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ABSTRACT

By means of geophysical methods (seismic and electromagnetic methods) it is possible to determine various
characteristics of the geological environment. Seismic methods allow us to determine the elastic parameters of the
environment (density, Poisson's ratio, Young's dynamic modulus, etc.), and with the help of electroprospecting methods
electromagnetic characteristics of the geological environment (resistance, conductivity, etc.). From the results of the
complex search, we can draw conclusions about the structure and humidity of the subsurface of the studied area. The
paper presents the results of the studies conducted on the landslide that developed on Machavariani street in Thilisi.
Seismic surveys were conducted using the method of refracted waves and seismic tomography, and electrical surveys
were conducted using the methods of vertical electrical sounding and natural electric field. Based on the analysis of the
received results, conclusions have been made about the depths of the landslide scarps, the mechanical condition of
rocks, their humidity and the possible presence of underground water flows.
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Introduction

In today's world, the extensive development of urbanization and construction contributes to the increase
of both environmental hazards and risk, as well as seismic risk. In this regard, the city Thilisi is no exception.
In terms of ecological risk and safety assessment, scientific assessment of geodynamic processes is
necessary. Based on the above, it becomes clear that for the correct assessment of ecological risk and safety,
geophysical studies using modern methods are of crucial importance [1,2].

The paper presents St. The results of the geophysical (electrical and seismic) survey of the landslide that
developed on Machavariani Street in Thilisi. The landslide is developed in the sediments of Oligocene age.
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Fig. 1. a) Machavariani landslide photographed by drone, b) one of the ruptures of Machavariani landslide
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Oligocene sediments are intensively fissured and represented by alternations of clays, argillites and
sandstones. Machavariani street landslide is a typical block landslide (Fig.1). The surface area of the moving
landslide body is about 1.5 hectares, and the volume is 225 thousand cubic meters. Its formation is related to
intensively fissured rocks.

Oligocene sediments are intensively fissured and represented by alternations of clays, argillites and

sandstones. Machavariani street landslide is a typical block landslide (Fig.1). The surface area of the moving
landslide body is about 1.5 hectares, and the volume is 225 thousand cubic meters. Its formation is related to
intensively fissured rocks.

Complex geophysical studies (electric prospecting, seismic profiling, seismic tomography) were
conducted to assess the depth structure, geometry, lithology, humidity, watering and its danger of the block
landslide. The methods of electroresearch are quite powerful and experienced means for studying the
geometry, lithology, humidity of landslides [1,3,5,14]. During the study of landslides, electro-research
methods are always assigned an important role. Geophysical methods are indispensable for determining the
depth structure of the landslide, the elastic parameters of the underground rocks, the depths of the cracks on
the landslide [7,11,13].

Electroprospecting works. On March 29, 2021, on the landslide located on Machavariani street (Thilisi,
Georgia), electroprospecting works were carried out using the method of vertical electrical sounding.
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Fig. 2. Positioning points of vertical electrical sounding in landslide body area.
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Fig. 3. Vertical electrical sounding curve obtained as a result of measurements near the landslide toe.
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The first measurement was made near the landslide tongue, on Machavariani Street (Fig. 2). The
measurement was performed by the vertical electrical sounding method. The maximum extension of the
current electrodes was 100 meters. The corresponding vertical electrical sensing (VEZ) curve is presented in
Fig. at 3. The figure shows the curve obtained as a result of resistance measurements in black, the theoretical
curve in red, and the layers separated by inversion in blue. The analysis of the VES curve allows us to
assume that the clay layer starts from a depth of about 25-30 meters. This result is in some agreement with
the results obtained by coring wells in the vicinity of vertical electrical sounding points.

The second measurement was made on the landslide body, about 500 meters away from the first
point (Fig. 4). The measurement was also performed using the vertical electrical sensing method. The
maximum extension of the current electrodes was 250 meters.
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Fig. 4. Vertical electrical sounding curve obtained as a result of measurements on a landslide body.

The corresponding vertical electrical sounding curve is presented in Fig. 4. Potentially humidity
layers are separated on the VES. However, the analysis of the vertical electrical sensing curve allows us to
assume that the entire investigated subsurface is characterized by high humidity, which may indicate the
inflow of water from certain areas.

