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SUMMARY 

 
 

In each case of a new construction the dense urban development may create a risk of damage or 

normal operation disruption for existing buildings. The structures construction is often delayed or 

retarded after the pit arrangement. As a result, the strength properties of soils, on which the foundation 

is built, decrease. However, the buildings are usually designed with their initial, rather high physical 

and mechanical indicators, so the soils may not withstand the required loads. The construction of an 

office and residential center at 11a Mechnikova St. in the Pechersk district of Kyiv was hazardous for 

the developed area and caused a necessity to assess the construction impact on the surrounding 

territory in the compacted urban development conditions. The monitoring of the soil massif 

deformations and groundwater levels at the construction site started from May 13, 2014. The cracks 

opening in the existing buildings coincided in time with the beginning of the pit digging for a 

residential complex at 9a Mechnikova St. and 11 Mechnikova St. There, the surrounding buildings 

state was simultaneously affected by two construction projects at 9a and 11 Mechnikova St. and 12a 

Klovskyi Descent. The developer, E.K. Service Company, stated that it would inspect them and 

conduct a large-scale hydro-geological survey to ensure the safety for the nearby buildings residents, 

considering the landslide-prone situation. The existing engineering-geological, hydrogeological and 

man-made conditions of the construction site and adjacent territories were subject to examination in 

connection with the landslide-hazardous phenomena development and necessity of forecasting their 

changes. That was aimed at implementing some preventive measures. 

 

Keywords: landslide, hazardous phenomena, inclinometric, monitoring, existing buildings 

 



 

 

International Conference of Young Professionals “GeoTerrace-2024” 

7-9 October 2024, Lviv, Ukraine 

Introduction 

 

An active development of an underground urban space (construction of underground parking lots, 

subways, and other industrial and social facilities) violates the natural hydrogeological regime. 

Artificial obstacles in the groundwater filtration ways cause flooding, that is, the groundwater level 

rise. As a result, basements turn out to be flooded, concrete structures corrosion accelerates, the 

service life of buildings becomes shorter and sanitary standards for their operation are not observed. 

This is a common phenomenon. On other hand, it often occurs that the structures construction is 

delayed or running behind schedule after the pit arrangement. Therefore, the strength properties of the 

soil, on which the foundation is built, are reduced. However, the building is designed for the initial, 

rather high physical and mechanical soil indicators, so the soils may not withstand the required load. 

In each case of a new construction the existing dense development may create a risk of damage or 

normal operation disruption for the existing buildings due to the following factors: the foundation soil 

disturbance during excavation works; additional stresses in the active zone of the base due to 

additional loads; dynamic loads on the building foundations as a result of arranging the pit enclosure 

structures (sheet pile enclosure or piles); destructive processes in soils, including erosion, suffusion, 

freezing, settlements, hydrogeological conditions changes, etc.). 

 

In Kyiv the list of emergency buildings addresses includes 9a Mechnikova St. and 11 Mechnikova St. 

(At the seams..., 2017). The opening of cracks in the buildings coincides in time with the beginning of 

a pit digging for a residential complex at 9a Mechnikova St. and 11 Mechnikova St. There, the 

surrounding buildings state was affected by the simultaneous carrying out of two constructions, 

namely, at 9a and 11 Mechnikova St. and 12a Klovskyi Descent. The developer, E.K. Service 

Company, stated that it would inspect and carry out repairs in the affected buildings on Marianenka 

Lane and Mechnikova St., as well as the large-scale hydro-geological examination and landslide-

hazardous slope examination on Mechnikova St. to both ensure the safety for the residents of the 

nearby buildings threatened by the landslide-hazardous phenomena development and forecast the 

landslides changes in order to fulfil the preventive measures 11 (At the seams..., 2017). "We are 

directly interested in the construction safety and open to dialogue. A landslide situation is the same 

threat to our object as to neighboring buildings. That is why we have strengthened the construction 

site slope, arranged drainage, and at the request of the residents ordered an independent examination 

from the research institute, which enjoys the trust of the public. And we are ready to further cooperate 

with the residents," Volodymyr Sementsov, the director of the E.K. Service Company, said (At the 

seams..., 2017), (On Melnikov Street..., 2016). 

 

The soil massif deformations and groundwater levels at the construction site of an office and 

residential center at 11a Mechnikova St. in the Pechersk district of Kyiv were monitored from May 

13, 2014. The monitoring works were performed in compliance with the requirements of DBN V.2.1-

5-2007 "Scientific and technical support of construction objects". Their purpose was to study the 

impact of zero-cycle works and general construction works on the surrounding buildings and slope 

adjacent to the site during the object erection, as well as to determine the amount and nature of the 

soil massif deformations for ensuring the timely response in case of their detection. In the work 

process the tasks of determining the groundwater level changes in piezometers and slope 

displacements above the site were solved using the inclinometric boreholes. Many scientists dealt 

with similar issues in Ukraine and abroad, among which (Trofymchuk, 2022), (Sedin, 2023), 

(Slyusarenko, 2023) and others could be singled out. 

