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SEISMIC ZONING OF KYIV IN PHYSICAL
PARAMETERS OF SOIL OSCILLATIONS

Purpose. The paper substantiates the need for building seismic zoning maps of Kyiv in the physical
parameters of ground motions: peak ground accelerations (PGA), peak ground velocities (PGV) or peak ground
displacements (PGD). They are the basis for the effective use of methods for calculating seismic loads on
buildings, structures and individual responsible constructions. An intermediate stage in the creation of such maps
is the development of a map of seismic zoning the territory of Kyiv in terms of relative integral estimates of
spectral increments in seismic soil oscillations, arising from the influence of the peculiarities of the distribution
of physical parameters of soils. The intermediate map gives the distribution over the city territory of a
quantitative assessment of the influence of the soil spectral characteristics 1 on the seismic hazard, expressed in
systemic physical quantities. Methodology. An analytical-empirical approach to mapping the seismic hazard of
territories is applied. The method of seismic-geological analogies helped to identify areas (taxonomic zones)
within the territory of Kyiv. In these areas, the seismic effect can differ significantly both in physical parameters
( displacement, speed, acceleration) and the ability of soil strata to significantly affect the spectral characteristics
of the soil. Results. For each taxonomic zone, a computational seismic-geological model with inelastic
deformation parameters has been built,. The model allows taking into account the occurrence of nonlinear effects
under significant seismic influences. Equivalent linear modeling was used to calculate the frequency response of
seismic-geological soil models for each taxonomic zone. The averaged frequency response for the ground
conditions of the territory of Kyiv was calculated. A map of the distribution of the deviation of the integral
amplification of seismic oscillations from the average value for the territory of Kyiv was built. The integral
spectral amplification is the area of the subspectral function. The study conducted a dynamic analysis of the
propagation of seismic oscillations in seismic-geological models. It also illustrated the influence of the upper
sedimentary layer on the value of the peak ground acceleration PGA on the free surface. Originality. For the
first time within the territory of Kyiv, areas (taxonomic zones) have been identified, where the response of the
soil to the seismic effect will differ. We constructed a map of the distribution of the deviation of the integral
amplification of seismic oscillations by soils from the average value for the territory of Kyiv. Practical
significance. The map of seismic zoning of Kyiv in amplitude terms of soil oscillations is proposed to be used
when applying the spectral method for calculating an emergency combination of loads, taking into account
seismic effects, to determine the value of the calculated relative ground accelerations of the construction site
under study.
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logical, geological-geophysical, tectonic and geo-
dynamic materials listed in the terms of seismological
hazard.

Seismic zoning of the territory (displaying on
maps of areas of the territory that are seismically
homogeneous and with the same values of the
selected parameters of seismic hazard) is a complex
and responsible problem of modern seismology since
it affects the social, economic, and environmental
components of sustainable development. The scien-
tific problem is that seismic hazard prediction belongs
to the category of predictions based on incomplete
information [Ulomov, Shumilina, 1999].

Introduction

The modern concept of seismic protection of the
population and important objects is not in predicting
an earthquake time, but in the seismic design of new
and strengthening existing buildings and structures
capable of minimizing the consequences of future
earthquakes. Measures to ensure seismic protection on
the territory of Ukraine are regulated by the “State
Building Standards of Ukraine” — SBS V.1.1-12: 2014
[SBS V.1.1-12: 2014].

An integral part of the norms is general seismic
zoning maps (GSZ). They reflect the results of
seismic hazard zoning in terms of seismic intensity

(points), which with a probability of 90 % (map A),
95 % (map B), and 99 % (map C) will not be
exceeded in the next 50 years. The data presented on
the OSR maps were obtained by statistical analysis of
the available macroseismic, instrumental seismo-
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The map A, B, or C from the Appendix B of SBS
V.1.1-12: 2014 and the calculation method are used
to assess the seismic hazard of the territory,
depending on the class of responsibility of the object
under study.

97



Geodynamics 2 (29/2020

In addition to the results of the GSZ, we use the
refinement of the seismic hazard parameters aimed at
practical determination of these parameters of the
territory of the location of a particular object. They are
obtained on the basis of maps of detailed seismic
zoning (DSZ) and seismic microzoning (SMZ).

