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ing the HET is greater than 800 Pa from 28 days of 
lime treated material ageing (Haghighi et al. 2013). 

The same tendency is observed for in situ Mobile 
Jets Erosion Tests (MoJET) erosion tests performed 
on the slopes of the dry dikes. During the first test 
(28 days after building), the amount of soil recovered 
after the test is divided by 25 times (normal flow of 
600 ml/min during 15 min). The pictures of Figure 3 
show a significant overview of the gain provided by 
the treatment in terms of external erosion.  

Figure 3. MoJET external erosion tests performed on untreated 
soil (A) and on lime-treated soil (B). 

Part of the slope of the lime-treated dike was cov-
ered with topsoil. An erosion test with MoJET was 
carried out under this plant coverage one year after 
construction. On this area, protected against climate 
phenomena, lime-treated soil has a high resistance to 
erosion as observed during the first steps to 28 days. 
After the winter and freeze-thaw phenomena, thin al-
tered, 2 cm thick layer, appears in the uncoated slope, 
due to the water and temperature variations. How-
ever, resistance to erosion under this altered layer 
remains the same order of magnitude as those meas-
ured at 28 days and 6 months. 

The enhanced crumb-test (ECT) also shows a re-
duced swelling of the lime-treated samples immerged 
in water, and no collapse under the hydraulic strain 
(Haghighi et al. 2012). 

These erosion tests enable observations to a very 
significant increase in resistance to erosion due to 
lime treatment implemented by the recommended 
procedure. 

9 CONCLUSION 

These experimental dikes highlighted the benefits of 
the lime treatment for the construction and mainte-
nance of hydraulic earthen structures. 

The construction steps are simplified by the im-
provement of the workability of materials. The use of 
a mobile mixing plant ensures the production of a 
homogeneous material, regarding moisture content 
and lime addition. If the specific lime-treated soil 
production and placement procedure is followed, that 
is to say by kneading compaction of materials put to 
moisture content above OMC, low permeability lev-
els can be reached, similar to values measured on 
compacted natural material. An important benefit 
provided by treatment, in terms of stability and per-
formance, as demonstrated by the measurements of 
the mechanical properties. And a highly significant 
increase in resistance to external and internal erosion 
was measured and observed on the lime-treated soil. 

This project allows us to appreciate the treatment 
of silty to clayey soils with lime in a hydraulic con-
text, and makes it a promising technique for the con-
struction and maintenance of hydraulic earthen struc-
tures (dikes, levees, dams ...). 
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ABSTRACT: The effectiveness of a vertical inserted geotextile against internal erosion, in particular backward erosion, has been investi-
gated.  Some small- and medium-scale tests were performed as well as a field-scale test and compared with test series without any erosion
mitigating measure.  All tests demonstrated that the geotextile shield was very effective to prevent backward erosion.  Numerical analysis
showed that it was more effective than an impermeable sheet pile of the same length. The paper describes the technique in more detail as
well as the results of numerical calculations. Furthermore, the test facilities are described.

RÉSUMÉ: L'efficacité d'un géotextile inséré verticalement face à l'érosion interne, en particulier l'érosion régressive, a été étudiée. Des es-
sais à petite et moyenne échelles ont été réalisés ainsi qu’un essai grandeur nature et comparés aux séries d'essais sans aucune mesure prise
pour atténuer l’érosion. Tous les tests ont montré que le géotextile est très efficace pour empêcher l'érosion régressive. Des analyses numé-
riques ont montré qu'il était plus efficace qu'un mur de palplanches imperméable de même longueur. L’article décrit la technique plus en
détails, ainsi que les résultats des calculs numériques. Par ailleurs, les conditions d'essais sont décrites.

1 INTRODUCTION

Internal erosion due to backward erosion (in Dutch
also called ‘piping’) is one of the most important
failure modes in the Netherlands, concerning the sta-
bility of cohesive water-retaining structures founded
on a sandy aquifer. Though backward erosion had not
yet led to levee-failure in the Netherlands since 1926,
this cannot be excluded at design water levels.

