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DALY PRECIFITATION
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Noverrber 1966: the Left bank of the river eroded deeply causing the callapse
of buildings and roads

1970's Retaining wall constructed

1990's Basin autharity and Uhiversities - first studies and nodels

VAA (October 2018): deep erasion on the left bank causing the failure of the
above retaining wall and the consequent callapse of buildings and roads,

2019: Design and construction of flood pratection

46 Decerrber 2020: partial collapse of the riprap

2021: New works began
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Y1AND Y2 ARE SEQUENT DEPTHS

SINCEV1>V2

TO BALANCE ENERGY

Y1 = Y2  THEWATERLITERALLY JUMPS.M

(a) Subaerial hydraulic jump (b) Cyclic step (c) Stratified flow hydraulic jump
Supercritical flow Supercritical flow Subcritical waxing flow Supercritical flow
waning over the waning over the toward the crest waning over the
hydraulic jump Subcritical flow hydraulic jump of the cyclic step. hydraulic jump Suberitical flow
. .. lower density . .
flow higher density bypassing flow recirculation cell
entrainment i i LW ixi
A bl seperation plunging flow enhanced mixing
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A morphological model is necessary in order to consider
the presence of minor or major erosion areas

Need to examine the phenomenon dynamically over time
to identify the maximum potential excavation at the
critical instant
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1=Active river £
2=Non erodible ;’("

3HoodBtemal
LANALL

5Other

- MAT IDH1: Active river bed - Ks =15 mi”3/s (n=0.066 Manning)

- MAT ID2: non erodibile areas - Ks =20 m”/s (n=0.05 Manning)

- MAT ID3: Rood external areas - Ks =10 m”3/s (=0.10 Manning)
 MAT D Retaining wall (object “HOLE” in the design sinuiations)
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BOUNDARY CONDITIONS

* Hydraulics Input hydrograph and output average slope, friction Ks
*  BedLoad Mayer Peter Muller equation, boundary equilibrium conditions ( 10Up, 100own)
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BOUNDARY CONDITIONS

«  Morphology: single-grain bedload transport (mean grain diameter: 25nm)

derived fromthe granulometric analysis
Sail stratigraphy: battom elevation “sail_def” layer
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WORK FLOW

SCENARIO1: SMULATIONGOF THEOCT.2018 BEVENI Bxisting (Lidar 2018) VAIAEvent Hydrograph
SCENARIO2 SMULATIONOF THE INTERVENTIONRI=100 Design (various options) 100 Years Hydrograph
SCENARIO 3: SMULATIONOF THEDEC. 2020 BENT Design Dec.2020 Event Hydrograph
SCENARIO 4: UPGRADE OF WORKS Unbgraded Design 100 Years Hydrograph
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rayfish Plot
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SCENARIOZ SMLULATION OF INTERVENTIONRP 100 YEARS
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SCENARIO 2 SMULATION OF INTERVBNTIONRP 100 YEARS
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SCENARIO 2 SMULATION OF INTERVBNTIONRP 100 YEARS
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. SCOGLIERA IN MASS| CICLOFICI DA

BOULDERS RIPRAP

CAVA
Quota sommitale 366 (massima piena)
1400 SEZIONE COMPLESSIVA 28 mq

TALWEG
FROGETTO

EROSION
Q= 1000 m3/s

SCENARIO2 SMULATION OF INTERVENTIONRP 100 YEARS

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



SCENARIOZ SMLULATION OF INTERVENTIONRP 100 YEARS
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SCENARIOZ SMLULATION OF INTERVENTIONRP 100 YEARS
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SCENARIO 3: SMULATION OF THE DEC: 2020 BVENT
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FALLRE OFTHERPRAP,
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FIRST DESIGN UPGRADE

MURO IN C.A. ESISTENTE

Lt SCOGLIERA IN MASS| CICLOPICI DA CAVA
Quota sommitale 366 (massima piena) 1100
L4 | SEZIONE COMPLESSIVA 28 mq 366,400 MAX PIENA
~7
i A3 SAGOMA INDICATIVA SCOGLIERA
GIA' REALIZZATA

RIMOZIONE E RICOSTRUZIONE SCOGLIERA
EMERGENTE IN MASS| CICLOPICI DISPOSTI AD
INCASTRO DI PESO NON INFERIORE A 50 kN
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