The work on the DSZ helps to clarify the effects
that may arise at the construction (operational) site
from earthquakes associated with nearby potentially
seismically active zones. Their influence could not be
taken into account when developing the GSZ maps.

Works on SMZ make it possible to take into
account the increase in seismic intensity from close
and powerful distant earthquake foci. It arises due to
the influence of local features of the upper layers of
the geological section of the soil layer directly under
the construction site. Relatively homogeneous areas
are displayed on SMZ maps.Refined values of seismic
intensity (points) are set for them.In addition, model
predicted values of the time variable behavior of the
full vector of surface seismic oscillations of the soil
layer are constructed in terms of acceleration
(accelerogram), velocity (velocigrams) and displa-
cement (seismograms). At the same time, it is taken
into account that soil oscillations on the site will differ
significantly during earthquakes with foci in close and
distant seismically active zones. For sites on the
territory of Ukraine, such a remote seismically active
zone is the Vrancea zone. The earthquakes from it
shake almost the entire territory of Ukraine with an
intensity of 9 + 4 points on the MSK-64 macroseismic
scale [SBS V.1.1-12: 2014].

In the period 1960-2000, most countries switched
to seismic zoning in terms of amplitude parameters of
oscillations [Gusev, 2011a], namely, in peak ground
accelerations (Europe, Japan, China) or in the levels
of the response spectrum (USA, Canada). The use of
these parameters by designers to ensure the seismic
resistance of buildings and structures is correct in
comparison with the use of non-system units —
seismic intensity in the points.

Calculations of critical structures for an emergency
combination of various (including seismological) loads
are performed on models of buildings and structures
using: the spectral method, the direct dynamic method
or the nonlinear static calculation method [SBS
V.1.1-12: 2014].

The most reliable of the above is the direct
dynamic method for calculating seismic stresses in
models. It takes into account the features of the shape,
the distribution of the physical parameters of the
model, the physical nonlinearity of materials and
allows comparing the calculated predicted seismic
stresses with the permissible design stresses in the soil
base and critical structures of buildings and structures.

To apply the direct dynamic method, work is
carried out on seismic microzoning and calculated
accelerograms are generated for the soil of a specific
construction site. The calculated accelerograms
take into account the peculiarities of the spectral
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characteristics of the soil layer of the investigated
construction site.

Specialists in seismic design and construction can
always create reliable models of seismic-resistant
buildings and structures protected from predicted
earthquakes on condition of sufficiently accurate and
justified quantitative parameters of the seismic hazard
of a construction site. . This happens by determining
additional seismic loads during design earthquakes on
critical structures of buildings and structures, which
should not exceed the design values. At the same
time, it is always possible to minimize the costs of
seismic protection measures.

The direct dynamic method of calculation for
seismic effects according to SBS V.1.1-12: 2014 is
applied in individual cases (see Table 6.2 SBS V.1.1-
12:2014). And calculations by the spectral method are
performed for all designed buildings and structures in
seismic regions of Ukraine. Thus, the spectral method
of calculating seismic effects is more often used, in
comparison with the direct dynamic method of
calculating, for territories that, according to the OCP
maps, belong to the 6-point zone. In case of discrepancy
between the results of the calculation by the spectral
and direct dynamic methods, the maximum values of
the loads are taken. The spectral method is used
worldwide in calculations of the seismic effects of
buildings and structures within elastic models.

Table 6.5 is used when applying the spectral
method of calculating seismic loads according to SBS
V.1.1-12: 2014 [SBS V.1.1-12: 2014] to determine the
calculated value of the relative ground acceleration for
the investigated site (settlement), depending on the
combinations of the calculated seismic intensity on
the maps A and B.. This approach is flawed because
there is no direct relationship between intensity and
peak ground acceleration.

The point is the unit of measurement of seismic
intensity. It is quite effective in economic calculations,
but unfortunately, there is little information from the
engineering and construction point of view [Assessment
..., 1988]. From Appendix D of the document “Scale
of seismic intensity” [National ..., 2010] (see Fig. 1) it
follows that peak accelerations from 3.5 cm/sec’
to 500 cm/sec’ can be observed at 6 points. So,
recalculating the points into peak accelerations,
according to Table 6. SBS V.1.1-12: 2014, shows that
the spectral method for calculating seismic effects
does not provide a reliable result.

