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INFLUENCE OF LOCAL SEISMOTECTONIC AND ENGINEERING-GEOLOGICAL
CONDITIONS ON SEISMIC DANGER OF TERRITORIES (EXEMPLIFIED
BY A CONSTRUCTION SITE IN UZHGOROD CITY)

Objective. To identify the location of potentially active seismic zones in which local earthquakes may occur. To
evaluate the predicted seismic shaking intensity (in MSK-64 scale points) considering impacts associated with the
local tectonic and engineering-geological conditions of the study site. Methodology. The totality of data on the
correlation between the length and magnitude of associated maximum energy earthquakes established
seismotectonic potential of active or potentially seismoactive fault segments (lineaments) cut off by faults of the
same or a lower order being transverse to their strike and located within the maximum possible vicinity to the
studied site. Quantitative assessment of the predicted seismic shaking intensity by seismological analogies for the
territory was carried out in accordance with the norms regulated by DBN B.1.1-12-2014. Results. Based on the
analysis of information on the geodynamic and seismotectonic situation in the vicinity of the projected structures
site, we defined the location of potential seismic zones where local earthquakes may occur. The study determined
seismotectonic potential of the closest to the site fault segments in terms of their maximum magnitudes which will
not be exceeded for the next 50 years with a probability of 99 %. Fault segments (1-5) marked on the tectonic map
are located in a close proximity to the site. The greatest seismotectonic potentials My = 4.32, My = 4.03 are
specific to faults 1 and 4 with lineament lengths L = ~18.91 km, L = ~13.23 km. Faults 2, 3, 5 demonstrate smaller
values of seismotectonic potential My, = 3.42; 3.60; 3.48. It is known that earthquakes in the Transcarpathian
trough are shallow, i.e. they occur at a depth of 2—5 km. Under these conditions, Izy = 7.27, Iy = 7.34 for faults 1
and 4 is the highest, the remaining faults 2, 3 and 5 have lower Iy = 4.38; 5.49; 3.48 values per MSK-64
macroseismic scale and DSTU-B-V.1.1-28 2010 respectively. For the second category soils the evaluation is made
in respect of their seismic properties. The maximum predicted impact of local potential earthquakes on the site area
is established as Iy, = 7.34 points per MSK-64 macroseismic scale and DSTU-B-V.1.1-28:2010. According to the
data of engineering-geological surveys, within the limits of a 10-meter layer below a planning mark, the soils of site
allocated engineering-geological area are specific for the 2nd category per their seismic properties. The object of
reconstruction falls in CC3 class of consequences (responsibility). According to ZSR-2004—C map, the standard
(background or input) intensity of seismic shaking within the site is Iy = 8 points per the MSK-64 scale. Scientific
novelty. Seismic faults within the vicinity of Uzhgorod city were determined; seismotectonic potential and
maximum possible impact of local earthquakes on the site territory and designed structures stability was
established. Practical relevance. The construction site SMZ gives specified values of seismic impacts in relation to
the general seismic zoning of the country. This allows considering possible increase in seismic magnitude at the
stage of seismic resistant construction design. Taking into account SMZ results at construction of engineering
structures allows avoiding human casualties and reducing economic losses at seismic manifestations.

Key words: tectonics, seismotectonic potential, seismic microzoning, method of seismic-geological analogies,
magnitude, seismic intensity, seismic properties of soils.
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Introduction

Extensive seismological researches have proven that
local geological conditions are a decisive factor in the
magnitude and volume of earthquake-induced damages.
The need to take these conditions into account when
assessing seismic hazards and parameters of possible
seismic impacts is quite obvious even when it comes to
individual construction sites and structures since cases of
complete destruction of one house located next to
another having the same safety factor but completely
undamaged happen quite often [Kendzera, 2015;
Kupliovskiy, 2018; Starodub, et al, 2003].

Until the seventies of the last century, it was
believed that the main danger on the territory of
Ukraine was caused only by the strong Vrancea
zone sub-crustal earthquakes. The local seismicity
was practically unstudied. The seismic network
was not sufficient to determine not only the location
of weak local earthquakes foci, but also their
mechanism. Recently, the number of seismic
stations has increased. The results of the study of
local seismicity on the territory of the East-
European Platform confirmed that within it, as well
as on other ancient platforms, powerful earthquakes
can occur though much less frequently than in the
seismic belts of the planet [Kutas, 2007].

