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Abstract

The IPL project No 181 titled “Study of slow moving landslide Umka near Belgrade”
started in November 2012. The study area is located on the right bank of Sava River, 25 km
south west of Belgrade, Serbia. The basic objective of the Project was to enable the
analysis, correlation and synthesis of data obtained from various phases of investigation of
Umka landslide after 35 years of research. Apart from this, the analysis of data from
monitoring conducted during certain phases of research was compared with data from
automated GNSS monitoring over the last six years, although during numerous
investigations various research methods were used for research and monitoring. The
project was focused on: analysis of previous detail site investigations and field
instrumentation from 1990-2005, analysis of aerial photos and orthophoto images from
1957-2010, analysis of automated GNSS monitoring results from 2010 to end of the
Project and analysis of precipitation and levels of the Sava River. Project beneficiaries are
local community and local and regional authorities. In this paper we will present results of
the proposed project targets performed by Project participants.
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Introduction

The Republic of Serbia is located on the Balkan Peninsula in
south-east Europe, covers an area of 88,361 km? and has a
population of 7,181,505 (http://stat.gov.rs) (Fig. 1). Because
of its complex geological history and terrain composition, and
morphological and climate characteristics, 15.08% of Serbian
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territory is affected by landslides (active, suspended and
dormant) (Dragicevi¢ et al. 2011). The greatest numbers of
landslides are in Tertiary and Quaternary sediments. Tertiary
sediments in Serbia are prevalent in the Pannonia basin and its
northerly rim, as well as in remains of isolated lake basins in
the central region south of the Sava and Danube rivers.
Around 18% of Serbian territory is underlain by Neogene
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Fig. 1 Geographical position of
the Republic of Serbia within
Europe and the Balkan Peninsula

sediment complexes, with clays, marls, soft limestones, sands
and gravels in a variety of spatial ratios. In terrains underlain
by the Tertiary complexes, more than 25% of the territory is
affected by landslides (Abolmasov et al. 2015).

Especially interesting are the areas of outer Belgrade and
slopes of the right banks of the Sava and Danube rivers, which
are known for their instability. Lukovi¢ (1951), Vujanic et al.
(1981, 1984), Lokin et al. (1988), Roki¢ et al. (1998, 2002),
Cori¢ et al. (1994, 1996) have all written about this phe-
nomenon. The basic cause of the instability is the complex
geological and morphological evolution of the terrain, further
influenced by intensive anthropogenic activity, so many dor-
mant landslides have reactivated and many new ones became
active as well. According to the latest landslide inventory from
2010, which includes the inner area of the General Plan of
Belgrade and covers an area of 437 km?” (1/3 of the total area of
the city), over 30% of the territory is composed of active and
suspended landslides (Lokin et al. 2010).

The initiative to collaborate with the International Con-
sortium on Landslides was started in September 2009. The
faculty of Mining and Geology of the University of Belgrade
became a member of ICL in 2011, and a member of the ICL
Adria-Balkan Network in 2012 (Mihali¢ Arbanas et al.
2013). In March 2012, the Faculty of Mining and Geology
and The Highway Institute applied for an IPL project and
during the 7th Session of IPL-GPC in Paris in 2012, a joint
project number 181 was approved. It was entitled “Study of

Slow Moving Landslide Umka near Belgrade Serbia”. This
paper will show results obtained during four years of Project
conduct, as described in the project plan and program.

Project Description

The basic objective of Project 181: “Study of slow moving
landslide Umka near Belgrade, Serbia” was to analyse,
correlate and synthesise data obtained from various phases
of investigation after 35 years of research. Apart from this,
the analysis of data received from geotechnical monitoring
conducted during certain phases of research would be
compared with data from automated GNSS monitoring over
the last six years. Synthesis of research results would help
define the mechanism and dynamics of movement of this
large active slow landslide, with the objective of proposing
adequate remedial measures. Project results would also aid a
better understanding of other landslides on the right banks of
the Sava and Danube.

The Project is organized by the University of Belgrade,
Faculty of Mining and Geology and Faculty of Civil Engi-
neering and The Highway Institute Belgrade. University,
with Institute staff providing all necessary documentation for
Project finalization. Maintenance of equipment will be
organized by both institutions. Project Leader is Associate
Professor Biljana Abolmasov from University of Belgrade,
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Faculty of Mining and Geology. Core members of the Pro-
ject are: Svetozar Milenkovi¢, MSc, Branko Jelisavac, MSc,
Uro§ Djuri¢, Ph.D. student, and Assistant Professor Milo§
Marjanovic.

Results
Study Area

Umka landslide is located in the territory of Belgrade,
Municipality of Cukarica, in the right meander of the Sava
River (Fig. 2). The Umka landslide has been investigated in
detail for a number of years, leading to extensive geotech-
nical documentation, as well as the publication of a great
number of papers in the last 35 years. The greatest amount
of research was conducted to prepare technical documenta-
tion for various phases of design and planning of the E-763
motorways, whose route would cross the landslides of Umka
and Duboko. To a lesser extent, research was carried out for
urban development in the settlement of Umka. The last
phase of research for the level of the preliminary design for
the E-763 motorway was completed in 2005, and no further
research has been conducted since then, as no remedial
measures were taken and the motorway was not built.