During the earthquake in Japan on March 11,
2011, various seismic stations recorded peak ground
acceleration from 0.3g to almost 3g at approximately
the same epicentral distance (about 200 km) [De
Luca., Chioccarelli, 2011]. This discrepancy is due
to the variety of soil conditions and the features of
the propagation of seismic waves in them, that is, the
resonant and filtering seismic properties of soils
[Kendzera, Semenova, 2016].

An example of the distribution of the seismic
effect of the earthquake in Japan on March 11,
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2011, and a number of other earthquakes indicates
that information on seismic hazards should be
provided to designers and operators of seismic
structures in physical units of soil oscillations, but
not in seismic intensity points. This is required by

modern methods of engineering calculations of
buildings for an emergency combination of loads,
taking into account the seismic effect, which
seismologists study and provide designers with
information about it.
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Fig. 1. Relationship (statistical) between the points of macroseismic scale and the acceleration
of ground motion during earthquakes (N — number of analyzed earthquakes) per F. F. Apticaev
[Apticaev, 2012]

The predicted values of soil oscillations have always
been and will be better seismologically substantiated
than the used reactions of the “soil base — building”
system. The seismic motions of the free surface of the
soil layer are more accurately investigated by geophysical
methods. Studing the behavior of “soil base — building”
systems, designers of earthquake-resistant structures
calculate the seismic resistance of the designed object
and change the models. They determine the most cost-
effective among earthquake-resistant projects.
Seismologists provide initial data for modeling the
seismic response of buildings and structures during
design basis earthquakes.

On May 1, 2019, new changes to DBN V.1.1-12:
2014 came into force. According to these changes,
when constructing buildings and structures of the class
of responsibility CC2 and CC3 with a height of 73.5,
you can use map B instead of map C from Appendix B
[DBN B.1.1-12: 2014]. That is, Kyiv, according to the
new changes, belongs to the 5-point zone for high-rise
construction. So, the spectral method of calculation will
be more applicable when designing earthquake-
resistant construction, even on soils that were not
previously considered as a reliable basis. According to
the new changes, the dynamic method of calculating
buildings and structures for an emergency combination
of loads, taking into account the seismic effect for the
specified objects, , will be used only at the request
of builders. The spectral method for calculating the

emergency combination of loads taking into account
the seismic effect does not provide for the use of
scoring.In this case, a correct transition from the point
to the amplitude parameters of the oscillations of the
soil base is required for engineering calculations. Rapid
development of high-rise construction in Kyiv, first of
all, requires maps of general seismic zoning in physical
units of ground motions for the territory of Kyiv. In
addition, the seismically most favorable soil conditions
have already been built up. These days, high-rise
construction is being designed more and more often on
alluvial sands, wetlands, etc., that is, on seismically
weak soils. Accordingly, buildings on such soils can be
severely damaged.

The relevance of the research and the results
presented in the article is due to the need to provide
the designers of seismic-resistant construction with
maps of seismic zoning of settlements and agglomerations
in Ukraine in physical units of ground motions: peak
ground acceleration (PGA), peak ground velocity
PGV or peak ground displacement PGD. The
development of seismic zoning maps is caused by the
need for modern methods of seismic design and
construction [Kendzera, 2015a; Semenova, Kendzera,
2019].

Methodology

The easiest way to build a seismic zoning map in
physical units of ground motion is based on the use of
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instrumental observations. But under conditions of
weak seismicity, there is no sufficient amount of
instrumental data. Some scientists use correlations or
Appendix D of the Seismic Intensity Scale [National
..., 2010] to recalculate the point into physical units of
ground motions. The results of this experience are
presented in such works as [Aptikaev, 2012; Ulomov,
1999 and others]. Direct recalculations of the
normative values of macroseismic intensity into the
amplitude parameters of ground motions do not take
into account the spectral composition of the seismic
effect and the filtering properties of the soil. There-
fore, they are incorrect both for using the spectral
method of calculating the emergency combination of
loads taking into account the seismic effect and for
reliable general seismic zoning with a given probability
exceeding the values obtained.

The article proposes an analytical-empirical approach
for the conditions of Ukraine. This is the only way
that can be implemented in conditions of an insufficient
number of results of instrumental seismological
observations. This approach gives good results in a
geologically well-studied area.

