi: 

10.13127/itaca.3.0. 

 
Neiddell, N. and Turhan Taner, M.: Semblance and other coherency measures for multichannel 

data, Geophysics, 36, 482–497, 1971. 

 

Norme Tecniche per le Costruzioni (NTC08). Ministero delle infrastrutture e dei Trasporti (2008). 

Decreto Ministero Infrastrutture. GU Serie Generale n. 29 del 04-02-2008 - Suppl. Ordinario n. 30. 

 
Norme Tecniche per le Costruzioni (NTC18). Ministero delle infrastrutture e dei Trasporti (2018). 

Decreto Ministero Infrastrutture. GU Serie Generale n. 42 del 20-02-2018 – Suppl. Ordinario n. 8. 

 
Pizzi A. e Galadini F. (2009) – Pre-existing cross-structures and active fault segmentation in the 

northern-central Apennines (Italy). Tectonophysics, 476, 304-319, 

doi:10.1016/j.tecto.2009.03.018. 

 
Regione Abruzzo – Geoportale - http://geoportale.regione.abruzzo.it/ 

 
InGEO – Dipartimento di Ingegneria e Geologia dell’Università “G. d’Annunzio” Chieti-Pescara 

(2016). Studio di Microzonazione Sismica di Primo Livello del Comune di Sulmona 

https://protezionecivile.regione.abruzzo.it>index.php>microzonazione. 

 
Working group INGV "Agreement DPC-INGV 2019-21, All.B2- WP1, Task 2”, (2019). Velocity 

profile report at the seismic station IT.SULP – Sulmona. http://hdl.handle.net/2122/12969 

 
 

http://hdl.handle.net/2122/14050
http://geoportale.regione.abruzzo.it/
http://hdl.handle.net/2122/12969


 
 

 
Convenzione DPC-INGV 2019-21, All.B2- WP1, Task 2: “Caratterizzazione siti accelerometrici” (Coord.: G.Cultrera, F. Pacor) 
Cite as: Working group INGV "Agreement DPC-INGV 2019-21, All.B2- WP1, Task 2”, (2020). Site characterization report at the seismic station 

IT.SULA – Sulmona (AQ) http://hdl.handle.net/2122/14050      

25 

 

Disclaimer and limits of use of information  

The INGV, in accordance with the Article 2 of Decree Law 381/1999, carries out seismic and volcanic monitoring of 

the Italian national territory, providing for the organization of integrated national seismic network and the 

coordination of local and regional seismic networks as described in the agreement with the Department of Civil 

Protection.  

INGV contributes, within the limits of its skills, to the evaluation of seismic and volcanic hazard in the Country, 

according to the mode agreed in the ten-year program between INGV and DPC February 2, 2012 (Prot. INGV 2052 of 

27/2/2012), and to the activities planned as part of the National Civil Protection System.  In particular, this 

document1 has informative purposes concerning the observations and the data collected from the monitoring and 

observational networks managed by INGV.  

INGV provides scientific information using the best scientific knowledge available at the time of the drafting of the 

documents produced; however, due to the complexity of natural phenomena in question, nothing can be blamed to 

INGV about the possible incompleteness and uncertainty of the reported data.  

INGV is not responsible for any use, even partial, of the contents of this document by third parties and any damage 

caused to third parties resulting from its use.  

The data contained in this document is the property of the INGV.  

 

Esclusione di responsabilità e limiti di uso delle informazioni  

L'INGV, in ottemperanza a quanto disposto dall'Art. 2 del D.L. 381/1999, svolge funzioni di sorveglianza sismica e 

vulcanica del territorio nazionale, provvedendo all’organizzazione della rete sismica nazionale integrata e al 

coordinamento delle reti sismiche regionali e locali in regime di convenzione con il Dipartimento della Protezione 

Civile.  

L'INGV concorre, nei limiti delle proprie competenze inerenti la valutazione della Pericolosità sismica e vulcanica 

nel territorio nazionale e secondo le modalità concordate dall'Accordo di programma decennale stipulato tra lo 
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