Fig. 2 Orthophoto image of
Umka landslide

Automatic GNSS monitoring was introduced in March 2010
in the body of the Umka landslide as part of the TR36009
Project supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia
(Abolmasov et al. 2012b). The rates of displacement,
oscillation of the levels of the Sava River, as well as
hydro-meteorological parameters (type and intensity of
precipitation) have been followed daily since then.

General Landslides Features

Umka landslide is in the shape of a triangular fan, around
900 m long and 1450 m wide at the toe, with a total surface
area of around 1.8 kmz, an average depth of 14 m and with a
total volume of approximately 14,000,000 m>. The average
inclination of the slope is 9°, apart from the main scarp zone
and minor scarps where it can reach up to 25°. The main
scarp of the landslide rises up 25 m. The left flank has
developed a distinct side scarp, while the right flank of the
landslide is concealed along the zone of the local road. The
landslide is traversed by numerous secondary scarps of
1-10 m in height. The toe of the landslide is beneath the
water level of the Sava River. Comparative morphological
analysis of the orthophoto images from 1957 to 2010
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Fig. 3 Results of comparative 7444000

7444500
1

morphological analysis of DEMs
from 1957 to 2010

4947000
1

_g Legend
. Z Difference (m)
<-8

=
. s

:
i

N

indicate a clear mass deficit in the zone of the frontal scarp
and secondary scarps, i.e., enlargement of the landslide body
in the toe (Abolmasov et al. 2012a, 2015) (Fig. 3).

The geological setting of the terrain is composed of
Neogene and Quaternary sediments. Neogene sediments are
represented by silty-clay and massive Pannonian marls
(M3L) over 200 m thick. Quaternary sediments are repre-
sented by loess (Q,l) and diluvial clays (Q,dl), which form a
relatively thin cover (2—15 m) over the Pannonian marls.

The upper 25 m of the Pannonian marls is altered to
clayey marls (M3GL) and represents the weathered crust of
the bedrock. The contact of these two units, i.e., the contact
of marly clays (M3GL) and fresh gray marls (M3L) is where
the principal (deepest) sliding surface was developed. As
determined by engineering-geological mapping and con-
firmed by inclinometer measurements, it is not a uniform
surface, but instead can be segregated into three parts that
define three separate blocks of the landslide body (blocks A,
B, C) (Fig. 4). The deepest displacements have been regis-
tered in block A, with a maximum depth of 26 m. The type
of movement is translational, with a total shift during the
period March—-May 2005 recorded by inclinometers mea-
surements of over 6 cm. The landslide depth varies from 4 to
26 m. Numerous secondary scarps and shallow slip planes
that additionally separate certain blocks, and which are
visible on the terrain surface, have also been mapped along
the Sava River banks (Fig. 5).

I
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As a consequence, groundwater distribution is complexly
structured. It is usually scattered in hydraulically isolated
accumulations, i.e., isolated free-level aquifers formed in the
depletion zone, from the ground surface to a depth of 6-8 m,
which was confirmed by piezometer observations during
1991-1993 (Vujani¢ et al. 1995). Very high levels of
groundwater were recorded in boreholes and observation
wells during January—August 2005 (Jelisavac et al. 2006). In
the middle and foot sections of the landslide, the water was
almost at the surface and in many locations was flowing
diffusely. There is no other data of continuously monitoring
of groundwater levels between these periods (Vujanic et al.
1995; Jelisavac et al. 2006).

Material Properties

To characterize the colluvium and bedrock sediments in
terms of its implications for slope stability, an extensive
number of laboratory tests were carried out on more than
200 samples, both disturbed and undisturbed. The focus of
the testing was on the main physical and mechanical char-
acteristics (grain size distribution, natural water content, unit
weight, degree of saturation, Atterberg limits and strength
parameters). All the values of available geotechnical
parameters from the laboratory tests are plotted against
depth, on the triangle diagram and on the A-line plasticity
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Fig. 5 Engineering geological cross section of Umka landslide toe—Block A
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chart (Abolmasov et al. 2015). Because of the large area and
different depths of the landslide, the geotechnical soil
parameters show substantial heterogeneity. For the same
reason, sharp differences in many physical-mechanical
properties between the colluvium mass and the bedrock
are not apparent. The drained residual friction angles mea-
sured in shear tests ranges from 4 to 21.5 degrees, reflecting
the large heterogeneity of the material properties too. These
results were compared with previously published correla-
tions based on Atterberg limits and residual friction angle,
and residual values are inside the literature correlations
(Abolmasov et al. 2015).

