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The new construction site was located in the Pechersk District of Kyiv within the existing dense
development. The influence zone of the new construction included the construction site buildings and
structures (the pit fencing (internal and external) and shelf) and buildings surrounding the new
development (four residential five-story buildings and one two-story non-residential building, three of
which were on the Klovskyi Slope and two at its foot). The deformations monitoring in the
surrounding development buildings was carried out. The settlements of four residential five-story
buildings foundations and cracks opening were its key parameters. Monitoring was carried out during
about five years. Analyzing the width of cracks opening over time allowed to track the initial stage of
activation and final stage of stabilization. Comparing the results of monitoring the cracks opening and
buildings uneven settlements development allowed to clearly trace a direct relationship. The
settlements activation correlated with cracks opening activation, but there was a certain delay in time.
The appearance of cracks, as a rule, was occurring after the uneven settlements appearance, which
was accompanied by the tension increase in the civil structures of the building foundations and its
ultimate decrease while the cracks formation process developed.
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Introduction

The new construction site was located in the Pechersk District of Kyiv within the existing
development (Fig. 1). The absolute elevations of the construction site ground surface before the
construction work beginning were 150.0...170.0 m. The slope heights difference was approximately
15 m. The zone of the new construction influence included the construction site buildings and
structures (the pit fencing (internal and external) and shelf) and surrounding development buildings
(four residential five-story buildings and one two-story non-residential building with three of them
being on the slope and two — at its foot), (Fig. 1).
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Figure 1 Situational layout of the new construction site in the existing dense urban development of
Kyiv. Key: NB — new building

Based on the previously obtained data (Final report on scientific and technical work, 2007) (history of
the development area, geomorphological position, geological and hydrogeological conditions, features
of constructive design solutions), the pit structures and slope stability were calculated and
recommendations were developed for their retention during the soil excavation (Report on scientific
and technical work, 2016). The issue of developing a program for monitoring the deformations of
both the surrounding development (five buildings) and the construction site structures was also
included into the recommendations. The key parameters for monitoring contained the foundations
settlements in four residential five-story buildings and cracks opening. The cracks formation is one of
the key parameters defining the uneven settlements of the buildings and structures foundations. The
cracks formation process correlates with the foundation settlements. At the same time, the period,
after which the cracks appear or existing cracks openings increase, depends on the type of building
structures and rate of the foundations uneven settlements development. According to the results of the
preliminary assessment of the technical state (survey) before the construction beginning, cracks were
recorded on the facades of three buildings in the area affected by the new construction, in particular in
buildings at 7 and 11/12 Marianenka Lane and 11 Mechnikova Street. The cracks opening widths
were from 0.1 to 3.0 mm. Therefore, in the concluding recommendations in the report on the technical
state preliminary assessment of the buildings surrounding the new development before the
construction beginning, the experts indicated the necessity to seal cracks and regularly monitor their
opening widths. In researches on assessing the new construction impact on the surrounding
development (Report on scientific and technical work, 2016), the foundations uneven settlements
were calculated. In accordance with the regulatory document (DSTU B V.2.1-30:2014, 2015)
specifying the permissible width of cracks, the unevenness given by calculations was allowed at a
level from 0.0007 to 0.0010, which did not exceed the normative level, but could cause the existing
cracks opening. The issues of the new construction impact on the existing development, geotechnical
accidents in conditions of dense urban development and man-made and natural dynamic impacts on
buildings and structures had been considered in many works by foreign and domestic scientists, such
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as (Yakovenko, 2021) and others.
Method and Theory

The work on measuring the cracks opening widths changes was preceded by the observation station
arrangement. The observation station was composed of a certain number of the pairs of observation
marks made of non-ferrous metal and installed on the structures of five-story buildings built in the
50s-60s of the last century. One of the marks pairs located on both sides of the crack is shown in Fig.
2. The marks were made of the round in cross-section bronze rod with a 9 mm diameter.

F igure; 2 Exdmple of installing a marks pair on a brick wall

The mark head had a height of 4 mm and length of 20-60 mm, depending on the thickness of the
plaster layer of the brickwork. The mark head had a conical recess (socket) with a 2.5-mm diameter
for installing the device (comparator) leg having a ball tip. The mark conical recess and ball tip of the
device leg ensured a reliable contact of their surfaces within the recess height, due to which the device
readings were taken practically without errors. The marks were installed in places accessible for
observation, where the cracks formation processes were the most pronounced. The marks were fixed
to the structures using anchors, for which in the structures the holes of a 6 mm diameter were drilled
with a perforator to a depth of 30-70 mm. After cleaning the recess from dust, it was injected with a
cement-gypsum dough, into which the anchors were inserted. The marks heads remained on the
structures surfaces. After the gypsum dough hardened in the recess, the mark was used in the work to
take the meterings. In the process of installing the marks, a layout of the observation station (pairs of
marks) arrangement was drawn up on the building plan. To take the meterings, the portable strain
gauge with a comparator for taking the strain values readings was used (Final report on scientific and
technical work, 2020). The device was equipped with a clock-type indicator with a division value of
0.01 mm. The limit for measuring the changes of the cracks opening widths was up to 10 mm. The
cracks width change values were determined from the difference between the zero metering and
meterings, subsequent in time. At each measurement of the base, a metering from the control rail was
taken. The difference of these two values was the result. The temperature fluctuations of the control
rail were not taken into account, since it was made of an Invar alloy and had a negligible thermal
expansion coefficient (=0.000002). The clock-type indicator was subject to mandatory metrological
verification. The division value and maximum measurement error were determined. Before starting
the measurements, the meterings were necessarily taken at two positions of the device on the Invar
base. The difference between those meterings should not exceed 0.001-0.02 mm.