Results

Let us illustrate the methodology of mapping the
territory of large agglomerations in physical units of
soil oscillations on the example of Kyiv.

The first stage of constructing a map of seismic
zoning of Kyiv presupposes the use of the method of
seismic-geological analogies. It identified relatively
homogeneous engineering-geological areas (taxono-
mic zones) within the city's territory, where the
seismic effect may differ significantly. A geological
map of Quaternary deposits, pre-Quaternary deposits,
a geological map of the crystalline basement, and a
scheme of structural-geomorphological zoning were
used to identify taxonomic zones (physical zoning).
The data were obtained from the catalog of the State
Scientific and Production Enterprise “Geoinform of
Ukraine”  [http://geoinf.kiev.ua/wp/kartograma.htm].
In total, 16 taxonomic zones have been identified
within Kiev. For all taxonomic zones, seismic-
geological models of the soil were built. A seismic-
geological model is a representation of the geological
medium in the form of the spatial distribution of
physical properties that determine the propagation of
elastic oscillations. As a rule, the isotropic medium is
modeled. Its seismic properties are determined by the
following parameters: velocities of P and S waves,
their absorption coefficients, and density. The seismic-
geological model consists of geological layers (strata)
with different filtering (resonance) properties in
relation to seismic waves. The constituent layers can
correspond to structural and lithological subdivisions
of the geological section of different scales — from
thick complexes of rocks to packages of thin facies
sedimentary interlayers. Their distinctive features are
the limitations in space with rather simple boundaries
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(bottom and top of the layer) and the difference in the
elastic properties of the enclosing strata. In the conditions
of sub-horizontal occurrence of the main engineering-
geological elements of the soil massif, it is recommended
to use one-dimensional models (horizontally layered
models of the environment) to assess the effect of
sedimentary rocks.

The values of the parameters of the physical and
mechanical properties of each layer of the horizontally
layered seismic-geological models of all 16 taxonomic
zones identified within Kyiv were taken as averages
from the reference books [Handbook of Physical ...,
1969; Ladynin, 2010, Goodman, 1980; Lama and
Vutukuri, 1978, Physical properties ..., 1984; Dortman,
1984, Dobrynin et al., 2004, etc.]. Additional dynamic
properties were determined for each horizontal layer
of the seismic-geological model. They take into
account the features of the nonlinear inelastic behavior of
soils: the dependences of the shear modulus and damping
ratio with shear strain amplitude. The data were obtained
on the basis of the results of laboratory and field
studies of dynamic soil tests, presented in the works
[Seed, Idriss, 1970; Roblee, Chiou, 2004; Lanzoet
al., 2009; Ishibashi, Zhang, 1993, etc.]. An example
of the constructed seismic-geological model of soil
profile for taxonomic zone No. 1 is shown in Fig. 2.

It is generally accepted that earthquakes from
different seismically active zones are characterized by
unique spectral features that differ from other seismic
events. To increase the reliability of modeling the
calculated seismic influence, it is necessary to perform
calculations using the ensembles of accelerograms
generated for modeling earthquakes from nearby
seismically active zones, and for modeling subcrustal
earthquakes from the Vrancea zone. Such earthquakes
have a different spectral composition and duration of
oscillations in different trains of seismic waves.

To calculate the frequency characteristics of
seismic geological models of 16 taxonomic zones
identified in the city, 26 input motions were selected
in the form of accelerograms recorded on rock deposits
with different spectral composition and different
durations. The amplitude-frequency composition
of oscillations on the free surface for each zoning site was
determined by recalculating the input motions from the
lower half-space through seismological soil models
approximating the geological sections of each zone.

To take into account nonlinear soil deformation,
the method of equivalent linear modeling was applied
using the ProShake software [ProShake Ground ...,
1998; Schnabel et al., 1972]. As a result, the frequency
response of the soil profile was calculated for each
seismic-geological model (taxonomic zone). Fig. 3
shows the calculated amplitude-frequency characteristics
of seismic-geological models of the soil profiles of 16
taxonomic zones identified within Kyiv.