The prevailing assessment and design rules under-
estimate this failure mechanism. Recent Dutch re-
search work led to an improvement of the assessment
rules (Sellmeijer et al. 2011). A consequence of these
tightened rules is an increase of the required seepage
length  to  ensure  enough  safety  against  failure.  It  is
expected that fulfilling these prospective assessment
rules will have a large impact on the costs for
strengthening levees, in particular, in densely popu-

lated areas where little space is available for tradi-
tional strengthening measures against backward ero-
sion. Thus, alternative cost-efficient techniques are
required. Other piping prevention methods, as sheet
piles, filters and dewatering pipes, have already been
used, but the use of a geotextile to prevent backward
erosion piping is new.

2 BACKWARD EROSION MECHANISM

For a better comprehension of the issue and deducing
this practical alternative approach for strengthening,
the backward erosion process is described firstly.

2.1 Description of the backward erosion process

When the seepage of groundwater in the aquifer con-
centrates at an open exit point due to e.g. cracks in
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the blanket layer of the hinterland, the high flow ve-
locity near the exit can cause an emission of sand
grains at that location. This results in an erosion pro-
cess in the sand layer just below the cohesive layer.
Consequently, shallow pipes are formed which do
not collapse because of the arching action of the co-
hesive material. The pipes grow from downstream to
upstream, finally forming a direct connection. This
leads to a facilitated water transport and consequently
to accelerated erosion. The pipe dimensions increase
fast until the limit state of the arching action of the
cohesive soil is reached, resulting in a (partial) col-
lapse of the water-retaining structure (Beek et al.
2010).

For pipes beneath an almost horizontal clay layer
the hydraulic head fall can be predicted by Sell-
meijer’s model (Sellmeijer 1988). In 2009 four full-
scale piping tests were carried out, which were pre-
ceded by a series of small- and medium-scale tests.
Based on these test series Sellmeijers’s rule has been
adjusted (Sellmeijer et al. 2011). This revised rule
will be part of the prospective Dutch flood defence
assessment rules.

2.2 Principle of the vertically inserted geotextile

A possible approach for preventing the development
of a continuous pipe underneath the water-retaining
structure is the interference with the sand transport.

This can be tackled by applying a vertically insert-
ed geotextile shield in the upper part of the aquifer,
fixed in the upper clay cover layer.

The main principle of operation of a vertically in-
serted geotextile as a measure to prevent backward
erosion is that the transport of sand grains at the in-
terface with the overlying clay layer will be blocked,
while the groundwater flow is not affected by the ge-
otextile, because of its high permeability (Figure 1).

Figure 1. Principle of operation vertically inserted geotextile.

In principle, this technique does not require a mini-
mum seepage length what is required, according to
Sellmeijer’s theorie, for ensuring a stable equilibrium
of forces round the sand grains, so that no further
sand transport will occur. It is thereby a space-saving
strengthening technique.

Terzaghi & Peck (1967) describe a different inter-
nal erosion mechanism: heave that occurs in the vi-
cinity of an impermeable vertical shield in sand as a
result of fluidization of sand downstream the shield.

For applying geotextile as an inhibiting measure
against backward erosion both erosion mechanisms,
the forming of a horizontal pipe due to backward ero-
sion and the heave, need to be checked. The latter
becomes important when vertical gradients occur.

3 EXPERIMENTS

In order to get a better insight in the principle mode
of action of the geotextile shield, two small-scale ex-
periments were carried out. The critical gradient
where piping starts depends on the scale (Beek et al.
2010; Bezuijen & Steedman 2010). Thus, to receive
an impression of the scale effect of this measure and
to limit boundary effects, two medium-scale experi-
ments have also been performed. While tests that
merely investigate the backward erosion mechanism
with and without geotextile can be performed at
small-scale, it is only possible to get quantitative in-
formation on the influence of this prevention measure
on the dike stability in field-scale testing.
A  test  on  field-scale  has  been  performed  on  the
IJkdijk facility to check the erosion mitigating per-
formance under real circumstances. The IJkdijk
(Dutch for ‘calibration dike’) is a Dutch test site at
Booneschans, in the North-East of the Netherlands,
where tests on geotechnical failure modes of levees
on large scale can be carried out. The four piping
tests performed in 2009 (Beek, Knoeff & Sellmeijer
2011) served as a benchmark for the effectiveness of
the geotextile.

