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PREDICTING OF VERTICAL DISPLACEMENTS OF STRUCTURES
OF ENGINEERING BUILDINGS AND FACILITIES

Purpose. The research is aimed at solving the tasks of monitoring and assessing the state of an engineering object and determin-
ing predictive characteristics in the form of construction of various models of settlement and deformation of a structure based on
the results of geodetic measurements, taking into account the space-time interaction of engineering objects with the geological
environment in a seismic zone with the earthquake energy class values of K= 6—7.5, in the area of possible underground fluctua-
tions with an intensity of 3—4 points.

Methodology. An analytical methodology has been developed that takes into account the geological conditions of the foun-
dation, changes in the groundwater level, soil compaction under significant static load, as well as the accumulation of damage in
the supporting structures caused by the impact of numerous and insignificant underground seismic shocks, for predicting the
vertical displacements of the engineering facility supporting structures. To assess the durability and stability of design compo-
nents, the least squares method is used, which makes it possible to display the patterns of deformation process development.
Obtaining new results during the period of further operation in order to draw up a technical conclusion on the state of the facil-
ity and its stability is possible by monitoring and predicting deformation deviations of individual components of an engineering
object in the vertical plane.

Findings. With the help of mathematical modeling of strength calculations of supporting structures based on geodetic measure-
ment data, it is possible to determine the quantitative characteristics and patterns of deformation process development during the
engineering facility operation. The performed calculations on mathematical modeling make it possible to reveal the distribution of
the parameters of amplitude-frequency characteristics of the linearly deformable monolithic plate upper layer along the perimeter
and to predict possible deformation changes over a certain period of time during the engineering facility operation. According to
the executive survey data, vertical deviations of structures along the facility perimeter AB, BC, CD, DA have been determined in the
range from 1 to 27 mm, which is the basis for predicting deformation deviations in the vertical plane. In addition, as a result of
engineering-geological surveys conducted on the building construction site, the geological-lithological structure of the site has
been determined.

Originality. A methodology for predicting the deformation processes of individual sections of vertical structures and mono-
lithic walls of an engineering facility, which are associated with the complex lithological structure of the foundation section and the
location of the object in a seismically hazardous zone, is proposed.

Practical value. The obtained results of studying the deformation processes of structures and individual facilities make it pos-
sible to take into account the form of complex interaction of individual sections and, in general, to predict deformation deviations
in the vertical plane.

Keywords: engineering facilities, deformation processes, geomechanical assessment, seismic zone, geodetic monitoring

Introduction. Prediction of vertical displacements of
structures of engineering buildings and facilities is an impor-
tant problem in engineering construction, since deforma-
tions can lead to serious consequences, such as destruction
of structures, deterioration of their reliability and safety. One
of the main causes of vertical displacements is the heteroge-
neity of the soil foundation on which the building is located
[1]. Under the influence of external loads, for example, when
soil moisture changes or seismic vibrations occur, the soil
can change its physical properties, which can lead to hetero-
geneous load on building structures and deformations [2].
Another cause of vertical displacements may be improper
design or errors during construction process, such as hetero-
geneous soil compaction or improper positioning of support-
ing walls [3].

Various methods such as numerical modeling, displace-
ment measurement and optical sensors are used to predict
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vertical displacements of engineering buildings and facili-
ties. In addition, it is important to conduct regular inspec-
tions of buildings and facilities in order to identify and cor-
rect possible problems before they lead to serious conse-
quences. However, predicting vertical displacements of
structures of engineering buildings and facilities is a com-
plex task that requires consideration of of many factors, such
as geological-climatic conditions, construction conditions,
design peculiarities, etc. Therefore, it is necessary to care-
fully study each specific case and make individual decisions
for each object [4, 5].