Geophysics

Loam forest-
| like, lake,
alluvial

L]

Morena, sand

10

280

Lake loam,
alluvial

1.85

Sand and
sandsione

340

Clays are
carbonate-

frew, marls
are light gray

1.92

Sands are
greenish-

[3 gray.
glavconitic-
quarnz

500

1.85

Sands and
7 sandstones,
siliceous

15

50

1.95

Clays and
siltstones

120

—————

Gray sands
with layers of
9 siltstones,
carbonaceous
clays

10

1.95

Maotley elays,
10 | silstones,
sandstones

35

21

Ly

11| Diortes

2900

2.7

-;.

-
Y
N
)

BN
o

Fig. 2. Seismic-geological model of soil profile of taxonomic zone 1

R Lt 4
e f e S

e ot

1

e T 3
e f e Y

iy

e P e
e [ b e fit

FAT TR 2

wnsee T om0 &

1

1

Fig. 3. Frequency characteristics of the soil profiles for 16 taxonomic zones within Kyiv
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From the analysis of the calculated frequency
characteristics shown in Fig. 3, it is seen that they
have similarities: 2 maxima, the first maximum is
clear with an amplification of about 4; the second
maximum of the frequency characteristics of the soil
layer is clear only for some zones (e.g. for zones 8
and 9). The frequency characteristics of the soil
profile in zones 13 and 16 show that the second
maximum is almost absent for them. Summarizing the
description of the frequency characteristics shown in
Fig. 3, it can be argued that they have a similar shape,
with some offsets of the peak values in frequency.

At the next stage, the averaged amplitude-
frequency response was calculated for the ground
conditions of the territory of Kyiv. The averaged
frequency response was calculated as a function of
the distribution of the average values of the spectral
amplification of seismic oscillations in all zones in
frequency.

For each frequency response, integral spectral
amplifications were calculated. In this case, the
integral spectral amplification is taken as the area of
the subspectral function. The advantage of integral
amplification over maximum amplification is that it
takes into account the contribution of each frequency
to the total variance. To calculate the integral
amplification, the Simpson numerical integration
method was used in the integration interval from 0 to
20 Hz (engineering frequency range) with an integration
step of 0.02 Hz. Simpson’s quadrature formula was
used at each integration step:

sz (x)dx = [ P, (2)dz = g(fo A4S+ 1)

where /1 — integration step 0.02 Hz.

At the next step, for each zone, the deviations of
the integral amplification from the average value were
calculated, that is, from the integral coefficient of the
averaged amplitude—frequency characteristic for the
soil conditions of the territory of Kyiv. The deviation
was calculated as a quotient between the integral
amplification of the oscillations of the soils of each
zoning site and the averaged integral amplification.

Table 1 shows the values of the deviation of the
integral amplification of seismic oscillations from the
average value for each taxonomic zone identified within
the territory of Kyiv.

Fig. 4 shows the constructed map of the distribution of
the deviation of the integral amplification of seismic
oscillations from the average value for the territory of
Kyiv. The map gives the distribution over the territory
of the city of a quantitative assessment of the influence of
the spectral characteristics of local soils on the seismic
hazard expressed by systemic physical quantities. Table
1 shows that for some taxonomic zones the deviation
of the integral amplification from the mean is the
same. Thus, on the map of the territory of Kiev in Fig.
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4, only 12 zones are highlighted with different values
of the deviation of the integral amplification from the
average. The constructed map is proposed to be used
to apply the spectral method of calculation for an
emergency combination of loads taking into account
the seismic effect. The map of the distribution of the
deviation of the integral amplification of seismic
oscillations from the average value can be used to
correct the spectra of seismic oscillations falling on
the bottom of the sedimentary cover or recalculated to
the conditional average soils, for which the calculated
accelerograms are formed and the response spectra of
unit oscillators with specified natural periods are
determined and with damping of oscillations. A map
of the distribution of the deviation of the integral
amplification of seismic oscillations from the average
value for the territory of Kyiv, shown in Fig. 4 is an
intermediate step in the construction of Kyiv seismic
zoning maps in physical terms of ground motion:
peak ground acceleration PGA, peak ground velocity
PGV or peak ground displacement PGD. Seismic
zoning of the territory of Kyiv in terms of peak ground
acceleration will make it possible to more reasonably
calculate buildings and structures for seismic effects.

