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Landslide monitoring
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Landslide map [T 1 A h o —1 A m\ This map was created in
@ Jr— 12002 in the Institute of
|| Geological Survey of

| Montenegro

There are three zones of
the landslides:

e Coastal zone
e Central zone

« North - mountain
zone
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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.
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() Aktivno kliziste
Active landslide

,f/ b \ Umireno ili sanirano kliziste

~ Stabilized or dormant

Uslovno stabilan i nestabila
ren
d

ndltlonal

Deluvium, alluvium,

glacio-fluvial, debris,

oranular soil, silt

Slope stability problems

Flysch — marl, claystone,
sanstone, conglomerates

Heterogenity,

weathering, landslide
prone
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_ SEIZMO-GEOLOSKE PODLOGE | ]
SEIZMICKA MIKROREJONIZACIJA URBANOG PODRUCJA
SO BUDVA

KARTA STABILNOSTI TERENA

= Budva municipality
= Seismic microzonation of urban area
= Map of terrain stability zones
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TEREN NA KOME PRIRODNI CINIOC! | DJELATNOST COVIEKA NE
STABILAN MOGU (ZAZVATI POREMECAJ STABILNOST! TERENA
TEREN '
Stabile

USLOVNO TEREN STABILAN U PRIRODNIM USLOVIMA , ALl KOJI PRI IZVODENJU INZ.
STABILAN RADOVA ILI PRI IZRAZITOJ PROMJENI PRIRODNIH CINILACA MOZE
TEREN POSTATI NESTABILAN Human activity could trigger landslide.

Conditionaly stabile Natural triggers: rainfall and eartquake

NESTABILAN  TEREN NESTABILAN U PRIRODNIM USLOVIMA,A PRI IZVODENJU INZENJERSKIH
TEREN RADOVA MAHOM SE INTEZIVIRAJU [INZENJERSKO—GEDLOSKI | HIDROGEOLOSKIH
A PROCES! KOJI SU | USLOVILI POMJERANJE TERENA :

Unstable type A

NESTABILAN IZRAZITO NESTABILAN TEREN SA VRLO IZRAZENOM INZENJERSKO- GEOLOSKIM
TEREN | HIDROGEOLOSKIM PROCESIMA KOJI USLOVLJAVAJU INTEZIVNO KLIZANIJE |
TECENJE TLA | BEZ |[|KAKVE LJUDSKE DIJELATNOSTI.

B OBICNG SU TO PODRUCJA U NESTABILNIM TERENIMA.
Unstable type B
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Landslide Ratac
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= ;Kliziste "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.




GEOOLOGICAL MAP

nl

Sredina 1 -Antropogene formacije

nasip pruge

n2

Sredina 2 - Deluvijalni materijali

recentne tvorevine nasipa

~1. Deluvijalno-koluvijalni materijal

Sredina 6 - Kreénjaci i roZnaci

Deluvijualno-eluvijalni materijal

Deluvijum
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Sredina 5 - FliSna osnovna stijena

Krecnjaci i roZznaci

Krecnjaci i roznaci sa povrsinskom zonom od
blokova, drobine i crvenice

Blokovi viSemetarskih dimenzija

porijeklom od odrona
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Neklasifikovan

flisna degradirana osnovna stijena gdje
dominira alevrolit-laporac

o u geotehnicke sredine

sipar

plaZni pijesak

zona sa crvenim plocastim do

BH-06
r 23m/incl

B*-éa -

BH-17

% 15m/piez

izvedena istrazno-inklinometarska busotina
sa dubinom i smjerovima inklinometarskih osa

izvedena pijezometarska busotina sa dubinom

skriljavim roznacima




GEOLOGICAL SECTION

Sredina 1:
(i) nasip pruge

Sredina 2:
deluvijalni materijal

Sredina 3:

(i) kre€njaci i roZnaci
(I} koluvijalni materijal
(alohtoni blokovi)

Sredina 4:
eluvijum flisa
(degradirani pokrivac)

(ii) recentne nasipne tvorevine

|G presjek G II-II

osovina pruge

Sredina 5: FliSna osnovna stijena

5.1. alevrolit, laporac

5.2. pjescar
5.3. breca

geoloska
granica

klizna

GAY.L 18.80m

ravan

BH8 BH7

tektonski kontakt,
navlaka

hivo podzemne
vode




Basic and control net positions with monitoring layout
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Landslide Markovici

CETINJE é"e.r?girail\r/‘lfa”r‘]”. 50
RAINFALL etlnje or iviarcn iIs

I/m2, during 5,6 and 7th
5. March 115 1I/m?2 March average 135 I/m?

