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SUMMARY

We have carried out the geodetic monitoring of the hotel complex. The purpose of this study was to
ensure control of the mutual height position of the sectional blocks of the building over the period
from 01.07.2019 to 30.11.2019. At this facility, was designed a leveling network consisting of 2
stages. Using the method of high-precision geometric leveling with a short beam, we measured the
excess between the deformation marks of the basement, stairways and sites of the hotel complex. By
means of specially developed software packages and databases, we calculated the values that
characterize the process of subsidence of building elements.
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Introduction

Timely monitoring of landslides and deformations of structures are of great importance for
determining the strength and stability of structures to prevent their destruction or provide a timely
emergency signal. The monitoring is carried out since the beginning of construction using the means
of very accurate, thorough and systematic geodetic measurements, various in nature. The geodetic
measurements must be provided with a high-precision and very securely fixed completion geodetic
network. Such a network is created for each large structure according to a special scheme and design
of especially reliable signs in terms of stability of structures is developed (in particular, deep bench
marks). Measurements of displacements, subsidence and deformations are stopped (or reduced to the
required quantity) only from the moment of stabilization of the structure’s state. Therefore, a
characteristic feature of geodetic works is their systematic repetition over a fairly long period of time
depending on the stability of the soil on which the structure is located, and by repeated measurements
and bindings the position of signs and the geodetic network itself is checked.

During the operation of engineering structures, periodic geodetic observations of deformations of
structures and technological equipment are also performed, which include measurements of
subsidence of foundations and basements, determination of planned displacements of structures,
determination of tilts of high-rise buildings, pipes, towers, etc. The results of periodic observations
make it possible to identify not only the value of deformations, but also to take preventive measures
for the normal operation of engineering structures and technological equipment. The geodetic works
at this stage are performed using high-precision instruments according to a specially developed
program.

Theory
The study is based on the results of geodetic monitoring of a hotel complex located in the Carpathian
region. The purpose of the study was to carry out the geodetic monitoring of the hotel complex to

ensure control of the mutual height position of the sectional units of the building.

As a result of the performed works, there were carried out the measurements of excesses and were
defined the conditional heights of deformation marks (Figure 1).

Figure 1. a) Basement deformation mark; b) Wall mark

The hotel complex consists of seven relatively independent blocks connected by expansion joints.
Figure 2 shows a top view of the hotel complex and a schematic arrangement of the stairways of the
building. Due to the specifics and design features of the building, it was divided into nine objects.
More than 400 deformation marks were laid on these objects.
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Figure 2. Scheme of stairways of the hotel complex
In July 2019, there were performed two series of measurements at all sites: the main and control. The
control series is required to check the correctness of determining the heights of deformation marks in
the main series, and further - to control the determination of the hotel complex subsidence values and
to detect gross errors during the intermediate marks leveling. The next series of high-precision
geometric leveling with a short beam was performed in November 2019.

Measurements were performed using a high-precision electronic level TOPCON DL 501 with
automatic readings on the barcode rail. Before the start of each series of observations, level studies
were performed according to the program defined in the level instructions and regulated by current
regulations [Burak, 2002, Burak, 2010]. In particular, before the start of a series of observations, the
incidence angle was determined with the help of an automated level menu program. We should
mention that the measurement program of the high-precision electronic level DL-501 provides for the
introduction of the incidence angle correction into the measurement results at each measuring station.

The basement mark RpC2 -2/1 (1) is considered as the original (initial). The measurements were
carried out according to the observation method developed specifically for this object. The method
provides for the height determination of the weakest network mark against the original mark, with a
mean square error of not more than 1 mm.

The main guidelines of the method of observations:

During 2019, the scheme of measurements in the network consisted of two stages passages:

The first stage is a network connecting the basement mark RpC2 -2/1 (1) with the principle marks of
the passages placed on the building blocks in the places with favorable conditions for observations.
The pattern of the first stage passages generally remained the same for the three series of
observations. All discrepancies did not exceed the permissible values specified in the regulatory
document [DBN V.1.3-2, 2010].
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The second stage - passages to transfer heights onto the deformation marks from the benchmarks of
the 1st degree of rank B. We used portable personal computers and specialized software to process the
results (control of the correctness of the measured exceedances during the leveling was obligatory to
carry out on the day of measurement). When working with the DL-501 digital level, we copied the
data to a computer using the standard Topcon Link 8.2 program, which automatically converts the
record book to *.sdr format. The materials of each series of observations were equated by the
parametric method and the accuracy of measurements was evaluated using a specially developed
software package based on solving the optimization problem of nonlinear programming. The method
and results of testing are described in detail in [Burak, 2002].

