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ABSTRACT: Earthquake forces can quickly cause vibrations that damage structures, leading to cracks and possible
collapse. Buildings designed in accordance with EC8 (Eurocode 8) take into account soil properties based on ground motion
amplification data. The use of average shear-wave velocity for the uppermost 30 m soil layers provides the core for soil type
classification to determine the appropriate design acceleration response spectrum. On one hand, determining vs3o requires
detailed investigations, however, lately intensive research has attempted to correlate vs3o data with slope and geology. On
the other hand, previous results have demonstrated that the amplification of acceleration might differ even for the same soil
category determined based on v3o. In this paper vy is determined from field measurements, also taking into consideration
the correlation between slope values and the measured V3o profile. In addition to this result, 1-dimensional response analysis
is also performed using STRATA software, obtaining the site-specific acceleration spectrum. The study highlights the
importance of seismic site characterization and the usefulness of determining the local site effect.

RESUME: Les forces sismiques peuvent rapidement provoquer des vibrations qui endommagent les structures, entrainant
des fissures et un éventuel effondrement. Les batiments congus conformément a la norme EC8 (Eurocode 8) prennent en
compte les propriétés du sol sur la base des données d'amplification du mouvement du sol. L'utilisation de la vitesse moyenne
des ondes de cisaillement pour les couches supérieures de 30 m du sol constitue la base de la classification des types de sol
afin de déterminer le spectre de réponse d'accélération de conception approprié. D'une part, la détermination de vs3o nécessite
des investigations détaillées, mais récemment, des recherches intensives ont tenté de corréler les données de vy avec la
pente et la géologie. D'autre part, des résultats antérieurs ont démontré que 'amplification de l'accélération pouvait différer
méme pour la méme catégorie de sol déterminée sur la base de vo. Dans cet article, vs3o est déterminé a partir de mesures
sur le terrain, en tenant également compte de la corrélation entre les valeurs de pente et le profil vs3o mesuré. En plus de ce
résultat, une analyse de réponse unidimensionnelle est également réalisée a 'aide du logiciel STRATA, obtenant ainsi le
spectre d'accélération spécifique au site. L'étude souligne l'importance de la caractérisation sismique du site et l'utilité¢ de
déterminer l'effet site local.

Keywords: Site response; local site amplification, slope correlation; ground motion data; response spectrum analysis.

1 INTRODUCTION development of a response spectrum that aligns with
the expected ground motion during seismic events.
This information plays a vital role in designing
structures and infrastructure that can withstand and

The use of average shear-wave velocity for the
uppermost 30 m soil layers provides the core for soil

type classification, which is crucial for determining the effectively respond to the forces exerted by

appropriate design acceleration response spectrum. To earthquakes or other ground vibrations (Weatherill et
assess the accuracy of the properties and behaviour of al., 2020, Mori et al., 2020, Thompson et al., 2012
the soil, shear-wave velocity within this specific depth 20’1 4) ’ N ’ N ’

range (uppermost 30 m) is considered to enable the
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In a previous study conducted by Wang and Wang
(2015), the focus was on examining the reliability of
correlations between measured vg3o and estimated vg3o
through the utilization of a statistical Pearson
correlation coefficient (PCC). Furthermore, the
accuracy of site classification was assessed by
comparing estimated vso with measured V.
However, a significant limitation of the proposed
correction method by Wang and Wang (2015) became
apparent. This limitation manifested in larger relative
errors for the depths in the model and an unacceptably
large disparity between the curves of estimated vg3o
and measured vgo, which could potentially be
attributed to the presence of interbedded layers with
high shear-wave velocities.

Thompson and Wald (2012) conducted additional
research that centred around the kriging-with-a-trend
approach for mapping vso. They explored various
methods of defining the trend by incorporating
abundant v measurements in Taiwan, considering
geology, topographic slope, or both as potential
factors. The aim was to evaluate the accuracy of vs3o
maps by comparing them statistically to the standard
deviation of the residuals. However, it was observed
that the geology-based approach was unable to
adequately fit the model and thus introduced the
highest level of uncertainty in the results.

