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Slobodan Živaljević

Landslide monitoring 



Landslide monitoring

CONTENT
• Introduction. 

• Geology and unstable terrains 
in the territory of Montenegro

• Landslide Ratac

• Landslide Markovići

• Landslide Sutomore
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Landslide map

There are three zones of 
the landslides:

• Coastal zone

• Central zone
• North - mountain 

zone

This map was created in 
2002 in  the Institute of 
Geological Survey of 
Montenegro



Landslides along the coast  (generally in flysch)

These are mostly landslides that formed on the 
mountain slopes, composed of flysch and 
Quaternary sediments, (deluvial-eluvial drift).

Numerous water sources, which leaking at the 
tectonic contact of carbonate rock masses and 
the impermeable flysch formations contribute to 
the activation of the landslides.

• Depth 2-10m (15m)

• Area 2500-50000 m2

• Creep



Active landslide

Conditionaly stable

Stabilized or dormant landslide

Deluvium, alluvium, 
glacio-fluvial, debris, 
granular soil, silt

Flysch – marl, claystone, 
sanstone, conglomerates

Slope stability problems

Heterogenity, 
weathering,  landslide 
prone



▪ Budva municipality
▪ Seismic microzonation of urban area
▪ Map of terrain stability zones



Stabile

Conditionaly stabile

Unstable type A

Unstable type B

Human activity could trigger landslide.

Natural triggers: rainfall and eartquake







Landslide Ratac

Section of the Belgrade-Bar railway from Sutomore station to 
Bar station, from km 449+309.00 to km 449+473.00, total 
length 164m.

• For the purposes of developing the Main 

Project, geodetic surveys and monitoring 

of landslide activity were carried out 

(2018),

• geotechnical and geological research,

• monitoring of displacement measuring 

devices (2018-2020), 

• monitoring and assessment of installed 

piezometers and geophysical tests of the 

geological environment.



GEOOLOGICAL MAP



GEOLOGICAL SECTION



Basic and control net positions with monitoring layout



Basic and control net positions with monitoring layout



Measuring points locations



Landslide Markovići

▪ March 6, at evening the first cracks were 
observed on the roadway

▪ March 7, at 7 am the way has already 
been closed to traffic

▪ March 8, road was already seriously 
damage

▪ March 9, sliding was in maximum

▪ After March 10 began settling landslides

CETINJE 

RAINFALL

5. March  115 l/m2

6. March  110 l/m2

7. March  181 l/m2

Average rainfall in 

Cetinje for March is 360 

l/m2, during 5,6 and 7th 

March average 135 l/m2



Geological section



Remediation measures



Landslide Sutomore

• Embankment on conditionally stable dl-el material

• Main road is wavy-stability problem in part under 

main road.

• recommendation: drainage+geodetic marks



Landslide Sutomore

• Below, a longer zone was separated in the 

embankment that was placed in the middle of dl-

el (zone from 1629 to 1650). 

• This zone is marked as problematic from the 

aspect of stability of the dl‐el material below 

embankment. 

• It is considered that this embankment is 

conditionally stable and that due to the 

characteristics of the dl-el material and due to 

water saturation in periods of heavy rainfall. 

• For now, most of this zone is a stable but 

undulating highway the road and the landslides 

that occurred under the railroad in the 

settlement zone are associated with possible 

problems. 

• In part from 1638 to 1642, a depression was 

visible in the central part of the embankment.



Proposed measures

• On this entire stretch, it is recommended 

to build a drainage ditch on the left 

(upper) side of railway line 3 to 4 m, the 

depth of which will be partly defined 

during the execution of the works after a 

direct inspection of the excavation.

• The drainage trench can be filled with 

well-permeable gravel and buffer material 

installation of geosynthetics. A plastic 

perforated pipe can be installed at the 

bottom, which will collect water and lead 

outside the railway zone.

• In any case, geodetic markers should be 

installed in this zone to monitor 

movement terrain in order to react in time 

in the event of a landslide.
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Radovan Đurović

Geodetic monitoring 



Geodetic monitoring

● Two different geodetic approaches to monitoring:

● Classical deformation analysis

● Geosensor technology



Bar Boljare Highway section Smokovac Mateševo.
∙ This section is part of the Bar-Boljare Highway, which is part of 

the "Trans European Motorway" route through Montenegro. It 
connects the main route of the TEM (from Gdańsk to Athens 
and Istanbul) with the Adriatic Sea and is part of the corridor of 
the Belgrade - South Adriatic Highway via the Trans-European 
Highway, of which it is part of the arm, which provides both 
the European orientation, and via the Port of Bar also the 
Mediterranean orientation of Montenegro, that is, it connects 
the Danube with the Mediterranean.



GEODETIC DEFORMATION MEASUREMENTS AND 
DEFORMATION ANALYSIS

● METHODS OF DEFORMATION ANALYSIS:

● Pelzer method, Karlsruhe method, IWST method, Welsh method.



Topliš landfill above Budva - landslide
The second call of the EU program INTERREG IPA CBC Croatia-Bosnia and 
Herzegovina-Montenegro 2014-2020, the RESPONS project started in 
October 2020.