The development of technologies for performing mine
surveying and geodetic monitoring observations of industrial
objects and engineering facilities has made it possible to scien-
tifically substantiate and quickly assess changes in their geo-
mechanical state; to predict horizontal and vertical displace-
ments of engineering facilities during the construction of un-
derground structures in densely built-up populated areas, dis-
placement of the earth’s surface in the form of trough forma-
tion and collapse of the mine working roof, surface facilities
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(towers, pithead buildings, processing plants, etc.) at mining
enterprises; and, on the basis of the information obtained, take
timely reliable, precautionary and protective measures to pre-
vent dangerous technogenic phenomena and situations in seis-
mically hazardous zones [6]. Given the different geological
peculiarities of the foundation soils of engineering facilities,
possible seismic vibrations, and due to the limited land areas
and their high cost, industrial safety of engineering objects is
required for their long-term preservation and operation.

Intensive construction during the erection of engineering
facilities requires constant geodetic monitoring and special
control over their stability and preservation of the initial (de-
sign) position for a long period of operation and service life.
For this purpose, technologies for 3D-modeling of buildings
and facilities based on the results of scanning and aerial pho-
tography obtained from UAVs are currently developing dy-
namically [7, 8]. Geodetic monitoring using high-precision
electronic devices and methods for measuring deformation
changes in the operation of building objects for various pur-
poses, taking into account various conditions of their location,
is considered to be one of the many methods of special obser-
vations [9].

Numerous studies on the deformation characteristics of
engineering buildings and industrial objects (mines, open-
pits, underground and hydraulic structures, railway bridges
and highways, etc.) have contributed to the timely adoption of
special measures and to maintaining the safety of their opera-
tion. At the same time, it is particularly important to conduct
geodetic measurements in conjunction with data from auto-
mated surveillance systems (sensors, tiltmeters, scanners) for
industrial objects and engineering facilities in order to deter-
mine numerous factors, affecting their long-term stability and
safety in various difficult conditions [10, 11].

The study object is located in the foothill area of the Zaili
Alatau, and geodetic observations of deformation processes
are performed under various dynamic loads, taking into ac-
count seismic effects. The main task of our geodetic observa-
tions is to determine significant natural and technogenic fac-
tors affecting the operational safety of an engineering facility
located on the territory of the seismic zone, with the earth-
quake energy class values of K = 6—7.5 in the area of possible
underground fluctuations with an intensity of 3—4 points
(Fig. 1) [4—6].

The relief of the earth>s surface within the study object has
a gentle-sloping character with a general slope in the north di-
rection. The absolute marks for the site are in the range of
899.16—915.33 m.

This region climatic conditions are characterized by nega-
tive air temperatures up to —25 degrees in winter and hot sum-
mers up to 40 degrees with increased intensity of solar radia-

Legends

=== Conditional research object locations
— Energy class location
® Energy class measurement points

Fig. 1. Map of isolines of the earthquake energy class, Almaty

tion. This makes it necessary to protect buildings from the cold
in winter and from excessive overheating in the hot season [12].

When planning the construction of industrial objects and
engineering facilities, special geological studies are performed
in order to avoid various types of errors in calculating the foun-
dation section of an object under construction [13]. When de-
signing and building of mining, hydrotechnical and other in-
dustrial facilities, engineering-geological surveys are initially
performed for making managerial decisions on choosing the
type of foundation, its depth and options for strengthening the
foundation and its stability. The geological-lithological table
includes a characteristic of topographical relief, physical-geo-
logical processes, hydrological conditions, physical-mechani-
cal properties of soils, as well as other materials and predic-
tions [14].

As a result of engineering-geological surveys conducted on
the construction site of the engineering building, the geologi-
cal-lithological structure of the site has been determined. The
structure includes alluvial-proluvial deposits of the Upper
Quaternary age (apQIII), represented by subsiding loams and
a thick stratum of pebble soils with sand filler with up to 30 %
boulders (Table 1).

The standard soil freezing depth is: 0.92 m — for loam;
1.36 m — for bulk and pebbly soils. According to the content of
sulphates and the degree of hazardous impact of soils on con-
crete and reinforced-concrete material of design components,
the soils are non-aggressive. By the chloride content, the soils
are non-aggressive. By the total salt content, the soils are non-
saline.