Table 1

Deviation of the integral amplification of seismic
oscillations by soils from the average value for
16 taxonomic zones of the territory of Kyiv

Deviation of the

Taxonomic zone (Zone) integral amp li.ﬁca'Fion

of seismic oscillations

from the average value
Zone 1 0,79
Zone 2 1,00
Zone 3 1,27
Zone 4 0,99
Zone 5 0,99
Zone 6 0,76
Zone 7 0,72
Zone 8 0,87
Zone 9 0,72
Zone 10 0,72
Zone 11 0,81
Zone 12 0,87
Zone 13 0,79
Zone 14 1,47
Zone 15 1,40
Zone 16 1,85

Fig. 5 and 6 show the graphs of the PGA change
with depth from the bedrock to the free surface in the
seismological models of the soil strata of zone 1 and
zone 14. The results were obtained by modeling the
response of the soil to seismic impact using the ProShake
software [ProShake Ground .. ., 1998; Schnabel et al.,
1972].
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Fig. 4. Map of the distribution of the deviation of the integral
amplification of seismic oscillations from the average value for the territory of Kyiv
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Fig. 5. PGA versus depth curve in the model of the soil of taxonomic zone 1 (zone 1)
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Fig. 6. PGA versus depth curve in the model of the soil of taxonomic zone 14 (zone 14)

Fig. 5 shows that in the seismological soil model
of taxonomic zone No. 1, the amplitude of oscillations
mainly decreased, although in some layers its slight
increase is observed. Overall, from layer 10 to layer 3,
the PGA value decreased from 0.06 g to 0.022 g. In
layers 2 and 3, the oscillation amplitude increased
from 0.022g to 0.038g, but not as rapidly as in Fig. 6
in the seismic soil model of taxonomic area No. 14.
This phenomenon can be explained by a smoother
decrease in acoustic stiffness in the upper layers of the
model of taxonomic area No. 1.

From Fig. 6 it is seen that in the model of the
taxonomic section Nel4 the value of PGA from 6 to 3
layer decreases, and in the upper 25 m there is a sharp
increase from about 0.025 g to 0.062 g. The increase
in PGA is explained by the fact that the upper 25 m of
the section of the soil model is composed of loose
low-velocity soils. The increase in the amplitude of
oscillations of seismic waves in them occurs due to
resonance effects. Since, the more luxuriant and loose
the soil is, the more likely it is that resonant effects
will occur in it.

From the analysis of Fig. 5 and Fig. 6 it follows
that a detailed study of the influence of the upper
50-meter layer on the seismic effect on the free
surface can lead to both an increase in the amplitude
of seismic oscillations (due to resonance phenomena)
and a decrease (due to scattering and absorption of
energy of elastic waves in soils). The results obtained
once again prove that direct recalculations of the
normative values of the macroseismic intensity into
the amplitude parameters of oscillations do not take
into account the spectral composition of the seismic
effect and the filtering properties of the soil profile.
Therefore, they are incorrect both for using the spectral
method of calculating the emergency combination of
loads taking into account the seismic effect and for
reliable general seismic zoning with a given probability
of exceeding the obtained values.
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Originality

For the first time , areas (taxonomic zones) have
been identified within the territory of Kyiv, where the
response of the soil to the seismic effect will differ.
For each taxonomic zone, the frequency characteris-
tics of the soil layer were calculated taking into
account nonlinear deformation under seismic influ-
ences. A map of the distribution of the deviation of
the integral amplification of seismic oscillations by
soils from the average value for the territory of Kyiv
was constructed.

Practical significance

The map of seismic zoning of Kyiv in amplitude
terms of soil oscillations is proposed to be used to
determine the value of the calculated relative ground
accelerations of the construction site under study The
spectral method is applied for calculating an emergency
combination of loads, taking into account seismic
effects.