Objective

To identify the location of potentially active
seismic zones in which local earthquakes may occur.
To evaluate the predicted seismic shaking intensity (in
MSK-64 scale points) considering impacts associated
with the local tectonic and engineering-geological
conditions of the study site.

Methodology

Seismotectonic potential of active or potentially
seismoactive fault segments (lineaments) cut off by
faults of the same or a lower order being transverse to
their strike and located within the maximum possible
vicinity to the studied site is established based on the
totality of data on the correlation between the length L
and the magnitude of associated maximum energy
earthquakes. To calculate the magnitude of a poten-
tially possible maximum earthquake M,y let us use
the known ratio from [Bugaev, 1999]:

M, = 0.54 + 1.87Lg(L) Ko , (1)

where L is the length of a lineament (geodynamically
active zone), km; o is a standard deviation which
depends on data samples and ranges from 0.6 to 0.76;
K is a coefficient defining evaluation confidence My;,y.
To ensure 99 % non-exceedance of predicted maximum
magnitudes values over a 50-year period the K-factor
should be 2.326 [Shmoilova, et al., 2011].
Shaking intensity is calculated using empirical
Shebalin-Blake’s formula [Kendzera, et al., 2003]
I=1.5M-3.5Lg(A) +3.0,

A=vR*+H*JR* + H? )
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where R is a minimum distance to the site, km, H is a
minimum focal depth, km.

Quantitative evaluation of the predicted seismic
shaking intensity using the method of seismic-geolo-
gical analogies for the given territory was carried out
pursuant to the regulated norms in accordance with
Table 5.1. DBN V.1.1-12-2014 [DBN V.1.1-12-
2014..., 2014].

Results

Neotectonic conditions and potentially seismic
active faults within the site area, their seismotectonic
potential in M,

The projected construction site is located within
the Transcarpathian trough.

The Transcarpathian trough is geomorphologically
manifested by the Transcarpathian depression and the
Vigorlat-Hutyn Ridge. The trough is limited by the
Transcarpathian deep fault in the north-east and Panosian
deep fault in the south-west. It is divided into
longitudinal elements, i.e. the Marginal or monoclinal
zone adjacent to the Transcarpathian trough and the
Central Zone of salt diapir structures or brachyanticlinal
folds. The north-eastern block coincides with the
Marginal Zone and is a continuation of the Uzhgorod-
Iniachivskiy Slovakian horst. Here the basement is
formed by crystalline shales, the sedimentary cover — by
the Triassic, Jurassic, Cretaceous sediments and Eocene
Pidhale type flysh.

The general basement structure is of block type,
the internal structure is characterized by low-angle
overthrusts that overlap the Jurassic deposits. For
instance, the above is observable in Nevytska-1 well,
where the Triassic profile repeats three times. In the
Edge Zone sedimentary rocks gently dip to the
southwest.

The Transcarpathian trough evolution began with
the occurrence of an edge and its accompanying faults
along which the basement submerged. The most ancient
trough sediments, i.e. the Tereshulski conglomerates,
form the basal thickness of a molassic formation.

Sea transgression, intensive trough lowering, and
rapid volcanic activity continued in the Early Baden.
On average, clays of the Tereblinska suite lower part
accumulated in the sea of normal salinity. However,
in some areas the open sea regime changed to the la-
goon one as indicated by gypsum and anhydrite
lenses.

Neotectonics

Neotectonic movements are manifested thro-
ughout the territory tending to raise the Carpathians
and lowering the Transcarpathian trough. For the
Quaternary period, this process is reflected by the
evolution of basement terraces, the level of which
increases progressively from the lowlands to the main
Carpathians watershed as well as the origination of
powerful Mynaiska and Chopska suite sediments. The
processes of raising and lowering are interrelated and
occur in a differentiated way per the system of breaks
of the general Carpathian strike, which coincide with
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the boundaries of blocks, suites and slices. Exoge-
nous-endogenous processes and genetic factors play
an important role in the formation of the relief.

Exogenous and endogenous processes and genetic
factors play an important role in relief formation.