The issues of performing geodetic observations of the de-
formations of buildings under the conditions of possible
earth>s surface seismic vibrations and the complexity of the
geological structure include the problems of continuous mon-
itoring and accuracy of measuring design parameters. The fac-
tors significantly affecting the stability of an industrial and
administrative building are natural and technogenic factors
revealed during special observations using high-precision geo-
detic measurements, type A settlement deformation marks,
digital tilt recorders, seismic monitoring systems, as well as
other modern devices and technologies [15].

During the operation of an industrial object and addi-
tional engineering facilities, due to a change in the level of
groundwater, filling or flooding of technical floors, compac-
tion of the foundation soil due to previously unaccounted for
physical-mechanical rock properties are possible. In addi-
tion, there are other factors that cannot always be addition-
ally determined as a result of geodetic observations during the
operation period [16]. Experience shows that many addition-
al factors can be identified during periodic monitoring of
their deformations, taking into account the specific condi-
tions of the research object location and the geomorphologi-
cal peculiarities of the research object territory [17]. The un-
resolved problems include issues of interacting soil founda-
tion of the structure, geodynamic processes and the external
environment near the foothill area with periodic insignificant
earth>s surface seismic vibrations [18]. The accumulation of
damage in the supporting structures of the building during

Table 1
Structure of the site geological section

No Soil type Description of rocks | Thickness, m

1 | Topsoil With plant roots 0.2—0.3

2 | Compacted bulk soil | Loam, pebble, sand 0.8

3 | Hard loam With rare inclusions 0.7-1.2
macroporous, of fine pebbles
subsiding

4 | Pebble soil With sand filler with 3.5-4.0

boulders up to 30 %
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operation in the conditions of seismically hazardous areas
can lead to possible changes in the dynamic characteristics of
the building that have not been determined by geodetic mon-
itoring [19].

Given the peculiarities of the location of engineering
buildings and facilities on industrial sites, the factors affecting
their stability during operation, as well as factors that have
been little studied in the development of a construction proj-
ect, require constant geodetic control, which is regulated by
normative legal documents and materials.

Research Methods. There are several methods for studying
the problem of predicting vertical displacements of structures
of engineering buildings and facilities. The main one refers to
geodetic measurements. This method is based on the use of
geodetic equipment for determining the vertical deviations of
structures. With this method it is possible to obtain accurate
data on vertical deviations of structures in a particular section
of a building or facility.

The use of mathematical models involves the construc-
tion of mathematical models based on the study of properties
and characteristics of structures. These models can be used
to predict vertical displacements of structures based on vari-
ous factors such as a load on building, geological conditions,
and other factors. Methods of non-destructive testing, which
are based on the use of various devices and technologies that
allow determining the characteristics of structures without
violating their integrity, can be used to reveal hidden defects
and damage to structures that may cause vertical displace-
ments.

Methods of computer modeling, which are based on the
use of computer programs to create 3D-models of structures
and predict their behavior in different conditions, can be used
to analyze different variants of loading on structures and pre-
dict their behavior in different scenarios.

Various devices are used for special observations, such as a
Leica TS03°5"” R500 electronic tacheometer with a measure-
ment accuracy of up to 1 mm, special settlement deformation
marks and seismic monitoring systems, digital data recorders
and highly sensitive geodetic measurement sensors. The tache-
ometer is ideal for operations that require medium measure-
ment accuracy: ideal for land surveying and construction,
making it easy to do near offset and survey. It provides an opti-
mal balance of range, accuracy, reliability, beam visibility, la-
ser spot size, measurement time, and high dust and moisture
protection degree.

To perform measurements on a vertical monolithic plate,
type A deformation marks are set, designed to monitor settle-
ment of brick and reinforced-concrete structures. Deforma-
tion marks are set at a height of approximately 0.3—0.6 m from
the floor and should be available for geodetic operations (high-
precision leveling). To ensure long-term operation, the marks
have a number applied with indelible paint and a special cap to
protect against damage. For further measurements, the loca-
tion of each mark is indicated in the object plan.

Type A settlement deformation marks with parameters
[ =10 cm are mounted into the wall thickness to a depth of
8 cm on the joints in the lower part of the wall for systematic
control of deformation processes. For the validity of the results
of the deviation values, the marks are set taking into account
the individual structure peculiarities, which are revealed in the
process of studying the building parameters [20].