6. March 110 I/m?2
7. March 181 I/m?2

I\/Iarkovici
ZeSSERIN D,
\\\"&

O
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

2
" March 8, road was already seriously
damage

" March 9, sliding was in maximum

After March 10 began settling landslides



Geological section
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Remediation measures
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* Embankment on conditionally stable dl-el material

* Main road is wavy-stability problem in part under
main road.

* recommendation: drainage+geodetic marks
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Landslide Sutomore



Landslide Sutomore
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Embankment. Mostly well graded angular
gravel with sand and with cobbles. Localy

boulders. Also different percentage of fine

grained particles. Material from limestone
cuts. Generaly well compacted.

Deluvial-elluvial sediments over flysch

rock mass. Silty to sandy clay with angular

small excerpts of sandstone, alevrolite and
limestone, loccaly with angular cobbles
blocks.

Degraded flysch sediments. Surface area of
the basic flysch rock mass dominated by
alevrolite (soft marlstone). Loccaly thin
layers of solid sandstones.

Below, a longer zone was separated in the
embankment that was placed in the middle of dI-
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 3to 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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Geodetic monitoring
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. 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 Gdansk to Athens
and Istanbul) with the Adri Sea and is part of the corridor of
the Belgrade - South Adriatic HT® ,‘ via the Trans-European
Highway, of which it is part of the| - VRS orovides both
the European orientation, and yia \
Mediterranean orientation g e
the Danube with the Medi




GEODETIC DEFORMATION MEASUREMENTS AND
DEFORMATION ANALYSIS

. METHODS OF DEFORMATION ANALYSIS:

. Pelzer method, Karlsruhe method, I\WST method, Welsh method.

e




Toplis 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.

= Faculty of Mining, Geolog
C|V|I Engmeerlng




Locations of boreholes in the field
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Olbjekat: Budolina B-1
Lekacia : Spasi

JU ZAVOD ZA GEOLOSKA ISTRAZIVANIA

CRNE GORE
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Geosensor technology tor monitoring the
movement of landslides at the Toplis

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

Cadastral Municipality of Maine, Municipality of Budva, plot number




Placement of geosensors at the site




Geodetic measurement using GNSS

technology




Measurement results

Time

Fix quality

Position

Sats in use

HDOP

Geoid

Altitude

Close to

Decoding results

14:39:19 UTC

2 - DGPS

42.295634°N
18.821512°E

12

0.56

36.7m

217.2m

Budva, Montenegro

+ Options

w mijerenjelD senzoriSenzorskiCvorlD senzoriMjernaVelicinalD vrijednost

$GNGGA,143919.00,4217.73802,N,01849.29074,E,2,12,0...

$GNGGA,150947.00,4217.73780,N,01849.29015,E,4,12,0...
$GNGGA,154018.00,4217.73778,N,01849.29019,E,4,12,0...
$GNGGA,161047.00,4217.73779,N,01849.29014,E,4,12,0...
$GNGGA,164116.00,4217.73780,N,01849.29019,E,4,12,0...
$GNGGA,171144.00,4217.73780,N,01849.29020,E,4,12,0...
$GNGGA,174213.00,4217.73767,N,01849.29011,E,5,12,0...
$GNGGA,181244.00,4217.73779,N,01849.29009,E,4,12,0...
$GNGGA,184333.00,4217.73780,N,01849.29010,E,4,12,0...
$GNGGA,191401.00,4217.73774,N,01849.29019,E,5,12,0...
$GNGGA,194430.00,4217.73768,N,01849.29011,E,5,12,0...
$GNGGA,201459.00,4217.73779,N,01849.29019,E,4,12,0...
$GNGGA,204527.00,4217.73774,N,01849.29029,E,5,12,0...
$GNGGA,211556.00,4217.73769,N,01849.29010,E,5,12,0...
$GNGGA,214625.00,4217.73780,N,01849.29012,E,4,12,0...
$GNGGA,221653.00,4217.73750,N,01849.29003,E,5,12,0...
$GNGGA,224722.00,4217.73747,N,01849.29004,E,5,12,0...
$GNGGA,231751.00,4217.73776,N,01849.29009,E,4,12,0...
$GNGGA,234819.00,4217.73783,N,01849.29017,E,4,12,0...
$GNGGA,001847.00,4217.73782,N,01849.29012,E,4,12,0...
$GNGGA,004916.00,4217.73797,N,01849.28998,E,5,12,0...
$GNGGA,011944.00,4217.73770,N,01849.28983,E,5,12,0...
$GNGGA,015012.00,4217.73798,N,01849.29008,E,5,12,0...