The history of geomorphological development of
the territory starts with the inversion of the Carpathian
basin at the beginning of the Neogene, but traces of this
ancient relief have not been preserved. In the middle
Miocene a significant elevation of the area accompanied
by the formation of overthrusts in the Carpathians and
intensive volcanic activity in the Transcarpathian trough
is registered. A morphostructure had emerged, which
then became the basis for the formation of modern relief.
Its first stage is fixed by the highest denudation level at a
height of 1250-1350 m, which was formed in the pre-
Pliocene time [State ..., 2003].

Up to the end of the Sarmatian period in the south-
western part of the Transcarpathian trough a mountain
structure formed as a result of volcanic activity and
ascending movements. Up to the end of the Pliocene
as a result of erosion and denudation only hills
remained here.

In the Pliocene on the boundary of the trough and
the raised Carpathians block a volcanic activity led to
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the formation of a large convex shape that blocked the
flow of the Uzh and Latorytsia rivers. In the
Carpathians the denudation level simultaneously
formed at altitudes of 900—1100 m [State ..., 2003].

In the early Quaternary time in the Transcar-
pathian trough the lake-alluvial deposits of the Chop
suite accumulated as a result of intensive lowering.

Inselbergs were heavily denuded. Erosion activity
in the Carpathians and on the southwestern slope of
the Vigorlat-Hutynskiy ridge led to the formation of
several levels of high erosion terraces [State ..., 2003].

In the Middle Quaternary the last erosion cycle
started in the Carpathians, the Carpathian rivers broke
through the Vigorlat-Hutynskiy ridge (at the level of
the 5th terrace) and a complex of low and middle
terraces began to form. In the Mukachevo depression,
top-down movements occurred and thick alluvial
Minay suite sediments became accumulated.

In the Holocene, the nature of relative movements
was preserved in the Carpathians and in the trough.
The uplift in the Carpathians is fixed by the formation
of V-shaped valleys of mountain rivers with a rocky
bed, hanging valleys of tributaries. In the lowlands
weak depressions are fixed by the displacement of
channels, formation of cut-off meanders.
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Fig. 1. Map of the latest tectonic movements [Seismic zoning..., 1980]:

1-2 — amplitudes of the newest uplifts; 3 — lowering: 1 — 1-2; 2 — 2-0-1; 3 — 0-0-2 cm; 4 — zones of
coincidence lowering and allogenic elevation; 5 — The Alpine platform; 6 — margin of the platform and Pre-
Carpathian trough; 7 — thrust of the inner zone of the Pre-Carpathian trough over the outer zone and thrust of the
Carpathians over the Pre-Carpathian trough; 8 — other overthrusts; 9 — faults; 10 — dip-slip faults; 11, 12 — other

faults
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Fig. 2. Tectonic scheme of the study area [State Geological..., 2003]

i Having analyzed information on the geodynamic
‘(L and seismotectonic situation in the area of the main
structures (Fig. 1, Fig.2) of projected construction
objects, we could establish the position of potential
seismic zones where local earthquakes may occur
4 (Fig. 3). It was possible to determine seismotectonic
potential of the nearest to the site segments of tectonic

o . faults in terms of their maximum magnitudes, which
studied area Mg with a probability of 99 % will not be exceeded for
the next 50 years. (Table 1).

Table 1

Seismotectonic capacity of potentially active faults
2 in the area of a construction site

Mmax IRM

T
e 1 2 4 Kilormaters

Fault
Segment length,
km
Focus minimum
depth, km
Mini-mum
distance to
the site, km

Legend

O studied avea
1 fauk

— gl

6.74 3.48 6.30
7.78 2.5 6.3 3.60 | 549
18.91 2.5 3.5 4.32 7.27
6.20 2.5 11.5 342 | 438
13.23 2.5 1.8 4.03 7.34
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Fig. 3. Fault location (at the study site)

Nowadays the erosion processes, landslides, taluses, The closest to the site fault segments are
floodplain formation are continuing. indicated on a tectonic map as 1-5, 2, 3, 4, and 5. The
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most seismotectonic potentials My, = 4.32, Mpax =
=4.03 demonstrate faults 1 and 4 with the lineament
lengths L = ~18.91 km, L = ~13.23 km. Faults 2, 3, 5
show much lower values of seismotectonic potential
Moy = 3.42; 3.60; 3.48.