3.1 Setup lab experiments

First, two small-scale experiments were carried out in
a  PVC  box  (inner  dimensions  l*w*h  =
0.50*0.30*0.10 m) with transparent acrylate (Per-
spex®) cover, imitating the behaviour of a cohesive

layer while permitting observation of the pipe devel-
opment  from above.  The  length  of  the  seepage  path
in this setup is ca. 0.34 m. A detailed description the
general small-scale setup (without geotextile) is giv-
en by Beek et al. (2011). The sand has been prepared
using the “wet method”, in which dry sand is ‘rained’
into water with the box in vertical direction. Densifi-
cation takes place by continuous tamping during the
raining of sand. These methods ensure a homogene-
ous and well saturated sample. In the small-scale
tests fine-grained sand (d50 = 220 µm, relative density
90 %) is used.

In the geotextile setup the inserted depth of the
geotextile shield was 2 cm in the first and 5 cm in the
second test to get an impression of the maximum
head difference which can be retained without the
pipe passing the shield to the upstream side. The in-
fluence of the developing pipe on the pressure head is
monitored (Figure 2).

Figure 2. Small-scale test with measurement of piezometric head
in the pipe by piezometric tubes in front of and behind the shield.

The setup of the medium-scale experiments is
very similar to the setup of the small-scale experi-
ments. The dimensions of the sand container are four
times bigger in length and depth (inner dimensions
2.00* 0.88*0.40 m).

The  sand  is  prepared  in  a  similar  way  as  in  the
small-scale experiments, by placing the container in
vertical direction. After sand preparation the setup is
put in horizontal position for the execution of the
test.

Figure 3. Medium-scale test with top view on interface aquifer /
Perspex blanket. For a better contrast a red tracer marking is add-
ed. Notice the V-shaped zone adjacent to the geotextile with an in-
creased erosion activity.

In the medium-scale tests (Figure 3) fine-grained
sand (d70 = 270 µm, relative density 76%) is used. A
geotextile strip of 0.02 and 0.08 m respectively was
fixed at the acrylate cover and at the lateral edge of
the container. In all tests a non-woven geotextile
(Ten Cate GeoDetect® S-BR, O90 =  95  µm)  was
used. The geotextile shield is located at a distance of
2/5 of the total seepage length, counted from the exit
point of the pipe.

3.1.1 Course of the experiments
During the tests the piezometric head is raised in
steps of 1 cm per 5 minutes until erosion takes place.
When erosion takes place, the head is maintained un-
til the sand transport in the pipe has ceased for sever-
al minutes.

The piezometric head was raised until the pipe had
immersed underneath the geotextile and grown fur-
ther to the upstream side.

The critical head difference, necessary to start up
the development of a continuous pipe, is roughly the
same for both setups, with or without geotextile. The
pipe growths to the geotextile, where the further up-
stream development of the pipe is blocked and pro-
ceeds  both-way  along  the  downstream  side  of  the
shield. At the split point increasing erosion activity is
observed.

Without geotextile the pipe would grow to the up-
stream side. The geotextile is blocking the develop-
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the blanket layer of the hinterland, the high flow ve-
locity near the exit can cause an emission of sand
grains at that location. This results in an erosion pro-
cess in the sand layer just below the cohesive layer.
Consequently, shallow pipes are formed which do
not collapse because of the arching action of the co-
hesive material. The pipes grow from downstream to
upstream, finally forming a direct connection. This
leads to a facilitated water transport and consequently
to accelerated erosion. The pipe dimensions increase
fast until the limit state of the arching action of the
cohesive soil is reached, resulting in a (partial) col-
lapse of the water-retaining structure (Beek et al.
2010).

For pipes beneath an almost horizontal clay layer
the hydraulic head fall can be predicted by Sell-
meijer’s model (Sellmeijer 1988). In 2009 four full-
scale piping tests were carried out, which were pre-
ceded by a series of small- and medium-scale tests.
Based on these test series Sellmeijers’s rule has been
adjusted (Sellmeijer et al. 2011). This revised rule
will be part of the prospective Dutch flood defence
assessment rules.

2.2 Principle of the vertically inserted geotextile

A possible approach for preventing the development
of a continuous pipe underneath the water-retaining
structure is the interference with the sand transport.

This can be tackled by applying a vertically insert-
ed geotextile shield in the upper part of the aquifer,
fixed in the upper clay cover layer.

The main principle of operation of a vertically in-
serted geotextile as a measure to prevent backward
erosion is that the transport of sand grains at the in-
terface with the overlying clay layer will be blocked,
while the groundwater flow is not affected by the ge-
otextile, because of its high permeability (Figure 1).