$GNGGA,023130.00,4217.73781,N,01849.29009,E,5,12,0...

datumVrijeme

2023-05-31 14:39:41
2023-05-31 15:09:49
2023-05-31 15:10:12
2023-05-31 15:40:41
2023-05-31 16:11:09
2023-05-31 16:41:38
2023-05-31 17:12:06
2023-05-31 17:42:38
2023-05-31 18:13:06
2023-05-31 18:43:55
2023-05-31 19:14:24
2023-05-31 19:44:52
2023-05-31 20:15:21
2023-05-31 20:45:50
2023-05-31 21:16:19
2023-05-31 21:46:47
2023-05-31 22:17:16
2023-05-31 22:47:44
2023-05-31 23:18:13
2023-05-31 23:48:41
2023-06-01 00:19:09
2023-06-01 00:49:38
2023-06-01 01:20:06
2023-06-01 01:50:35

2023-06-01 02:31:52

Edit F< Copy Delete 606 1 6

Edit 3¢ Copy Delete 607 12 7 [-39.17,0.93,13.66)

Edit 3¢ Copy Delete 608 1 6

Edit Fc Copy Delete 609 1 6

Edit %< Copy Delete 610 1 6

Edit < Copy Delete 611 1 6

Edit 3¢ Copy Delete 612 1 6

Edit 3 Copy Delete 613 1 6

Edit F< Copy Delete 614 1 6

Edit Fc Copy Delete 615 1 6

Edit 3¢ Copy Delete 616 1 6

Edit 3< Copy Delete 617 11 6

Edit 3¢ Copy Delete 618 1 6

Edit Fc Copy Delete 619 1 6

Edit F< Copy Delete 620 1 6

Edit 3 Copy Delete 621 1 6

Edit F< Copy Delete 622 1 6

Edit < Copy Delete 623 1 6

Edit F< Copy Delete 624 1 6

Edit < Copy Delete 625 11 6

Edit F< Copy Delete 626 1 6

Edit 3 Copy Delete 627 1 6

Edit Fc Copy Delete 628 1 6

Edit F< Copy Delete 629 1 6

Edit F< Copy Delete 630 1 6

P11.1 | P11.2 P11.3 [ P11
Y 6568149,789 6568149,784 6568149,786 6568149,786
X 4683835,951 4683835,949 4683835,948 4683835,949
z 214,705 214,701 214,708 214,705
P11.1 P11.2 P11.3 P11

0 42°17'44,27009" | 42°17'44,27005" | 42°17'44,26999" | 42°17'44,27004"
A 18°49'17,46761" | 18°49'17,46738" | 18°49'17,46745" | 18°49'17,46748"
H 253,48 253,476 253,483 253,480




Analysis of the obtained results

Mean value, MoDrone 42.29562956 18.82150203 214.42857143

Mean value, Faculty 42.29563057 18.82151875 253.47975000

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.
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What can be monitored in Civil structures

/Loads

Deformation
Displacement

Humidity
\Temperature

Carbonation front
Corrosion potential

Y4

task.

AN

Interreg m
Danube Region

W .

GeoNetSee

Source:

Seismic assessment of bridges through structural health

monitoring: a state-of-the-art review

Co-funded by
the European Union

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

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

GPS)\ TC
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231m 1074 . o
CICES

@ Accelerometer @ Weather station
@ Force transducer Laser displacement

@ Tiltmeter @ Thermocouple
@ Strain gauge ‘ GPS

Fig. 4 Sensors arrangement for the SHM system of the First Bosphorus Bridge
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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.