In a related study, Weatherill et al. (2020)
constructed a comprehensive model comprising
topographic/bathymetric elevation and a database of
30 m averaged shear wave velocity measurements
(vs30). The model incorporated both topography and
geology as influential factors. The authors
incorporated site amplification functions into the
European Ground Motion Model (GMM), which was
calibrated based on observed or inferred vy values
derived from European geology and topography
models. However, a notable limitation of this research
emerged concerning the use of inferred vy properties
such as topographic slope or seismic design code, as
well as site class. These factors introduced increased
uncertainty in the resulting site amplification
estimates.

2  METHOD FOR LOCAL SITE SPECTRA

In this study, the shear modulus was determined
through in-situ seismic methods to ascertain the shear
wave velocity from two sites. The measurement was
carried out by special seismic tool composed by
Geomega Ltd. for local (few hundreds of meters long,
few tens of meters deep) engineering geological
purposes. S waves were triggered by Lightning
electromechanical seismic source in every 3 meters
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along the 459 m (PCS) and 1065 m (KSZ) long
sections. The generated seismic signal was 20 s long
composed by frequencies 5-200 Hz. Three component
geophones were set in an array in 3 m distance, which
were used to record S waves’ arrivals. Tomographic
processing of the results was used to determine the
shear wave velocities of the pre-defined 1.5 m size
cells along the section. Considering the wave routes
initiated from the surface, cells’ velocities were
modified in order to approximately get the measured
arrival times. This inversion method was run in 4
iteration steps in order to decrease the differences
between observed and modelled arrival times below
the pre-defined threshold. Along the section vertical v
trends were extracted where additional stratigraphy
data were existing.

To enable the selection of appropriate seismic input
for nonlinear dynamic analysis, REXEL was utilized
for scaling and accurately estimating seismic
performance based on the seismic hazard at the
location site. This facilitates the proper selection of
seismic input and earthquake records using
fundamental probabilistic seismic hazard parameters.
REXEL, a computer software, allows the construction
of design spectra in accordance with Eurocode §
(ECS8). REXEL searches for sets of records for various
structural applications, considering soil types,
location, peak ground acceleration at the targeted
location, and distance (Sgobba, 2019). This process
aids in defining the elastic acceleration response
spectrum based on the direction of earthquake motion,
which can be easily utilized by STRATA, which may
include horizontal or vertical components of motion.

Equally, STRATA which is an equivalent linear
site response analysis software, was applied in the
frequency domain using input motions scaled from
REXEL within the time domain to perform random
vibration theory (RVT), which enables the
randomization of site properties. The 1-dimensional
equivalent wave propagation software allows user to
input soil layering parameters such as nonlinear
properties (soil characteristics), layering thickness,
shear-wave velocity, and depth to bedrock. It uses the
time series method as a single motion to propagate
motions through the site to compute the strain-
compatible ground motion at the surface of the site at
any depth in the soil column (Kottke, 2012).

Peak ground acceleration (PGA) was used as the
primary parameter in the selection of input
acceleration records from REXEL, using 0.09 g and
soil type C as the intensity parameters to examine the
frequency content and intensity relation, which has a
significant association with seismic damage.
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3 Vs TREND DATA 1-D ASSESSMENT

PCS measurements were carried out in a hilly area
located in a tectonically and geomorphologically
active area situated between the uplifting Hungarian
Mountain Range and the relatively subsiding Danube
valley (Ruszkiczay-Riidiger et al., 2005). Highest
point of the measured section is 300 m (asl) and the
local relief (maximal height difference) is about 160
m. The area is covered by few meters thick Quaternary
and/or late Miocene loess and lacustrine sediment in
advance. The main mass of the measured strata
consists of loose Oligocene silt, clay to depths down to
at least 100 m below surface. Using refraction
evaluation method several layer boundaries have been
identified. S wave refractions appear at the depths of
3-5 m, 18 m and 45 m depths. Note that in the upper 3
layers (separated by the mentioned boundaries) the S
wave velocity is lower than 400 m/s [PCS 1 and
[PCS 2]. The P wave refraction based uppermost
boundary is at the depth of 8-10 m. This correlates well
with the depth where the increase of S wave velocity
slows down or even starts decreasing. Based on the
slope and geomorphology based v map (Kovacs et
al. 2023), the measurement site’s soil class is B which
contradicts the middle of soil class C measured v
values (275 and 284 m/s). This contradiction can be
explained by the active topography of the area: in
steady-state the loose sediment would be flattened by
preceding erosional processes resulting lower slope
and lower predicted v3o (thus may be soil class C), but
the intense incision of the Danube river is resulting
actively eroding surface with higher slope values and
higher predicted vs3o.

