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Ammassi rocciosi
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Fotogrammetria




Drone Saturn

(Rossi, 2013)
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Nuvola di punti




Filtraggio vegetazione
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Creazione DEM di dettaglio

SR
(RGN uﬁ ‘;
Q

AN \\ May
‘w\.w RN \\\‘\

4
VW

\;*ﬁ;;\l\‘\‘&"ﬁ‘f‘*s‘.‘\“~\i*v“ﬁw’& i
\ N R 4 N oy AR H,:
4 T (¢ Mg
\‘"\"N 3 ‘\“‘3‘“",&‘5@ Wy Wﬁ\m Wi
o % (\\ i * NG \mm
e O T W s

A

W ““)‘\\\\W;\\ "




Simulazioni caduta massi 3D
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Monte Rotolon

4 Novembre 2010
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Analisi di Runout

Salvatici, 2017



Rockfall detection

Calculated
Detached L
cector volume Time interval (2014)
(m3)
1 10 June 11th — December
18th
2 a4 June 11th — December
18th
3 66 June 11th — December
18th
4 94 April 9th - June 11th
5 2 June 11th — December
18th
6 2 June 11th — December
18th
7 1,5 June 11th — December
18th
8 1 June 11th — December
18th
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Calcolo magnitudo

Volume: 182.000 m3

(Gigli et al., 2013)



Monitoraggio

(Gigli et al., 2013)



13 gennaio 2012

*Gross tonnage 114 500
*Length 290 m
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3D Laser scanner
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Monitoraggio TLS

20/0112.30

Elapsed time:

500 1000 1500 2000

Displacement (mm)
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Ricostruzione scenari 3D
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Lungarno Torregiani, 25 maggio 2016
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Rilievi tradizional




DiAna (Discontinuity Anal
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(Gigli and Casagli, 2011)
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Sharpness

Laser scanner Fotogrammetria

(Giachi, 2017)
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Nuvola “organizzata




Nuvola “organizzata”

Parametro di input
) Omax (M)
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Orientazione joints
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Rugosita
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Rugosita

REF. DIMENSION (m)




Filtrazione




Termografia ad infrarossi
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Filtrazione




Mappa differenziale (3D)

(Frodella et al., 2016) 1- Niches
2- Open fractures

3- Overhangs

f AT (C°)
ore 23:00 (11/06)
ore 05:30 (12/06)

Bl 1.75-3.03
I 3.03-3.39
3.39-3.68
3.68 - 3.96
3.96-4.25
B 4.25 - 4.63
Bl 463-7.04
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Analisi cinematica

ciclografica cerchio di attrito
del versante

e Immersioni
A |ntersezioni

CRITICA

\ 7/

ciclografiche delle discontinuita



Progettazione scavo a cielo aperto




Analisi cinematica ad Azimut variabile

SLOPE: 80° AZIMUTH: VARIABLE

40
Plane Failure
Wedge Failure
35 Block toppling
Flexural toppling
30 Global Kinematic Index
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San Leo (Rn)




27 febbraio 2014
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Rilievo Lidar




Spessore distacco
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Famiglie di discontinuita

No Bias Correction
Max Conc. = 1429

Equal Angle




Cuneo centrale




Cuneo centrale

Volume: 4040 m3




Dip Direction

N (360)
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Analisi cinematica 3D

dip direction of the slope
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(Gigli e Lombardi, in prep.)

envelope of the plane normals

pole orientation variability
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Scivolamento planare
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Caduta libera







Global Kinematic Index

(Gigli e Lombardi, in prep.)
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Margottini et al., 2016



Crollo di una parete rocciosa negli scavi di
Petra. llleso il segretario del Comune Marini

Scritto da Super User. Pubblicato in Territorio

Tragedia sfiorata

iaggio in Giordania di una va di bergamaschi poteva trasformarsi in tragedia. A pochi metri da loro una delle
pareti rocciose degli scavi di Petra cede.

