THE ERODIBILITY
OF TRISOPLAST
AND CLAY

The Netherlands has almost 4,000 km of dykes. Over the
past decades, a significant amount of clay has been used
within these dykes for reinforcement. This layer of clay is
essential as water barrier and to prevent the construction
from collapsing due to erosion. Clay of the right quality is
becoming less and less available, particularly because the
usage requires a minimum thickness of 1.0 to 2.0 metres.

Therefore, alternative materials such as Trisoplast are
being researched as a suitable replacement for clay.

Whatis Trisoplast?
Trisoplastis a highly impermeable material
comprised of a specialised clay-polymer
componentcombined with a mineral filler such
as sand,whichis particularly suitable for this
purpose. Developed by Tritech Solutions,
which has been extensively applying this
material since 1886 (Berg, 2018), Trisoplast
was initially developed and successfully used
formore than 30 years to seal off the top and
bottom of landfills, therefore preventing the
leaching of substancesinto the ground.
Moreover, Trisoplastis also used for:
« pondsealing;
- sealing of tank pits,industrial areas,
sheet pile wall pits; and
= makingunderground structures such
as canalswatertight.

The main question of thisresearchiswhether
Trisoplast could be a suitable building material

fordykesinthe Netherlands. Within the dykes,

Trisoplast can have various functions, such as
lining a dyke oras an anti-piping measure
replacing a heave screen. This could prevent
the use of large quantities of scarce clay, as
well as the use of synthetic geotextiles.

A sustainable isolation solution
As amineral sealing material, Trisoplastis
made from a mixture of sand-bentonite

combined with a polymer. The standard ratio
ofthese raw materials is approximately
88.3% sand, 11.5% bentonite and 0.2%
polymer. The highly effective isolation
properties of Trisoplastare attributed toits
fourthingredient—water. Arobustlayer of
this mixtureis installed on-site and can be
immediately covered with alayer of sand or
soil. Thislayer of soil of sand provides the
necessary overburden. Subsequently, any
water from the surrounding soil that comes
into contactwith the Trisoplast layeris
absorbed, creating a matrix of chemical bonds
between the swelling clay minerals and the
dissolved polymer. The resulting strong and
dense hydrogel structure offers significantly
superiorisolation properties compared to
traditional clay liners. This swelling hydrogel
fillsthe paresin the granularfiller (e.g., sand),
producing the waterproof and flexible layer
thatdistinguishes Trisoplast (Tritech
Solutions, 2023).

Simultaneously, the gritty structure of the
fillerimparts mechanical strength to this
minerallayer. The weight of the ballast layer
helpsthe Trisoplastlayer to maintainits
optimal strength by preventing excessive
swelling. Trisoplast has a substantial water
retention capacity anditisresistantto
shrinkage. Therefore, in situations where
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traditional clay linerstend todry out andcrack,
Trisoplast willmaintainits elasticity. Together,
these propertiesresultinadurable, safe and
simplelinerthatis quick toinstall. Even whenit
hasto be fitted around numerous connections
(Tritech Solutions, 2020).

Flow flumes

Theclaylayerindykes ensures thatthe
structure willnot collapse due to erosionor
instability. To test whether Trisoplastis
erosion-resistant,various testswere
conducted. These testswere carried outin
two different flow flumes available at the
Aqualab of Rotterdam University of Applied
Sciencesinthe Netherlands.

Thefirstsetoflaboratory testswere
longitudinal flow tests that were conducted
inan Armfield C4 tilting flume (see Figure1).
Theflumeissetatanangle of 2.51° achieving
amaximum flow velocity of .61 metre per
secaond (ms-")with awaterdischarge of 3.16
to 319 litre persecond (Ls-') To perform these
tests, the Trisoplastand clay samples were
prepared invarious custom-made maolds.

The molds filled with Trisoplast or clay are then
placedinawooden moldwithin the flume,
which had aslope atthe fronttoensurea

Armfield C4 tilting flume.

gradual transition between the flat surface of
the flume and the Trisoplast or clay sample.

