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Background

Low Probability €= High Impact

Levee failures can lead to enormous damages and loss of life
@ New Orleans (2015) Germany (2013)

Demand on detailed risk analysis & management of levee systems
Large uncertainties in modelling and predicting the failures
No systematic analysis of multiple failure events



SAFElevee Project

- Background « To improve the understanding of failure mechanisms and breaching of flood
defence systems
- SAFElevee Project

-ILPD « To enhance failure models, reliability analyses and designs of flood defences

- Macro-scale analysis ) ) ) o
« To provide systematically collected datasets for future scientific research

- Conclusions
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SAFElevee Project - WP's

- Background | . 7. ~——gy T r—s. n‘_‘!;ﬁ!f
- SAFElevee Project
-ILPD

- Macro-scale analysis J* °

- Conclusions

3. Breach initiation and development 4. Hindcasting of failures

[ |
b

5
TUDelft




- Background

- SAFElevee Project
-ILPD

- Macro-scale analysis

- Conclusions

5
TUDelft

International Levee Performance
Database (ILPD)

Full-scale testing is challenging and costly

Historical failures provide insights into the real failure processes and

conditions
o No systematically gathered large-scale datasets
o Several databases for levee breaches — only generic information
o Limiting the scientific analyses

ILPD:
U Structured
U Open-access
U Regularly updated global database



ILPD - content

 Level-1: Metadata - General information on individual failures

350
]
280
200

g
g
2

150

100

3
TUDelft

w 2 4 8 & "W 12 M 15 %8 =20 m 2 4o BD  BD DD 13) 14D 1SR 180 =300
breach depth (m) breach width [m)



ILPD - content

 Level-1: Metadata - General information on individual failures

- Background

- SAFElevee Project

« Level-2: Intermediate - Detailed geotechnical investigations and breach
processes of historical levee failures and earthen dams

-ILPD
- Macro-scale analysis

- Conclusions
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ILPD - content

« [evel-1: Metadata - General information on individual failures
- Background

- SAFElevee Project
« Level-2: Intermediate - Detailed geotechnical investigations and breach

~ILFD processes of historical levee failures and earthen dams

- Macro-scale analysis

- Conclusions

« Level-3: In-depth - Detailed datasets of small- and large-scale experiments
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ILPD

leveefailures.tudelft.nl

- Background

- SAFElevee Project Welcome @ ILPD

-ILPD International Levee Performance Database

weersion LD 020

- Macro-scale analysis
The database was developed under the research project SAFEleves,
- Conclusions made possible by the Dutch Technology Foundation 5TwW.

SAFElevee Partners:
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ILPD

» Interactive map with failure events
- Background -" _ ""J**ﬂleh.;‘_]_nternitfonal
- SAFElevee Project -m,.,,t,. | 1; o ﬁ_ -

Yeor beftgre:; 2018 1519 results found in ILFDH

-ILPD

Country

e fallune type

- Macro-scale analysis

Diefence bype |

- Conclusions Fnchariam
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ILPD

» Interactive map with failure events
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ILPD

« Dataset containers
- Background ;

- SAFElevee Project ear atter 1400
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Country
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- Background

- SAFElevee Project
-ILPD

- Macro-scale analysis

- Conclusions
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ILPD

- Easy filter options

Year after 1900 . - =
Year before - ’
2016 100 results found in ILPD
Courntry
Falure type

+
Defence type - =

Mechanism:

filter the datasets for
specific failures dates
and for a specific country
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ILPD

- Easy filter options
- Background

- SAFElevee Project

-ILPD Year after - 15900 :

- Macro-scale analysis [JERCESEE . R — Other easy filter options

are:

* failure type (e.g. a real

failure or a experiment)

defense type (e.g. a

levee or a floodwall)

* failure mechanism (e.g.
overtopping or
instability)

. Countr
- Conclusions gl

Falure type

Defence type

Mechanism:

5
TUDelft




ILPD

« Advanced filter options

- Background -
=
- SAFElevee Project i

_ ILPD Year efore -

Country
- Macro-scale analysis P iratree &
Diefence type |
- Conclusions Mncharism

s = w @
# A a filter oriteriam

®
XN W

¥ mwvlrveidm

El Cajoncitn Dike jLa Pagl - Moo - mill - mol - Real felhee -El Cajonchio Do {La Pag Fallurs sirscted fram imsituts for Duam Sebety Bk Mansgemeni Dam Faluo Detalisas  §

