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B A C K G R O U N D  I N F O R M A T I O N  

28-30 October 2018 4-6 December 2020

DAILY PRECIPITATION
Sum from 4/12/2020 to 6/12/2020
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B A C K G R O U N D  I N F O R M A T I O N

280
850
1400
1900
2500

Digital Terrain Model [m above seal level]

River network

Province of Belluno
Municipality of Sedico

Belluno

Average annual precipitation = 900 - 1000mm per year
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B A C K G R O U N D  I N F O R M A T I O N

ARPAV - 2019Annual average discharge = 20m3/s 
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H I S T O R I C A L  B A C K G R O U N D

October 2018

- November 1966: the left bank of the river eroded deeply causing the collapse

of buildings and roads.

- 1970’s: Retaining wall constructed

- 1990’s: Basin authority and Universities - first studies and models

- VAIA (October 2018): deep erosion on the left bank causing the failure of the

above retaining wall and the consequent collapse of buildings and roads.

- 2019: Design and construction of flood protection

- 4-6 December 2020: partial collapse of the riprap

- 2021: New works began
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O C T . 2 0 1 8
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1500 m2

7 m high
10 000 m3 erosion
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1 .  E x p a n s i o n  o f  t h e  r e a c h d o w n s t r e a m  t o  t h e  b r i d g e
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D Y N A M I C S  O B S E R V E D
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2 .  T h e  h y d r a u l i c  j u m p  b e t w e e n  u p s t r e a m  a n d  d o w n s t r e a m  o f  t h e  b r i d g e  
d e t e r m i n e s  a  r a t h e r  a b r u p t  r i s e  i n  t h e  w a t e r  s u r f a c e ,  e s t a b l i s h i n g  a n  
a r e a  o f  s t r o n g  e r o s i o n  f o l l o w e d  b y  a  d e p o s i t i o n  a r e a .
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D Y N A M I C S  O B S E R V E D
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A I M  O F  T H E  S T U D Y

T o  r e p r o d u c e  w h a t  h a p p e n e d  d u r i n g  b o t h  t h e  V A I A  s t o r m  
a n d  t h e  D e c e m b e r  2 0 2 0  e v e n t  i n  o r d e r  t o  b e t t e r  
u n d e r s t a n d  t h e  d y n a m i c s  t h a t  l e d  t o  t h e  b a n k  c o l l a p s e

T o  g i v e  u s e f u l  i n d i c a t i o n s  t o  t h e  d e s i g n  o f  h y d r a u l i c  
a n d  s t r u c t u r a l  c o u n t e r m e a s u r e s .  S p e c i f i c a l l y ,  t h e  
m o d e l  s h o u l d  f a c i l i t a t e  t h e  a s s e s s m e n t  o f  t h e  
e x c a v a t i o n  b e h i n d  t h e  r e t a i n i n g  w a l l ,  s u p p o r t i n g  
t h e  d e s i g n  o f  t h e  n e w  w o r k s
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A I M  O F  T H E  S T U D Y

A m o r p h o l o g i c a l m o d e l i s n e c e s s a r y i n o r d e r t o c o n s i d e r
t h e p r e s e n c e o f m i n o r o r m a j o r e r o s i o n a r e a s

N e e d t o e x a m i n e t h e p h e n o m e n o n d y n a m i c a l l y o v e r t i m e

t o i d e n t i f y t h e m a x i m u m p o t e n t i a l e x c a v a t i o n a t t h e

c r i t i c a l i n s t a n t

A 2 D – M o d e l i s n e c e s s a r y i n o r d e r t o r e p r o d u c e t h e
p l a n i m e t r i c v a r i a t i o n o f f l o w s t r e a m s a n d t h e
e s t a b l i s h m e n t o f h e l i c o i d a l v e l o c i t i e s
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P R E - P R O C E S S I N G  B Y  B A S E  M E S H

1= Active river
2= Non erodible
3=Flood External
4=Wall
5=Other
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P R E - P R O C E S S I N G  B Y  B A S E  M E S H

• MAT ID=1: Active river bed - Ks = 15 m1/3/s (n=0.066 Manning) 
• MAT ID=2:  non erodibile areas - Ks = 20 m1/3/s (n=0.05 Manning)
• MAT ID=3: Flood external areas - Ks = 10 m1/3/s (n=0.10 Manning)
• MAT ID=4: Retaining wall (object “HOLE” in the design simulations) 

