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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 (Vs*’), which is a key parameter for studying local seismic conditions
(amplification coefficients and type of soils according to Eurocode 8).

Vs*® and seismic ground types was determined based on topographical and seismic field data
for Ukraine. The proposed research includes constructing the Vs*® scheme using the Wald &
Allen method.

Based on the estimated Vs*° the amplification coefficients were determined and the regional
site classification of Ukraine 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

One of the most important conditions for the successful integration of Ukraine into the global political
and economic space is the transition to international standards. This fully applies to works in the field
of engineering seismology, namely seismic microzonation.

Near-surface geology affects the amplitudes of seismic waves, which can greatly increase and
increase the seismic hazard of the territory. In the normative document Eurocode-8 (CEN, 2004),
adopted in the EU countries, the average velocity of propagation of shear waves in the near-surface
30-meter layer of the section (Vs*) is the main characteristic, which determines the class of soil with
respect to seismic effects. This layer is characterized by the greatest lateral variability and low
velocity values.

In international practice, the measurement and mapping of shear wave velocity in the near-surface 30-
meter Vg 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
Ukraine.

Method and Theory

A peculiarity of the approach of considering the local conditions of the site, which is used in
international practice, is the assessment of the research site seismicity in the predictive parameters of
the foundation movement, namely the parameters of the response spectrum of single oscillators with
different oscillation frequencies on the predictive seismic impact in units of the surface acceleration of
the soil layer.

The response spectrum contains information about the maximum (peak) accelerations of the base
particles - the value of the maximum response spectrum at the zero period (in practice, 0.01 s) and the
predominant frequencies of predicted seismic oscillations at the research site. The response spectrum
can serve as the basis for obtaining synthetic accelerograms and subsequent calculations of buildings
and structures for seismic actions by the direct dynamic method (Fragiadakis, 2013).

In seismic microzonation, large-scale Vs*° maps can be obtained by simple interpolation of
measurements of shear wave velocity in the near-surface 30-meter Vs*° layer using surface and/or
borehole seismic data. But construction Vs*® maps on a regional scale only by seismic survey
measurements Vs is practically impossible.

The availability of high-resolution unified topographic data around the world has led to the
development of an alternative Vs*° mapping technique. To date, as part of the Shuttle Radar
Topography Mission (SRTM) program (Rodriguez at al., 2005), 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 Vs** schemes on a
regional scale contributed to their widespread use for predicting hazards and risks during earthquakes.
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
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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.

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 (Borcherdt, 2002) and seismic ground
types (Dovbnich at all, 2022).

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 Ukraine (Figure 1). This is the first Vs*° regional research for
the entire territory of the Ukraine.

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 Ukraine by seismic
ground types on Eurocode 8 (Figure 2).
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