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Abstract

Engineering-Geological Investigation and Stability Assessment of Active Landslide Bodies

Distributed along the Right Bank of the Mtkvari River in Thbilisi

The results of engineering—geological investigations conducted in recent years in the
city of Tbilisi and its surrounding areas reveal that various hazardous geological processes
are intensively manifested within this territory. The damage caused by these processes
significantly affects both the socio-economic conditions of the population and the city’s
critical infrastructure. The study area is characterized by the complex occurrence of
geodynamic processes, the most important of which are gravitational phenomena
(landslides, rockfalls, and rock collapses), as well as mudflows and erosion processes (deep,
areal, and lateral).

The activity of landslide processes represents one of the main geological threats to the
capital city. These processes annually cause substantial economic losses and, in some cases,
lead to fatalities. Notably, since the beginning of the 21st century, an intensification trend
of landslide activity has been observed. This can be explained by both the depletion of
territorially optimal resources for engineering—construction development within the city
and global climate change, which contributes to increased precipitation intensity and
alterations in the groundwater regime.

At present, a significant portion of Tbilisi’s urban development is taking place within
zones characterized by complex engineering—geological conditions, which in the past were
considered methodologically unacceptable for construction. This is further aggravated by
the fact that many construction projects are often carried out on the basis of insufficient,
and in some cases incorrect, engineering—geological investigations. These circumstances
substantially increase the risk of slope instability, landslide reactivation, and damage to
infrastructure.

The engineering—geological hazards present within the capital city require systematic
monitoring, regular calculation of slope stability coefficients, precise determination of soil
physical-mechanical parameters (c, ¢, y, E, v, k), and the mandatory integration of
engineering—geological data into the planning and implementation of construction projects.
Only under such an approach will it be possible to minimize geological risks in Tbilisi and
ensure sustainable urban development.

Within the framework of the study, three landslide sites were selected on the right
bank of the Mtkvari River in Tbilisi. These sites differ in terms of their geological and
geomorphological conditions, as well as the nature and scale of the associated hazard. Two
of them pose a direct threat to nearby residential buildings and infrastructure, while the
third site — the landslide area of the Ukankhevi River — although developed in an
uninhabited area, represents a potential hazard due to the possible blockage of the ravine
and subsequent water impoundment.

A detailed assessment of engineering-geological conditions was carried out at the
selected landslide sites. During the research, the geological structure of the slopes,
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geomorphological characteristics, hydrogeological conditions, morphology of the landslide
bodies, and the natural and anthropogenic factors contributing to their development were
analyzed. At the sites where sampling was possible, laboratory investigations were
conducted to determine the physical and mechanical properties of the soils and rocks.

A significant part of the research was devoted to slope stability calculations. Stability
analysis was performed for different calculation scenarios: the natural condition of the
slope, the condition after excavation at the slope toe, and the condition after the
development of the landslide process. Comparison of the obtained results showed that, in
certain cases, the strength parameters determined in the laboratory do not fully reflect the
actual condition of the weathered and fractured rock mass under natural conditions. This
circumstance necessitated the use of the back-analysis method, on the basis of which more
reliable design parameters were determined.

Drone photogrammetry was also used within the framework of the study. The
materials obtained through this method were used to refine the morphological
characteristics, geometric parameters, and spatial structure of the landslide bodies. For the
Ukankhevi River landslide site, comparison of digital elevation models (DEM) generated at
different periods did not indicate any large-scale displacement of the landslide body. Minor
changes were recorded only in separate local areas, which may be explained by permissible
error or by local inaccuracies in photogrammetric modelling.

Thus, the dissertation presents the results of engineering-geological investigations,
slope stability calculations, the application of the back-analysis method, and drone
photogrammetry for three selected landslide sites on the right bank of the Mtkvari River in
Thilisi. The obtained data make it possible to assess the main factors triggering landslide
processes, determine slope stability coefficients under different conditions, and improve the
methodological basis for assessing urban slopes with similar engineering-geological
conditions.
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