
27 sep 2008

Smart Dikes, IJkdijk

Prof. Dr. Robert Meijer



Robert Meijer
TNO: Sr. Strategist

University of Amsterdam: Professor

• Advanced Telecommunications

• Control structures for cyber physical systems



On-and-offshore infrastructures:

things that cost 1000 €/m, 1000 €/m2, 1000€ per person



Infrastructures are in trouble

• Infrastructures are

– used to limits of 
capacity

– exploited by > 1 
organization

– erode

– used in reverse

– too complex to 
understand

– too costly to have

– … cyber attacks
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Infrastructures are saved by 

society scale information structures



Technology, business cases and other motivations are readily found to create 

the smart infrastructures and, hence, the smart city

Siemens



Challenges of smart infrastructures

Technical vague

• Uncertainties in the 

construction of the 

infrastructure 

• Uncertainties in the 

infrastructures environment

• Uncertainties in the 

response of the 

infrastructure to change

Organisatorial complex

• Many companies

• Many institutions



The great example of dikes

And the

IJkdijk



This is a dike
there is > 1M km on earth



IJkdijk Fieldlab



Dikes and The IJkdijk

Dutch IJk = to calibrate (of models)

Dutch dijk = dike

The Open 

Innovation 

foundation 

The infrastructure

• Owners

• Researchers

• Companies



Costs

New dikes: 500-5000€/m

Dike upgrade: 500-5000€/m

Dikes:

Netherlands: 15 000 km

World:       1 000 000 km

Value protected:

Rotterdam: 750 000 000 €

40 km

3000-2M kilometers @ 100 bytes/s/m => 2,4 Gbit/s  - 1,6 Tbit/s

Dikes are infrastructures



The 

innovator

Initiator www.ijkdijk.nl

Coordinator www.urbanflood.eu

Infrastructure

+Sensor networks

+Internet

+Intercloud

+AI

+Operating System

=

Intelligent Infrastructures

This is a test dike:

1 road

700 trucks sand / 

clay

3 M Euro

3 x court of justice



Fieldlab IJkdijk

started in 2004 with a maquette and horror stories

200m

Leading to a foundation and consortium in 2007

Involving 

• dike owners

• R&D organisations

• SME

• Multinationals



2007 official opening

Dike overtopping experiment
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Macro(in)stability

Stein, 2004



Experiment Sep 2008
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veen – hoogteverloop onzeker

Cross section of dike with 

instrumentation

klei (toplaag) – verloop aan onderzijde onzeker
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DikeSurvey –

vezels voor deformaties
in kruin: 2 zigzaglijnen 2x50m,
in berm: 3 halve bogen 3x40m

USACE/RPI/Measurand

MEMS voor vervormingen
3x7,772m op 35mN, midden, 35mZ

IFCO/BCC

Inverted pendulum
3x, op 33mN, 2mN, 33mZ

TNO-ICT/Landustrie

Luisterbuis
boven: 100m PVC 100mm luchtgevuld
onder: 100m drainagebuis 160mm watergevuld

GTC Kappelmeyer

actieve (verwarmde) glasvezel
horizontaal: 4x100m
verticaal: 10x10m, op 45mN, 35mN, 25mN, 
15mN, 5mN, 5mZ, 15mZ, 25mZ, 35mZ, 45mZ

Ten Cate/Inventec

HydroDetect =

passieve glasvezel
in smalle geotextiel matten, 4x100m

.
.

.
.

zandklei of zand-op-folie

“zwembad”

klei

klei

klei

zandige klei

zand – verloop bovenzijde onzeker

1+6 drainage/infiltratiebuizen 160mm 100m

ontluchtingsbuis – drainagebuis 160mm 100m

folie binnenzijde kanaaldijk

W01/W02/W03
35mN/midden/35mZ

P01/P02/P03
35mN/midden/35mZ

Deltares

referentiemonitoring

� 14 peilbuizen P01 t/m P14

� 18 waterspanningsmeters W01 t/m W18

� 12 vochtmeters V01 t/m V12

� 3 zakbaken Z01 t/m Z03

� 5 camera’s C01 t/m C05

� visuele inspecties
Posities aangegeven in dwarsdoorsnede en bovenaanzicht

P04/P05 peilmeters zwembad

P06 slootpeil

P07 midden
P08 35mN
W06/W07/W08 midden
W11/W12/W13 35mN
W16/W17/W18 35mZ

P09 kanaalpeil

P10 peil in Noord-Zuidgreppel

W04/W09/W14 midden/35mN/35mZ
W05/W10/W15 midden/35mN/35mZ
P11/P12/P13 35mZ/midden/35mN
Z01/Z02/Z03 35mZ/midden/35mN

P14 midden



21



2
2



12 types of sensor systems

• Solid state

• Fibre optic

• Acoustic

• ...
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Learned a lot about sensors



Piping experiment (2009)



SEP 2009
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Dec 2009





Sensor validation test 2012
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Livedijk Eemshaven Okt 2009
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2013 Livedijk locations
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Yellow River online (2012)

AGT International, Royal Ten Cate, TNO

10 januari 2011M Bouman 
TNO Nieuwe huisstijl
4
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AGT International & TNO

Soon 70km Yellow River
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Early warning system



From sensors to early warning 

system

• IJkdijk gave leading position

• UrbanFlood FP7 project granted 2009



URBANFLOOD
SEVENTH FRAMEWORK PROGRAMME

THEME ICT-2009.6.4

ICT for Environmental Services and Climate Change Adaptation

Prof. dr. Robert Meijer

robert.meijer@tno.nl

+31653720517

TNO NL Coordination, System

Integration

Univ. of

Amsterdam

NL Computation

Cyfronet PL Workflow

HR 

Wallingford

UK Hydraulics

STOWA NL Dissemination / Stakeholders

Siemens RF AI, System Integration

≈3M€, 1-12-09—30-11-12



Created: global monitoring system for

dikes, www.urbanflood.eu



UrbanFlood

early warning system …

S

SS

Control CentreS

SS

Control Centre

Authorities

Science

Public



UrbanFlood features
� Flooding Simulator

� Virtual Dikes

� Interactive decision

support

� Finite element model

�Artificial

Intelligence



River Wash, Boston, UK



Tide: 4-6 m
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… operating system for infrastructures

S

SS

Control CentreS

SS

Control Centre

Authorities

Science

Public





Massive 

Exploitation of 

the North Sea



Q ? & A ?

Robert.meijer@tno.nl +31653720517