Literary sources state that in the Transcarpathian
trough earthquakes are shallow, i.e. their hypocenters
are located at a depth of 2—5 km [Maksymchuk, 2014].
Under such conditions, values Igy = 7.27, Igy = 7.34
for faults 1 and 4 are the highest while according to
the Macroseismic scale MSK-64 and DSTU-B-V.1.1-
28 2010 [Seismic intensity scale..., 2011] the remaining
faults 2, 3 and 5 demonstrate lower values of Iy =
=4.38; 5.49; 3.48 respectively. The evaluation is
attributed to the second category of soils per their
seismic properties.

The maximum predicted impact of local potential
earthquakes on the site area is estimated as Iy, = 7.34
points according to the Macroseismic scale MSK-64
and DSTU-B-V.1.1-28:2010 [Seismic intensity scale
.., 2011].

SMZ. of the projected plant construction site by
the method of seismic and geological analogies

Site SMZ by the method of seismic and geological
analogies was carried out taking into account the
results of engineering and geological surveys performed
by Geologist LLC.

Pursuant to the data, the development site is located
in the southwestern suburb of Uzhgorod within the
Chop-Mukachevo lowland. Geomorphologically, it is
located on the left floodplain terrace of the Uzh river.
The site surface is almost flat. Absolute elevations
within its limits vary from 109.13 to 110.36 m. The
natural relief of the site has been significantly
anthropogenically transformed during the planning
works. The modern relief of the site is characterised
by a flat surface. Geomorphologically, the site is
located on the left floodplain terrace of the Uzh river.
The surface of the site is flat and planned. Absolute
elevations are 109.13-110.36 m.

Engineering-geological model of the site is presented
in the form of engineering and geological cross-
sections (Fig. 4). Soil stratum is divided into engineering-
geological elements (IGE) taking into account their
age, origin, texture and structural features, composition,
condition, physical and mechanical properties of
nomenclature soils based on the results of well drilling
data processing and laboratory tests.

Engineering and geological cross-section of the
site is represented (from top to bottom) by the following
engineering and geological elements: IGE 1 — fill-up
soil, IGE 2 — semi-rigid clay, IGE 3 — semi-hard
loam; IGE 3a — plastic sticky loam; IGE 4 — fine sand;
IGE 5 — coarse gravelly soil.

e IGE 1 — fill-up soil (t Q) is represented by
loamy soils mixed with crushed stone and construction
debris up to 10-35 % by its volume. The soil is dry

dumped, settled, lies on the surface, the layer thickness is
2-1.5m.

e IGE 2 — semi-rigid clay (a Qup1v), lumpy, light,
loam-like and of brown and grey-brown colour. It
occurs under the fill-up soil as a layer of variable
thickness ranging from 1.0 to 3.3 m. (apparently, the
indicators of composition and properties of soils of
established IGE should be summarized in the table).
The soil demonstrates following physical characteristics:

natural moisture (W) — 0.30; plasticity index (Z,) —
0.20; consistency index (/) — 0.13; density (p) —
1.99 t/m’; porosity index (e) — 0.79; wetness degree
(Sr) —1.00.

e IGE 3 — semi-hard loam (a Qyy), mainly heavy,
in the upper part resembles clay, of dark brown and
black colour, in the lower part — with layers of dusty
sand, and yellow-brown plastic sticky loam with a
thickness of up to 20 cm. It occurs under clay IGE 2in
the form of a layer of variable capacity ranging from
0.5 to 2.7 m. The transition between clay IGE 2 and
loam IGE 3 is inexplicit, gradual.

The soil demonstrates following physical cha-
racteristics:

natural moisture (/) — 0.23; plasticity index (Ip) —
0.15; consistency index (/L) — 0.06; natural compo-
sition density (p) — 2.05 t/m’; porosity index (e) —
0.63; wetness degree (Sr) — 0.98.

e IGE 3a — plastic sticky clay (and Qy.ry), lumpy,
light, sandy of brown and grey-brown colour. The soil
is found under loam IGE 3in the form of a wedged out
layer. Its maximum power is 0.8 m.

The soil demonstrates following physical characte-
ristics:

natural moisture (W) — 0.27; plasticity index (I,,) —
0.10; consistency index (Ip) — 0.42; density (p) —
2.02 t/m®; porosity index (¢) — 0.70; wetness degree
(Sr) —1.00.

e IGE 4 — fine sand (a Q 1), of medium density,
quartz, clayey, wet of grey and yellow-brown colour.
It occurs under loams IGE 3, 3a in the form of lenses.
Its maximum power is 1.3 m.