Works of natural electric field measurement. The natural electric field was measured in the vicinity of the
vertical electric sounding point (Vashlichvari2, Fig. 2). The measurement was carried out by the potential
method. One electrode was fixed at the center of a stationary circle, and the other electrode, connected to it
by a 25-meter cable, moved around the circle by at an 90 degrees step. The potential difference was
measured at each step [6]. Measurements of the natural electric field allow determining the possible presence
and direction of groundwater flow. Based on the asymmetry of the diagram, it can be assumed that there is
movement of underground water. By analyzing the presented diagram (Fig. 5), we can assume the direction
of groundwater flow [6].
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Fig. 5. Natural field measurement result with circular (90° angle) rotation.
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Seismic profiling and seismic tomography. In order to investigate the state of the landslide developed in
the vicinity of Machavariani Street, 4 seismic profiles of different lengths were conducted using the method
of refracted waves and seismic tomography [8,9,10]. Figure 6 shows the scheme of the profiles, and also
Table 1 gives the corresponding coordinates. Profile N 1 is oriented along the fault and crosses it, and
profiles N 2 and N 3 - parallel to the fault. However, profile N 3 also crosses the fault. Profile N 4 is also
directed in the direction of the rupture. Profiles N 2 are conducted in the upper, relatively stable zone of the
landslide area, and profile N 3 - directly on the body of the landslide. Additionally, both longitudinal and
transverse wave velocities were determined for all profiles, and corresponding physical-mechanical
parameters were estimated for each layer.

The following physical-mechanical parameters were determined:

1 Vp m/sec Longitudinal wave velocity
2 Vs m/sec Shear wave velocity

3 Vs/Vp Velocitys ratios

4 p gricm”3 density

5 T} Poisson's ratio

6 Ed Mpa Young's Dynamic modulus
7 Gd MPa Dynamic shear modulus

8 KdMpa Dynamic bulk modulus

9 D Mpa General deformation modulus
10 T Mpa Hardness limit by compression

Note. 1-3 of the mentioned parameters are obtained as a result of research, 5-8 are calculated based on
known theoretical assumptions, and 4, 9, 10 are obtained using empirical connections available to us.

After obtaining accurate geological information, it will be possible to determine the identification of
separated layers and determine the relevant physical-mechanical parameters with greater accuracy
[8,9,10,12].

Fig.6. Layout scheme of seismic profiles. N s indicates the beginning of the profile, and N e - the end of the
profile.
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Seismic slice N 1 is particularly informative, showing that in the southwestern part a lenticular
depression of the third layer is observed, which should lead to a relatively stable condition, but since nearby,
the exposure in the area adjacent to this street shows a newly observed fault with a displacement of up to 0.5
meters, obviously that this area is also experiencing active deformations.
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Fig. 7. Seismic cross section N 1.
In its northeastern part, to the right of the fault, (right of the fault indicated in Fig. 6) there is a slope of

the existing layers, which is one of the main factors for the development of the landslide event. Based on the
above, in order to obtain more complete information, we consider it expedient to cover the entire area of

landslide occurrences and its adjacent zones with a network of complex geophysical surveys.

Table 1. Values of physical-mechanical parameters for profile N 1.

Layer N | Parameters Parameter description values
Vp m/sec Longitudinal wave velocity 391
Vs m/sec Shear wave velocity 268
Vs/Vp Velocitys ratios 0.69
p gr/cm”3 Density 1.43
- I} Poisson's ratio 0.06
Ed Mpa Young's Dynamic modulus 220
Gd MPa Dynamic shear modulus 103
KdMpa Dynamic bulk modulus 817.82
D Mpa General deformation modulus 3.30
T Mpa Hardness limit by compression -
Vp m/sec Longitudinal wave velocity 1934
Vs m/sec Shear wave velocity 1189
Vs/Vp Velocitys ratios 0.61
p gr/cm”3 Density 2.14
~ M Poisson's ratio 0.20
Ed Mpa Young's Dynamic modulus 7220
Gd MPa Dynamic shear modulus 3019
KdMpa Dynamic bulk modulus 39619.25
D Mpa General deformation modulus 793.89
T Mpa Hardness limit by compression 4.95
™ Vp m/sec Longitudinal wave velocity 2896
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Fig. 9. Seismic cross section N 3.
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Vs m/sec Shear wave velocity 1236
Vs/Vp Velocitys ratios 0.43
p gr/cm”3 density 2.36
U Poisson's ratio 0.39
Ed Mpa Young's Dynamic modulus 10020
Gd MPa Dynamic shear modulus 3609
KdMpa Dynamic bulk modulus 149993.20
D Mpa General deformation modulus 1328.50
T Mpa Hardness limit by compression 5.92
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Fig. 8. Seismic cross section N 2.
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Table 2. Values of physical-mechanical parameters for profile N 2.