The second set of tests consisted of

wave loading tests and were conductedin

an Armfield S6 MKI flume (see Figure 2).
This flume has a maximum water discharge
of 21.5Ls-"and is equipped with a flapwave
generatorthatcan generate waves. Forthe
tests, the samples were placedinal:5 slope,
whichis comparable to the outer slope of
seadykes (TAW,1899). During these tests,
aplungingwave is generated. Because of the
breaking of the waves, a significant amount
of energy is exerted onthe slope, increasing
the probability of erosion. To perform these
tests, the Trisoplastand clay samples were
once again prepared invarious custom-made
molds. The molds filled with Trisoplast or clay
are placed in awooden mold withinthe flume
to ensure that the samples remainedin the
correct position during the tests.

Preparations

To prepare the tests, the moisture content of
the materialsis determined. This allows for the
assessment of whetherthe materials needed
tobe moisturized or dried orif they are directly
suitable forthe compaction of the samples.

The determination of the moisture contentis
done by weighing the samples and afterwards
placing them inthe oven. The nextday, the
same sampleis weighed again and placed back
inthe oven.This processisrepeated untilitis
observedthattheweightnolongerdecreases,
indicating that all the moisture had evaporated
from the sample, which on average takes 4 to

7 days. Next, the density of the materialsis
determined by performing a proctortest for
each material.

Toensure that the materials achieved the
correctdegree of compaction, the volume
of the various moldsis determined. Next,
the different materials are weighed and
compacted withinthe molds. Forclay CAT.1
and 2,acompactiondegree of 88% s
maintained (TAW,1896), and for Trisoplast,
acompactiondegree of 90% (standard
value) is used. After compacting the
materials, the Trisoplast samples are
submerged inwater foraweek to allow the
material to swell and become saturated
with water (Tritech Solutions, 2020).

The coverlayerof adyke consists of an
underlayerand atoplayer. The underlayer
serves asthe sealing layer of the dyke,
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Armfield S6 MKI flume.

whichisusuallyaclaylayer. The toplayeroften
consistsofgrassorstonerevetment. Ifthis
grassorstonerevetmentfails duringa storm
andthe claylayeris exposedtotheload,
itislikely that thislayerwillbe damaged.

Wave loading can create holes inthe grassor
stonerevetment. Since grassroots grow

into the dyke, they can cause damage to the
underlying clay layer. Therefore, a defectis also
introduced inthe samplestorepresent the
form of these defects. This hole is made on the
surface of the sample, 0.09 metre from the
edge of the samples, as shown in Figure 3.

Laboratory tests

Heavyloamy clay erodes at a water flow
velocity of 1.5 ms-1(Hoffmans and Verheij,
2021).Forthisreason, the maximum
achievable water flow velocity in the Armfield
C4 tilting flume is examined. As mentioned
earlier,a maximum water flow velocity of 1.61
ms-1is achieved. By conducting the tests at
thiswater flow velocity, itis hypothesised
thatthe clay samples will begin to erode.

of2,4,6 and 8 hours.Longerthan 8 hours are
not possibleinthissetup.

Toensure the reliability of the results,
alltestswere carried out in duplicate.

By choosingloading durations of 2,4, 6
and 8 hours, it was possible tocomplete all
longitudinal flow testsin17 working days.
Foreach separate test,anew sample was
prepared and used, allowing for the results
to be comparable with each other.

Forthe wave loading tests, the highest
significantwave is selected based on the limits
of the flume. To produce thiswave, a water level
of 0.32 metreis appliedin the flume, which
variedto 0.24 metre. Thiswas due to the flume
slowly emptying during the tests.