Figure 1. Principle of operation vertically inserted geotextile.

In principle, this technique does not require a mini-
mum seepage length what is required, according to
Sellmeijer’s theorie, for ensuring a stable equilibrium
of forces round the sand grains, so that no further
sand transport will occur. It is thereby a space-saving
strengthening technique.

Terzaghi & Peck (1967) describe a different inter-
nal erosion mechanism: heave that occurs in the vi-
cinity of an impermeable vertical shield in sand as a
result of fluidization of sand downstream the shield.

For applying geotextile as an inhibiting measure
against backward erosion both erosion mechanisms,
the forming of a horizontal pipe due to backward ero-
sion and the heave, need to be checked. The latter
becomes important when vertical gradients occur.

3 EXPERIMENTS

In order to get a better insight in the principle mode
of action of the geotextile shield, two small-scale ex-
periments were carried out. The critical gradient
where piping starts depends on the scale (Beek et al.
2010; Bezuijen & Steedman 2010). Thus, to receive
an impression of the scale effect of this measure and
to limit boundary effects, two medium-scale experi-
ments have also been performed. While tests that
merely investigate the backward erosion mechanism
with and without geotextile can be performed at
small-scale, it is only possible to get quantitative in-
formation on the influence of this prevention measure
on the dike stability in field-scale testing.
A  test  on  field-scale  has  been  performed  on  the
IJkdijk facility to check the erosion mitigating per-
formance under real circumstances. The IJkdijk
(Dutch for ‘calibration dike’) is a Dutch test site at
Booneschans, in the North-East of the Netherlands,
where tests on geotechnical failure modes of levees
on large scale can be carried out. The four piping
tests performed in 2009 (Beek, Knoeff & Sellmeijer
2011) served as a benchmark for the effectiveness of
the geotextile.

3.1 Setup lab experiments

First, two small-scale experiments were carried out in
a  PVC  box  (inner  dimensions  l*w*h  =
0.50*0.30*0.10 m) with transparent acrylate (Per-
spex®) cover, imitating the behaviour of a cohesive

layer while permitting observation of the pipe devel-
opment  from above.  The  length  of  the  seepage  path
in this setup is ca. 0.34 m. A detailed description the
general small-scale setup (without geotextile) is giv-
en by Beek et al. (2011). The sand has been prepared
using the “wet method”, in which dry sand is ‘rained’
into water with the box in vertical direction. Densifi-
cation takes place by continuous tamping during the
raining of sand. These methods ensure a homogene-
ous and well saturated sample. In the small-scale
tests fine-grained sand (d50 = 220 µm, relative density
90 %) is used.

In the geotextile setup the inserted depth of the
geotextile shield was 2 cm in the first and 5 cm in the
second test to get an impression of the maximum
head difference which can be retained without the
pipe passing the shield to the upstream side. The in-
fluence of the developing pipe on the pressure head is
monitored (Figure 2).

Figure 2. Small-scale test with measurement of piezometric head
in the pipe by piezometric tubes in front of and behind the shield.

The setup of the medium-scale experiments is
very similar to the setup of the small-scale experi-
ments. The dimensions of the sand container are four
times bigger in length and depth (inner dimensions
2.00* 0.88*0.40 m).

The  sand  is  prepared  in  a  similar  way  as  in  the
small-scale experiments, by placing the container in
vertical direction. After sand preparation the setup is
put in horizontal position for the execution of the
test.

Figure 3. Medium-scale test with top view on interface aquifer /
Perspex blanket. For a better contrast a red tracer marking is add-
ed. Notice the V-shaped zone adjacent to the geotextile with an in-
creased erosion activity.

In the medium-scale tests (Figure 3) fine-grained
sand (d70 = 270 µm, relative density 76%) is used. A
geotextile strip of 0.02 and 0.08 m respectively was
fixed at the acrylate cover and at the lateral edge of
the container. In all tests a non-woven geotextile
(Ten Cate GeoDetect® S-BR, O90 =  95  µm)  was
used. The geotextile shield is located at a distance of
2/5 of the total seepage length, counted from the exit
point of the pipe.

3.1.1 Course of the experiments
During the tests the piezometric head is raised in
steps of 1 cm per 5 minutes until erosion takes place.
When erosion takes place, the head is maintained un-
til the sand transport in the pipe has ceased for sever-
al minutes.