 

Measurements of soil massif deformations 

 

The method of inclinometry is used to determine the soil massif deformations above the construction 

site. Inclinometry (inclinometer survey) is the determination of a borehole spatial position by 

continuous or periodic measurements with inclinometers. An inclinometer is a device for measuring 

the zenith angle (tilt angle) and azimuth of the borehole axis (Fig. 1). The coordinates availability of 

the points where the borehole intersects the various areas of the geological cross-section allows to 

assess the slope stability based on the expected "slip surfaces". Three boreholes were drilled at the site 
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in question. For the measurements a device containing a MEMS 61000 1M inclinometer with GK-603 

tool was used. The error of the device measurements was ±4 mm per 30 meters of the inclinometric 

 

 
Figure 1. The MEMS 61000 1M inclinometer with GK-603 tool. 

borehole shaft height. In each cycle of measurements, the device probe was lowered to the borehole 

bottom, its deviation from the vertical (zenith angle) was read and recorded in the recorder memory. 

Then the probe was lifted with 0.5 m steps and readings were taken. The borehole local tilt was 

determined in two mutually perpendicular planes. The azimuth for the planes was set by grooves in 

the inclinometer tube body, along which the probe was moved by wheels. To improve accuracy, 

exclude a random error and reduce a systematic error effect, the measurements on each cross-section 

were performed twice with the probe turning by 180°. During those actions, a control sum, which 

should not exceed the limit of measurement error, was calculated for each pair of readings. Based on 

the measurements results, the initial profiles of the inclinometric boreholes shafts were determined 

and their displacements over time were calculated. 

 

The results of the soil massif deformations observations 

 

The inclinometric tubes were installed in the borehole No. 1 on August 13, 2015; borehole No. 2 on 

August 14, 2015; borehole No. 3 on August 12, 2015. During the entire observation period (since 

August 2015), 62 cycles of measurements were performed, including the initial determination of the 

inclinometric boreholes shafts positions. Measurements were performed twice a month. Based on the 

measurements results, the following facts were found. 

 

Inclinometric borehole No. 1. As of November 04, 2018, the measurements resulted in recording the 

following maximum deviations from the initial profile: axis A: H = -2.0 m and +14.6 mm deviation 

(Fig. 2); axis B: H = -0.5 m and +8.9 mm deviation. During the reporting period, the maximum 

deviations of up to +14.6 mm in the axis A (Fig. 2.) and up to +12.2 mm in the axis B at the 

elevations from -6.5 m to -0.5 m were recorded for the strut displacement from the initial position. 

The borehole profile position was stable at the elevations from -29.5 m to -7.0 m and no deviations 

from the initial position were recorded. The inclinometric borehole shaft deviations in relation to the 

initial position were recorded at the elevations from -0.5 m to -6.5 m. 

Inclinometric borehole No. 2. As of November 04, 2018, the measurements resulted in recording the 

following maximum deviations from the initial profile: axis A: H = -0.5 m and +13.3 mm deviation; 

axis B: H = -1.5, -3.5 and -4.5 m, and +6.9 mm deviation. During the reporting period, the maximum 

deviations of up to +14.0 mm at the elevations from -7.5 m to -0.5 m were recorded in the axis A for 

the strut displacement from the initial position. In the axis B, the displacements of up to +6.9 mm at 

the elevations from -0.5 m to -0.5 m were recorded. No deformations exceeding the measurement 

error (±4.0 mm) were recorded in other parts of the borehole. 
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Figure 2. Deviation of the axis of borehole No. 1 from the initial position in the direction to the plane 

A. Key: level with respect to the soil surface, m; deviation (with respect to the initial measurement), 

axis A, mm; direction A; measurements. 

Inclinometric borehole No. 3. As of November 04, 2018, the measurements resulted in recording the 

following maximum deviations from the initial profile: axis A: H = -0.5 m and +9.8 deviation; axis B: 

H = -0.5 m and -3.4 mm deviation. During the reporting period, the maximum deviations of up to 

+9.8 mm at the elevations from -8.0 m to -0.5 m were recorded in the axis A for the strut displacement 

from the initial position. In the axis B no displacements exceeding the measurement error (±4.0 mm) 

were recorded. The borehole profile position at the elevations from -29.0 m to -8.5 m was stable and 

no deviations from the initial position were recorded. 

 

Conclusions 

 

The data obtained during the observations allow to draw the following conclusions: 

1. For inclinometric boreholes No. 1 and No. 2, the slope displacements of up to +14.6 mm along the 

axis A and up to +8.9 mm along the axis B at the elevations from -7.5 m to -0.5 m were recorded. The 
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displacements in the borehole No. 3 vicinity reached +9.8 mm at the -0.5 m elevation. At the same 

time, during the last year of observations, no displacements were recorded that would exceed the 

measurements root mean square error of ±4 mm. 

 

2. In view of the above, it was recommended to continue the slope stability monitoring until the 

completion of the construction and installation works; carry out an audit of the surface water drainage 

and storm-water drainage sewage systems; install 2 additional piezometers on the northern (upland) 

side of the site near (at a distance of 3-5 m) inclinometric boreholes No. 1 and No. 2. 
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