The soil demonstrates following physical characte-
ristics:

natural moisture (/) — 0.20; density (p) — 1.75 t/m’;
porosity index (e) — 0.65.

e IGE 5 — coarse gravelly soil (a Oryy), pebbles of
effusive and sedimentary rocks, mainly of small and
medium size, well rolled up, the filler is fine sand
29.8 % by weight, wet. The soil was found in all wells
at the depth of 4.2-5.8 m.

Ground waters were not found in wells to a depth
of 6.0 m. According to the research data of the
adjacent areas obtained by Geologist cooperative, the
depth of the ground water level is at the absolute level
of about 102.00 m. During snowmelt and intense
precipitation, local upwelling may occur at IGE 1-2
soil contact as well as in pit hollows and trenches.
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Fig. 4. Engineering-geological cross-section of the projected construction site.

From the data presented it is clear that taking into
account the above results and peculiarities of the
distribution of sediments of different genetic types,
lithological and facial composition within the site, the
territory of the studied site can be attributed to one
engineering-geological region (taxon) with a relati-
vely homogeneous geological structure. It can also be
considered as one engineering-geological region.

According to Table 5.1. DBN V.1.1-12-2014
[DBN V.1.1-12-2014..., 2014], the soils of identified
IGE belong to different categories per their seismic
properties. In particular, technogenic soils (IGE-1)
belong to the IV IGE-2-5 category — to the 2nd category.
Taking into account the lithology and physical condition
of soils, in the sedimentary thickness located
within the Engineering-geological region five
engineering-geological elements were determined
up to the depth of 10m. Their geological and
lithological characteristics are given below:

IGE 1 — Fill-up soil. Horizon thickness is 1.0 m.
According to Table 5.1. DBN V.1.1-12-2014 [DBN
V.1.1-12-2014..., 2014], the soil of this layer should be
attributed to the 4th category per seismic properties.

IGE 2 — Semi-rigid clay. Horizon thickness is
2.0 m. According to Table 5.1. DBN V.1.1-12-2014
[DBN V.1.1-12-2014..., 2014], the soil of this layer
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should be attributed to the 2nd category per seismic
properties.

IGE 3 — Semi-hard loam. Horizon thickness is
2.0 m. According to Table 5.1. DBN V.1.1-12-2014
[DBN V.1.1-12-2014..., 2014], the soil of this layer
should be attributed to the Il category per seismic
properties.

IGE 3a — Plastic sticky clay. Horizon thickness is
0.5 m. According to Table 5.1. DBN V.1.1-12-2014
[DBN V.1.1-12-2014..., 2014], the soil of this layer
should be attributed to the Il category per seismic
properties.

IGE 4 — Fine sand. Horizon thickness is 1.0 m.
According to Table 5.1. DBN V.1.1-12-2014 [DBN
V.1.1-12-2014..., 2014], the soil of this layer should
be attributed to the II category per seismic properties.

IGE 5 — Coarse gravelly soil. Horizon thickness is
5.0 m. According to Table 5.1. DBN V.1.1-12-2014
[DBN V.1.1-12-2014..., 2014], the soil of this layer
should be attributed to the 2nd category per seismic
properties.

Fill-up soil, widespread within the site, is characte-
rized by unfavourable engineering, geological and
seismic properties, and cannot be used as the basis
for foundations. Due to the fact that its capacity is
insignificant it does not affect the stability of a
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designed structure. Since the soil thickness is up to
1.5 m this does not influence the choice of design
solutions (according to Note 1 to Table 5.1. DBN
V.1.1-12-2014 [DBN V.1.1-12-2014..., 2014]). 1t is
not recommended to use soil IGE 1 as a natural basis
for foundations. Soils IGE 2 or IGE 3 are recom-
mended to be used as a natural basis for foundations.

Evaluation of plant site seismicity by the
method of seismic-geological analogies

Engineering and geological survey data for a
10-meter layer below the planning level, according to
Note 1 to Table 5.1. DBN V.1.1-12-2014 [DBN V.1.1-
12-2014 ..., 2014], show that the projected construction
site soils can be attributed to the 2nd category per
their seismic properties.

The object of the planned construction (with the
consent of the customer) belongs to the class of
consequences SS-3, so for the calculations of the
input intensity, the map ZSR-2004-S was chosen
[DBN B.1.1-12-2014..., 2014].