Layer N Parameters Parameter description values
Vp m/sec Longitudinal wave velocity 483
Vs m/sec Shear wave velocity 339
Vs/Vp Velocitys ratios 0.70
p gr/cm”3 Density 151
» M Poisson's ratio 0.01
Ed Mpa Young's Dynamic modulus 350
Gd MPa Dynamic shear modulus 173
KdMpa Dynamic bulk modulus 1208.55
D Mpa General deformation modulus 6.83
T Mpa Hardness limit by compression -
Vp m/sec Longitudinal wave velocity 1826
Vs m/sec Shear wave velocity 1103
Vs/Vp Velocitys ratios 0.60
p gr/cm”3 Density 2.10
~ M Poisson's ratio 0.21
Ed Mpa Young's Dynamic modulus 6210
Gd MPa Dynamic shear modulus 2561
KdMpa Dynamic bulk modulus 36038.60
D Mpa General deformation modulus 626.54
T Mpa Hardness limit by compression 4.20
Vp m/sec Longitudinal wave velocity 2962
Vs m/sec Shear wave velocity 1234
Vs/Vp Velocitys ratios 0.42
p gr/cm”3 Density 2.38
- Il Poisson's ratio 0.39
Ed Mpa Young's Dynamic modulus 10090
Gd MPa Dynamic shear modulus 3617
KdMpa Dynamic bulk modulus 160181.33
D Mpa General deformation modulus 1343.11
T Mpa Hardness limit by compression 5.93
Table 3. Values of physical-mechanical parameters for profile N 4.
Layer N | Parameters Parameter description values
Vp m/sec Longitudinal wave velocity 268
Vs m/sec Shear wave velocity 188
. Vs/Vp Velocitys ratios 0.70
p gr/cm”3 Density 1.30
vl Poisson's ratio 0.02
Ed Mpa Young's Dynamic modulus 90
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Gd MPa Dynamic shear modulus 46
KdMpa Dynamic bulk modulus 321.78
D Mpa General deformation modulus 0.81
T Mpa Hardness limit by compression -
Vp m/sec Longitudinal wave velocity 1035
Vs m/sec Shear wave velocity 630
Vs/Vp Velocitys ratios 0.61
p gr/cm”3 Density 1.83
~ M Poisson's ratio 0.21
Ed Mpa Young's Dynamic modulus 1750
Gd MPa Dynamic shear modulus 725
KdMpa Dynamic bulk modulus 9899.43
D Mpa General deformation modulus 85.67
T Mpa Hardness limit by compression 1.19
Vp m/sec Longitudinal wave velocity 2433
Vs m/sec Shear wave velocity 1023
Vs/Vp Velocitys ratios 0.42
p gr/cm”3 Density 2.26
o H Poisson's ratio 0.39
Ed Mpa Young's Dynamic modulus 6590
Gd MPa Dynamic shear modulus 2367
KdMpa Dynamic bulk modulus 102311.68
D Mpa General deformation modulus 687.81
T Mpa Hardness limit by compression 3.88
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Fig. 10. Seismic cross section N 4.

Along with this, an experimental investigation of its depth was conducted in the area of the rupture.
Based on the mathematical analysis of the received seismograms, it was determined that the depth of the
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open part of the fault is about 16 m. At the same time, the possible continuation of the opened part in depth is
not excluded.

Conclusion:

1.The surface area of the moving landslide body is about 1.5 hectares, and the volume is about 225 thousand
cubic meters.

2.The main rupture plane in the Main scarp of the landslide body is approximately 14-16 m deep;

3.The amount of horizontal displacement of the block landslide is about 2.30-2.40 m;

4.The analysis of the vertical electrical sounding curve allows us to assume that the clay layer begins at a
depth of about 25-30 meters. This result is in quite good agreement with the results obtained by coring
wells in the vicinity of VES.