Conclusions

The article presents the methodology and results
of a comprehensive study carried out for seismic zoning)
of the territories of settlements or agglomerations in the
amplitude parameters of ground oscillations on the
example of the territory of Kyiv. An analytical-empirical
approach is used since this is the only available method
that can be implemented in conditions of an insufficient
number of results of instrumental seismological
observations. Within the territory of Kyiv, using the
method of seismic-geological analogies, areas (taxonomic
zones) were identified, where the seismic effect may
differ significantly. For each taxonomic zone, a compu-
tational seismic-geological model with inelastic
deformation parameters has been built. It allows
taking into account the occurrence of nonlinear effects
under significant seismic influences. Equivalent
linear modeling was used to calculate the frequency
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characteristics of seismic-geological soil models for
each taxonomic zone. The averaged amplitude-frequency
response was calculated for the ground conditions of
the territory of Kyiv. A map of the distribution of the
deviation of the integral amplification of seismic
oscillations from the average value for the territory of
Kyiv was constructed. The integral spectral amplification
is the area of the subspectral function. The advantage
of integral amplification over maximum amplification
is that it takes into consideration the contribution of
each frequency to the total variance. The map takes
into account the models of attenuation of seismic
oscillation in soils. The constructed map is proposed
to be used in the spectral method of calculating buildings
and structures for an emergency combination of loads,
taking into account the seismic impact since the
conversion of the seismic intensity scale (MSK-64)
into the amplitude of ground oscillations is incorrect.
The map of the distribution of the deviation of the
integral amplification of seismic oscillations from the
average value can be used to correct the spectra of
seismic oscillations falling on the bottom of the
sedimentary cover or recalculated to the conditional
average soils. The calculated accelerograms are formed
for them and the response spectra of single oscillators
with specified natural periods are determined with
damping of oscillations. The map of the distribution of
the deviation of the integral amplification of seismic
oscillations from the average value for the territory of
Kyiv, presented in the article, is an intermediate stage
in the construction of seismic zoning maps for Kyiv in
physical terms of ground oscillations: peak ground
accelerations PGA, peak ground velocities PGV or
peak ground displacements PGD. Seismic zoning of the
territory of Kyiv in terms of peak ground acceleration
will make it possible to more reasonably calculate
buildings and structures for seismic effects.
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CEMCMIYHE 30HYBAHHS KUE€EBA B ®I3UMYHUX ITAPAMETPAX KOJIUBAHb [PYHTY