The horizontal displacements of the deformation signs are
measured with the methods of axial observations of certain di-
rections by a polar way using an electronic tacheometer. The
method of axial observations is performed during certain peri-
ods of measuring the deformation mark deviations on the en-
gineering building from the reference line matching the struc-
ture axis [21].

The axial observations make it possible to determine the
direction of shear in the horizontal plane. No deviations in the
horizontal plane from the reference line AB, BC, CD, DA of

the engineering facility are detected. All geodetic observations
are performed in compliance with building codes and regula-
tions.

Executive survey is performed for geodetic control and is
the result of measurements with an electronic tacheometer. It
is known that geodetic observations of deformations of build-
ings and individual structures are an unrelated and unsystem-
atic quantitative data set reflecting the interaction of volume-
panel structures with the soil foundation and the external en-
vironment [22].

In the area of an engineering facility construction, special
attention is paid to the values of horizontal and vertical dy-
namic loads, taking into account the physical-mechanical
properties of the foundation and the use of steel trusses and
reinforced-concrete beams, special coatings in the form of ST
N135-930 corrugated steel deck and clay-concrete wall panels.
However, during the erection of facilities in this area, changes
in the groundwater level, the foundation soil compaction un-
der significant load, accumulation of damage in load-bearing
structures under conditions of multiple impact of weak but
significant underground shocks, as well as changes in stiffness
characteristics due to numerous redevelopments of premises
are not taken into account.

The deformations of an engineering building and its indi-
vidual structures are predicted by various methods involving
the theory of probability and mathematical statistics. As a re-
sult of geodetic measurement processing, the root-mean-
square errors of vertical displacements have been obtained,
which correspond to the values of the second class of accuracy
for determining the deformation characteristics of buildings
with sandy and clay soils in the foundation. The height of the
deformation mark is calculated by the formula

Hi:HS+h571:HS+DSfi. COSZSfl-,

where Hj is station elevation mark S; 4 _; is the difference of
elevation marks between a station and settlement mark; Dy _;
is distance from the station to the settlement mark; Zg_; is
angular distance measured from the normal to the settlement
mark.

Results and Discussion. According to geodetic measure-
ment data along the entire perimeter of the engineering build-
ing on settlement marks in accordance with the observation
schedule (March, June, September, December), vertical de-
viations ranging from 1—27 mm have been determined. As a
result of the analysis of the made measurements, a scheme of
the executive survey of vertical structures of monolithic plates
with the deviation values along the AB, BC, CD, DA line is
presented (Fig. 2).

Table 2 presents the results of observations on the charac-
teristic points of the wall top and on type A settlement defor-
mation marks, as well as revealed vertical deviations of the
main monolithic structures of the building. In this case, the
geological-lithological structure of the site is taken into ac-
count in the form of alluvial-proluvial deposits of the Upper
Quaternary age, represented by subsiding loams and a thick
layer of pebble soils with sand filler and boulders on the terri-
tory of the monitored engineering facility. These factors of the
geological-lithological structure significantly influence on the
geodynamic processes in the study area, including vertical and
horizontal deformations of engineering structures, and there-
fore it is important to consider them when developing design
solutions for the construction of facilities in this area. In addi-
tion, subsiding loams and pebble soils with boulders are typi-
cal soils for this region, and can contribute significantly to the
formation of geotechnical characteristics and parameters,
such as the internal friction angle, soil cohesion and drainage,
which should also be taken into account when designing and
operating engineering facilities.

Line AB in Fig. 3 illustrates the amplitude-frequency
characteristic of the monolithic plate upper layer, which can
be exposed to linear deformation. This is important informa-