Duetothevariationinwaterlevel, the wave
breaks overthe entire sample. The wave that
was tested has the following properties:

« Wave height [Hy] : 0.14 metre

= Wavelength [Lg]:1.35 metre

Defectinthe samplesrepresenting the damage
inthe clay layer caused by wave loading

therefore willbenefittheresearch. The wave
loading testswere also performed in duplicate.
However, unlike the longitudinal flow tests, a
new sample was not prepared and was not
used foreachtest. Forthisreason,theresults
of these testsare cumulative.

Anotherdifference with the longitudinal
flow testsisinthe wave loading tests two
differentsamples were tested side by side
(see Figure 3).Inthisway,itis possible to
observe the differenceinerosion between
Trisoplast, clay CAT.1and clay CAT. 2 during
the tests. Anotherreason forthis choice
isthatitwasdifficultto setthe same wave

Itisincreasingly
difficult to find
enough clay that
meets the required

- Period[1] 1060 quality standards.
Forthe tests,various loading durations
were chosen toexamine whetherthereisa Thesevalues produced a plungingwave that
correlation between the results perduration. breaks onthe Trisoplast and clay samples,
Thus,the testswere conductedwith durations  increasingthe probability of erosion and
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load pertest. Thiswas notthe case with the
longitudinal flow tests, which allowed the
clay and Trisoplast samples to be tested
separately during the longitudinal flow tests.

Measuring the erosion

Tomeasure erosionin the longitudinal flow
tests, twomethods were used. The first
methodinvolved capturing the eroded
material using a filter bag. Thisfilterbagis
attached to the outflow of the flume with a
hose clamp. By using this method, all the
wateris filtered, preventing any recoverable
material from beinglost. The filterbags are
only capable of capturing sand and clay; the
bentonite and polymer could not be captured
with these filters. For thisreason, the weight
of the eroded material (from Trisoplast) is
multiplied by13.3%. This percentage is based
onthe standard ratio of Trisoplast.

The second method for measuring the eroded
material involved weighing the samples before
and afterthe tests. This approach allowed
forverification that the filter had captured all
the eroded material. Additionally, the moisture
contentofthe sampleswas determined before
and afterthe tests. Thisensured thatany
increase in moisture content during the tests,
which could affect the measured erosion, is
accounted for. This procedure was applied to
both theclayandthe Trisoplast samples.

Results longitudinal flow test:
Trisoplast

During the tests with Trisoplast, itwas
observed thattwo samples showed alocal

Localaccumulationduring thelongitudinal flow tests.

Erosion Trisoplast longitudinal flow tests
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accumulation (Figure 4) of the material of
approximately1.5to2.0cm. Thislocal
accumulationis a cluster of sand-bentonite-
polymer gel where the bentonite has freely
swelled, while the polymer matrix holds it
together (Tritech Solutions, 2020). This
explanationis confirmed by examining the
localaccumulation after the tests, during
whichitis opened. Upon opening the
accumulation,no anomalies were observed
inthe material, making it likely that the
material has freely swelled. This observation
was made during the B-hourand 8-hour tests.
Anexplanation for this phenomenonis not
known,norwhyitdid notoccurinall tests.

Furthermore, itwas observed thatalarge
amount of the total eroded material had been
washed away during the first hour of the tests.
These observationswere discussed with
Tritech Solutions, who explained that this
occurred because the loose particles were not
welladhered to the sample. For thisreason, the
loose particles were washed away immediately
afterthe startofthe tests.

The data points of the longitudinal flow
testswith Trisoplast are shownin Figure 5.
This graph shows the results pertest,

with the horizontal axis representing the
duration of the tests and the vertical axis
representing the erosion of the Trisoplast
sample. This choice is made because the
erosiondid notoccurevenly across the
entire sample, making itimpossible to plot
the erosion in millimetres or kg/m?.

As mentioned, the loose particles of the
Trisoplast sample that were not well adhered
eroded during the first hour of the tests. The
amount of these loose particles thatwashed
away varies per Trisoplast sample but does
affecttheresults of the tests. Because these
loose particles eroded immediately, the
results of the erosion of the 2-hourtestsare
relatively high compared to the testswith a
longerloading duration, as shownin Figure 5.