According to GSZ-2004-C map the normative
(background or input) intensity of seismic shaking of
the site equals to Iy = 8 points per MSK-64 scale.
Earthquakes of such intensity here can occur once in
5.000 years (seismic risk is 1 %). Seismic shaking
intensity of 8 points will not be exceeded for the next
50 years with a probability of 99 %. The refined
normative value of seismic amplification in respect of
the study site area obtained by the method of seismic
hazard calculation presented in thematic scientific
collections “Seismicity and seismic zoning of Northern
Eurasia” [Seismicity and seismic zoning ..., 1995] with
the accuracy of 0.01 for the repetition period of once
in 5.000 years is Iry = 8.2 points. The specified
evaluation data correspond to the conditional seismic
risk of 1 %. It refers to the soils of the 2nd category
per seismic properties and does not consider the
possible impact of local soil conditions. The sources
of shaking of such intensity are strong sub-core
earthquakes of the Vrancea zone.

The maximum estimated impact of local potential
earthquakes on the site is Izy = 7.34 points per the
macroseismic scale MSK-64 and DSTU-B-V.1.1-
28:2010 [Seismic intensity scale ..., 2011]. The values
of Ixy and Igy are related to the soils of the 2nd
category per seismic properties, which form the upper
10-meter part of a soil cross-section in the engine-
ering and geological area of the construction site.

Without carrying out seismic microzoning of the
study site by instrumental methods, i.e. by the method
of seismic impedances and by the method of registration
of high-frequency microseisms, the increase in the
site seismicity due to the local ground conditions can
be assumed to be equal to 4J=0 points against the
refined background (normative) seismic intensity Igy.

Macroseismic scales are descriptive and have only
integer values of seismic amplification. Fractional
amplification values are used only for calculations,
but their results should be approximated to whole
values. The obtained seismic value for the study site
is equal to 8 points and refers to the soils of the 2nd
category per seismic properties, which make up the
upper 10-meter part of the soil cross-section of the
engineering and geological areas of the study site.

Scientific novelty and practical relevance

Seismically active faults located in the vicinity of
Uzhgorod city were determined; seismotectonic potential
and the maximum possible impact of local earthquakes on
the city territory were calculated.

SMZ of construction sites gives refined data of
seismic impacts against the general seismic zoning of
the country, which allows taking into account the
exact values of seismic manifestations at the stage of
designing earthquake resistant construction. Consideration
of the SMZ results during the construction of engineering
structures allows avoiding human casualties and
reduces economic losses for the region during seismic
shaking.

Conclusions

The information on the geodynamic and seismo-
tectonic situation in the area of the planned
construction site helps to establish the disposition
of main structures (Fig. 1, 2) and defines the location
of potential seismic zones in which local earthquakes
(Fig. 3) may occur .

The seismotectonic potential of the nearest to the
site segments of tectonic faults in terms of their
maximum magnitudes, which will not be exceeded for
the next 50 years with a probability of 99 %, was
determined (Table 1).

The maximum predicted impact of local potential
earthquakes on the site area is estimated as Iy, = 7.34
points per MSK-64 macroseismic scale and DSTU-B-
V.1.1-28:2010 [Seismic intensity scale..., 2011].

According to GSZ-2004-C map the normative
(background or input) intensity of seismic shaking of
the site equals to Iy = 8 points per MSK-64 scale.
Earthquakes of such intensity here can occur once in
5.000 years (seismic risk is 1 %). Seismic shaking
intensity of 8 points will not be exceeded for the next
50 years with a probability of 99 %.

The refined normative value of seismic amplification
in respect of the study site area obtained by the
method of seismic hazard calculation presented in
thematic scientific collections “Seismicity and seismic
zoning of Northern Eurasia” [Seismicity and seismic
zoning ..., 1995] with the accuracy of 0.01 for the
repetition period of once in 5.000 years is Igy =
=8.2 points. The specified evaluation data correspond
to the conditional seismic risk of 1 %. It refers to the
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soils of the 2nd category per seismic properties and
does not consider the possible impact of local soil
conditions. The sources of shaking of such intensity
are strong sub-core earthquakes of the Vrancea zone.

The values of Ixy and Iy are related to the soils
of the 2nd category per seismic properties, which
form the upper 10-meter part of a soil cross-section in
the engineering and geological area of the construc-
tion site.