KSZ measurements were carried out in the western
foothills of relatively uplifting Mecsek Mountain
(Sebe et al., 2008) which is a structurally and
geologically complex shear zone. Surface elevation of
the measurement area is 140-148 m (asl), whereas the
lowest point in the surroundings is around 110 m (asl).
In this measurement site, the two analysed vs trends
reflect significantly different geology. In the vicinity
of [KSZ-2] at the depth of 30 m Permian-Triassic
sandstone was drilled, however near [KSZ-1] below
late Miocene lacustrine sediments (3-12 m) early
Miocene strata were present down to the depth of 100
m. The section most likely runs along the edge of the
fractured Permian-Triassic strata. S wave refraction
method detected a boundary at 13 and 10 m depth (at
580 m and 220 m line distance respectively) which is
probably the base of the late Miocene sediments. A
deeper boundary reflects the top of a tuffic layer and
the basement depth at 32 and 28 m depths. In this case
Vs30 map based on the surface slope provides soil type
B that is consistent with the measured average vs
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values (364 and 429 m/s). Note that soil type C appears
80 m from the KSZ-1 measurement point.

4 EVALUATION OF STRATA RESULTS

The upper soil layering at site PCS and KSZ in
Figure 1 varied to determine the potential causes of the
loop before 20 meters and at 40 meters, resulting from
the intersection loop in the shear wave velocity profile.
To assess the influence of the lower and upper layers
of the site, we conducted STRATA analyses at 30, 40,
50, and 80 meters, respectively. For each case, we
assumed and varied the bedrock shear wave velocity at
400, 600, and 800 m/s to ascertain the impact on the
site results. This was done to rule out the effect on the
response spectrum of the sudden jump in applied shear
wave velocity (vs) at bedrock.
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Figure 1. Two vy trend for both PCS and KSZ location.

Changing the model depth at the two locations had
different effects and results, which is in line with the
vs profiles. At PCS locations for all examined model
depths, the v, trends yielded almost identical results,
the shape of the response spectra is very similar, their
values show a difference mainly on the plateau.
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Figure 2. Response spectra for PCS and KSZ site
considering two v trends and different bedrock depth.
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In the case of KSZ sites different model depths, the
difference in soil profiles is always apparent, with
increasing depth, which is consistent with the fact that
in one section the value of v, increases faster with
depth, and thus the average value of v, about the
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difference between soil profiles as a function of model
depth.

5 DISCUSSION

In case of PCS site the PCS-2 curve always gives a
higher value at plateau. This fundamentally contradicts
the fact that the average shear wave propagation speed
determined for that profile is higher (vs 30, Vs.40, Vs50),
on the basis of which we would expect an inverse ratio.
The reason for this can be found in the fact that there
is a dip in the PCS-1 vs profile, which can affect the
propagation of the wave towards the surface, in this
zone the wave slows down, its amplitude increases,
and then the wave accelerates again as it approaches
the surface. This pulsation may cause the acceleration
values on the plateau to be lower for this profile. The
descending branches of the plateaus usually run along
the same line, the connection point of the curve
belonging to the two profiles is slightly shifted at the
depth of 80 m. By increasing the depth of the model,
the results given by the two soil profiles change
according to almost the same trend. The effect of the
depth can be summarized as follows: the average value
of the plateau at the first three depths (30-40-50 m)
does not change, it is shifting from the two-humped
shape more and more towards one hump, within the
plateau there is an increase parallel to the period in the
case of a smaller depth, a constant for the two
intermediate models, a decrease for the 80 m model,
and even a marked difference for the latter. The
beginning of the descending branch shifts to the right
as the depth increases, but there is no significant
difference between 40-50 m, and in the 80 m model,
the plateau widens and only starts to decrease at a
period time of 0.9 s, and it blends into the other curves
at almost 2 s, in the case of the 30-40-50 m models it
is already 1.2 s after that there is no significant
difference.

