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The Netherlands and Flood

3200 km of 
primary 
dikes

14 000 km of 
secondary 
dikes
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The Netherlands and Flood
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Dike failures

Wilnis 2003 – drought (peat) & uplift

http://wwwen.uni.lu/research/fstc/research_unit_in_ engineering_science_r
ues/members/stefan_van_baars/research/dike_engineer ing

• 1735 dike failures in the

Netherlands between 1134 and 2006

• rare visual inspections

• old dikes

Ijkdijk piping
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UrbanFlood decision support 
system workflow
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Abnormal Behaviour Detection 
Approach
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Knowledge about anomalies
Real measurements

+ Real-world data

+ Low cost of non-destructive 
experiments

- Absence of  measurements related to 
real dike failures

- High cost of destructive experiments
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Measurements with anomalies

Normal

Abnormal

Normal

Normal

Abnormal

Failure

Nondestructive experiment,
not stable dike

Destructive experiment, 
real dike failure

Zeeland dijkStammerdijk Ijkdijk



11A. PyaytUrbanFlood

Pre-processing

1) Wavelet denoising

2) Spectrum Singular Analysis (SSA )

3) Hodrick-Prescott filter

4) L1 trend filtering

5) Moving average
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Data pre-processing
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One-side classification
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Virtual Dike

ffcstab τφσ −+= tan

fτ

fσ

- cohesion, [Pa] 

- friction angle, [grad] 

- shear stress, [Pa]

- effective normal stress, [Pa]

φ

Mohr-Coulomb plasticity model:

c

stab - stability factor, [Pa]  (<0 in case of 
plastic deformations )

, where

9 m

0 m

Livedijk, Eemshaven, the Netherlands VVK1
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VVK1 LIVEDIKE
Valeria Krzhizhanovskaya; 3-11-2011
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Macro-instability Modelling

Distribution of stability factor in the dike at different loading steps:

Beginning of plastic deformations 

critical state, water is at 6.6 m above ref. level 

Plastic deformations
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Simulated sensor data
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Anomaly detection in artificial data
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Variant of combination of the AI 
component and the Virtual Dike
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AI component implementation
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AI component as part of the 
UrbanFlood EWS
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Joint UrbanFlood & SSG4Env 
International Monitoring and Flood
Safety Workshop,
Amsterdam, the Netherlands, Nov 2010
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Summary 

� Current results
◦ Detection of anomalies
� Real dikes

� Stammerdijk (published)

� Zeelandijk (to be published)

� Livedijk-based generated data by the Virtual Dike

� Next steps
◦ Ijkdijk modelling and data analysis

◦ AI component
� application of parametric methods
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Thanks
for your attention!
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alexander.pyayt@siemens.com