The piezometric head was raised until the pipe had
immersed underneath the geotextile and grown fur-
ther to the upstream side.

The critical head difference, necessary to start up
the development of a continuous pipe, is roughly the
same for both setups, with or without geotextile. The
pipe growths to the geotextile, where the further up-
stream development of the pipe is blocked and pro-
ceeds  both-way  along  the  downstream  side  of  the
shield. At the split point increasing erosion activity is
observed.

Without geotextile the pipe would grow to the up-
stream side. The geotextile is blocking the develop-
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ment of a continuous pipe. The average vertical gra-
dient downstream the shield is bigger than 1 at the
moment of collapse. This means that heave has oc-
curred. Compared with de medium-scale tests from
2009, the hydraulic head differences at the moment
of collapse are three times higher than without the in-
serted geotextile.

3.2 Setup IJkdijk test

A geotextile was placed 0.25 m into the aquifer. Its
opening size fitted to the grain size distribution ac-
cording to the recommendations by Giroud (2010).
Based on the results of the small- and medium-scale
model tests, 0.25 m depth seemed to be enough to
achieve an increase of the critical head by a factor of
1.6  which  would  suffice  to  have  a  stable  dike  when
the water level reaches the crest of the field test dike.
However, for practical reasons an embedment depth
of 0.5 m was applied. It was demonstrated by filter
tests that the permeability of the applied geotextile
was complementary to the adjacent sand so that the
horizontal groundwater flow was hardly influenced
by the geotextile. The geotextile was anchored in the
toe of the clay dike with a vertical bond length of 1.0
m, 4 m from the toe of the dike, to ensure a firm con-
nection between the upper part of the aquifer and the
clay cover, see Figure 4.

The test was carried out with the same setup and
under the same conditions as the four full-scale pip-
ing tests in 2009. When the maximum possible dif-
ference in piezometric head was reached, a head con-
siderably above the critical head of the 2009 tests has
been retained for 138 hours by the geotextile shield,
while only a limited amount of sand had been eroded
downstream of the shield up to that time.

Taking into account a certain infiltration re-
sistance, caused by the sedimentation of suspended
solids, the effectively retained head difference was at
least 20% higher than the critical head difference
from the 2009 tests. Furthermore, the levees from the
2009 tests collapsed within five days after reaching
the critical head difference. This was not the case in
the strengthened setup.

Excavation of the levee revealed downstream the
geotextile a subsidence of the bottom of clay layer of
about 0.1 m. This subsidence may be caused by re-
peated collapses of the V-shaped zone of the piping
canal adjacent to the geotextile.

Figure 4. Design of the clay IJkdijk test dike including geotextile
and monitoring instruments.

Figure 5. Installation of the geotextile before construction of the
clay test dike.

Figure 6. Total view at the end of the IJkdijk test with a complete-
ly filled upstream basin and minor sand deposits as a result of pip-
ing activity at the downstream side.

4 NUMERICAL ANALYSIS

Two possible piping mechanisms are of importance:
backward erosion piping (Van Beek et al., 2010) and
piping by heave as described by Terzaghi and Peck
(1967). Both mechanisms may occur around the geo-

textile. Therefore the flow pattern in the sand and
around the geotextile is simulated with the 2-D
groundwater flow program MSeep (GeoDelft, 2002).
The situation with and without a pipe in front of the
geotextile and with a permeable or impermeable geo-
textile is calculated, which results in 4 calculations.
The geometry of the dike is modelled together with
the sand layer underneath the dike. The clay layer has
a low permeability of 2.10-7 m/s. The sand layer has
been simulated with a constant permeability of 2.10-4

m/s, the permeable geotextile as a thin layer with a
ten times lower permeability: 2.10-5 m/s. This lower
permeability is chosen because it is reasonable to as-
sume some blocking of the pores in the geotextile by
the sand. In the calculations with a pipe, a high per-
meable pipe of 1 cm depth is used in the simulations.
The  permeability  of  this  pipe  was  1000  m/s  in  the
simulations, a very high value, just to prevent any
pressure drop in the pipe (worst case situation with
respect to stability). Results of the calculations are
shown in Figure 7 and Figure 8.