Landslide Mechanism and Dynamics

Umka landslide is a result of prolonged erosion during
migration and deepening of the Sava River riverbed from
Holocene to the present day. Therein, different paleoeco-
logical (primarily paleoclimatic) conditions alternated
throughout its recent geological history. In these conditions,
the weathering crust of grey Pannonian marls deepened, and
because of the lowering of erosion base level and increased
erosion of the slope banks, Quaternary sediments—primarily
loess, are almost completely absent in the landslide area.
Narrowing of the riverbed and its deepening in the meander
curve remained the basic cause of the landslide activity. The
specific groundwater regime, i.e. the complex system of
isolated groundwater bodies within the landslide volume,
contributed to the present mechanisms of movement, addi-
tionally compounded by numerous secondary movements
within certain blocks. Due to the deep sliding surface,
intensification of displacement and secondary movements
occur during long-term precipitation or sudden snow thaw.
These are also the periods of sudden surges and subsequent
drops in the water level of the Sava River, which is described
as a dominant hydraulic triggering factor.

The dynamics of the landslide are not easy to determine,
as there has been no complete or continuous monitoring over
a longer period, as would be required for such a complex and
large landslide. Based on the analysis of inclinometer read-
ings during 2005, which was also recorded as one of the
years when the landslide activity was more intensive, the
following conclusions were inferred. A total of 24 incli-
nometers were installed during February 2005, and
depending on their spatial layout in blocks A and B, the
majority of them were discontinued in the following two
months, while some remained functional until July 2005.
The greatest displacements were recorded in block B, where
the inclinometers were discontinued after only two month of
observation (Jelisavac et al. 2006; Abolmasov et al. 2015).
Also in block A, a sliding plane was registered at 26 m, and

greatest displacement also occurred in March—April 2005.
Similar shifts were measured in all 24 inclinometers. At the
same time, the movements are synchronised with increases
of the levels of the Sava River and an increase in the average
daily air temperature, which caused thawing of 30 cm of
snow in 24 h (Abolmasov et al. 2014).

Automated continuous real-time GNSS monitoring was
established in March 2010 (Abolmasov et al. 2012b, 2013).
Simultaneously, the levels of the Sava River were observed
in near-real time, i.e., on daily basis, as well as the average
daily temperature and type and amount of precipitation.
After the monitoring system was established, during the
period between March 2010 and October 2013, the landslide
velocity varied, with distinctive acceleration and decelera-
tion phases. The highest velocities of movement were
recorded in March—July 2010, when the total rainfall
amounted to one third of the total annual rainfall. Simulta-
neously with the unusually high rainfall, a rise and then an
abrupt fall in the level of the Sava River were recorded,
which caused 2 cm displacement in a single day (Abol-
masov et al. 2012b). Similar behaviour was registered in
December 2010 when a high level of the Sava River caused
an acceleration in landslide velocity from 0.54 mm/day to
1.16 mm/day, which lasted until February 2011. Decelera-
tion started in May 2011, during the drought period and
extremely low levels of the Sava River. Cumulative dis-
placements from March 2010 up to December 2013 equalled
65 cm in the easterly direction (y coordinate), 42 cm in the
northerly direction (x coordinate), and a subsidence of
22 cm (z coordinate). The displacement vector of the mon-
itoring point clearly shows a downhill trend towards the
Sava River, with a relatively uniform constant linear
movement (Fig. 6).

During extreme floods in Serbia in May 2014, the GNSS
monitoring system was broken and it was installed again in
September 2014. The structure of the automated monitoring
system (Abolmasov et al. 2012b) was kept, but the moni-
toring point-station on Block B was moved 10 m to the SW
to another position.

Analysing the nature of the 3-D movements during
September 2014—July 2016, it is clear that trend is close to
linear, which confirms that there were no sudden slides in the
22-month monitoring period, except acceleration of move-
ment between February—-May 2015. For the rest of the
monitoring period, the velocity of movement slowed down.
The cumulative displacement from September 2014—July
2016 reached 40 cm E, 25 cm N and 15 cm in height
(Fig. 7). One can also conclude that Umka landslide has had
a relatively constant velocity of movement towards the Sava
River during the new GNSS point position monitoring per-
iod, as well as during previous research (Abolmasov et al.
2015).
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Conclusion

The analysis of field investigations, laboratory results and
monitoring data confirmed that Umka can be character-
ized as a compound landslide in stiff fissured clayey marls
in active stage, with alternating phases of intensive and
slow movements, while the velocity can be characterized
as slow to very slow (Abolmasov et al. 2015).

Further research during the IPL 181 Project will focus
on details of A, B and C block movement mechanisms
and their synchronisation with data on the triggers (the
Sava River level and rainfall) and correlation with actual
GNSS monitoring results. Also, coupling current surface
real-time monitoring GNSS system with a near-real time
inclinometer measurements is also planned in the nearer
future. This would support the geotechnical model and
reveal the connection between ground displacement and
actual displacement on the slip surface level. Finally, the
continuation of the current monitoring campaign will be
further support for the geotechnical model development
and evaluation of additional numerical analyses.
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