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ABSTRACT: After the 2016-2017 seismic sequence in Central Apennines, seismic microzo-
nation studies were planned in the framework of the Ordinance 24 of the 12™ of May 2017
(OPCM 24/2017) issued by the Italian Presidency of the Council of Ministers. Numerical
simulations aiming at estimating seismic amplification factors of uniform microzones located
in several municipalities of the Latium Region were carried out in order to provide quantita-
tive elements for reconstruction. The investigated areas include alluvial valleys of variable
shapes filled by heterogeneous deposits. The obtained results demonstrate that the heterogene-
ities of the alluvial deposits are responsible for variations in the seismic response; therefore,
they cannot be neglected in estimating the local seismic response of the sites. The two case
studies of Fonte del Campo and Posta were selected among the studied municipalities for illus-
trating the main findings.

1 INTRODUCTION

The influence of the engineering-geological model of the subsoil on the local seismic response
is a main topic for seismic microzonation studies. In several case studies the availability of
field and laboratory data to design adequate models is not sufficient; therefore, extrapolating
subsoil geometries and properties based on the main geological features represents a powerful
tool for providing the correct resolution for numerical models and quantitative analyses. In
the case of alluvial valleys filled by highly heterogeneous deposits the lateral impedance con-
trasts as well as their peculiar geometries can be responsible for seismic responses which sig-
nificantly differ from the ones obtained with simplified shapes and homogeneous deposits
(Caserta et al., 2012; Martino et al., 2015; Varone et al., 2016). Focusing on 2D numerical
modelling in which the influence of 2D effects due to the shape of the valley is considered, the
presence of the heterogeneities of the deposits plays an important role in assessing the site
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response. Neglecting this variability causes a strong approximation of the simulation results
and it might lead to an underestimation of the ground amplification prediction.

The current guidelines provided by the Italian National Civil Protection for seismic micro-
zonation studies (ICMS, 2008) recommend the use of 2D models in the case of proven hetero-
geneous subsoil conditions. Besides, in seismic microzonation studies (SMS), the distinction of
the seismic microzones is based on numerical output in terms of response spectra and related
amplification factors.

2 CASE STUDY

In this paper two case studies are discussed among the ones considered for the Latium Region
in the framework of the SMS requested by the aforementioned OPCM 24/2017. The two
selected case studies are localized in the Rieti province (NE of Latium Region) in the Central
Apennine area, more precisely in the municipalities of Accumoli and Posta (Figure 1). The
first case study is located in the Fonte del Campo locality: this area which is built on the
Tronto River alluvial deposits, close to the confluence with a left tributary, within a 500 m
wide V-shape valley, was destroyed during the Autumn 2016 earthquakes. The second case
study corresponds to the little town of Posta built on the alluvial deposits of the Velino River
in a 150 m wide V-shape valley: it was also heavily damaged by the 2016 seismic sequence.
The engineering geological sections of the two localities were obtained on the basis of borehole
log-stratigraphies and geophysical investigations, consisting in MASW and DownHole (DH).
In both cases, the alluvial deposits are characterized by heterogeneities consisting in a sedi-
ment layering, up to 35 m thick, which is confined laterally and at the bottom by the geo-
logical bedrock, consisting in cenozoic marly-arenaceous flysch (Fonte del Campo — Figure 2)
and meso-cenozoic marly-calcareous deposits (Posta — Figure 3).

Figure 1. - Geographic location of the selected case studies in Central Apennine (Italy). The epicenters
of the mainshocks of the Autumn 2016 earthquakes are also reported.
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Figure 2. Engineering-geological map and cross section along trace AB obtained from the official 111
Level SMS for the locality of Fonte del Campo. Blue colors refer to geological bedrock consisting in
cenozoic marly-arenaceous flysch (the red overlaid hatch corresponds to intensely tectonised zones);
green colors represent alluvial deposits and debris (overlaid black hatches). Green points in the map indi-
cate boreholes reaching the bedrock; red points indicate boreholes that did not reach the bedrock. The
trace of section AB used in the modeling is also highlighted.