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

P
ie

zo
m

et
ric

he
ad

[m
]

17.5 20.0 22.5 25.0 27.5 30.0 32.5
X [m]

permeable geotextile (1)
permeable geotextitle pipe (2)
impermeable geotextile (3)
impermeable geotextile pipe (4)
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Looking at the piezometric head underneath the
clay layer (Figure 7), it can be seen that for the situa-
tion without a pipe the difference in piezometric head
is small comparing the situation with a permeable
and an impermeable geotextile. When a pipe has
formed the difference is larger and in case of in im-
permeable geotextile there is a significant horizontal
loading on the geotextile, which is not present in case
of a permeable geotextile. For a permeable geotextile
the loading is more distributed in the sand.
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From the vertical gradient calculation (Figure 8) it
appeared that with a pipe the vertical gradient is in
both situations close to 1. This means that piping by
heave to the pipe may occur. The average vertical
gradient in the upper part of the sand (between -0.6
and -1.2 m) is higher for the situation with an imper-
meable geotextile.

From the calculations it can be concluded that in
case of an impermeable geotextile there will be:

· a higher horizontal loading;
· a higher average vertical gradient.
It is therefore likely that a permeable geotextile is

more stable than an impermeable geotextile or sheet
pile of the same length.

5 SUMMARY AND CONCLUSIONS

The mode of action of the geotextile shield is proven
by small-, medium-scale tests in the lab and a field-
scale tests and numerical analysis. The vertically in-
serted geotextile seemed to work as an effective
structure to inhibit backward erosion, because an es-
sential step in the failure process was blocked. On the
basis of one field-test a certain strengthening factor is
obtained in relation to the critical head without any
mitigating measure.

On the basis of the laboratory scale test the failure
mode has become apparent: as a result of the ever
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ment of a continuous pipe. The average vertical gra-
dient downstream the shield is bigger than 1 at the
moment of collapse. This means that heave has oc-
curred. Compared with de medium-scale tests from
2009, the hydraulic head differences at the moment
of collapse are three times higher than without the in-
serted geotextile.

3.2 Setup IJkdijk test

A geotextile was placed 0.25 m into the aquifer. Its
opening size fitted to the grain size distribution ac-
cording to the recommendations by Giroud (2010).
Based on the results of the small- and medium-scale
model tests, 0.25 m depth seemed to be enough to
achieve an increase of the critical head by a factor of
1.6  which  would  suffice  to  have  a  stable  dike  when
the water level reaches the crest of the field test dike.
However, for practical reasons an embedment depth
of 0.5 m was applied. It was demonstrated by filter
tests that the permeability of the applied geotextile
was complementary to the adjacent sand so that the
horizontal groundwater flow was hardly influenced
by the geotextile. The geotextile was anchored in the
toe of the clay dike with a vertical bond length of 1.0
m, 4 m from the toe of the dike, to ensure a firm con-
nection between the upper part of the aquifer and the
clay cover, see Figure 4.

The test was carried out with the same setup and
under the same conditions as the four full-scale pip-
ing tests in 2009. When the maximum possible dif-
ference in piezometric head was reached, a head con-
siderably above the critical head of the 2009 tests has
been retained for 138 hours by the geotextile shield,
while only a limited amount of sand had been eroded
downstream of the shield up to that time.

Taking into account a certain infiltration re-
sistance, caused by the sedimentation of suspended
solids, the effectively retained head difference was at
least 20% higher than the critical head difference
from the 2009 tests. Furthermore, the levees from the
2009 tests collapsed within five days after reaching
the critical head difference. This was not the case in
the strengthened setup.

Excavation of the levee revealed downstream the
geotextile a subsidence of the bottom of clay layer of
about 0.1 m. This subsidence may be caused by re-
peated collapses of the V-shaped zone of the piping
canal adjacent to the geotextile.

Figure 4. Design of the clay IJkdijk test dike including geotextile
and monitoring instruments.

Figure 5. Installation of the geotextile before construction of the
clay test dike.

Figure 6. Total view at the end of the IJkdijk test with a complete-
ly filled upstream basin and minor sand deposits as a result of pip-
ing activity at the downstream side.

