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1. The Probabilistic Key-note

Limit State Equation: Z=R-S
R: Resistance (pressure, erodibility)
S: Stress (water level, velocity)
Z<0 ,Failure‘

Z>0 ,No Failure*

Input Variables:

M: average
o standard deviation

Probabilistic Solution:

- Monte Carlo Simulations;
-  FORM, SORM, NI, a.o.
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1. The Probabilistic Key-note
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Overflow / Wave overtopping Uplift / Piping
Z = Mg - My, Z=hy-h Z=myh, - (h-0,3d - h,) (Piping)

Slope instability Damage of the revetment and
Prob. Slip circle analysis erosion of the dike body
MPROSTAB (GeoDelft) Z = tor + tg¢ + g — t. (Grass)
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Reliability and Risk Analysis for River Systems

PC-River

Stress
- River -

Average Values und Variabilities

« Water level W + Waves hy,
* Velocities V

Resistance
- Dike -

Average Values und Variabilities

 Dike geometry
 Soil mechanical parameters

Probabilistic Software: PC-RING — (Developed by TNO & Rijkswaterstaat)
-> Failure probability for dike systems [1/a] -

Sensitivity
Input Parameter
e.g. Q, z, kst

- Case Studies -
Elbe & lller

Application / Implementation

Geotechnical Data
& Results



2. Uncertainties in Stress
inherited by Input Parameter:

Stuttgart

What is HQ100 @ Gauge DRESDEN

- 1999:

water power plants

HEE N DN
decrease of retention areas

stream regulations
. I
Discharge Q el il 1964-1995

little ice age

I B EEE [ W 1936-1995

1840 1860 1880 1900 1920 1940 1960 1980 2000

Changes of landuse, river geometry
& climate changes -> Changes in Q
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SRR What is HQ100 @ Gauge DRESDEN

- River -

S=pn +-BR*c _
. Water level + Waves - 1999: Helms, Ihringer:

e Velocities V HQlOO ~ +/- 500m3/s
T MAJOR FLOODS IN 1999, 2002 and 2003
- 2008 1 sachsen
HQ100 ~
MAJOR FLOOD IN 2006
-
— - 2006: Federal Institute of Hydrology
Time series: 1852 to 2006
 Frictionn (ks) HQ100 ~
- 2007 Jensen, Frank
HQ100 ~ 3100ms3/s - 4700ms3/s
HQ10000 ~ 4800m?3/s - 10800m?3/s



2. Uncertainties in Stress
inherited by Input Parameter:
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What Runoff Volume can we expect ?

- 2007: Busch, Hammer, BfG:

T o | ——DD_HQ100_2002

—o—DD_HQ100_2006

—e—BA_HQ100_2002

Discharge [m3/s]

10 12 Time[days] 22 24 26 28 30 32 34 36 38
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2. Uncertainties in Stress
inherited by Input Parameter:

How accurate are today's

0.120

0.100

U080

0.060

0.040

0.020

0.000

Digital Elevation Models ?

Error Histogram — commercial providers example
by Airborne 1 Corporation - www.airbornel.com

Deviation From Control (US Survey Feet)

average error distribution after elimination
of well known systematic errors
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2. Uncertainties in Stress e —
inherited by Input Parameter:
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How accurate are ‘“real life”
Digital Elevation Models?

- 2003:

T Ly DGM-W (2,5 m):
1. Ugs= £0,2m bis 0,8 m

- = & - DGM-W (2,5 m):
—| S Ugs=202mbis+05m
DGM-W (2,5 m): :

U£=102mbmt05ml

peMw2sm: RS
Uy:= £0,2m bis+0,8 m ~—

A hwaitiorn |




2. Uncertainties in Stress

inherited by Input Parameter:
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Bedforms change during a flood event

-> See Vanoni & Hawang, Engelund & Hansen, Kennedy,
Senturk, Einstein & Barbarossa

1/n=Kst[m?¥/s]

Mean Kst+ STDEV Mean-Kst

Mean Kst-STDE

2250
Flow Q [m3/s]




2. Uncertainties in Stress
inherited by Input Parameter:
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Friction influence varies during the
rP vegetation period / over the years !?!

