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ABSTRACT: It is well known that to better characterize the seismic phenomenon several parameters

such as site effects have to be considered. Indeed, during the wave propagation process, the soil near the

surface can have an effect of amplification or de-amplification on the ground motion. This may be

related to soil type (soft), geology or soil heterogeneity among others. This work aims to study

numerically the effect of local geology on ground motion prediction at a regional scale. The studied site

is located at Kefalonia Island (Greece). This site is well characterized and instrumented by several

sensors placed in such a way that allow to measure the effect of spatial variability on the recorded

signals.

1. INTRODUCTION

The seismic hazard is influenced by different ef-

fects, from the emission of waves during an earth-

quake to the studied site. This hazard depends on

the heterogeneities of the fracture process at dif-

ferent scales, the wave propagation path and the

site effects. At the regional level, the mechanisms

of radiation during the rupture and its propagation

in the earth’s crust characterizing the hazard in-

volve the determination of attenuation laws. On the

other hand, at the local scale, the geomorphological

conditions of a site can considerably intensify the

strength of an earthquake by the amplification of

the movement of the ground (Cruz-Atienza et al.,

2016). The characterization and the consideration

of these site effects, related to the soil conditions,

are essential for the evaluation of the seismic risk.

Site effects are related to the geometric structure of

the soil and subsoil. Two types of structures are

responsible for the main observed effects: the to-

pography and the sedimentary fillings (e.g. during

the 1985 Mexico City and 1995 Kobe earthquake

(Pitarka et al., 1996).

The importance of these local soil effects is well

established, especially the effects of relief and sedi-

mentary failures, which can generate large amplifi-

cations and significant spatial variations of ground

motion and thus strongly influence long-term struc-

tures, such as large-scale bridges. At first, the 1D

models made it possible to explain certain amplifi-

cation effects. By their extreme simplicity of imple-

mentation and application, they are widely used in

earthquake engineering (soil/structure interaction).

But this 1D modelling is very limited, especially

for the consideration of surface waves that can sig-

nificantly amplify and lengthen the signals. 2D
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simulations have thus made it possible to highlight

surface-wave reflection effects at the edge of a basin

(Kawase, 1996), as well as amplification effects re-

lated to a 2D mode resonance (Bard and Bouchon,

1985). Numerous studies have shown the influence

of the 3D basin structure on the seismic response,

characterized by larger amplitudes and higher fre-

quencies than the 1D and 2D responses. Predicting

physics-based ground motion in a region character-

ized by complex geology is a challenge.

The simulation of ground motion created by an

earthquake involves the numerical resolution of

the equations of elastodynamics. Numerous nu-

merical methods exist to simulate the wave prop-

agation and have been developed lately. How-

ever, despite a good understanding of the physics

and mathematics underlying the problem of ground

motion simulation in complex geological frame-

work, such simulations represent a real challenge.

Three-dimensional simulations that consider realis-

tic models and cover the complete frequency band

of interest are not yet sufficiently developed. In-

deed, such studies imply the necessity to consider

several aspects of the problem: large spatial ex-

panses (allowing to capture all the phenomena of

structural origin and those related to the source), a

good resolution, constitutive laws capable of mod-

elling the soil effects, seismic source modelling and

many scenarios for a better characterization of the

seismic hazard.

In this paper, the effect of local geology on pre-

dicted ground motion is studied numerically via the

simulation of some seismic events recorded in the

site test installed at Kefalonia Island. For this study,

the size of the considered computational model is

27 × 30 × 50 km and it can resolve wave propaga-

tion up to 5 Hz. The simulation concerns a Mw4.6

earthquake of the June, 04th 2016 which can be

compared with the available database.

2. METHODOLOGY

2.1. The studied site characterization

The Argostoli test site located at Kefalonia Island

was selected for this study (Fig. 1). It is a site

of high seismicity which is due to the proximity

of the Kefalonia Transform Fault (Haslinger et al.,

1999; Sokos et al., 2016). In fact, this fault is a

connection boundary close to the island of two

subduction troughs: Hellenic Arc in the south

and the Adriatic Fault Zone (Louvari et al., 1999).

This site was chosen to carry out geological re-

connaissance and geophysical acquisition missions

in the framework of SINAPS@ project and the

NERA European research program among others

(Cultrera et al., 2014). Different site characteristics

have motivated this choice, i) the significant seis-

micity which allows to collect strong movements in

a reduced time (Sbaa et al., 2017) and ii) the geo-

logical configuration of this area, namely the pres-

ence of sedimentary basin which is favorable to the

occurrence of site’s effects (Fig. 2). The sedimen-

tary basin (Koutavos) is located south of the capital

of the island (Argostoli). It is located at the bottom

of a lagoon and filled with quaternary and Pliocene

detritic deposits (Cushing et al., 2016). In addition,

according to the works of Svay et al. (2017) and

Imtiaz et al. (2017), a spatial variability was ob-

tained when the records of installed dense network

were analysed.

Figure 1: Location of measurement site on Cephalonia

island in Greece.

One of the goals of this site is to allow the valida-

tion of 3D computational codes by comparing their

prediction to real data through the installation of a

permanent accelerometric vertical network.

Concerning the geological model, in this work,

the crustal velocity model adopted for the study

of this region is the 1D profile proposed by

Haslinger et al. (1999) (Tab. 1). Concerning the lo-

cal scale, a more refined geological model that has

been obtained by Hollender et al. (2015) using in

situ measurements is used (Tab. 2).