Results longitudinal flow tests:

clay CAT.1

Alltestswith clay CAT.1showed a consistent
behavioural pattern,where small grooves

are observedto formonthe surface of the
clay samples within the first hour of the tests.
Atthelocations where these grooves are
deepest, “flakes” began to erode from the
sample (Figure 7).

Figure B presentsthe data points of the
longitudinal flow testswith clay CAT. 1.

This graph shows that the erosion of the

clay samples doubles as the duration of the
testsincreases. This can be explained by

the factthat the flow nolonger moves over
asmooth surface, causingmore turbulence
and, consequently,inducing more erosion.
However, during the tests, itwas noted that
the erosiondid notstartatthe edges of the
clay sample butinthe middle. Itis possible that
thisis aresult of the wall effects of the flume.
Duetothese walleffects, the velocityinthe
middle, between the walls, is higher than at
the sides of the flume.
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Erosion clay CAT.1longitudinal flow tests
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Results longitudinal flow tests:

clay CAT. 2

During the testswith clay CAT. 2, itwas
observed thatthe samplesinboth 8-hour
tests eroded significantly more than the
samplesdidinthe B-hourtests. Forthis
reason, the clay samples were reclassified by
anindependentlaboratory afterthe tests.
Theresults of thisreclassification showed
that the clay samples with an 8-hourloading
duration are notequivalent toclay CAT.2
butto CAT.3.Since theresearch focuseson
the differences between the erodibility of

Trisoplastand clay (specifically clay CAT.1and
clay CAT.2),the data points from the 8-hour
testswere excluded from the results.

Additionally, after five hours of testing, the clay
samples showed such asignificantamount of
erasion thatthe water became turbid. This
made itimpossible torecord observations.

As previously mentioned, the data points
from the 8-hourtestswere excluded, leaving
only theresults from the B-hourtests
shownin Figure 8. This graph shows thatthe
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Erosionclay CAT. Tduring longitudinal flow tests

results of both testsdifferby 0.008 kg.

These observations areremotely the same as
recorded with clay CAT.1. The only differenceis
thattheerosioninclay CAT. 2 startedinthe
first hour, while the first “flakes” of the CAT.1
clay sample did not erode until the second hour.

Comparison of different materials:
longitudinal flow tests

Todetermine which materialis more erosion-
resistant, theresults of Trisoplast, clay CAT.1
and clay CAT.2 were compared (Figure 8). This
comparisonis made by using, for Trisoplast,
the test with the most erosion, and for clay
CAT.Tandclay CAT.2,the testwith the least
eroded material. By comparing these tests
resultstheratio between the erosion of
Trisoplastand clay CAT1and CAT.2 isshownin
the mostunfavourable way. Since only one
data pointisrecorded forthe testswith clay
CAT. 2, the following comparison was made
with only Trisoplast and clay CAT. 1.

Figure 10 presents a comparison made
betweenthe erosion of Trisoplastand clay
CAT.1. Thiswas done by comparing the results
oftest 2 of Trisoplastwith test1ofclay CAT.1,
within atime interval of 2 hours.In this graph,
the horizontal axis represents the duration

of the testsand the vertical axisrepresents
theratio of Trisoplast eroded toclay CAT. 1.
The following applies to this graph:

By plotting theresults of the tests, it shows
that with aloading duration of 2 hours,
Trisoplast erodes relatively more. This occurs
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Erosion Trisoplast, clay CAT.1en clay CAT. 2 longitudinal flow tests
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An alternative is being researched for the
use of clay as a sealing layer on dykes.

because, atthe beginning of the test, the
Trisoplast sample exhibits alot of erosion due
tothe washing away of loose particles. It also
showsthatasthetestdurationincreases,the
erosion of Trisoplastrelative to the erosion of
clay CAT.1decreases. An explanation for this
isthat, during the erosion of the clay sample,
more turbulence developsin the flow, leading
tomore erosion. The same turbulence can also
occurwith Trisoplast. However, this turbulence
has alessereffectonthe Trisoplast sample
thanonthe clay sample. Thus, in this situation,
itcan be concluded that Trisoplastis more
erosion-resistantthanbothclay CAT.Tand
clay CAT. 2 during the longitudinal flow tests.