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N2 2 79



© © g?z ?—2 NOo «—x
S i ii i 1ii
He—si f1 11 B TH[IT I 1R sz 1 1T BT 1D 11 31 ey
B2l H5 ™2 %) Mmoo ©ON|[Toe NN o LeH4 2N 82 RS K= 929 - HE o
H3—e ©I ofF oI oI|®T o aoF s 3 £ N7 =< @I
H oI o o oT oI B12=—
H2—=] -B:)O B 4 Ham
" B10-a
ot 16 le—B 6 HE=—
315—-_-—H2 o=t 6
Hg-_oo le—B 8
B1 7] i'-’g b3 2 omH 8
H 7
B 15 T T' T 80 B3—el
c 1 f—t 6 . 8
H7=H 15 822~ 811 24 B3 o587 B 13 B27 H
Ho—=— H6: 17 H l—Ho  H2: 12 H1 B5emet
B20=eff>—B 19 21 Hé~emrg
H12=H4 11 .“, l .1 ul o
et 25 aT ez P z ot @z Hi—e
a —H o~ B1 © =) o~ B10 ent
= = IR =
2 paty T T 22 -;TJ:E“ T TT
B H3 0
B ) H16~e— B1 4 BO 29 12 BI17- 5 B2 4 B16 =t
=B 17 Hi 2 H 20 8T 1 H 13 H2 HTE
81 (Ga—H1 25 H2—= 10 —-H15
4l B4t
H10= g3 H 7t
B4~e—fr=—H1 B8~ B3 1emed
H2 -~y , H1 7 H28=—e
8 B19emt
B4—et—=HS8 H22~a ggg::
H10=H_ &1 B1 et 624
B2 Hl o nvlecaooc o | 2w oo ] 2 88  TY .2 02 OF ER of o AeH1
= ST TTETEEITE G0 i DT 01 TEg) 1 Jig=e
_,_,‘ } [mr I i =t 19
H2
1y 14
©x oI

Fig. 2. Scheme of executive survey of displacement of vertical structures of monolithic plates based on geodetic observation data:
A—D — building axis along the x-axis; 1—9 — building axis along the y-axis; B — wall top; H — wall bottom; Red — deviations exceeding permis-

sible values

Table 2

Main monolithic-block structures of an engineering facility

and deviations from the vertical

Distance from the joint of vertical structures, Deviation,
m mm
0.6 1
1.9 3
3.1 7
4 4
4.9 2
5.9 3
6.8 1
8.1 4
9.2 0
10.3 0
13.3 4
14.5 5
14.9 12
15.9 15
16.9 27
18 27
19.2 26
21.1 14
223 1
23.4 13
24.7 16
25.5 14
27.2 8
28.4 2

tion for assessing the behavior of the structure under various
loads, as well as for determining its stability and durability
during operation. In addition, based on the data presented in
Fig. 3, it is possible to calculate and predict the deformation
characteristics of the plate upper layer, which makes it possi-
ble to make managerial decisions on its further operation and
repair.

The amplitude-frequency characteristics of the linearly
deformable upper layer of a monolithic plate show the de-
pendence of the fluctuation amplitude on the vibration fre-
quency. These characteristics can be used to determine the
dynamic properties of the plate upper layer material, such as
stiffness and damping. They can also be used to assess pos-
sible structural damage caused by vibrations, for example
when passing vehicles near a building. In addition, the am-
plitude-frequency characteristics can be used to optimize the
design of a building or facility in order to improve its dynam-
ic properties.

The obtained patterns for predicting deformation devia-
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Fig. 3. Amplitude-frequency characteristic of a linear-deform-
able upper layer of a monolithic plate
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tions, taking into account possible changes during the service
life of a building, make it possible to identify indirect charac-
teristics of deformations (spatial stiffness of the structure foun-
dation, elasticity and plasticity of wall materials) and using
geodetic marks set at control points to determine the probabil-
ity-statistical characteristics of the difference of settlement val-
ues of symmetrical monitored marks.

The main purpose of geodetic monitoring is the timely
detection of dangerous deformation values, determination of
the causes of their occurrence, predicting of the dynamics
and patterns of displacement development, as well as provid-
ing measures to prevent critical situations. In geodetic prac-
tice, predicting has become an integral part in solving com-
plex issues of geodetic monitoring results. Based on the sys-
tematic processing of the initial data, the results of accumula-
tive instrumental observations and engineering-geological
surveys, a comprehensive analysis of the shear deformation
parameters of all design components of the structure and the
geodynamic characteristics of the soil foundation is per-
formed. An actual problem when performing geodetic opera-
tions is the determining of patterns of development of defor-
mation processes and methods for their prediction when
making managerial decisions to ensure the engineering facil-
ity safe operation. Managerial decisions for the problems of
geodetic monitoring of engineering facilities and analysis of
their displacements are the most difficult due to the high re-
quirements for measurement accuracy, the need to develop
automated technical observation means and flexible tools for
processing and analyzing data, and the use of precision geo-
detic devices.