2.2. Numerical model

The 3D Spectral Elements Method (Patera, 1984;

Mayday et al., 1989) code SEM3D was used to
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Figure 2: 3D refined geological model of Argostoli

region proposed by [Cushing et al., in prep.].

Table 1: Values for 1D Crustal model proposed by

Haslinger et al. (1999) for Ionian region.

Depth (km) Vp (km/s) Vs (km/s) Qp Qs

0.5 5.5 2.7 300 150

2.0 5.5 2.9 300 150

5.0 6.0 3.2 300 150

10.0 6.2 3.2 300 150

15.0 6.5 3.4 300 150

20.0 6.7 3.8 300 150

30.0 6.8 3.8 300 150

40.0 8.0 4.7 1000 500

Table 2: Values for velocity model proposed by

Hollender et al. (2015) for Argostoli Area.

Depth (km) Vp (km/s) Vs (km/s) Qp Qs

0.0 2.0 0.6 300 150

0.03 2.4 1.0 300 150

0.4 4.6 2.7 300 150

1.0 6.0 3.2 300 150

2.0 6.2 3.2 300 150

compute numerically the propagation of elastic

waves in the medium (solid or fluid). Among

the advantages of SEM3D, its efficient and cost-

effective massively parallel implementation (by

Message Passing Interface, MPI) on large super-

computers and its ability to accurately take into ac-

count 3D discontinuities such as the sediment-rock

interface. The original core of the SEM3D soft-

ware allowed to solve the wave propagation prob-

lem in any velocity model, including anisotropy and

intrinsic attenuation.

In order to evaluate the effect of the presence of

a sedimentary basin on ground motion two differ-

ent cases was studied and compared. The first case

is a layered model using the velocity model pro-

posed by Haslinger et al. (1999) (for upper layers).

However, this model does not allow to see the local

effects. In order to take into account the geologi-

cal characteristics of the site, a more refined model

(second case) was studied considering the reel ge-

ometry of the sedimentary failures (Fig. 3). The

two models have the size of : 27 × 30 × 50 km

(Fig. 4). The size of the elements constituting the

mesh is 130 × 130 m in the horizontal directions

(EW and NS). For the vertical direction the size of

the elements is adapted according to the properties

of each layer. Figure 5 shows a plan view and a

cross section of the constructed numerical model.

(a) Layered model

(b) Basin Model

Figure 3: Studied cases to evaluate basin effect on seis-

mic ground motion. (a) The first model est a layered

one. (b) The second studied model takes into account

the reel local geology of the studied site.
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Figure 4: Sketch of the studied Argostoli area including

basin model.

Figure 5: Plan view and cross section of the studied

Argostoli area including basin model.

3. NUMERICAL RESULTS

The basins have complex structures in which am-

plifications are generally due to the interference be-

tween the geometrical shape and the surface waves.

Wave propagation is analysed here in a realistic

model of the Argostoli Basin. The dimensions of

the basin are about 2.0 km × 0.6 km. The waves

are generated by a source located 14 km deep in

the rock modelled by point-wise double-couple. It

represents a magnitude Mw4.6 with Strike=163◦,

Dip=39◦, Slip=92◦. A series of receivers is placed

on the surface. The influence of the basin is esti-

mated by the amplification function calculated be-

tween a point inside the basin and another point lo-

cated outside the basin at the reference rock. In or-

der to take into account the surface waves, the ver-

tical displacement as a function of the horizontal

displacement is calculated. Figure 6 shows that the

consideration of a realistic geometry of the basin

(Basin model) generates a stronger displacement

than the simplified case (Layered model). This in-

dicates the appearance of surface waves due to the

presence of the basin.

Figure 7 shows the amplification between the

sensor inside the basin and the one outside the

basin. It should be noted that in the case of the

stratified model there is no peak in the NS direc-

tions and the appearance of very small peaks in the

EW direction. On the other hand, in the case of

the basin model the peaks appear in both directions.

Theses peaks are approximately at 1.8 HZ, 2.9 Hz

and 4 Hz.

Figure 8 shows that the presence of the sedimen-

tary basin amplifies the response of the soil, espe-

cially in East-West direction and shifts it slightly

towards the high frequencies.

Figure 9 shows the signal elongation as a func-

tion of time of the two models studied compared

to the two reference points. It is noted that for both

studied models the elongation is greater in the East-

West direction and is even more important for the

point within the sedimentary basin.

4. CONCLUSIONS

In this paper, a 3D physics-based earthquake sce-

nario is presented. The selected case study is the

Argostoli basin, in Greece. A 3D numerical model

of the shallow sedimentary basin is constructed, by

means of a SEM model. The 3D analyses are accu-

rate up to 5 Hz.

The effect of the basin is studied in terms of time

histories displacement recorded at the surface and
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Layered model
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Figure 6: Comparison of sensors displacement at the

point 6 located inside the basin.

amplification functions by comparing tow models.

In this case the basin has the effect of amplifying

the ground motion at particular frequencies and also

generating surface waves.

These results highlight the influence of the pres-

ence of sedimentary basin on the seismic response

of the study site. These effects are very important

to be considered in particular for the construction of

the Ground Motion Prediction Equations in order to

introduce site’s effects.

As future developments, the construction of a

model including the geological reality (considera-

tion of the topography and bathymetry and the sed-

imentary basin) of the site is envisaged with an in-

creased frequency range.
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Figure 7: Comparison of the amplification functions of

the studied models in EW and NS directions
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