Results of wave loading tests:
Trisoplast

Similarto the longitudinal flow tests,alarge
amount of the total eroded material was
washed away during the first hour of the tests.
The explanation for thisis also that the loose
particles thatwere washed away were not well
adheredtothe Trisoplast sample.

Theresultsof the testswith Trisoplastare
showninFigure11. Theresultsinthe graph
showthatthelongerthe testslasted, the less
additional material eroded. An explanation for
thisis that the bentonite-polymerthreads
only formwhen erosion beginsto occur.
Additionally, these tests donot have aconstant
load, such as the flowin the longitudinal flow
tests,onthe samples. The wave loading that
impacts the samplesis mare of adynamic load,
allowing the bentonite-palymerthreads to
remain maore intact. This could resultinless
erosion of the material.

Results of wave loading tests:

clay CAT.1

One of the clay samples of CAT. 1exhibited
significantly more erosion during test 2
thanthe otherclay samples (including the
clay samples of CAT. 2). For thisreason,

this clay sample was alsoreclassified. The
reclassification showed that the liquid limit
ofthe clay sample was 44.65%. According to
the standard plasticity chart, clay CAT.1
must have aliquidlimit of atleast45%.
Since theliquid limit of this clay sample was
below45% (and therefore does not meet
CAT.1standards) and the results deviated
substantially from the other obtained results,
itwas decided nottoinclude the data points
fromtest 2 of clay CAT.Tintheresults.

During the tests, itisnoted thatin the first
clay sample, most of the erosion occurred
atthe edgesofthe sampleand at the hole
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Erosion Trisoplast wave loading tests
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Clay CAT.1sample duringtest1.

made in the surface. This may be because

the clay sample does not have asmooth
surface, causing turbulence in the water.

This turbulence results in more erosion of

the material, which was alsovisible in test 2.
As mentioned earlier, the data points from
test 2 of clay CAT.Twere notincludedin
Figure12.The clay sample in this test showed
substantially more erosion than the clay
sampleintest1. Anexplanation forthis
phenomenon can be thatduringtest2,the
clay sample was positioned on the side where
the metalrodis attached to the flume. Thisrod
caused more turbulence ontop of the wave
loading, resultinginahalein the clay sample as
shownin Figure13. According to the theory of
Pilarczyk, turbulence has a significant effect
on stability, leading toincreased erosionin the
clay sample (Pilarczyk and Breteler,1988).

Results of wave loading tests:

clay CAT.2

Figure14 shows theresults of the wave
loading tests with clay CAT. 2. This graph
shows thaterosionincreases with each
measurement point. This occurs with
0.0003to00.0007 kg pertimeinterval.
During these tests, most of the material
eroded at the edges of the clay sample

and at the hole made in the sample. Similar
tothe Trisoplastandclay CAT.1samples,
turbulence in the wateris caused by the hole.
However, it can be concluded that both
Trisoplastand clay CAT.Tare moreresistant
to thisturbulence thanclay CAT. 2.