When equalizing the network, the foundation mark RpC2 -2/1 (1) is taken as a solid point.
Conditional height of the reference mark for both series of observations - HRpC2 -2/1 (1) = 960,0000
m. Note that this solution allows to determine only the relative displacements of deformation marks
against the original, but does not provide the possibility of establishing the absolute displacement
value, for which it is necessary to have at least three depth benchmarks outside the zone of building
load influence on soil spatial displacements.

The high accuracy of the obtained results is explained by the use of high-precision electronic level
DL-501 and compliance with all requirements for high-precision leveling with a short beam.

The passages of the 2nd stage, which were laid between the marks of the 1st stage, were leveled by a
separate network, taking the heights of the 1st stage marks from the adjustment materials as solid.

Research results

Using the above described approach by the method of high-precision geometric leveling with a short
beam, we have measured the excess between the deformation marks of the basement, stairways and
sites of the hotel complex. Using specially developed software packages and databases, there was
carried out the calculation of values that characterize the subsidence process of building elements.
Also, we have performed a strict network adjustment and accuracy assessment and generated the
information on heights of deformation marks for seven blocks of the hotel complex. Table 1 shows an
example of such information.

Table 1. Information on determination of current heights of controlled (deformation) marks

Height July November Subsidence
Name of A Height Subsidence Height (mm) Subsidence (mm)
def. mark| 5° f (mm) (mm) as of Annual
initial As of |Betw.| For the November For the 2019
date July 09, whole 2019 Btw.series whole
07.2019 2019 |series| period period
1 2 3 4 5 6 7 8 9
RppyC5kl || 963255,0] 963254,8| -0,2 -0,2 963254,3 -0,5 -0,7 -0,7
RppyC5x2 || 963286,2 963285,8| -0,4 -0,4 963285,4 -0,4 -0,7 -0,7
Rp,C5x3 [ 9632522 963251,8| -0,4 -0,4 963251,6 -0,2 -0,5 -0,5
Rp,C5x4 || 963260,0] 963259,5| -0,5 -0,5 963259,6 0,1 -0,4 -0,4
Rp,C5k5 || 963262,5 963262,2| -0,3 -0,3 963262,1 0,0 -0,3 -0,3
Rp,C5x6 | 963260,5] 963260,0| -0,5 -0,5 9632599 0,0 -0,5 -0,5
RpC5_1 | 963454,6| 963454,3] -0,3 -0,3 963454,1 -0,2 -0,5 -0,5
RpC5_2 | 963510,8[ 963510,5| -0,3 -0,3 963510,0 -0,5 -0,8 -0,8
Mean value -0,4 -0,4 -0,2 -0,6 -0,6
Maximum value -0,2 -0,2 0,1 -0,3 -0,3
Minimum value -0,5 -0,5 -0,5 -0,8 -0,8
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The values of deformation marks subsidence between observation cycles and their graphical
interpretation are presented in the form of graphs (Figure 3).
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Figure 3. Graph of the hotel complex subsidence

As an example, we present the graph of subsidence of the hotel complex basement in block C5 at the
construction mark -4,050 m with laid 6 basement marks (Rpb) and 2 wall marks (Rp). The maximum
value of subsidence between the series of observations in 07/2019 and 11/2019 is recorded at the
mark RpC5_2 and is -0.8 mm, while the average value of deformation marks subsidence is -0.6 mm,
and the minimum is -0.3 mm at the mark RpbS5k5 (Figure 3). In accordance with the requirements
[Heodezychni roboty v budivnytstvi, 2010], the geodetic monitoring is supplemented by observations
of the opening of cracks by installing screeds on the stairways of blocks C2, C2 ', C3, C4, C5, C5'. We
did not find the deformation screeds opening, the size of which would exceed 0.5 mm.

Conclusions

Based on the observations made in three series of measurements in 07/2019 (main and control) and
11/2019, it can be stated that for the period between the series no mutual height displacement of
deformation marks exceeding the accuracy of measurements was detected. The recorded values of
basement deformation marks subsidence are not of concern, as they are within 1 mm range. It should
be noted that the heights of deformation marks and their subsidence in the report are relative.
Therefore, we cannot estimate the absolute subsidence of the hotel complex, although this is required
by current regulations, which states that the original benchmarks should be set “outside the area of
influence of buildings and structures (not less than 75-150 m, specified by design requirements)” (p.
p-8.5). The number of such benchmarks must be not less than three in order to be able to control the
change in their mutual position and use them as initial after the complete stabilization of their
position.

The insignificant values of the obtained subsidence of deformation marks we explaine by a too short
time interval between series of observations. In addition, during this period there were no sharp
changes in temperature and, most importantly, heavy rainfalls, which are catalysts for landslide and
deformation processes. Therefore, monitoring of displacements of the hotel complex deformation
marks will be continued. The further series of observations will reveal the seasonal movements of the
building due to freezing and melting of the soil, heavy rainfalls in spring and autumn.
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