4 NUMERICAL ANALYSIS

Two possible piping mechanisms are of importance:
backward erosion piping (Van Beek et al., 2010) and
piping by heave as described by Terzaghi and Peck
(1967). Both mechanisms may occur around the geo-

textile. Therefore the flow pattern in the sand and
around the geotextile is simulated with the 2-D
groundwater flow program MSeep (GeoDelft, 2002).
The situation with and without a pipe in front of the
geotextile and with a permeable or impermeable geo-
textile is calculated, which results in 4 calculations.
The geometry of the dike is modelled together with
the sand layer underneath the dike. The clay layer has
a low permeability of 2.10-7 m/s. The sand layer has
been simulated with a constant permeability of 2.10-4

m/s, the permeable geotextile as a thin layer with a
ten times lower permeability: 2.10-5 m/s. This lower
permeability is chosen because it is reasonable to as-
sume some blocking of the pores in the geotextile by
the sand. In the calculations with a pipe, a high per-
meable pipe of 1 cm depth is used in the simulations.
The  permeability  of  this  pipe  was  1000  m/s  in  the
simulations, a very high value, just to prevent any
pressure drop in the pipe (worst case situation with
respect to stability). Results of the calculations are
shown in Figure 7 and Figure 8.
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Figure 7. Calculated piezometric head directly underneath the clay
layer for different situations.

Looking at the piezometric head underneath the
clay layer (Figure 7), it can be seen that for the situa-
tion without a pipe the difference in piezometric head
is small comparing the situation with a permeable
and an impermeable geotextile. When a pipe has
formed the difference is larger and in case of in im-
permeable geotextile there is a significant horizontal
loading on the geotextile, which is not present in case
of a permeable geotextile. For a permeable geotextile
the loading is more distributed in the sand.
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Figure 8. Calculated vertical hydraulic gradient. A gradient point-
ing to the top is negative. The numbers refer to the calculations de-
scribed in Figure 7.

From the vertical gradient calculation (Figure 8) it
appeared that with a pipe the vertical gradient is in
both situations close to 1. This means that piping by
heave to the pipe may occur. The average vertical
gradient in the upper part of the sand (between -0.6
and -1.2 m) is higher for the situation with an imper-
meable geotextile.

From the calculations it can be concluded that in
case of an impermeable geotextile there will be:

· a higher horizontal loading;
· a higher average vertical gradient.
It is therefore likely that a permeable geotextile is

more stable than an impermeable geotextile or sheet
pile of the same length.

5 SUMMARY AND CONCLUSIONS

The mode of action of the geotextile shield is proven
by small-, medium-scale tests in the lab and a field-
scale tests and numerical analysis. The vertically in-
serted geotextile seemed to work as an effective
structure to inhibit backward erosion, because an es-
sential step in the failure process was blocked. On the
basis of one field-test a certain strengthening factor is
obtained in relation to the critical head without any
mitigating measure.

On the basis of the laboratory scale test the failure
mode has become apparent: as a result of the ever

position
geotextile

flow direction

Förster, Bezuijen and van den Berg
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wider growing pipe, the head in the whole pipe will
reach the same, constant, value as on the adjacent
downstream side of the shield. This results in an up-
ward gradient to the pipe just downstream the geo-
textile. When this gradient becomes too high, the af-
fected aquifer zone collapses together with the
embedded geotextile shield. Laboratory tests showed
that an increase of the critical head by a factor of
three may easily be reached. But, because of the ex-
isting scaling effects, we cannot be sure of it. The
possibility of liquefaction of the aquifer as a result of
vertical flow (heave) round the shield is influenced
by the permeability of the geotextile. From numerical
sensitivity analysis it is concluded that the vertical
gradient on the downstream side of the shield re-
mains low enough at an adequate installation depth
and permeability of the geotextile, so that heave can-
not occur.

Besides, the laboratory tests differ from reality due
to the unflexible Perspex cover: particularly nearby
the geotextile, where erosion occurs intensively, the
interaction with a natural clay cover can differ. The
observed subsidence of the clay-layer in the
IJkdijktest raises question concerning the long-term
behaviour during longer load periods and consecutive
flood events. Hence, unambiguous conclusions with
respect to the durability of this piping impeding tech-
nique – also in relation to the impact of clogging -
cannot be drawn from these tests only.

The feasibility and applicability of this concept
will be tested on a longer dike section along the up-
per river basin of the Rhine by the Dutch Water
Board of Rivierenland. Five pilot locations with dif-
ferent blanket thicknesses (between 2 en 6 m) will be
strengthened by using different installation tech-
niques. For this purpose the Dutch building industry
is developing two different installation techniques:
one is a milling-machine digging a small ditch in de
blanket and the upper aquifer and placing the geotex-
tile shield from an unwind-unit; the other technique
makes use of sheet-pile-like frame construction with
an integrated geotextile.

