
Introduction
The IJkdijk (Dutch for ‘calibration dike’) is a Dutch
research program with the two-fold aim to test 
any kind of sensors for the monitoring of levees
under field conditions and to increase the know-
ledge on dike failure mechanisms. Since 2007, 
several purpose-built dikes have been brought 
to failure at the IJkdijk test site at Booneschans, in
the North-East of the Netherlands. Past experi-
ments include a large stability test (Zwanenburg et
al. 2012) and four field tests on backward seepage
erosion or piping (van Beek et al. 2011). The tests
presented in this article include these and other
failure modes. For the near future, a test on static
liquefaction is planned.

Meanwhile, the outcome of these tests has been
implemented in practice by instrumenting several
regular dikes, i.e. embankments with the function
to protect the hinterland against flooding. By the
end of 2012, this advanced surveillance by sensor
equipment had been placed in ten different dikes
in the Netherlands, United Kingdom, Germany and
China.

The main purpose of the All-in-One Sensor Valida-
tion Test (AIO-SVT) was to test the predictive
power of full-service dike sensor systems, i.e. 
sensor in and on dikes combined with data proces-

sing and an information system providing a timely,
reliable warning in case failure may occur. The 
application of such systems into practice will be a
major improvement to the current state-of-the-art
of dike management. In addition, contributing 
sensor systems were also tested and validated on
their own. Another reason to carry out this test, in
accordance with the two-fold aim of the IJkdijk, is
to learn more on dike failure mechanisms, including
failure prevention methods. The AIO-SVT involved
three dikes, which were all brought to failure. 
First, the geotechnical design of one of the dikes is
described, viz the South dike, followed by its 
instrumentation. Next, the results are described,
first regarding the failure of the dike, then for  
the monitoring systems and for the information
systems. Finally, conclusions are drawn. The full 
experiment, including the other two test dikes, 
is described in Koelewijn et al. (2013).

Design of the experiments
The experiments were designed in such a way 
that each dike could fail to different failure modes.
The duration of each experiment was planned to be
at least several days, with a maximum of one week,
to allow the participating companies to collect 
a reasonable amount of data under varying condi-
tions.
The South dike was built on a 4.5m thick composi-

tion of soft peat and clay. After construction, it 
was 4m high, 50m long at crest level, with a crest
width of 3m and side slopes of 1:1.5 (V:H). The
core was made of sand, with a 0.5m thick clay layer.
Figure 2 shows a cross-section of the dike at the
start of the test, i.e. after consolidation resulting
in a settlement of 0.99m.

The designed failure modes of this dike were slope
stability with a deep sliding plane through the 
subsoil with a minimum deformation of 20cm and
rupture of the clay cover by high pore pressures 
inside the sand core as a result of saturating this
core with water.

Instrumentation
For the instrumentation a clear distinction is made
between the reference monitoring and the instru-
ments of the participating companies. The refe-
rence monitoring was required to closely monitor
the course of the tests, while the other instruments
were validated and the measurements were used
to make updated predictions of the failures.

A total of nine companies participated with their
instruments – some in all tests, others in only one
or two. Each of these companies were invited 
to use their own measurements to give an initial
prediction of the failure mode and the conditions
at which failure would occur, and to update this
prediction at least every 24 hours.
Three companies providing dike safety information
systems participated in all three tests. These com-
panies had access to the data of the monitoring
systems being validated through a central data
base. The data of the reference monitoring was not
disclosed during the tests.

The reference monitoring at the South dike consis-
ted of 34 pore pressure meters and six automatic
inclinometers. Twenty-six pore pressure meters
were installed in two cross-sections each 13m from
the centre line, as indicated in figure 2, six pore
pressure meters were installed in six water tanks
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on top of the crest and the remaining two were 
installed in the basin on the non-failing side of 
the dike and in the ditch which was excavated 
during the test to reduce the overall stability. The
inclinometers were distributed along the centre
line and both instrumented cross-sections.

The seven companies participating in this test in-
stalled the following equipment:
- glass fibre optics woven into geotextile, measu-
ring temperature and strain approximately every
metre in three parallel lines along the whole length
of the dike, on ground level and on two higher le-
vels;
- a system of six extremely accurate inclination in-
struments,
each mounted on top of a 5.6m steel rod placed on
the slope of the dike (three on the side of the 
failure, three on the other side);
- a Fast Ground Based Synthetic Aperture Radar
system, measuring a two-dimensional displace-
ment field of the slope at the side of the failure

every five seconds;
- a total of four tubes measuring temperature and
strain profiles over depth employing glass fibre op-
tics: two vertical tubes 5.5m long halfway the slope
at the side of the failure, one vertical tube 3.5m
long at the toe at the same side in the centre line
and one horizontal tube along the whole toe of the
dike;
- a thermic infrared camera facing the downstream
slope, with a resolution of 640x480 pixels and an
accuracy of 0.05 K;
- one controllable drainage tubes with measure-
ments of pore pressure, temperature and dis-
charge, located inside the sand core, close to the
toe at the side of the failure;
- eight instruments measuring pore pressure, tem-
perature and local inclination distributed over two
cross-sections 10m away from the centre line, in
each cross-section one instrument in the sand core
close to the toe and three instruments distributed
over depth in the soft soil deposits under the toe.

