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, BACKGROUND

» Torrential watershed and natural risks

Floods
Debris flows <
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: aree
Landslides e
Etc... "Ny

Flow 7

channel

» Interdependent protection system

Check dams

ykes/Levees

Manival torrent
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TECHNICAL AND SCIENTIFIC ISSU

» Check dams’ efficacy assessment

Functional effectiveness Structural failures

level : longitudinal and lateral profile control ?

Structural effectiveness levei -

global, internal stability ? material characteristics ?

Liquid inputs (rain,
snow-melting. .

cracks, corrosion, ...
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overturning, sliding, ...

Functional failures
Economic effectiveness (efficiency) level : construction,

maintenance costs in relation with objects, people at risk L ate ral byp ass
(Source J.-M. Tacnet) :

Technical Performance Risk
efficacy \ level \ level

Local scouring 3



TECHNICAL AND SCIENTIFIC IS

» Bi-directional dependencies and interactions 0
Upstream
O Dependencies between failures ’"“*"““'Q'S? [C/,/

Functional failure triggering structural failure

Landslide

O Dependencies between structures ( d . [ Scoung

Failure of one dam triggering the

' ' S J.-M. Tacnet,
failure of consecutive dams (Source acne

B: directional C. Bereng uer)

cascading
effects ?

Downstream
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4 Inspection
Monitor, diagnose,... . Risk level! = s
When? How often? »)”" Budgetary

- !, [ !
O Maintenance FonStralntS

Preventive (repair), corrective (re-construct), ...
When? What? How much?




Model the time-dependent
state-evolution of the dams
when being subjected to
torrential floods

Analyze the interactions Support maintenance

decision-making of the dams

between scouring and the
based on multi-criteria

external stability of the dams
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MODELING APPROACH

2. Hazard scenarios

Torrential floods hydrographs

. Events’ maximum
1. Data collection Q(m/s) ams) 4

discharges?

» Risk scenario definition
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MODELING APPROACH

» Physics-based model
2. Scouring estimation
1. Bed evolution

Side view Front view Bottom view
Bed level (m)
‘ ______ -
- S
s 11) S
= cumulative Soil — foundation
= distance (m) interface?
o
1"flood 2"flood n™ flood

3. External stability justification
Bearing capacity Overturning Sliding 4. Global degradation indicator
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MODELING APPROACH

» Physics-based model

5. S, time-dependent evolution

Sg
7. Transition times’ laws estimation
1 State 1
ECDF
Ss
T12
52 Tas
State 3 R
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«——><«—>+«—— State4  Time (years) _
T, Tz Ta Time (years)
6. Check dam’s states definition

State 1 State 2 State 3 State 4
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MODELING APPROACH

» Reliability-based model (Stochastic Petri Nets SPN)

d SPN model construction _ .
Strategy 1: all operations are allowed

Strategy 2: inhibit minor operations

 Maintenance strategies definition Streftegy i BTN riler toperalions

_ ] Strategy 4: only corrective operations are allowed
[ Monte-Carlo simulations
Mean sojourn time in each state

d Maintenance strategles comparison Average expected cost of maintenance strategies
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CASE STUDY: DESCRIPTION & INPUIT DAIA

> Data collection (ONF — RTM database) (Chahrouretal. RESS 2021)

- Longitudinal & transverse profiles
- Grain size distribution
- Geotechnical data

- Check dams’dimensions SRS
» Flood scenario definition Sediment
- Random generation of 50 scenarios i ke "'7%3::'533“'
- Clear water flood events R P A o
- Floods with return period of 10 years TR R

‘} » A

- Period considered (100 years)
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Hydrograph showing a series of flood events — scenario 1. 10



CASE STUDY: RESULTS & DISCUSSIONS

» Physics-based modeling by LOGICHAR (e.g. scenario 1)

Reach down stream retention dam (39 check dams)

1351
150 oo g — Check
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E — t=2h 130 e
> 100 t=3h ) {
° 75 t=4h | ———m—————
o i 125
E 50 — t=6h
25 — t=7h 120
0 =il 840 850 860 870 880
0 100 200 300 400 500 600 700 800 900
Cumulative distance X (m) (Chahrour et al.
Variation in bed level along the entire studied reach RESS 2021)

Time-based evolution of degradation indicators related to check dam #54
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CASE STUDY: RESULTS & DISCUSSIONS

Time-based evolution of the global stability index Sg related to check dam #54
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CASE STUDY: RESULTS & DISCUSSIOA

> Reliability-based modeling by SPN (check dam #54)

Mean sojourn time spent in each state 100
v 80 s
CoIraCaca
State 1 State 2 State 4 o 60 =—state 1
§ 50 =—state 2
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Time spent by the dam in each state - strategy 1.
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» A multidisciplinary approach that combines several fields:

Natural hazards Torrential hydraulics

Civil engineering Reliability engineering
Applied Mathematics Decision support

» Coupling two approaches for modeling the time-dependent behavior of
a check dam
(1) Physics-based modeling (hydraulic and mechanical)
(2) Stochastic modeling (SPN, CM and Monte-Carlo)

» A new decision-support approach (dynamic, over their lifetime) to
support check dams’ decision-making

» A completely generic approach (applicable to any type of civil
engineering structure, whatever the type of phenomenon, etc.)
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, PERSPECTIVES

» Analysis of a multi-component system: bi-directional dependencies

between dams
(Chahrour et al. RAMS 2021)
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» Considering other failure modes (e.g. internal stability of the dam)

» Sensitivity analysis: effect of imperfect information on the final

risk management decision
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