The results of geodetic measurements at all stages of
construction and operation of building objects are used as
the basis for creating an integrated system for assessing and
predicting the main characteristics of the dynamics of the
development of the engineering facility deformation pro-
cesses. The solution of monitoring tasks requires a compre-
hensive assessment of the qualitative state for the entire pe-
riod of construction, operation and liquidation of industrial
buildings and engineering facilities. Based on the results of
geodetic measurements, taking into account geological-
geophysical data of soil foundations, as well as climatic con-
ditions, tectonic disturbances and other factors of the
earth’s surface, predictive characteristics are determined in
the form of constructing various digital two- and three-di-
mensional models of engineering facility deformation dis-
placements.

Determination of tendencies in the deformation process
development is possible only by using the entire complex of
data, complete and comprehensive information on the state of
engineering facility and its displacements based on modeling,
the method of statistical extrapolation, in which an approxi-
mating function is selected with account of the conditions and
limitations of the controlled deformation process develop-
ment. Thus, a statistical pattern is formed from strictly defined
single phenomena, with the help of which reliable predictions
can be obtained by mathematical means.

The tasks of studying the issues of the deformation state
of industrial buildings and engineering facilities are very rel-
evant due to the technologically complex processes per-
formed. For determining patterns of deformation displace-
ment manifestation, modern tools of monitoring (electronic
tacheometers, laser levelers, special automated sensors, etc.),
electronic computers, and mathematical modeling based on
reliable initial observational data are widely used in scientific
research and during the operation of building objects for any
purpose.

This makes it possible to determine changes in the verti-
cal position characteristics of the settlement marks on the
joints of the engineering facility supporting structures. The
authors of the paper have developed an analytical method-
ology for predicting displacements in individual sections of

the facility perimeter based on the factors influencing the
change in vertical settlement accumulations in supporting
structures under conditions of multiple impacts of weak but
significant underground shocks. The proposed formulas al-
low for predicting.

1. Linear regression

h=0.4581+2.222.
2. Quadratic regression
h=-0.046/+1.7831-4.010.
3. Cubic regression

h=-0.009/3+0.327/> - 2.5971 + 6.87,

where /4 is the measurement of the vertical deviation of the de-
formation mark on the wall relative to the reference line (sec-
tion line), mm,; / is the length of certain facility wall sections,
on which observations are conducted, m.

The proposed methodology for predicting deformations is
based on the correlation theory of random functions, taking
into account the conditions for the homogeneity of modeled
implementations. Compliance with the homogeneity of func-
tions makes it possible to assess the parameters of the predic-
tive kinematic and dynamic models using two main parame-
ters and deformation characteristics for the prediction with a
pre-calculation of their accuracy.

By assessing the statistical homogeneity of the geodetic
measurement results during different observation periods, us-
ing the criterion of stochastic changes in the possible settle-
ment of the foundation and the body of the structure along the
perimeter, it is possible to optimally assess the deformation
processes in different sections of the foundation plate accord-
ing to settlement marks.

Further research into the problem of predicting vertical
displacements of structures of engineering buildings and fa-
cilities can be directed to various aspects of this problem.
More detailed point studies of the influence of various fac-
tors, such as geological, geomorphological, hydrological, cli-
matic, etc., on the vertical displacements of structures are
important; development of new methods and technologies
for predicting vertical displacements that are more accurate,
reliable and cost-effective; assessing the effectiveness of dif-
ferent methods for predicting vertical displacements of struc-
tures, as well as comparing existing methods and technolo-
gies; studying the influence of new building materials and
technologies on vertical displacements of structures, as well
as the development of methods and technologies to reduce
their influence; development of new methods for monitoring
and controlling vertical displacements of structures that are
more efficient and cost-effective.