Results of the test
The test on the South dike started on September
3rd at 12:12 pm, by the infiltration of water into
the sand core. The next day, a small excavation was
made in front of the dike. This had a limited effect
on the dike, as shown in figure 2 by the horizontal
displacements at the toe of the dike. The next day,
a final excavation was made and on the basis 
of slope stability calculations it was decided to

continue by hydraulic loading only. In order to ac-
quire a lot of measurement data, several days were
taken to raise the phreatic surface in the sand core
and to fill the water tanks on top. Finally, failure 
occurred on September 8th, at 2:27 pm, after
122.26 hours, see Figure 3.

Table 1 shows the results of slope stability calcula-
tions at characteristic moments applying the 
models of Bishop (1955) and Van (2001). The latter
is a geometrically more flexible variant to Bishop’s
model. The results correspond well to the defor-
mation behaviour shown in figure 2: close to 
the critical value of 1, the deformations quickly 
increase. These results may even draw some suspi-
cion, but it should be borne in mind that quite 
advanced soil investigations had been carried 
out prior to the test (Zwanenburg et al. 2011, 
Koelewijn and Bennett 2012) and detailed actual
measurements of pore pressures were available.
Moreover, the model by Bishop has already long
ago been described as surprisingly accurate for
conditions close to failure (Spencer 1967). 

Table 2 gives the measured values of the horizontal
deformations during the last phase of the test for
all inclinometers except one at the East side, which
failed. The pre-set deformation criterion for a suc-
cessful test was exceeded at the moment the maxi-
mum pore pressures were recorded.
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Abstract
Three large scale field tests on dikes have been carried out at the IJkdijk test site
in the Netherlands. Two tests involved piping, micro-instability of the sand core
and erosion from overtopping. Both dikes failed on micro-instability. The third

test involved slope stability with a deep sliding plane. The failure process of this
dike is analysed in some detail. All tests were done to validate monitoring systems
and dike safety information systems. Several systems performed well.

Figure 2 - Horizontal displacements at toe of dike until close to failure.

Figure 3 - South dike during failure: fracturing of slope of ditch.

Table 1  - Safety factors calculated for 
the South dike.
Situation Date & Time Van Bishop

Dike completed June 26, 5:00 pm 1.46 1.50

Start of test Sept. 3, 12:12 pm 1.74 1.82

Before last excavation Sept. 5, 9:00 am 1.24 1.38

After last excavation Sept. 5, 5:00 pm 1.05 1.08

Start of last infiltration Sept. 8,1:53 pm 1.01 1.05

Max. pore pressures Sept. 8, 2:13 pm 0.92 0.95

Visible failure Sept. 8, 2:27 pm 0.94 0.98

Table  2  -  Horizontal deformations measured by inclinometers
around failure, in mm.

Time East in toe Middle - crest Middle in berm West in berm West in toe

1:53 pm 115 145 160 140 135

2:13 pm 145 190 200 175 155

2:27 pm 180 430 470 310 320

2:30 pm 225 1450 1650 900 830
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Performance of the monitoring systems
All monitoring systems were judged by their accu-
racy, range, density of measurements, measure-
ment frequency, redundancy, robustness, time to
install and adjust, processing time, interpretation
and quality of prediction. Note that several of these
factors are not only influenced by the instrumenta-
tion, but also by the strategy adopted by the com-
pany. It should also be noted that successful
application of any technique depends on the actual
conditions and environment.

An extensive evaluation of the results by the above
criteria indicated a good to excellent performance
in this test of the tubes measuring strain and 
temperature profiles (the design could still be 
improved, however) and the ground based SAR 
(robustness to field conditions could be improved).
The other systems performed as expected or worse.

Performance of the information systems
The information systems were judged by their abi-
lity to combine data of different sources, the appli-
cation of various techniques and methods to arrive
at meaningful information, the clarity of statements
and the quality of prediction.

Two companies performed well, one employing ad-
vanced data driven modelling and anomaly detec-

tion to improve finite element calculations, the
other one focusing more on an engineer’s approach
employing both modern technology and visual ob-
servations to update their predictions during the
test.
The third company restricted its efforts mainly to
producing all kinds of graphical presentations of the
measured data, but hardly combining data of diffe-
rent sources.

Conclusions
The South dike failed according to one of the de-
signed failure modes. Instrumentation of seven
companies was tested here, including a novel tech-
nique to measure strain and temperature and fast
ground based SAR as promising new monitoring
techniques. Employing monitoring data led to an
improvement of the prediction of failure, especially
if different types of monitoring were used. It appea-
red that real-time advanced modelling further im-
proves the knowledge on the actual and expected
condition of dikes.
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WHEN THE BENEFITS OF SAYING YES 
FAR OUTWEIGH THE COST OF SAYING NO

Our advanced TriAx® geogrid technology is 
specified because it mechanically stabilises 
aggregate layers over weak ground, reduces 
fill requirements by up to 50%, and offers 
less on-site working, less risk and more 
reliability. When you add all that up, plus 
the fact we have 20 years of wind farm 
access road experience, there’s only one 
conclusion. Saying no isn’t really an option. 
 
For significant cost savings,  please contact 
Tensar International B.V. in the Netherlands, 
tel +31 (0)73 624 1916, email info@tensar.nl 
or visit www.tensar.nl
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