Giordania. A maggio nel siq di
Petra & caduto un masso di 10
tonnellate: I’evento era stato
previsto da un algoritmo ideato
all’universita di Firenze
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GB InSAR
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Linea di vista (LOS)

LoS Favorevole LoS Sfavorevole




Frana del Rotolon




Monitoraggio GB-InSAR




Spostamenti cumulati

Displacement
along L.O.S. (mm)

I 1 866.37 ;-1.807.80

807.89 ; -1,749.41
;-1,690.93

.97 ;-1,515.49
B 151549 ;-1.457.01
I -1.457.01;-1,398.53
I 139853 ;-1.340.05

1-1,281.57
:-1,223.09
1-1,164.61

] o4
I -1.047.65 ; -989.17
I -959.17 ;93069
I 93069 ;-872.20
I 67220 -813.72
I 813.72;-755.24
[ 75524 ;-696.76
] 696.76 ; -638.28
[ 638.28;-579.80
[ -s79.80; 52132
[] 521.32; 46284
[[] 462.84 ; -404.36
404.36 ; -345.88
[ -345.88 ; -287.40
[ 287.40; -228.92
[ -228.92:-170.44
I -170.44 :-111.96
I 11196 -53.48
B s348:5

GB-InSAR
control points
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Strain (%)

Failure forecast

Tertiary
Creep

________

Steady-state i
Creep '

Time (s)

1Iv

Saito, 1969
Fukuzono, 1985
Voight, 1988




Miniera a cielo aperto di rame

UNIVERSITA
DEGLI STUDI

FIRENZE




Displacement (mm)
27-Oct to 17-Nov 2016

| I -1 424640015 - -100
./‘.‘: [ ] -99,9999999 - -50
[ ] -49,99999999 - -20

[ ] -19,99999999 - 20
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Inverse velocity (d/mm)

0.2 -

0.15 -

Previsione collasso
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Satellite Syntetic Aperture Radar
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Advanced PSI techniques
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Previsione collasso

= = Failure

’ | | z .
| | | l
| | | l
34T S S e R
£ 5 5 5 l
= | | ! |
2 i i | I
o . | |
o 2 e i ] """""""""""
o E E ! I
@ ! ! R?2=10.86
n | | | |
i | | |
o ! ! ! [
i [ e St e e e e s e B
- ! ! |
i i l
| i |
D T T T T i T i T T T T
o 20 20 2o 2@ 2° B B B B B
& &N o o ~° ~° ~° <° <° <°
A NV N v P N © NN & QY B
POWER UP SAFETY g[E\]GI},/IEE'?l]J_II-)AI
COQPP itk ik




Monitoraggio radar satellitare
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Piano di monitoraggio PS monitoring

Storico Monitoraggio
. + *
22/10/14 07/09/16 25/10 06/11 18/11 30/11 12/12 24/12 05/01/17 11/01 17/05

Data di acquisizione

SNT Desc  [=>=—| = =

12' giorlni Agg1l Agg2 Agg3 Agg4d Agg5> Aggb Agg7 Agg8 AggQ =meemrrrrrrmnnnmmeeex Agg 18
Storico Monitoraggio
* <> °
12/12/14 08/09/16 26/10 07/11 19/11 01/12 13/12 25/12 06/01/17 18/01 24/01 18/05

Data di acquisizione

SNT Asc  [=>=—| = ==

1ml Agg 1 Agg 2 Agg 3 Agg 4 Agg 5 Agg 6 Agg 7 Agg 8 Agg 9 ---------------------- Agg 18



Anomalia
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Variazione (AVel) > 10 mm/anno all’interno degli ultimi 150 giorni



Cavriglia (AR)

11°26'0"E 11°27'0"E 11°28'0"E 11°29'0"E

43°34'0"N

11(12/10/2014-11/02/2017)
Velocita (mm/a)
<-20,0

43°33'0"N

Stato di attivita DIANA -19.9--10.0

Indeterminata
-
Quiescente

Refitta 10.1-20.0

>20.1

43°34'0"N

SENTINEL discendenti

(12/12/2014-10/02/2017)
Velocita (mm/a)

(di[Castelnuovol X\ | 81 200

43°33'0"N

® -199--10.0

-9.9--5.0
Stato di attivita DIANA

-49--2.0
Indeterminata -1.9-2.0
® 51-100
Quiescente ® 10.1-200
Relitta ® >201
|:| Stabilizzata A Anomalie
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A A
400 A 4
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A
A
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set-14 dic-14 mar-15 lug-15 ott-15 gen-16 apr-16 ago-16 nov-16 feb-17
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