All these research areas are of great importance for im-
proving the efficiency and reliability of predicting vertical dis-
placements of structures of engineering buildings and facili-
ties, which in turn contributes to ensuring the safety and sta-
bility of such objects in different conditions.

Conclusions. Based on the data of the executive survey of
monolithic-block structures of an engineering facility, dis-
placements in the vertical plane with values from 1 to 27 mm
have been identified. Mathematical operations with the initial
modeling data make it possible to reveal the distribution of the
parameters of amplitude-frequency characteristics of the lin-
early deformed monolithic plate upper layer along the perim-
eter, which is the basis for predicting deformation deviations in
the vertical plane over a certain period of time during the engi-
neering facility operation.

Based on this, an analytical methodology for predicting
vertical displacements of volume-panel structures using a
probabilistic-statistical method is proposed. The proposed
methodology for predicting the technical state of an engineer-
ing facility is implemented at various stages, namely, design,
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construction and operation of an engineering facility. The pre-
sented methodology for predicting deformation deviations of
building components and structures allows making managerial
decisions regarding control geodetic observations, which are
necessary to ensure long-term and safe operation of industrial
facilities, as well as to ensure their stability.

Further geodetic observations of possible settlements are
required, taking into account possible changes during the ser-
vice life of facilities and buildings associated with the engi-
neering-geological conditions of the foundation and location
of the object in a seismically hazardous zone. The principle of
predicting the state of engineering and industrial buildings is
aimed at monitoring the technical state during operation and
timely warning about changes in the conditions of homogene-
ity of the modeled implementations and taking measures to
preserve and ensure their safety.

The research results can be used to predict the state of en-
gineering facilities located in the foothill area with possible
underground vibrations and tectonic faults.
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Merta. Po6ota cipsiMoBaHa Ha BUPILIEHHS 3aBJaHb MO-
HITOPMHTY Ta OLIIHKMU CTaHY iHXEHepHOro 00’eKTa i BU3HA-
YEHHSI IPOTHO3HUX XapaKTepUCTUK Y BUTJISIII TTOOYIOBY Pi3-
HUX MOJIeJIeit ocaaky Ta aedopmallii Criopyau 3a pe3yJibrata-
MM TeOJEe3UMUYHUX BUMIpIOBaHb 3 YpaxXyBaHHSIM ITPOCTOPOBO-
yacoBOi B3a€MOJIil iHXXEHEPHUX 00 €EKTIB 3 T€OJOTIYHUM Cce-
PeIOBUIIIEM Y CEMCMIUHII 30HI 31 3HAUEHHSIMU EHePTeTUYHO-
ro KJyacy semiietpycy K = 6—7.5 y paiioHi MOXJIMBHX IMia3eM-
HUX KOJIMBaHb iIHTEHCUBHICTIO 3—4 Gau.

Meroauka. Po3po6ieHa aHajliTUYHa METOAMKA, 1110 Bpa-
XOBYE T€OJIOTiYHI YMOBU OCHOBHM, 3MiHY PiBHSI I'PYHTOBUX
BOJ1, YIIUJIBHEHHS TPYHTY IiJi 3HAYHUM CTaTUYHUM HaBaHTa-
KEHHSIM, a TaKOX HAKOIMMYEHHS IMOIIKOIXEHb Yy HECYUdMX
KOHCTPYKILisIX, CIPUYMHEHUX BIUIMBOM YMCJIEHHUX i HE3Ha-
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YHMX MiA3eMHUX CEMCMIYHUX MOILITOBXIB, ISl MPOTrHO3YBaH-
H$1 BEPTUKAJIbHUX 3CYBiB HECYYMX KOHCTPYKUiii. s OoiHKU
MiIIHOCTI Ta CTI{KOCTi KOHCTPYKTUBHUX €JIEMEHTiB BUKOPUC-
TaHO METOJ HalMEHIIMX KBaapaTiB, 110 JO3BOJISIE BimoOpa-
JKaTW 3aKOHOMiIpPHOCTi PO3BUTKY NedopMalliiH1MX MpoLeciB.
CrioctepeskeHHs Ta TPOrHO3yBaHHS AedhopMalliitHuX Binxu-
JIEHb OKPEMMX €JIEMEHTIB iHXEHEPHOro 00’€KTa Y BEpTH-
KaJpHill TUIOLIMHI 103BOJISIE OTPUMATU HOBI pe3y/ibTaTd B
nepiof MOJAIbILOI eKCILTyaTallil 1151 CKIalaHHs TEXHIYHOro
BUCHOBKY ITPO CTaH 00’€KTa Ta 1OT0 CTIMKiCTh.