As it doesn't take up any extra space and may be
relatively easy to install, the use of geotextile shields
could be a good alternative to conventional preven-
tion measures. To improve our knowledge about the
long-term behaviour of this piping impeding tech-
nique, the permeability of the geotextile and the de-

formation of the adjacent ground will be monitored
using fiber optics. A change in cooling rate of heated
fibers is related to a change in groundwater flow-
velocity which can be caused by a declining permea-
bility of the adjacent geotextile. The strain behavior
of fibers gives information about occurring defor-
mations of the clay layer downstream the shield.
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Pontoon based flood embankment stabilisation works at 
Wheatley Cut, Doncaster  

Travaux de stabilisation d’une digue d’aléa d’inondation depuis pon-
ton, Wheatley Cut, Doncaster 
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ABSTRACT  The built embankment separating the South Yorkshire Navigation and River Don at Wheatley Cut, Doncaster, South York-
shire has a life-long history of instability, with various small stabilisation works carried out over the last 60 years. Due to the very soft 
ground conditions and construction limitations posed by the inaccessibility of the site by road, none have had a long lasting effect.  This 
was compounded by legal and political issues between the Environment Agency and the landowners. During the winter of 2012/13, rapid 
slope movement compromised the crest of the flood embankment. This raised concern regarding the immediate stability of a 30m stretch of  
embankment, and a further 600m beyond this. Failure of the embankment could have resulted in the canal emptying into the River Don and 
flooding of around 700 properties in north Doncaster.  By April 2013 The Environment Agency were no longer prepared to accept the flood 
risk posed by the condition of the flood embankment, and used their powers to instigate “Emergency Works”. A contractor was appointed 
to design and build a remediation solution.  Design works were compressed, and an initial design of sheet piling and reprofiling was com-
pleted within 6 weeks. Construction works started in June 2013, with plant positioned on pontoons. The immediate risk of flooding was 
removed by the end of that month. Site works are ongoing. Thoughtful planning has allowed the works to continue over the winter of 
2013/14. The overall  solution was completed at the end of July 2014.  
 
RÉSUMÉ  La digue séparant la voie navigable du South Yorkshire de celle de la rivière Don, à Wheatley Cut, Doncaster, a connu une 
longue histoire d’instabilité, nécessitant de nombreuses réparations au cours des 60 dernières années. Cependant, aucune remise en état 
complète n’a été entreprise jusqu’à aujourd’hui, pour cause de responsabilités floues entre les autorités, l’Environment Agency et le Canal 
and River Trust, et d’absence de route d'accès. La plus importante rupture historique de la digue fut un glissement d’environ 30 m de large 
et de 0,5 m de hauteur, avec instabilité sur plus de 650 m.  L’hiver très pluvieux de 2012/2013 a accéléré le mouvement du talus jusqu’à 
compromettre la crête de la digue, en fin de mars 2013.  L’Environment Agency n’était plus disposée à accepter le risque posé à plus de 
700 habitations. Des travaux d’urgence ont été commandité à Volker Stevin-Atkins sous la précédente commande cadre de l’EA NEECA.  
Les travaux ont consisté de simples lignes de pieux en crête et pied de digue.  Comme il n’y a pas de route d'accès les travaux de palifica-
tions ont été exécutés depuis un ponton sur le canal, les ouvriers se rendant au chantier par bateau.  Les matériaux de remblai nécessaires au 
confortement de la digue autour des pieux ont été prélevé sur une parcelle de l’Environment Agency situé de l’autre côté de la rivière, et 
transporté au chantier par convoyeur à courroie flottant.  Cela a épargné 1200 miles de conduite par rapport à l’utilisation du transport rou-
tier et a évité de possibles problèmes, car la voie routière comporte un passage voie ferrée, plusieurs miles de route étroite et non goudron-
née et un vieux pont en dos-d'âne.   
 
 

 

1 PHYSICAL SETTING 

Wheatley lies on right (south) bank of the River Don 
approximately 4km downstream of the centre of 
Doncaster, South Yorkshire (Figure 1).  

The area has a long history of manufacturing and 
heavy industry, leading to canalization of the River 
Don in the early 1800s. Further works to the river 
continued over the following century as the area 
evolved, culminating in a major canal improvements 
scheme by the British Transport Authority in the 


