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SUMMARY

The near-surface geology influences the amplitudes of seismic waves during earthquakes,
which could be strongly amplified and increase the seismic hazard of the area. The near-
surface amplification is recently characterized by the average seismic shear-wave velocity in
the uppermost 30 m (VS30), which is a key parameter for studying local seismic conditions
(amplification coefficients and type of soils according to Eurocode 8).

VS30 was determined based on topographical and seismic field data for the whole Czech
Republic. The proposed research includes constructing the VS30 scheme using the Wald &
Allen method.

Based on the estimated VS30 the amplification coefficients were determined and the regional
site classification of the Czech Republic into soil categories based on Eurocode 8 was carried
out. Results could be used in the foreseen update of the national building codes.
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Introduction

The estimate of the seismic hazard of construction sites is an integral element of surveys when
designing new and extending the service life of existing industrial and civil facilities. In the practice
of engineering seismology, seismic hazard of the study area is determined by two characteristics:
background or normative seismicity and ground motion amplification due to the influence of local soil
conditions. Awareness of the importance of taking into account the influence of near-surface geology
(the composition and structure of the upper part of the geological section) led to the development of a
number of systematic approaches for quantifying the increase in seismic intensity and constructing
schemes of local seismic conditions.

The shear waves velocity of the subsurface geology is the main physical parameter that determines the
soil class according to the regulatory documents, such as Eurocode 8 (CEN, 2004).

In international practice, the measurement and mapping of shear wave velocity in the near-surface 30-
meter Vs*° layer is the standard approach for mapping local seismic conditions. Recetly, (Wald and
Allen, 2007) developed a promising technique to derive first-order site condition maps directly. This
work is devoted to the results of applying this approach for the regional estimate of Vs*° of the Czech
Republic.

Method and Theory

In international practice, measurements, and construction of schemes of the distribution of shear wave
velocity in a 30 m near-surface layer Vs*° is a standard approach for mapping seismic conditions.

To date, as part of the Shuttle Radar Topography Mission (SRTM) program, topographic surveys of
80% of the Earth's surface have been completed using interferometric radar. The availability of
unified high-resolution SRTM topographic data worldwide has led to the development of an
alternative Vs*® mapping technique (Wald and Allen, 2007). The accessibility of construction Vg*
schemes on a regional scale contributed to their widespread use for predicting hazards and risks
during earthquakes.

The Earth’s topographic relief is the result of the interaction of endogenous and exogenous processes.
The diversity of morphographic and morphometric indicators forces us to look for the cause of these
differences, which may be given by the heterogeneity of the geological structure of the study area, in
the nature and intensity of the latest tectonic movements, in the heterogeneity of the impact of
exogenous relief-forming processes, and in the history of the development of the relief. Without
dwelling on a wide range of morphological and geological factors (rock composition, age, degree of
weathering, sedimentation conditions), to substantiate the correlation with the Vs* velocity and
geomorphological criteria, the physical properties of soils and rocks were identified, which have a
significant impact on the shear wave velocity.

For soils, the distribution of shear wave velocity in a 30 m near-surface layer is primarily determined
by the porosity coefficient. The porosity coefficient depends on the texture of the soil and on the
degree of granularity. Since finer-grained deposits are characteristic of more gentle landforms, a
directly proportional correlation between the slope angles of landforms and the speed of shear waves
can be fully justified. For rocks, two dominant physical properties were identified - strength and
fracture. As is known, stronger and less fractured rocks are characterized by a higher velocity of
propagation of elastic waves. It can be expected that these physical parameters are correlated with
landforms, since strong unfractured rocks resist weathering, which allows them to hold onto steep
slopes, while loose, low-velocity weathering products accumulate at the foot of the slopes.
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Such simple assumptions about the relationship between the surface of the topographic relief and the
velocity Vs** do not allow considering several factors affecting the propagation velocity of elastic
waves, which somewhat limits this technique. These factors include the lithological and mineralogical
composition of the source material, the degree of sediment interbedding, the age of the soil cover and
rocks.

The correlation between the topographic relief gradient and the Vs* velocity is completely absent
under certain topographic and geomorphological conditions. (Wald and Allen, 2007) argue that the
dependence they introduced allows obtaining Vs** maps of the first approximation within any part of
the globe. Bribes the fact that the construction does not require any significant time costs. It is enough
to use the SRTM database, which is freely available on the information resource and the above
classification. Vs* calculations based on the SRTM database can be made online on the official
USGS website https://earthquake.usgs.gov/data/vs30/.

Although the Vs*® maps themselves provide valuable seismological information, at a later stage they
can be recalculated into maps of seismic amplification factors and/or seismic intensity increments.

Correlation dependences between amplification coefficients of short-period and long-period seismic
oscillations Fa, Fv and velocity Vs30 are presented as follows (Borcherdt, 2002):

Fa = (V?ef/V)ma and FU = (V'?-ef/V)Fnu,

Vieris the basic velocity equal to 1050 m/s; m, and m, — empirical coefficients that depend on the level
of seismic motion.

Conclusions

On the basis of SRTM data according to the method (Wald and Allen, 2007), the Vs*° scheme was
constructed for the territory of the entire Czech Republic (Figure 1). This is the first Vs* regional
research for the entire territory of the Czech Republic.

The Vs*® scheme served as the basis for calculating the amplification coefficients of short-period and
long-period seismic oscillations and the classification of the territory of the Czech Republic by soil
categories based on Eurocode 8 (Figure 2).

In order to verify and calibrate the Vs** obtained from the topographic relief, we performed a detailed
V* survey at the Litoméfice site using Multichanel Analysis of Surface Waves (Park et al., 1999).
First results from the MASW support the results from method introduced by (Wald and Allen, 2007)
and will help to refine this method in the future.
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