Without carrying out seismic microzoning of the
study site by instrumental methods, i.e. by the method
of seismic impedances and by the method of registra-
tion of high-frequency microseisms, the increase in
the site seismicity due to the local ground conditions
can be assumed to be equal to 4J=0 points against the
refined background (normative) seismic intensity Igy.

Macroseismic scales are descriptive and have only
integer values of seismic amplification. Fractional
amplification values are used only for calculations,
but their results should be approximated to whole
values. The obtained seismic value of the seismic
amplification for the study site is equal to 8 points and
refers to the soils of the 2nd category per seismic
properties, which make up the upper 10-meter part of
the soil cross-section of the engineering and geological
areas of the study site.
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BIUINB JIOKAJIbBHUX CECMOTEKTOHIYHUX TA IHXEHEPHO-TEOJIOTTYHUX YMOB
HA CEMCMIYHY HEBE3IEKY TEPUTOPII (HA TTPHKJIAJI MAVJAHUMKA 3ABYI0BU
B m. YXK[OPOJI)

Meta. BusiBUTH MONOXKEHHS! MOTEHIIIHHNX CEHCMOAKTUBHHUX 30H, B SIKMX MOXXYTh BUHHKATH MICLIEBI 3emiie-
Tpycu. Jlatu KinbKicHY OLIHKY pO3paxyHKOBOI iIHTEHCUBHOCTI ceificMiuHUX cTpyuryBaHb (y Oanax mxamn MSK-64) 3
ypaxyBaHHsM e(EKTiB, OB’ SI3aHKX 13 JOKATHHIUMH TEKTOHIYHUMH Ta IHKEHEPHO-T€ONONTYHIME YMOBaMH JIOCITIJDKY-
BaHOro Margandrka. Meromuka. CefiCMOTEKTOHIYHMIA TTOTEHITIA aKTUBI30BAaHUX, UM MTOTEHIIIHO CeCMOaKTUBHUX,
CErMEHTIB PO3JIOMIB (JIIHEAMEHTIB), sIKi BiJCIKAIOThCS MONEPEUYHHMH JO0 iX MPOCTATaHHS PO3JIOMAaMU Takoro abo
HIDKYOTO TIOPSAKY, PO3TAIIOBAHUX MaKCUMAIILHO OJM3BKO BiJ| IOCHIIKYBAHOI IISTHKH, BCTAHOBIIOIOTH Ha OCHOBI
YCi€l CyKYITHOCTI JAaHUX TIPO 3B’S30K MiXK JIOBYKHHOIO Ta Mal"HiTy}:[O}O TPHYPOYCHHX JI0 HHOTO MAKCHMATIBHIIX 32 CHE-
T€TUKOIO 3eMJ1e1py01B K_lJ'ILKlCHy OLIHKY PO3PaXyHKOBOI IHTEHCHBHOCTI CEHCMIYHHX CTpPYIIYBaHb METOJIOM CEHCMO-
TCOJIOTTYHMX AHAJIOTIN YIS Ii€l TepUTOpii BUKOHAHO 3TiMHO i3 HOPMaMH, PeryiaMeHTOBAHHMHU JIbH B.1.1-12-2014.
PesyabraTu. Ha migcrasi ananisy iHgopMarii po reoquHamMivHy i CeI/ICMOTeKTOHllIHy CHUTYallil0 y paiioHi MaiinaH-
YyKa PO3TalllyBaHHs IPOEKTOBAHUX CHOPY/ BCTAHOBJICHO MOJIOKEHHS MOTEHIIMHNX CEHCMOAKTHBHHX 30H, Y SKUX
MOXXYTh BUHHKATH MiCIIEBi 3eMJIeTpycH. BH3HAa4eHO CeiiCMOTEKTOHIUHMI MOTEHIian HAHOMMKINX 10 MaljaHunKa