Croatian 
geological 
institute

Institute for 
geological 
research

Faculty of Mining, Geology and 
Civil Engineering 

University of Tuzla

PODGORICA

PROJECT PARTNERS



Locations of boreholes in the field

Inclinometer measurements were performed on the pilot training 
ground.

The location was chosen based on previous research, field tours -
potential landslides in the region of the municipality of Budva.

Landslide monitoring was carried out at the selected location, by 
monitoring the horizontal movements of the soil in the borehole in. 



During the 
execution of the 
inclinometer 
borehole, the 
mapping of the 
borehole was 
done

Obtained 
measurement 
data by 
boreholes in 
epochs



Geosensor technology for monitoring the 
movement of landslides at the Topliš 
location

● The company MoDrone Ltd. and the Faculty of Civil Eng

Cadastral Municipality of Maine, Municipality of Budva, plot number 
1576/1.



Placement of geosensors at the site



Geodetic measurement using GNSS 
technology



Measurement results



Short time period of observation.

Expected results - geologically stable terrain.

Geosensors - an excellent method for monitoring of movements.

Possible to infiltrate into the future observations.

Analysis of the obtained results

ϕ λ H

Mean value, MoDrone 42.29562956 18.82150203 214.42857143

Mean value, Faculty 42.29563057 18.82151875 253.47975000
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Nina Serdar

Monitoring of Civil Engineering Structures



Independent of the type of the structure to be monitored, the 
assessment of critical weak points is one of the most important 
task.

Weak points: areas of the structure which are prone to damages 
or where possible damages cause non tolerable consequences. 

What can be monitored in Civil structures

Loads
Deformation 
Displacement
Carbonation front
Corrosion potential
Humidity
Temperature

Source:
Seismic assessment of bridges through structural health 

monitoring: a state-of-the-art review 



Most common structures to be monitored and motivation for monitoring

Bridges:modern long-span bridges   (often have a good maintenance programmes), so that significant local 
damage and deterioration is likely to be detected visually (otherwise very dense network of sensors is needed). 

It is probably that only global changes such as foundation settlement, bearing failure or major defects (loss of 
main cable tension or rupture of deck element), are detectable by global SHM procedures with a minimum 
number of optimally located sensors.

Buildings and towers:monitoring of buildings is motivated mostly by the need to understand building 
performance during earthquakes and storms. Mostly global changes of structural behaviour is inspected as well as 
loads.   

Tunnels and excavations: Tunnel monitoring is aimed at ensuring whether tunnel deformation is within limits 
in terms of stability and detection of effects on or from close structures.  Stresses and strains may be measured, 
the emphasis is on deflections.



the vibration response of the structure should be measured under
controlled or ambient excitation. Most of the vibration-based
monitoring methods mainly use data obtained from accelerometers
for monitoring the bridge response at global level. The
accelerometers are commonly used to measure vertical and/or
horizontal accelerations of the bridge components at specific
locations.

based on the concept that any change in physical properties of a
bridge, whether local or distributed, will be captured by change in its
dynamic properties: such as natural frequencies and mode shapes

Example Bridges: 
Vibration-based Monitoring

Example Bridges: 
Strain-Based Monitoring

Since damage is usually occur at local level, strain monitoring methods
can be used as a means to locally monitor key bridge elements at
critical locations. Fiber optic sensors and strain gauges are among the
most popular sensors used for strain monitoring.

Source: Self-Powered Sensors for Monitoring of Highway Bridges



from datetime import datetime, timedelta

from quakesaver_client import QSClient

from quakesaver_client.models.measurement import MeasurementQuery

import matplotlib.pyplot as plt

# Use your standard login credentials from network.quakesaver.net

client = QSClient(email="USERNAME", password="SUPERSECRETPASSWORD")

# A list of sensor IDs that I have access to

ids = client.get_sensor_ids()

# Get the digital twin of the first sensor in the list

sensor = client.get_sensor(ids[0])

# Setup a time window e.g. of the last 7 days

end_time = datetime.utcnow()

start_time = end_time - timedelta(days=7)

# Create a query with the time range and a rolling max of 30 minutes

query = MeasurementQuery(

start_time=start_time,

end_time=end_time,

interval=timedelta(minutes=30),

aggregator="max",

)

result = sensor.get_peak_horizontal_acceleration(query)

plt.plot(result.data.times, result.data.values)

plt.title(result.sensor_uid)

plt.show()

Example Buildings: 
RISE H 2020: Smart 
buildings for seismically 
resilient Monetenegro



Source: An Advanced Biaxial Optical Sensor System for Post-Earthquake 
Assessment of DOE Critical Facilities

Limiting values to be 
measured according to 
standards

Buildings: drifts



Bridges: deflections

Example L=70m …range of 

limited deflections  up to 

11.6 cm to 2.8 cm depending 

on train speed

Example L=20m …range 

of limited deflections  up 

to 

3.3 cm to 1.33 cm 

depending on train speed

Bridges: 
accelerations



Problems and limitations in the development of civil infrastructure 
monitoring system

1. Inappropriate instrumentation and sensor overload 
over-instrumentation: so an understanding of expected performance and critical locations is 
helpful

2. Environmental factors and noise VBDD (vibration-based damage detection) using 
accelerometer signals work well in controlled conditions, but changes in modal properties due 
to environmental conditions are significant

3. Communications: Wireless or land links are a necessity for remote control
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