In both case studies, the geological bedrock does not correspond to the seismic bedrock
since a softened layer (with shear wave velocity, Vs, lower than 750 m/s) was observed in the
DH investigations; it originates from the erosional processes responsible for the engravement
of the river valley. Such a geological setting creates lateral contacts between alluvial deposits
and bedrock with impedance contrasts up to 3. In the Fonte del Campo engineering-geological
cross-section (Figure 2) two litotechnical units were distinguished within the recent alluvia of
the Tronto River (GMin code in Figure 2), including from top to bottom: a silty-sandy level
unit with an average Vs of 285 m/s up to 15 m thick and a gravel level with an average Vs of
441 m/s, up to 15 m thick. At Fonte del Campo the softened level of the bedrock below the
alluvial deposits has a Vs of almost 700 m/s.

In the Posta engineering-geological cross-section (Figure 3) three lithothecnical units were dis-
tinguished within the recent alluvia of the Velino River (GMpd code in Figure 3) including, from
top to bottom: a sandy-silt level with an average Vs of 152 m/s up to 5 m thick, a clayey-sand
level with an average Vs of 265 m/s up to 5 m thick and a deeper sandy-silt level with an average
Vs of 167 m/s up to 20 m thick. At Posta the softened level of the bedrock below the alluvial
deposits has a Vs of almost 380 m/s. The resonance frequency of the alluvial body was derived
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Figure 3. Engineering-geological map and cross section along trace IL obtained from the official 111
Level SMS for the locality of Posta. Blue colors refer to geological bedrock consisting in cenozoic marly-
arenaceous flysch (the red overlaid hatch corresponds to intensely tectonised zones); green colors repre-
sent alluvial deposits and debris (overlaid black hatches). Green points in the map indicate boreholes
reaching the bedrock. The trace of section IL used in the modeling is also highlighted.

from seismic noise measurements, analyzed by HVSR (horizontal to vertical spectral ratios)
method. At Fonte del Campo the HVSR function shows peaks ranging from 4.5 up to 6 Hz in
the alluvial deposits while at Posta the resulting amplification peaks range from 2 to 3.5 Hz.

3 NUMERICAL MODELLING

The numerical modelling was performed with a 2D finite difference code (FLAC 7.0 Itasca,
2011). For each geological cross section two different models were created:

1. a heterogeneous model representative of the engineering-geological setting of the respective
valley (Figures 7 and 8);

2. a homogeneous model characterized by the same geomorphological setting but assuming
an alluvial homogeneous filling. The elastic moduli associated to the alluvial filling were
calibrated considering the total vertical travel time of body waves within the alluvium, so
assuming an equivalent P and shear wave velocity.

Based on the geophysical investigations, a seismo-stratigraphy was derived for the
alluvial deposits in the heterogeneous case (i.e. GMin and GMpd for Fonte del Campo
and Posta respectively, see Figures 2 and 3); therefore, several layers were distinguished
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Table 1. Parameter values attributed to the seismo-stratigraphic layers.

Lithotechnical Seismo - stratigraphic
Municipality unit layer y (kN/m?® Vs (m/s) Vp (m/s)
ACCUMOLI GMin Sands (FC_SA) 19 285 533
(FONTE DEL Gravels (FC_GA) 21 441 825
CAMPO) Soft material 21 705 1319
(FC_SOFT1)
Soft material 21 480 898
(FC_SOFT2)
Sandy silts (FC_TERR) 16 327 612
Gravels (FC_CON) 21 252 471
ALS-SFALS Bedrock (FC_BED) 21 1170 2189
GMin Homogeneous filling 20 417 780
POSTA GMpd Sandy silts (LSA) 16 152/167  284/312
Silty clays (SA) 19 265 496
Soft material (BD_SFT) 21 393 735
SFALS Bedrock (FC_BED) 21 800 1497
GMpd Homogeneous filling 18 209 391

in terms of measured Vs as reported in Table 1. A non-linear rheology was assumed for
all the alluvial deposits and the decay curves provided by the SMS of the ODPCM 24/
2017 were associated to each lithology. A hysteretic damping functions (Hardin/Drne-
vich, 1972) was used.