Pesyabratn. MarematnuyHe MOAETIOBAHHS PO3PAXYHKiB
Ha MIiLHICTh HECYYMX KOHCTPYKIIiM 32 JAHUMU Ie0Je3UYHUX
BUMIpIOBaHb JO3BOJIMJIO BU3HAUYUTU KiJIbKICHI XapaKTepuc-
THKMY 11 3aKOHOMipPHOCTI pO3BUTKY Je(hOopMalliliHUX MMPOLIECiB
Npu eKcIuTyaTanii iHkeHepHoi criopynu. BukoHaHi pospa-
XYHKH 3 MAaTEMaTUIHOTO MOJAETIOBAHHS TO3BOJIMIN BCTAHO-
BUTH PO3MOILJ MapaMeTpiB aMILTiTyIHO-4aCTOTHUX XapaKTe-
PUCTUK JIiHIiTHO-Ie(D)OPMOBAHOTO BEPXHBOTO IIaPY MOHOJIIT-
HOI IJIMTHU IO MepUMETPY Ta MPOrHO3YBaTU MOXJIUBI nedop-
MalliifHi 3MiHU MPOTSITOM MEBHOTO TMepioay eKCIuTyaTallii iH-
>)KeHEpHOoi cropyau. 3a JaHUMU 3MOMKM Oy BCTaHOBJICHI
BEPTUKAJbHI BiIXUJIEHHS KOHCTPYKIIi MO MepUMETPY CIO-

pyau AB, BC, CD, DA BenuuuHoI0 Bia 1 1o 27 MM, 1110 cTajio
OCHOBOIO TIPOTHO3YBaHHSI Ae(pOpMalliiHUX BiIXUIEHD Y BEP-
TUKaJIbHIiN rutomuHi. KpiMm Toro, Ha Tepurtopii OyaiBHULITBA
OyniBii Oyau MpoBeneHi iHXEHEPHO-TeOJOTIUHI TOCTiIKEeH-
Hsl, BHACJIiJOK 4Yoro Oyja BCTAaHOBJIEHA Ie0JIOro-JIiToNIoriyHa
OynoBa IiISTHKU.

HaykoBa HoBu3HA. 3alIpONIOHOBaHA METOIMKA MTPOTHO3Y-
BaHHS Ie(opMaliifHMX MPOIIEeCiB OKPEMHUX TiISTHOK BEPTH-
KaJIbHUX KOHCTPYKIIill i MOHOJIITHUX CTiH iHXXEHEPHOI CIo-
pyau, TOB’SI3aHUX 3i CKJIAAHOIO JIITOJOTIYHOI OyIOBOIO Ii-
JISHKA OCHOBM # po3TalllyBaHHSIM 00’€KTa B ceiicMOHeOe3-
MEYHiii 30Hi.

IIpakTiyna 3HayumicTb. OTpUMaHi pe3yabTaTU AOCHi-
IDKEHHST neopMalliiHUX MPOLIeCiB CIopy i OKPeMMX KOH-
CTPYKIIil TO3BOJISIIOTH YpaxoByBaTh (popMy CKJIaTHOI B3a€-
MOJii OKpeMMX JiJITHOK i 3arajjoM MpOrHO3yBaTh aedopma-
LiiHI BiAXWJIEHHS y BEPTUKAJbHIl MIOLIMHI.

KimouoBi ciioBa: inocenepri cnopyou, deghopmauyiiini npoue-
Cl, 2eOMeXAHIYHa OUIHKA, CCUCMIYHA 30HA, 2e00e3UuHi cnocme-
DedCeHHs.
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