Comparison of different materials:
longitudinal flow tests

Similarto the longitudinal flow tests, the
different materialswere compared for the
wave loading tests. Forthis comparison,
the testwith the most eroded material for
Trisoplast was chosen, while for clay CAT. 2,
the testwith the leastamount of erosion
was selected. By comparing the resultsin
thisway, the comparisonis based onthe
most unfavourable situation for Trisoplast.
Furthermore, forclay CAT.1,only one data
pointwas obtained, whichis also the result
used forcomparison. Figure 15 presents
the comparison of the different materials.
The graph shows that theresults of the test
with clay CAT. 2 shows more erosion than
the findings from the clay CAT.1sample.
Forthisreason, the following comparison
was made, comparing Trisoplast with clay
CAT.1. Thiswas done because the comparison
between Trisoplast and clay CAT. 2 gives a
favourable result for Trisoplast while looking
attheleastfavourableresult for Trisoplast.
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Thecomparison between Trisoplast and clay
CAT.Tlisillustrated in Figure 16.In this graph,
with the loading duration of the tests on the
horizontal axis and the erosion of Trisoplast
relative toclay CAT.1on the vertical axis,
itcanbe seenthatduring the testswitha
loading duration of 2 hours, the Trisoplast
sample eroded more than the clay sample.
As previously mentioned, this phenomenon
occurs because all loose particles erode at
the beginning of the test. This phenomenon
was notobserved inthe clay sample. As the
loading durationincreases, it can be seen
that Trisoplast erodes lessrelative to clay
CAT.1.Forexample,with aloading duration
of 4 hours, the erosion of Trisoplast and clay
CAT.lisequal,andwith loading durations

of Band 8 hours, Trisoplast eroded less
comparedtoclay CAT. 1.

By comparing theresultsin thisgraph, it

may appearthatthe Trisoplast sampleisless
erosion-resistantduring the testwitha
loading duration of 2 hours. However, the
washing away of loose particles from the
Trisoplast sample cannot be includedinthe
erosion, as these particles wash away at the
firstcontactwith water. Therefore, the
comparison between the erosion of Trisoplast
andclay CAT.1representedin Figure18,isless
favourable for Trisoplast thanitactually is.
Since theresults of the wave loading are
cumulative, all values in this graph should be
adjusted downward. However, the factor by
which this should be done has not been
examined. Despite the fact that this factorhas
notbeenexamined and applied to theresults
inthe graph, it can stillbe concluded that
Trisoplastis more erosion-resistant than clay
CAT.1afteraloading duration of 4 hours.

Conclusion

During the longitudinal flow tests, the degree

of erosion of Trisoplastand clay CAT.1and

CAT.2wasinvestigated. Various tests were

conductedwithloading durationsranging from

2 hoursto 8 hourswithtimeintervals of 2

hours, each teststartingwith anew sample.

Clay CAT.2 was also tested underlongitudinal

flow, but for this material, only the B-hour tests

were conducted. The results of the erosion
thatoccurred during the tests are:

- ForTrisoplast,aminimum of 0.0005 kg
after 2 hourstoamaximumof 0.0018 kg
after 8 hours;

- Forclay CAT.1,aminimum of 0.0013 kg after
2 hourstoamaximumof 0.0369 kg after
8 hours;and

« Forclay CAT.2,aminimum of 0.1507 kg and
amaximum of 0.1587 kg, both after 6 hours.

Erosion clay CAT. 2 wave loading tests
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Tomeasure the degree of erosion that
Trisoplast,clay CAT.1,and clay CAT.2
experience during wave loading, various tests
were conducted with loading durations
ranging from 2 hours to 8 hours with time
intervals of 2 hours, similar to the longitudinal
flow tests. However, in the wave loading tests,
anewsampleisnotusedforeachtest;instead,
the sampleis placed backin the setup after
eachmeasurement.As aresult, theresults
obtained from these tests are cumulative.

- ForTrisoplast,aminimum of 0.0006 kg

after 2 hours toa maximum of 0.0012 kg
after8hours;

Forclay CAT.1,aminimum of 0.0005 kg
after 2 hours toa maximum of 0.0017 kg
after 8 hours;and

Forclay CAT.2,aminimum of 0.007 kg
after 2 hours toa maximum of 0.0021kg
after8hours.