Mera. Y po06oTi 00TpyHTOBaHO HEOOXiNHICTh MOOYAOBH KapT celicMiuHOro 30HYBaHHS KueBa B (hizmuHMX
TepMiHaX KOJMBaHb IPYHTY: IiKOBHX npuckopeHHsx (PGA), nikoBux mBuakoctsax (PGV) abo nikoBux 3minieH-
Hix (PGD), siki € ocHOBOIO 17151 €pEeKTUBHOTO BUKOPHCTaHHS METOJIIB PO3PaXyHKY CEHCMIYHMX HaBaHTaKCHb Ha
OyAMHKH, CHOPYIOH Ta OKPeMi BiNMOBiMaNbHI KOHCTPYKMIi. [IpOMIKHHUM eTamoM CTBOPEHHS TaKHX KapT €
PO3pOOIICHHS KapTH CEHCMIYHOTO 30HyBaHHSA (palioHyBaHH:) TepuTopii KieBa B TepMiHaX BiAHOCHUX IHTErPaNbHUX
OLIIHOK CIEKTPAIBbHUX IMPHUPOCTIB y CEUCMIYHMX KOJMBAHHSX IPYHTY, sIKi BUHHUKAIOTh 332 PaXxyHOK BIUIUBY
oco0nMBOCTeH po3MoAiTy (Qi3MYHHMX MapaMeTpiB I'PYHTOBHUX KOMIUIEKCIB. [IpomikHa kapTa gae po3monin Ha
TEpUTOPii MicTa KiTbKICHOI OLIHKY BIUIMBY CIIEKTPAJIFHUX XapaKTEPHCTUK I'PYHTOBUX KOMIUICKCIB Ha CeHCMIUHy
HeOe3MneKy, BUpaKEeHYy CUCTEMHUMH (i3MYHUMHU BenuunHaMu. MeToauka. 3aCTOCOBAHO aHAJITHYHO-EMITIpHY-
HUHM MiAXig 70 KapTyBaHHS celcMiuHoi HebOesmeku TepuTopid. Y mexkax Tepuropii KueBa meromom ceiicmo-
TCOJOTIYHIX AHAJIOTIA BUIUJICHO MUISHKA (TAKCOHOMETPHYHI 30HHU), HAa SKUX CCHCMIYHHN €(PEKT MOXKE CYTTEBO
BIZPI3HATHUCS SIK 32 (PI3UIHUMH MMapaMeTpaMu: 3MIIICHHS, IIBHIKICTh, IIPUCKOPECHHS, TaK i 3a 3IaTHICTIO TPYH-
TOBHX TOBII iCTOTHO BIUIMBATH Ha CIICKTPaJbHI XapaKTEPUCTHKH I'PYHTOBHX KOMILIEKCiB. J{st KOXKHOI Takco-
HOMETPUYHOI 30HHM MOOYZOBAaHO PO3PAXYHKOBY CEHCMOIEOJIOTIYHY MOJENb 13 IHapaMeTpaMu HENpy>KHOTO
neopMyBaHHS, SKi MAIOTh 3MOTY BpaxyBaTH BHHHKHCHHS HENIHIMHUX e(eKTiB y pa3i 3HaYHHX CEHCMIYHUX
BIUTUBIB. MeTOJOM €KBIBaJCHTHOTO JiHIHHOTO MOJIEIIOBAHHS PO3PaxOBAaHO YaCTOTHI XapaKTEPUCTHKH IPYHTO-
BUX MOJieNel KOJKHOI TAKCOHOMETPHUYHOI 30HH. PO3paxoBaHO ycepeqHeHy aMILTITyIHO-4aCTOTHY XapaKTepUCTH-
Ky UL IpyHTOBUX yMOB TepuTopii Kuesa. [ToGymoBaHo kapTy po3Mmoainy BiIXHICHHS iIHTETPaJIbHOTO Koe(illieH-
Ta MiJACHWICHHS IPYHTaMHU CEHCMIYHMX KOJMBAaHb Bl cepeIHROr0 3Ha4eHHS [uid Teputopii Kuesa. InTerpansauM
KOE(DII[IEHTOM CIIEKTPAILHOTO MiACUICHHS NPUITHATO TUIOLTY MiJCIeKTpanbHOl GyHKIIl. BUkoHaHO AMHAMIYHUIT
aHaJIi3 MOIIHUPEHHS CEHCMIYHUX KOJIMBAaHb y CEHCMOTICONIOTIYHUX MOJIENAX Ta MPOITIOCTPOBAHO BIUIUB BEPXHBO-
TO 0CaJ0BOTO IIapy HAa 3HAYCHHA MIKOBHUX MPHUCKOpeHb IpyHTY PGA Ha BinbHIN noBepxHi. HaykoBa HoOBHM3HA.
Brepme B Mexax teputopii KueBa BHmineHO MiNSHKK (TaKCOHOMETPHYHI 30HM), HA SKUAX BiPi3HATAMETHCS
peaxis IpyHTOBOI TOBII Ha ceiicMiuHmiA BrumB. [100ymoBaHO KapTy pO3MOALTY BiIXWJICHHS IHTETPAIBbHOTO
KoeilieHTa MiICHICHHS IPYHTaMH CCHCMIYHHX KOJMBaHb BiJ CepeIHBOrO 3HAYCHHS IS Tepuropii Kuesa.
IpakTuuna 3HauymicTs. Kapty ceiicMiuHOrOo 30HYBaHHS (paiioHyBaHHs) KueBa B aMIUTITyTHHX TepMiHAX
KOJIMBAaHb IPYHTY 3alPOIIOHOBAHO BUKOPHCTOBYBATH y Pa3i 3aCTOCYBAHHS CHEKTPAIBHOTO METOILY PO3pPaxyHKY
Ha aBapiiiHe CIIOJyYeHHs HABaHTa)XEHb 3 ypaXyBaHHSAM CEHCMIYHOTO BIUIMBY JUIsi BU3HAUCHHS 3HAYCHHS PO3-
PaxyHKOBHUX BiTHOCHHX IPUCKOPEHb IPYHTY JOCITIKYBAaHOT'O OyAiBEIFHOTO MalJaHIHKA.

Kniouosi cnosa: ceficmiuHe 30HyBaHHS, celicMiuHa HeOe3neka, IMiKOBI MPUCKOPEHHS IPYHTY; ceiicMocTilike
OyIiBHHUIITBO.
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