In case of KSZ sites the shape of the plateau is
almost the same for the 2 v trends, but in the case of
KSZ-1 it is distributed over a larger period-time range
than in the case of the KSZ-2 section, and this
difference becomes more and more pronounced as the
depth increases, the width of the plateau increases to a
lesser extent in the KSZ-2 section by increasing the
model depth as in the other section. The maximum
acceleration value is usually in the very low period
time range typical of the KSZ-2 section (depending on
the depth T=0.2-0.4s), at the same time the average
level of the plateau is almost the same, and in the range
of T > 0.5 s, the value is usually smaller than that of
KSZ-2, and in some places the difference is very
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marked, the two curves merge into each other at T = 1-
1.6 s.

The effect of bedrock shear wave velocity is
examined in case of PCS site, considering bedrock at
40 m, and bedrock vs varied between 400-600 m/s.
According to the calculation results the initial shear
wave velocity does not modify the shape of the
response spectrum, the run-off conditions, only the
acceleration values on the plateau and its
surroundings, it scales the ground response in this
range. With a lower shear wave velocity, we get a less
favorable response, which is in line with the fact that
as the value of vs decreases, the maximum acceleration
increases, we get a less favorable effect. According to
this result, it is important to really start the response
spectrum analysis from the bedrock, and not to
consider the range between the soil layers close to the
surface and the bedrock with a "degraded" v, value.
Because we saw previously that increasing the depth
of the model and taking into account the "real" v
profile in that range also modifies the shape of the
response spectrum, not just scales it. The deeper model
is also justified by the fact that the effect is not clear as
the model depth increases: it increases in a small
period time range, then it decreases a little, but the
plateau widens. This effect certainly depends on the
soil profile and the accelerograms used.
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Figure 3. Response spectra for PCS and KSZ site
considering two vy trends and different bedrock depth.

To support the understanding of the results
experienced at the different model depths at the PCS
site, we made calculations where the layers above and
below 14 m were mixed from the two sections (Fig. 3).
Accordingly, a calculation was made where the v;
values of the upper 14 m were derived from section
PCS-1, in the deeper range from PCS-2 (PCS_1-2) and
the reverse of this (PCS_2-1). Both calculations were
performed on the 40 m model with v; 600 m/s at
bedrock. The results are somewhat contradictory in
terms of which layer is the defining one. As we can
see, both versions are close to the PCS-1 profile,
PCS_2-1 essentially coincides with it, i.e. according to
this, the upper soil zone has no substantial influence
here. At the same time, in the case of the other section,
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it is closer to this, which would mean that the deeper
layers do not have a marked effect either. A deviation
is visible in the region of the response spectrum, where
the two soil profiles produced a significant difference
anyway, but the extent of this does not approach the
distance of the two original profiles.

6 CONCLUSIONS

Determining local site spectra plays an important role
in seismic design when designing earthquake-resistant
structures. Determining v 30 provides insights into the
stiffness and amplification properties of the near-
surface geology. Based on the slope and
geomorphology based vso map the category of the
investigated area can be determined, and a EC8 code
spectra can be used. However research conducted in
this field applying 1-D STRATA analysis revealed that
local site spectra might have higher values than the
code spectra (Kegyes-Brassai et al, 2017). This
underlines the necessity to evaluate more exactly the
amplification potential.

This paper presented two soil profiles at two
different sites and the vs measured trend for each
profile. 1-dimensional response analysis was
performed using STRATA software, obtaining the
site-specific acceleration spectrum. Varying the
properties of the soil layering to take into account
variability of soil, the mean value obtained for each
site response were presented for each profile, PCS-1
and PCS-2, KSZ-1 and KSZ-2. Assuming different
measured data local soil spectra were determined for
different depth, with different shear wave velocity at
bedrock, showing a similar trend in the response,
however highlighting clear differences also, such as
with increasing depth the plateau widens and the
values decrease. Next the effect of the upper and lower
layers on the response were also analysed. All the
result highlighted that with more in-depth data more
precise result can be obtained, and that there is a need
for further investigations to be able determine the
parameters that have a critical influence on seismic
response analysis and the minimum requirement for
on-site measurements like the depth, number of v,-
trends, etc. to be able to determine reliable response
spectra for further seismic design.
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