Interreg +"*+ | Co-funded by
Danube Region “..+* | the European Union

W .

GeoNetSee
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Example Bridges:
Vibration-based Monitoring

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

/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

| ID 1000

roatlons. j k % = e Accelerometer ;
s = 1D 1001

i b
Example Bridges: (b)
Strain-Based Monitoring Source: Self-Powered Sensors for Monitoring of Highway Bridges

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.

Interreg #"* | Co-funded by
Danube Region *..+* | the European Union
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° ° L e e 1
Exa m p I e B u I I d I ngs: Peak Ground Motion (PGA/PGV)  Triseger

Real-time calculation of peak ground acceleration (PGA) and velocity (PGV).
R I S E H 2 02 O : S m a rt STATUS PGA EVENT TRIGGER WINDOW LENGTH PGA TRIGGER THRESHOLD

Enabled Enabled 30.00 s 0.20 m/s2
o . . .
buﬂdmgs for selsmlcally Pen @ Pra © rov @ MOD. MERCALLI INTENSITY @
0.00 m/s? 0.00 m/s2 0.00m/s -2.4
o
resilient Mo cwe mressry
o]
a
3”_ 2
£
° |
-1 o 1 2 3 4 5

Last updated: 12 Jun 2023 12:40:37

Last 1 hour 10 min max

CONFIGURATION ~

\.__,_._._
XAAL T T

# Setup a time window e.g. ot the last / days

T W

P e AAR

end_time - datetime.utcnow()

start_time = end_time - timedeltaldays=7)

Pt Z

# Create a query with the time range and a rolling max of 30 minutes
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y ; ) query = MeasurementQuery(
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Standard/ Reference Effect Type Inter-storey Top
Drift Ratio IDrﬂectinn e L T
w [P’ | Limiting values to be
Eurocode |
Eurocode 3 Wind Steel No guidance o °
ENV 1993-1-1:2005: uidance
e s et e (o Measured according to
EN 1998-1-2004 (approx 95 | (limits depend uidance
year) on finishes)
e o standards
Building Codes of Japan Seismic Steel Typically: No
and (100yr): 1/200 guidance
Recommendations from the (500yr): 1/75 -
Special Approval Process by 1/100
a Selected Expert Review
Panel Concrete Typically: No 6 ——ig y Drift From
(applies to any building over (100yr): 1/500 guidance Interstory 4 Nonlinear Building Model
60m) (500yr): 1/200 2 9 Transient Interstory Drift ('no«))l
Guidelines for the Evaluation Wind Steel Same as above No L Residual Interstory Drift (RID)
of Habitability to Building guidance £0
Vibration ‘; 2
American Standards g 4
ASCE 7-05 - Minimum Wind No guidance No 2 e
design loads for buildings guidance
and other structures - T
Seismic | Steel / Concret¢ | 1/100 - 1/200 No -10 Posk interssory Dl PID)
(2/3 of guidanoe 0 10 20 30 40 50
2475 event) Time (ssc)
Los Angeles Tall Building Seismic All 1/33 No a) b)
Structural Design Council, (MCE) guidance
Qgsﬂiﬁ;ﬁg‘;ﬁzﬂ;gg Source: An Advanced Biaxial Optical Sensor System for Post-Earthquake
of Assessment of DOE Critical Facilities
Tall buildings located in the
Los Angeles region (2008)
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Table 2. Eurocodes Vibration Serviceability Veertical Acceleration Limits

Level o1 comiort vertca (mys’)
Acceptable 2.0
Good 1.3
Very Good 1.0
i —
200 T T - — T -
| 4
:,x,.‘ — 1 — ‘ 3 J —
¥
| | 2N |
2000 —— ~ 4 . - -4 . e —
¥ B ‘
3 Iy e [
"Q, ) ‘
- N’b ] | |
« ' ‘ =
2 § :
Example L=20m ...range |
of limited deflections up [ o o L & L .« . L.
to LI

3.3cmto 1.33 cm
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Bridges:
accelerations

Example L=70m ...range of
limited deflections up to
11.6 cm to 2.8 cm depending
on train speed

Bridges: deflections
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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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