5.Potentially humidity layers are separated on the presented vertical electrical sounding curve. In addition to
the watered layers, the analysis of the vertical electrical sounding curve allows us to assume that the entire
investigated underground space is characterized by high humidity, which may indicate the inflow of water
from certain areas in the landslide body. Additional studies are needed to achieve high reliability of the
results.

6. It is advisable to organize monitoring of unstable sections with different geological and geophysical
methods in order to determine the speed of different sections of the landslide.

7. On the most moving block, it is advisable to install the patented, telemetric automatic multi-sensor early
warning system created at the Institute of Geophysics (4). We consider installation of the system a must,
because in the case of seasonally increased rainfall, activation of landslides is not excluded,;

8. It is necessary to determine the underground water supply, for which it is necessary to continue the
research using the natural electric field method and also conduct isotope analysis of the water moving in
the landslide body.

9. It is necessary to avoid the landslide body as much as possible from the inflow of underground and surface
waters, for which it is necessary to make an appropriate engineering decision (it may be a drainage
arrangement). In order to effectively solve this task, it is necessary to determine the geometry of the
groundwater feeding the landslide body. And, in order to determine the geometry of underground waters, it
is necessary to conduct complex geophysical studies.
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Pe3y.m>TaT1>1 HCCICA0BAHUA OIOJI3HA HA YJIHIIE MaanapnaHn
METOAaMHU JICKTPOPA3ZBCIAKHU U CCﬁCMOp%BBCI[KH

H.J. BapamamBuiu, M.I'. 'uru6epus, /x.K. Kupusa, H.A. I'nonaTn
Pesrome

C moMOmpl0 TeoM3UIECCKHMX METOMOB (CEHCMHUYECKHX W DJICKTPOMArHHUTHBIX) MOJKHO OIPEACIAThH
pa3UYHBIC XapaKTEPUCTUKH TeOJIOTHUYECKON cpenpl. CelcMHUecKHe METOABl TO3BOJIIOT OIpPEACTUTh
yOpyTHe napaMeTpsl cpes! (TUIOTHOCTH, Kodhdunment Ilyaccona, nuaamMudeckuii Moxynb FOHTa 1 1p.), a ¢
MOMOIIBIO AIIEKTPOPA3BEAOUYHBIX METOJOB AJIEKTPOMATHUTHBIE XapaKTEPUCTHKH T'EOJOTHYECKON Ccpelibl
(compoTHUBIIEHNE, AEKTPOIPOBOAHOCTh M Ap.). 1lo pe3ympTaTraM KOMILIEKCHOTO TOWCKAa MOXKHO CIENaTh
BEIBOJIBI O CTPYKTYpPE W BIQXHOCTH HEIp HM3y4aeMOil TeppuTOpuu. B craThbe mpencTaBieHBI pe3ylbTaThl
WCCIIC/IOBAaHNH OTOJI3HS, oOpa3oBaBiuerocst Ha ymuie MauaBapuanu B TOwmmucu. CelicMOpa3BeJOYHBIC
paboTBl TIPOBOAWIINICH METOJIOM TIPEIOMJICHHBIX BOJH M CceicMoToMorpaduu, a »dIeKTpopa3BelKa —
METOAaMH BEPTHKAJIBHOTO 3JIEKTPHUYECKOTO 30HIMPOBAHHMS W E€CTECTBEHHOTO 3JIeKTpHueckoro moms. Ha
OCHOBAaHWM aHalin3a IOJYYCHHBIX PE3YyJIbTATOB CACJIAaHbI BBIBOABI O FHyGHHaX 3aJICTaHus OIIOJI3BHEBBIX
YCTYIIOB, MEXaHHYECKOM COCTOSHHH TOPHBIX TOPOJ, WX BIAKHOCTA M BO3MOXHOM HAJIHMYUU TMOTOKOB
IIOA3€MHBIX BOJ.

KaroueBble cjioBa: TIPOJOJIBHBIE  BOJNHBI, IIONEPEYHBIE  BOJHBI, CelcMUYecKas Tomorpadus,
3JIEKTPOPa3BEIKa, BEPTUKATIHHOE SIEKTPUUECKOE 30HANPOBAHNE, €CTECTBEHHOE SJIEKTPHUUECKOE TOJIE.

23