The numerical models were discretized into quadrilateral elements with an element size
of Im constant throughout the models. This size allows an accurate wave propagation
up to a frequency of 20 Hz following the guidelines from Kuhlemeyer and Lysmer
(1973). Absorbing quiet boundaries (Lysmer and Kuhlemeyer 1969) were applied along
the base of the models while free field boundaries (Cundall et al. 1980) were defined
along the lateral edges of the models. According to the current guidelines for seismic
microzonation studies (ICMS, 2008) as well as to the National Technical Regulation for
civil construction (NTC18 by the National Ministry for Public Construction http://www.
cslp.it/cslp/index.php?option=com_content&task=view&id=66&Itemid=20) the analysis of
the local seismic response of the models should be carried out using seven natural
strong-motion recordings provided by the seismic microzonation studies of ODPCM 24/
2017. This set of accelerograms was used in order to illustrate the seismic hazard level
at each site. In particular, the reference hazard level was defined as the 5% damped
acceleration uniform hazard spectrum (UHS) with a probability of exceedance equal to
10% in 50 years (PGA with the same probability of exceedance in the range 0.250 -
0.275 g for both Accumoli/Fonte del Campo and Posta). The selection meets the follow-
ing criteria (Felicetta et al., submitted): i) magnitudes and distances lie in the ranges
defined by disaggregation of the national seismic hazard (http://essel.mi.ingv.it); ii)
selected recordings refer to normal focal mechanisms; iii) the recording site soil category
A was selected according to NTCI18 building codes. For each of the two sites (models),
the average of the recording set lies in the interval between -10% and +30% with respect
to the reference in the period range 0.1-1.1 s. In this paper, for the sake of clarity, we
illustrate the results for only one of the 7 considered accelerograms.

4 RESULTS

Time histories of acceleration were collected every 1 m along the models surface. Focus-
ing on the alluvial valleys, the elastic response spectra were calculated for 5 receivers
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Figure 4. Heterogeneous model of Fonte del Campo case study. Location of some of the output points
is shown.
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Figure 5. Heterogeneous model of Posta case study. Location of some of the output points is shown

located along the surface (see Figures 4 and 5 for their locations) and characterized by 5
different seismo-stratigraphic settings. For each receiver, a comparison between the 5 %
damped acceleration response spectra obtained considering heterogeneous and homoge-
neous models was performed. Additionally, the response spectra computed according to
the ITtalian building code (NTC 2018) were compared to the obtained numerical results.
For assessing the response spectra according to NTCI18, a soil category B and a 475-
year return period for the ordinary building class was considered for Fonte del Campo
valley, while for Posta a soil category C and a 475-year return period for the ordinary
building class was taken into account. The identification of the soil category was
obtained by the DH tests. Figure 6 shows that the heterogeneous and the homogeneous
response spectra for Fonte del Campo models are significantly different and both of
them are characterized by amplitudes much larger than those of NTCI18 independent of
the location of the receiver along the surface.

For Posta, the heterogeneous and the homogeneous response spectra are comparable and
also comparable to NTC18 (or even smaller in amplitudes, see receiver 5 in Figure 6b). The
difference in the seismic responses of the modelled sections could be explained since Fonte del
Campo valley shows a 1D seismic response while Posta valley shows a 2D seismic response
according to the Bard and Bouchon (1985) criterion, based on Vs contrast (bedrock/soft soil)
and shape ratio (h/l — depth/half length) which are 3.8 and 0.50 for Posta and 2.8 and 0.35 for
Fonte del Campo respectively.
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FONTE DEL CAMPO POSTA
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Figure 6. Fonte del Campo (a) and Posta (b) 5 % damped acceleration response spectra derived from

the numerical simulations and according to the regulation. The location of the receivers along the surface
of the alluvial valley is shown in Figures 4 and 5 respectively.

1525



5 CONCLUSIONS

Two case study, selected among the municipalities struck by the 2016-2017 Central Apennine
seismic sequence in Italy and involved in III level microzonation studies following the OPCM
24/2017 issued by the Italian Presidency of the Council of Ministers, allowed to analyse and
discuss the role of heterogeneity in seismic response of alluvial deposits which fill valleys
having different shape. The comparison between homogeneous and heterogeneous models
was performed in terms of 5% damped acceleration response spectra. This comparison
showed that the role of valley shape is prevalent with respect to the fill heterogeneity; this last
one can be considered negligible in case of properly 2D valley system (sensu Bard and Bou-
chon, 1985). More in particular, for the case study of Fonte del Campo the larger width of the
valley respect to its depth increases the differences among the response spectra computed in
case of homogeneous and heterogeneous fill. Since the heterogeneous fill causes higher PSA
values (especially in the plateau period interval) this highlights the relevance of more detailed
engineering geological models of the subsoil. On the contrary, the case study of Posta demon-
strates that the properly 2D resonance effect reduces the differences between response spectra
obtained by assuming homogeneous and heterogeneous fill, therefore allowing to manage a
lower resolution engineering-geological model of the subsoil in the framework of microzona-
tion studies.
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