CETMEHTIB PO3JIOMIB y TepMiHaX MaKCUMAJIbHUX MarHiTys, siki 3 iMoBipHicTIO 99 % He OyayTh NepeBHIIEH] 3a Hall-
ommkui 50 pokiB. Besnocepennpo moONM3y MalTaHYMKa pPO3TAIIOBaHI CerMEHTH po3ioMiB (1-5), mosHayeHi Ha
TEKTOHIUHIA KapTi. HaiiOumbln celicMOTeKTOHIUHI TOTCHINATH My = 4,32, Mpax = 4,03 y posnomiB 1 1 4 3
JOBXUHaMH JiHeaMeHTiB L = ~18,91 kM, L =~13,23 kM. Y posnomiB 2, 3, 5 MEHIII 3HAUCHHS CEHCMOTEKTOHIYHOTO
noteHmiany My, = 3,42; 3,60; 3,48. Bimomo, mo 3emierpycu y 3akapnaTchKOMy IPOrHMHI HErTHOOKI, TOOTO
BiZIOYBalOThCSA Ha TMOMHAX 2—5 kM. 3a Takux yMOB Igy = 7,27, Iry = 7,34 mius posnomiB 1 1 4 € HalOuIbImM, Y
perity po3toMiB 2, 3 1 5 menmni 3HaueHHs Igy, = 4,38; 5,49; 3,48 Oana, 3a MakpoceiicMiuHOmO mikanoro MSK-64 i
JCTVY-b-B.1.1-28 2010 BianosigHo. OuiHky B3sTO st IpyHTIB I KaTeropii 3a ceicMiYHUMH BIIACTUBOCTAMH. Mak-
CHMaJIbHHI PO3PaxyHKOBHI BIUIMB BiJ] MiCIIEBUX MMOTEHIIHUX 3eMJIETPYCIB Ha TEPUTOPIIO MaiIaHYMKa OLIHIOETHCS
sk Igyy = 7,34 Oama 3a makpoceticmignoro mmkamoro MSK-64 i JICTY-b-B.1.1-28:2010. 3a manumu iHXEHEPHO-
TEOJIONYHHX JIOCII/PKEHb, Y MeXaX NeCITHMETPOBOrO LIapy, HWKYE BiJl [IO3HAYKU IUIAHYBAaHHS, IPYHTH BHILIEHOTO
Ha MalIaHYMKy IH)KEHEPHO-TEOJIONTYHOro paioHy 3apaxoBaHo a0 II kareropii 3a CeHCMIYHUMH BJIACTUBOCTSIMH.
OO0’eXT PEKOHCTPYKINI HAISKUTh J0 Kiacy HacmiakiB (BimmosimansHOcTi) CC3. 3rimHo i3 kaproro 3CP-2004-C
HopMaTuBHA (poHOBa a0 BXiIHA) IHTEHCHBHICTh CEHCMIYHUX CTPYIIyBaHb MaiilaHYMKa CTaHOBUTH Iy = 8 6anis 3a
mkasoro MSK-64. HaykoBa HoBM3HA. BH3HaueHO CefiCMOAKTHBHI PO3JIOMH B OKOJI M. Y3Kropoj, po3paxOBaHO
CEHCMOTEKTOHIYHUI MOTEHIIIa Ta MAKCUMaJIbHO MOYKJTUBHH BIUTUB BiJl MiCIIEBHX 3eMJIETPYCIB Ha TEPUTOPIIO JITHKA
3a0y/IOBU Ta CTiMKiCTh mpoekToBaHuX criopyl. Ilpakruuna 3uauvymicrs. CMP malinaHumkiB OyIiBHHIITBA Jia€
YTOUHEHI 3Ha4YeHHS CEHCMIYHHMX BIUTUBIB IIOAO 3araJlbHOrO CEHCMIYHOTO paifoHYBaHHSI KpaiHH, IIO Ja€ 3MOry Ha
erari TPOEKTYBaHHS CEHCMOCTIKOrO Oy/iBHHIITBA BpaxoBYyBaTH MOXJIMBHHA MPHPICT CEHCMIUHOI OaIbHOCTI.
BpaxyBannst pesynerariB CMP nij yac OymiBHHITBA iHXXEHEPHHMX KOHCTPYKLIH Ja€ 3MOIY YHHKHYTH JIFOACHKUX
JKEPTB 1 BMEHIIUTH EKOHOMIYHI BTPATH 33 CEHCMIYHUX MPOSIBIB.

Kntouosi crnoea: TekToHIKa; CEHCMOTEKTOHIYHUH MOTEHIIIAN; ceiiCMiYHe MIKpOpaloOHyBaHHS; METOJ CEHCMO-
Te0JIOTIYHMX aHAJIOTil; MarHiTy/1a; CeCMiuHa IHTEHCUBHICTh; CEHCMiUHI BIACTUBOCTI IPYHTIB.
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