Monitoring of the cracks opening widths in the building structures at 7 Marianenka Lane

As an example, Table 1 presents the results of monitoring the cracks opening widths in the structures
of the building at 7 Marianenka Lane. For a more complete understanding of the nature of the cracks
opening width changes development over time, in the Table columns Ali = AlOi — AlO (i=1, 2) the
values of the cracks opening width changes are shown in relation to the first measurement cycle on
10.06.2014.

The corresponding graphs and approximation lines are constructed based on the results obtained.
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When analyzing deformations, it is necessary to remember this fact in order not to misinterpret the
value of the cracks widths increase in the autumn-winter period, when there are changes in water and
climatic conditions, especially regarding soils that are characterized by shrinkage-swelling
phenomena.

Table 1. Monitoring of the cracks openings in the building structures at 7 Maryanenka Lane

No. Day, month, year

of 10.06.2014, 1st cycle, mm 11.06.2019, 38th cycle, mm 19.12.2019, 39th cycle, mm
mgrk Metering | Contr. Al Metering | Contr. Al Ali=Aly;- | Metering |Contr. Al Al=Alg,-
PAITS | 5nmarks | base % lonmarks | base o Aly on marks | base 0 Aly

7.1 8.67 230 | 6.37 8.69 231 | 638 | 0.01 9.01 2.64 | 6.37 0.00

7.2 7.57 230 | 5.27 7.99 231 | 5.68 | 041 8.29 2.64 | 5.65 0.38

7.3 5.70 2.30 | 340 6.38 231 | 407 | 0.67 6.87 2.64 | 4.23 0.83

7.4 7.57 230 | 5.27 9.91 231 | 7.60| 233 10.18 | 2.64 | 7.54 2.27

7.5 5.27 230 | 297 5.29 231 | 298| 0.01 5.63 2.64 | 2.99 0.02

7.6 7.42 230 | 5.12 7.93 231 | 562 050 8.38 2.64 | 5.74 0.62

7.7 7.30 2.30 | 5.00 8.33 231 |6.02]| 1.02 8.73 2.64 | 6.09 1.09

7.8 6.10 2.30 | 3.80 6.92 231 [ 461 | 081 7.26 2.64 | 4.62 0.82

7.9 4.78 230 | 248 5.22 231 [ 291 ] 043 5.66 2.64 | 3.02 0.54

7.10 7.43 230 | 5.13 7.83 231 | 552 039 8.32 2.64 | 5.68 0.55

7.11 7.54 230 | 5.24 8.21 231 [ 590 | 0.66 8.45 2.64 | 5.81 0.57

7.12 3.34 230 | 1.04 3.69 2.31 1.38 | 034 4.00 2.64 | 1.36 0.32

7.13 7.73 230 | 543 7.75 231 | 544 | 0.01 8.08 2.64 | 5.44 0.01

7.14 4.39 2.30 | 2.09 4.48 231 | 217 | 0.08 4.84 2.64 | 2.20 0.11

7.15 5.52 230 | 3.22 5.55 231 [ 324 0.02 5.92 2.64 | 3.28 0.06

7.16 3.80 230 | 1.50 3.75 2.31 1.44 | -0.06 4.07 2.64 | 143 -0.07

7.17 5.21 230 | 291 5.21 231 (290 | -0.01 5.52 2.64 | 2.88 -0.03

7.18 5.37 2.30 | 3.07 5.32 231 | 3.01 | -0.06 5.71 2.64 | 3.07 0.00

Average value, mm 0.42 0.45

Due to the temperature fluctuations of changes in the volume of studied structures material, the cracks
become narrower in the summer, and expand in the winter forming a sinusoid. The previous studies
experience shows that the fluctuations width can be + 0.5 mm or 1 mm in an absolute value.

Results

Based on the monitoring results, the following findings are recorded:

- in the residential building at 7 I. Marianenka Lane, the cracks opening widths change in the
range from -0.07 to +2.27 mm; the maximum opening widths of cracks that go beyond the
non-deformation influences (weather conditions, temperature and humidity) are recorded at
the marks pairs No. 7.3 (+0.83 mm), No. 7.4 (+2.27 mm), No. 7.6 (+0.62 mm), No. 7.7 (+1.09
mm), No. 7.8 (+0.82 mm) and 7.9-7.22 (from +0.54 to +0.57 mm);

- in the residential building at 11/12 1. Marianenka Lane, the cracks opening widths change in the
range from +0.06 to +1.59 mm; the maximum cracks that go beyond the non-deformation
influences are recorded at the mark pairs No. 11/12.3 (+1.59 mm), No. 11/12.4 (+0.75 mm),
No. 11/12.5 (+0.83 mm) and No. 11/12.7 (+0.72 mm);

- in the residential building at 11 Mechnikova Street, the crack opening width change in the range
from -0.14 to +2.74 mm; the maximum opening of cracks that go beyond the non-deformation
influences are detected by the mark pairs No. 11.2 (+2.74 mm), No. 11.3 (+2.27 mm), and
No. 11.4 (+1.85 mm).
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Conclusions

Based on the monitoring results the initial activation stage and final stabilization stage of the cracks
opening widths changes were tracked. The comparison of the results of monitoring the cracks opening
widths development with the results of monitoring the same buildings settlements clearly showed a
direct relationship. The settlements activation preceded the cracks opening activation, but there was a
delay in the cracks formation activation in time. The cracks appearance, as a rule, occurred after the
uneven settlements manifestation, which was accompanied by the changes increase in the stress-strain
state of building foundations. After the crack formation process activation, the stress-strain state of
building foundations should further stabilize until the new uneven settlements manifestation.
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