1= Active river
2= Non erodible
3=Flood External
4=Wall
5=Other
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P R E - P R O C E S S I N G  B Y  B A S E  M E S H

Laser Scanning by Airborne height data (Lidar)



17Studio API  I Marika Righetto I Gaspare Andreella                  BASEMENT Users Meeting 2021 Jan.21

M O D E L  S E T U P

BOUNDARY CONDITIONS

• Hydraulics: Input hydrograph and output average slope, friction Ks
• Bed Load: Mayer Peter Muller equation, boundary equilibrium conditions ( IOUp, IODown)
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M O D E L  S E T U P

BOUNDARY CONDITIONS

• Morphology: single-grain bedload transport (mean grain diameter: 25mm) 
derived from the granulometric analysis

• Soil stratigraphy: bottom elevation “soil_def” layer 
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W O R K  F L O W

SCENARIO 1: SIMULATION OF THE OCT.2018 EVENT Existing (Lidar 2018) VAIA Event Hydrograph

SCENARIO 2: SIMULATION OF THE INTERVENTION RI= 100 Design (various options) 100 Years Hydrograph

SCENARIO 3: SIMULATION OF THE DEC. 2020 EVENT Design Dec.2020 Event Hydrograph

SCENARIO 4: UPGRADE OF WORKS Upgraded Design 100 Years Hydrograph
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SCENARIO 1 : SIMULATION OF THE OCT.2018 EVENT
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SCENARIO 1: SIMULATION OF THE OCT.2018 EVENT

RED = erosion
BLUE = deposit
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SCENARIO 1: SIMULATION OF THE OCT.2018 EVENT
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23

ROCK

SCENARIO 1: SIMULATION OF THE OCT.2018 EVENT

INITIAL BED LEVEL
WATER SURFACE
MAXIMUM EROSION
FINAL BEL LEVEL
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SCENARIO 1: SIMULATION OF THE OCT.2018 EVENT
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS

1) RETAINING WALL WITH TIEBACKS AND FOUNDATION PILES

2) RIPRAP BANK PROTECTION

3)CURVED STEP WEIR

28



Studio API  I Marika Righetto I Gaspare Andreella                  BASEMENT Users Meeting 2021 Jan.21

SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS

29
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS

32



EROSION
Q= 1000 m3/s

The riprap is designed to be flexible. Rocks fill the area 
eroded by the flood, protecting the foundations of the 
wall, even if the erosion is deeper than expected

SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS

33

BOULDERS RIPRAP
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS

34

1= Non erodible
2= River
3=Flood External
4= Minor erosion
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS

36
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SCENARIO 2: SIMULATION OF INTERVENTION RP 100 YEARS

Before Works Retaining Wall Retaining Wall and curved weir

Instant of maximum erosion



SCENARIO 3: SIMULATION OF THE DEC. 2020 EVENT 

38



39Studio API  I Marika Righetto I Gaspare Andreella                  BASEMENT Users Meeting 2021 Jan.21

SCENARIO 3: SIMULATION OF THE DEC. 2020 EVENT 
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SCENARIO 3: SIMULATION OF THE DEC. 2020 EVENT 

40
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EROSION AMOUNT WITH Q=400mc/s

SCENARIO 3: SIMULATION OF THE DEC. 2020 EVENT 

FAILURE OF THE RIPRAP

41
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SCENARIO 4: WORKS UPGRADE                                

FIRST DESIGN UPGRADE
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SCENARIO 4 : WORKS UPGRADE

43



Studio API  I Marika Righetto I Gaspare Andreella                  BASEMENT Users Meeting 2021 Jan.21

CONCLUSIONS

44

T h e  m o d e l  i l l u s t r a t e s  w i t h  a  g o o d  l e v e l  o f  a c c u r a c y  t h e  
a c t u a l  h y d r a u l i c  a n d  m o r p h o l o g i c a l  d y n a m i c s  o b s e r v e d

T h e  m o d e l  f a c i l i t a t e s  t h e  a s s e s s m e n t  o f  t h e  e x c a v a t i o n  
b e h i n d  t h e  r e t a i n i n g  w a l l

T h e  m o d e l  h e l p s  t o  d e t e r m i n e  t h e  s h a p e ,  s i z e  a n d  
p o s i t i o n  o f  t h e  w o r k s  



Thank  you  fo r  your  a t ten t i on
Gaspare Andreella I Marika Righetto
BASEMENT users meeting 2021


