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The impact of non-linear soil behavior on site 

response may be described by the non-linear to 

linear site response ratio so-called RSRNL-L. This 

ratio exhibits a specific shape with an amplitude 

above 1 below a site-specific frequency fNL and an 

amplitude below 1 above. This talk will present an 

investigation of the correlation between this 

RSRNL-L ratio and various parameters used to 

characterize the site or the seismic loading level. 

The data used in this analysis come from sites of 

the Japanese Kiban–Kyoshin (KiK-net) network, for 

which the nonlinear to linear site-response ratio 

(RSRNL-L) is obtained by comparing the 

surface/down-hole Fourier spectral ratio for 

strong events and for weak events. A neural 

network approach is used to investigate the 

performance of various loading parameters (PGA, 

PGV, PGV/VS30, CAV, etc.) and site proxies (VS30, 

f0, sediment thickness,...) in predicting the 

variability of the observed non-linear ratios 

RSRNL-L. The correlation analyses indicate that 

the parameters that better explain the 

observations of non-linear soil behavior are Vs30 

and f0 for the site proxies, and PGA, PGV CAV for 

the loading level (which perform significantly 

better than the strain proxy PGV/VS30). Non-

linear soil behavior is found to start at relatively 

moderate PGA values (even below 100 cm/s2), 

while the amplitude of the low-frequency increase 

and high-frequency decrease of the amplification 

exhibits a dependency on Vs30, reaching 

maximum values for high Vs30 (stiff) soil classes. 
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The evaluation of the seismic spectral response 

under earthquake excitation (i.e. the site 

response) represents a main step towards an 

accurate quantification of the seismic hazard and 

is a fundamental step for the highest level of 

seismic microzonation considered in Italy, i.e. the 

so-called 3rd level (MS3). The Italian Guidelines 

for Seismic Microzonation recommend, for the 

MS3, performing the assessment of local seismic 

response by experimental or numerical 

techniques based the former either on passive 

measures of environmental seismic noise or on 

strong and/or weak-motion events, while the 

latter on 1-D and 2-D numerical simulations, 

respectively. Following the destructive seismic 

sequence that struck Central Italy during 2016-

2017, the Extraordinary Commissioner for the 

reconstruction, appointed by the Italian 

Government, promoted the MS3 of all 138 

damaged municipalities, entrusting the Center for 

Seismic Microzonation and its applications (CMS) 

for the scientific coordination of the activities. The 

CMS organized the work into 6 transversal 

Thematic Units (UT), made up of experts of the 

individual fields, whose purpose was to 

investigate specific technical-scientific aspects, 

organize and harmonize all the existing or 

collected data and providehigh quality products in 

order to achieve the final goal. One of the 6 UTs 

was the Seismological Analysis Thematic Unit 

(UTAS). Four institutions have been involved in the 

UTAS: OGS - IstitutoNazionale di Oceanografia e di 

GeofisicaSperimentale, Seismological Section CRS, 

also with the role of coordinator; INGV - 

IstitutoNazionale di Geofisica e Vulcanologia, 

Sections of Rome and Milan; UNIGE - University of 

Genoa, DISTAV Department; and ENEA - 

AgenziaNazionale per le NuoveTecnologie, 

l'Energia e lo SviluppoEconomicoSostenibile.The 

mainUTAS purpose wasto providequantitative 

informationof the site response amplification 

useful for the MS3 of the localities belonging to 

the 138 damaged municipalities.For the analysis 

of seismological data, the first step was to make a 

census of the seismological stations (seismometric 

and accelerometric, permanent and temporary) 

existing in all the MS3 localities. Then, two buffer 
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areas of 1 km and 5 km, respectively, were built 

around eachmunicipal area (i.e. site), with the aim 

of selecting 1) the stations useful for the 

evaluation of site effects (included in the area 

extended with the 1 km buffer), and 2)the 

candidates to be set as a reference site (included 

in the area extended with the 5 km buffer). As a 

result of this procedure, 111 sites were identified 

as useful and then analyzed, out of a total of 247 

existing stations. 109 stations were used for the 

evaluation of site effects (and in three cases also 

as reference sites) of 102 MS3localities 

(corresponding to about 20% of the total), while 

the remaining two stations were used exclusively 

as reference sites. At each station, four products 

were estimated: a) Spectral ratios between the 

horizontal and vertical components estimated 

from both earthquakes (EHV) and environmental 

seismic noise (HVSR) recordings; b) Spectral 

amplification curves, estimated by Fourier 

amplitude spectra or response spectra, for the 

horizontal and vertical components of the ground 

motion; these values were obtained by applying 

both the classical reference-site spectral ratio 

technique (RSSR), and the generalized inversion 

technique (GIT). c) Site-specific acceleration 

response spectraestimated by the spectral 

amplification curvesand the seismic input defined 

at each MS3locality; d) Amplification factors 

computed from the pseudo-acceleration response 

spectra for three period ranges, and amplification 

factors between the observed PGV and PGA and 

those predicted by a well-establishedGround 

Motion Prediction Equation. Each participant 

group carried out the analyses on different sets of 

stations using its own method. The results were 

harmonized and summarized into homogeneous 

site-specific forms, containing general (i.e. 

geographic, instrumental, geological, 

seismological) information, and the graphic 

representation of the four products. As a 

conclusion of theUTAS study, carried out in a very 

limited period (2 net months), a considerable set 

of quantitative information was delivered to CMS 

and authorities, providing important indications 

to be used for the 3rd level microzonation of 

thedamaged municipalities and their 

reconstruction. We eventually think that this 

experience can be taken as a reference model of 

technical/scientific activity for future post-

earthquake interventions. 
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In this study, we provide preliminary results from 

an ongoing study (funded by The Scientific nd 

Technological Research Council of Turkey, 

TUBITAK) investigating the effects of sitespecific 

surface topography on dynamic soil-structure 

interaction (SSI) behavior of several structures 

located in Istanbul. This is achieved by examining 

the mechanisms of topographic site effects on SSI 

behaviors of given structures and sites by studying 

topography-induced changes in impedance 

functions (IF) and foundation input motions (FIM). 

Dominance of each mechanism is quantified 

through systematic parametric studies on detailed 

continuum finite element models. The nonlinear 

time-domain responses of various soil-

foundation-structure systems subject to strong 

remote earthquake excitations for various site 

conditions are investigated using our opensource 

SSI simulation toolbox. The objective has been to 

test the hypotheses that (i) surface topography 

and irregular stratigraphy of sites would affect 

dynamic SSI behavior of a structure; (ii) the 

topography effects could be completely captures 

through modified IFs and FIMs for a given soil-

foundation system; (iii) incorporation of multi-

axial soil nonlinearities are essential in accurately 

capturing topographical SSI effects. The future 

elements of this effort include the creation of a 

map of topography-induced SSI response 

amplification factors for the south European side 

of Istanbul by performing 3D simulations using 

real site topography and soil stratigraphy data, 

and realistic bedrock ground motions, which are 

available from a comprehensive earthquake 

scenario and seismic micro-zonation study that 

was completed in 2007. 
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