=~ Bushes

==~ Cereals

=4~ Beet

=< Corn

kstr [m"?] trend
adapted to biomass density

-+ Feedlot
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2. Uncertainties in Stress L
inherited by Input Parameter:
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Weather Phenomena may influence
discharge impact significantly !?!

— e - X
g — R e 5 > i J | = o
i — = i = S o A e
A - i L o B
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. fetch depends
on blow
direction

h i -‘J?
: !

e
UL o JLY
o = -
i ". 4
o)
-

www.wsa-wilhelmshaven.de

Blow direction
probability




2. Uncertainties in Stress
inherited by Input Parameter:
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Weather Phenomena may influence
flood events significantly !?!
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Weather: Ice & Wind
Unpredictable Parameters

Stress
- River -

S=pn +-BR*c
Water level + Waves
Velocities V

T

What else might happen, what we have
no historical data about ??7?

- Blocked bridges and narrows

-> temporary blockages
might break - > flood waves

Extreme rainfall -> landslides, dam breaks ...
-> flood waves

Human failure & planers errors

Retention effects due to dike breaks

ROy
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2. Uncertainties in Stress L
inherited by Input Parameter:

Failure probability (el Oie section 1 | Dikesection2 [l Dike Section n
for dike system Y

Water Level Velocity

\

> Gv~f(GQ;Gw|;B) I

~ * 2/3 * 0.5
= Oy ™ Okst(t) Ohnt |

~ * o~ 2/3 % 0.5
oy ~kst* c,4°*|

- ] . 0.5
N oy ~ f( okstity 5 Oh?”

* h2/3 * ]0.5

= OvV(local) ~ Okst(local

N o, ~f((h+h,)??; ice effects)
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3. Water level accuracies along Dikes i
determined by 2D-HN Monte Carlo Simulation
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Which simulation tools fit best?

- Slopes & Oxbows - 4km width floodplains - W.L. transverse gradients up

-> 2D-HN-Modelling needed
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3. Water level accuracies along Dikes: e
Necessary 2D-HN Model Improvements
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-> faster & more accurate 2D hydrodynamic numerical meshes
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3. Water level accuracies along Dikes Al e
determined by 2D-HN Monte Carlo Simulation

Overbank Flooding - in 7 day classes
(Torgau 1951 - 2005)

normalized count [#]
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Floodplain Example




3. Water level accuracies along Dikes
determined by 2D-HN Monte Carlo Simulation
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; Example: Standard Deviation for Water Leveg’
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Stress Resistance
- River - - Dike -

Average Values und Variabilities Average Values und Variabilities

Water level W + Waves hy,  Dike geometry
Velocities V  Soil mechanical parameters

Probabilistic Software: PC-RING — (Developed by TNO & Rijkswaterstaat)
-> Failure probability for dike systems [1/a] -

—

- Case Studies - Geotechnical Data
Elbe & lller ‘ & Results

Reliability and Risk Analysis for River Systems

Sensitivity
Input Parameter
e.g. Q, z, kst

Application / Implementation

PC-River
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4. Uncertainties in Resistance R
Data Base
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From: Schwachstellenanalysen der linksseitigen Hochwasser-
schutzdeiche der Elbe im Bereich Burckhardshof-Treblitzsch
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Friction angle ¢
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Hochwasserschutzdeiche der Elbe im Bereich

From: Schwachstellenanalysen der linksseitigen

Schmertmann, 1978. Guidelines for Cone Penetration

Test, Performance and Design. Report FHWA-TS-78-
209, US Department of Transportation, Washington
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4. Uncertainties in Resistance
Failure probability
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Comparison of the failure mechanisms

Dike sections: Elbe km 131.1 -132.6

3759
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Overflow/  Uplift / Piping Slope Damage of Combined
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overtopping probability
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5. Summary & Outlook
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 PC-Ring adaption for general use under non-lowland conditions

 Extending, validating and automating the hydraulic uncertainty
analysis

* Flexible connection to hydraulic models

« Interface for geotechnical FE-Analysis

 Promotion of a probabilistic dike design

Provision of a tool for risk-based
river flood protection



Thanks for your attention!

University of Stuttgart
Institute of Hydraulic Engineering
Institute of Geotechnical Engineering

uwe.merkel@iws.uni-stuttgart.de
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