Hureican Katrs - USE - Loids lana - New Orieans - Real failire - Poinka laache - v Missicoipps Regon
Hurricane Katrina - USA - Lindslana - New Orieans - Reaf faiore - Inner Hartbor Navsgation Caral East Bank (Southl

Furricane Katrma - Lifih - Lngdpiana = hiew Cireanm - @ead faiigre - inner Aarbor b patinnd, oz Eaxt Ban (orihi

4 P M« LV - L M bt < Bl k1 - E it e 90 - L P ko o L L s S F
UDelft Paios [ 2 08 4 05 - and Mew

S




- Background

- SAFElevee Project
-ILPD
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ILPD

Select what to extract from the database

Export settings ILPD

() Onlyreferances
| __, Oinly retadata
() Alidata

@ Custom salection

rlrended

B metodata
| dotumenty

B photos

W deos

B catsfiles

 ——

“

Make a custom
selection of data to
extract from the
database
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ILPD - overview " .

* ~ 1600 failure cases of which;

- Background ¥
- SAFElevee Project

-ILPD

- Macro-scale analysis

- Conclusions
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# of cases

ILPD - Failure mechanisms
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Bl dams |-
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- SAFElevee Project
-ILPD

- Macro-scale analysis
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ILPD — Events

+ Some extreme events caused multiple failures at different locations

Failure 1

Event 1 /Fai/ure 2
o Failure n+1
Failure n Event 2 < Failure n+2
Failure n+m

« ~40% of the failures occurred in the events with more than one failure
*  Germany (2002) with 111 failures
* Netherlands (1953) with 101 failures

* Information can be used to inform and improve (local) flood risk
assessment

20



Germany 2002, 2013

* Elbe tributaries

- Background - Extreme meteorological conditions
- SAFElevee Project « Two catastrophic flooding events
-ILPD — 2002: 111 levee failures

- Macro-scale analysis — 2013: 17 levee failures

- Conclusions
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Damages on levees

- Degree of damage on the levee cross section

- Background

- SAFElevee Project Partial failure crest

- ILPD

- Macro-scale analysis

- Conclusions .
Totalfailure
= No breach
= Partial failure
= Total failure

Total failure w/ scour

= Breach but no info. available
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Germany 2002, 2013

Main failure mechanisms

ﬂ/fain failure mech. \

External Erosio

Internal Erosion

Instability @

Overflow/
Overtopping

Unknown @

o

Total 128 casey
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Germany 2002, 2013

Breach characteristics per main failure mechanism

- Background
- SAFElevee Project # Instability # External erosion @ Internal erosion
400
_ILPD Partial failure | Total failure w. scour
350 i
.’
- Macro-scale analysis ;
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- Macro-scale analysis
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Germany 2002, 2013

Initial and main failure mechanisms

ﬂ/fain failure mech. \

External Erosio

Internal Erosion

Instability @

Overflow/
Overtopping

Unknown @

o

Total 128 casey
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Germany 2002, 2013

Initial and main failure mechanisms

ﬂ/fain failure mech. \

Mitial failure mech. \

Overflow/

Overtopping\
Instability @

—

~
e

Man-made @

ﬁ?itial failure mech. \

Overflow/
Overtopping@

|

Internal Erosion |

NO initial failure /]

V7

mech.

N ©

D

External Erosio

Internal Erosion<

2

Instability @

Overflow/
Overtopping

Unknown @

o

mitial failure mech. \

Overflow/
Overtopping@

—

L NO initial failure
mech.

Total 128 casey
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Germany 2002, 2013

Total and average breach width per failure
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Conclusions and Future Work

ILPD

- Background L ) )
—  Fully public, international data sharing platform

- SAFElevee Project
— supporting detailed analyses, (1) geotechnical analysis of individual failures or (2)

-ILPD detailed breach analysis

- Macro-scale analysis ) . ) )
*  Most common levee failure mech. a external erosion triggered by

overtopping/overflow (62%)

- Conclusions

— Internal erosion is more common in earthen dams
Macro-scale analysis
* Main failure mech. of the large breaches a instability or internal erosion

« Initial failure mechanisms play important role in defining the breach
characteristics
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Conclusions and Future Work (2)

« The investigation of historical levee failures is of critical importance
in both risk assessments and proper design methods

* Further analysis of data from the ILPD at the event level can
provide critical insights in identifying
— (1) typical vulnerabilities and common failure mechanisms,
— (2) breach characteristics, and

—  (3) density of breach occurrence
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