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MONITORING NETWORKS
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DIFFERENT KINDS OF INSTRUMENTATIONS
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DOUBLE (REDUNTANT) TRASMISSION .....

mmmmm

To guarantee the transmission of data
values from landslides even in critical
situations, it's important to have a
transmission redundant system
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AREAS BEEN MONITORED BY GROUND SAR RADAR
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THE 7 AREAS MONITORED, BY GROUND SAR RADAR, FOR EARLY WARNING
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GROUND SAR RADAR: REDUNTANT TRASMISSION

November 16 th, 2023 - Firenze 2003-2023 twenty years of GBINSAR natural hazard and landslide monitoring: worldwide examples and case studies | Luca Dei Gps



\ LOMBARDIA
ARPA’S GEOLOGICAL MONITORING NETWORK: THE USE OF GROUND BASED INSAR

Agenzia Regionale per la Protezione dell Ambiente

AREAS MONITORED BY GROUND SAR RADAR FOR EARLY WARNING :
REDUNTANT ENERGY POWER

Power line connection
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GALLIVAGGIO LANDSLIDE: AREA LOCATION
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WHAT WAS THE SITUATION DURING THE YEARS BEFORE THE COLLAPSE ?

2008: rockfall embankment and flexible barriers
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PROTECTION AGAINST LANDSLIDE

2011/2012: geological monitoring network

Optical Image Spostamenti cumulati rilevati tra le ore 14:16:00 del giorno 2018/05/29 e le ore 15:15:00 del giorno 2018/0
Intervallo temporale: Ogg Oh 59min Osec

"Gallivaggio Monitoring [GMT+1]"
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Spostamenti cumulati rilevati tra le ore 20:11:13 del giorno 2016/05/17 e le ore 08:26:49 del giorno 2018/08/10
Intervallo temporale: 814gg 12h 15min 36sec
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2017: GEOTECHNICAL MODEL

In 2017, a study called “Geotechnical model and discern thresholds of trigger for the Gallivaggio landslide” showed us different
manifestations of rock mass failure.

The different colour lines represent the area boundary where the landslide could arrive with changeable probability (function of historical
events printed on bibliography).

Most of the analysis showed that the infrastructure and cultural heritage (road and Sanctuary) are threatened (the rock mass failure could
impact them) S Xwd YIRS
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During the Autumn 2017 the data analysis values
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In February 2018, we sent
another notification in which we
TEEEE informed  the Civil Protection
' B about the acceleration showed a
doubling of the values compare
to the previous ones in Autumn.
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ROCK BLOCK FAILURE: APRIL 13TH 2018
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MAY 11TH 2018: PROTECTION OF CULTURAL HERITAGE
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Notice of Notice of

TRIGGER ss 36
THRESHOLD Route « »
24TH MAY 2018 — EXCEEDED — closed
4mm/24h H24
24/05/2018 24/05/2018
ore 08:01 ore 20:42

Last Report sent from ARPA

29TH MAY 2018 LOMBARDIA at hour 16:00

REPORT \Q P/ LomBARoiA

Agenzia Regionale per |a Protezione dell’Ambiente

EMESSO MARTEDI 29 MAGGIO 2018 ALLE ORE 16.00

A: REGIONE L OMBARDIA - UNITA' ORGANIZZATIVA PROTEZIONE CIVILE

Situazione del dissesto

Facendo sequito a quanto precedentemente comunicato si osservano nelle ultime 24 ore velocita dei punti monitorati in
ulteriore aumento, con valori che hanno raggiunto un massimo di 107.2 mm/24h, con velocita orarie fra le 15 e le 16 di
oqgi dicirca 2cm/h. Valori cosi elevati non erano finora stati osservati sull' ammasso. ed il trend di continua accelerazione

indica una sjtuazione di estrema pericolosita ormai prossima al collasso.
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THE INFRASTRUCTURES AND CULTURAL HERITAGE AFTER THE COLLAPSE

BELL TOWER
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THE INFRASTRUCTURES AND CULTURAL HERITAGE AFTER THE COLLAPSE
THE CHURCH
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THE INFRASTRUCTURES AND CULTURAL HERITAGE AFTER THE COLLAPSE

SANCTUARY SQUARE
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THE INFRASTRUCTURES AND CULTURAL HERITAGE AFTER THE COLLAPSE
BEHIND THE SANCTUARY
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THE INFRASTRUCTURES AND CULTURAL HERITAGE AFTER THE COLLAPSE
ROKFALL EMBANKMENT AND PLANTS
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THE INFRASTRUCTURES AND CULTURAL HERITAGE AFTER THE COLLAPSE
ROAD
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ROCK MASS FAILURE
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N

LEGEND (areal distribution of the deposit)
Landslide crown

Boundary line rock blocks fallen (b>0,5 m3)

Boundary line r. blocks fallen (0,5 m3>b>0,05 m3)
Boundary line r. b. fallen (0,05 m3>b>0,005 m3)
Boundary line r. blocks fallen (b<0,005 m3)

Boundary line fine grain debris

T

Boundary line of lateral debris fallen
= == == = Flexible barriers razed

Flexible barriers not razed

Embankment

Rock mass failure: covered area 95% probability
(Cancelli engineering study 2017)

Rock mass failure: covered area 99% probability
(Cancelli engineering study 2017)
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Gallivaggio Radar points
Displacements from May 19th to May 29th
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Gallivaggio radar points - velocity hourly (last 12 hours before the collapse )
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CONCLUSION

Efficacy of the monitoring network: the performance of the network gives us data values to
identify vast movement areas and permit us to see gradual movement (0,03 mm/d) and then to
monitoring movement close to any failure. It isn’t effective for single rock block falls.

The collection of GBINSAR data values: the collection of data values, from the start of
acceleration to the time of rock mass failure, permitted us to have all acceleration data values (0,1
mm/h 6 day from failure, 1 mm/h 40 hour from failure, 10 mm/h 3 hour from failure, 100 mm/h 15
minutes before failure).

In May 2018, monitoring was the only activity to guarantee human safety and

protection of cultural heritage: with evacuation, the SS 36 route closed, removal of sacred
paintings and gold sacred cups before the failure.
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