Forthisresearch, the main questionwas
“CanTrisoplastalsobe usedindykesinthe
Netherlands?” To answer this question,

® (ClayCAT.2test]
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Trisoplast relative to clay CAT.1wave loading tests
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Theratio of erosion of Trisoplastrelative to clay CAT.1during longitudinal flow tests and wave loading tests

Figure17 shows theratio of the erosion of
Trisoplastrelative toclay CAT.1. Despite the
factthatboth Trisoplastandclay CAT.1were
tested underthe sameloading conditionsin
the longitudinal flow tests, where turbulence in
the flow was created for both materials, this
graph shows that Trisoplast erodes less
comparedtoclay CAT.1.

Inthe wave loading tests, the erosion of
Trisoplastin the 2-hourtestis higher
comparedtoclay CAT.1. This phenomenonis a
result of the erosion of loose particles from
the Trisoplast sample. As the tests have longer
loading durations, it can be seen that
Trisoplasterodesless compared toclay CAT.1
underthe sameload. By analysing the results
illustratedin the graph below, itcan be
concludedthat Trisoplastis more erosion-
resistantthanclay CAT.1,making it promising
toconduct furtherresearch onthe application
of Trisoplast as asealinglayerin dykes.

Discussion

Inthe present study, the differencein
erodibility between Trisoplast and clay during
longitudinal flow tests and wave loading tests
wasinvestigated, with alltests conductedin
duplicate. However, tests conductedin
duplicate do not provide sufficient reliability to
definitively determine whether Trisoplastis a
suitable alternative as a sealing layerin dykes.

Tocompare the findings from this study
with previously obtained results, similar
studies were reviewed. For the longitudinal
flow testswith Trisoplast, a study was found
where the results showed more erosion
than the findingsin thisreport. The reason
forthis difference cannot be explained, as
both studies used the same preparation.
However, adifferent test setupwas usedin
both studies, which may explain the
difference in erosion. Additionally, a different
clay density may have been assumedin both
studies. Thisreport found that the density
forclay and clay CAT. 2 differs from values
inthe literature. This difference cannot
currently be explained but may have an
impactonthe erosion.

Furthermore, the erosion of Trisoplastin
both the longitudinal flow tests and wave
loading tests, with aloading duration of

2 hours, isrelatively high compared to the
erosion that occurswith aloading duration
of 8 hours. This phenomenon causes
Trisoplast to exhibit more erosion than clay
inthe wave loading tests with ashorter
loading duration.
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Results showed
Trisoplastis more
erosion-resistant
than clay.

The moisture content of the sampleswas
determined before and aftereach test. During
the determination of the moisture content, the
maximum difference for clay was measured at
1.3% (for CAT.2),and for Trisoplast, this
difference was 0.5%. This may have animpact
ontheresults obtained in this study.

Additionally, some clay samples in this study
were reclassified after exhibiting abnormal
behaviourduring the tests. Thisreclassification
revealed that not allclay samples were correctly
classified. Thismay be due to the fact that the
claywas deliveredindifferent bags, not all of
which were classified. Asaresult,itis possible
thatthe clay samplesthat were notreclassified
were incorrectly classified, which means that

Lian Schoutreceiving the 2024 Waterbouwprijs (Hydraulic Engineering Prize) for her graduation assignment.

the measuredresults may notbelongtothe
correcterosionclass.

Finally,to date, no fixed value is known forwhen
clayerosionclassesbegintoerode.Clayis
classifiedinto CAT.1,CAT.2,or CAT. 3 based on
theliquidlimit,sand content and plasticity index.
This classification does nottakeintoaccount
theloading conditions that the different erosion
classes canwithstand before erasion occurs.

Recommendations

Forthisresearch,itis essential to collect
sufficient data on the erodibility of Trisoplast
and clay. With this data, it can be advisedin
the future whether Trisoplastis a suitable
alternative toclay as asealinglayerin dykes.
Inthe present study, it was concluded that
Trisoplastis potentially promising for further
research, with severalimprovements to

be considered.

Thetestsconductedin this study should be
repeated multiple timestoincrease the
reliability of the results. The same preparation
andtestsetup should be used. By consistently
using the same methaod, theresultscanbe
bettercompared, enabling the potential
application of statistics. Itisalsorelevantto
rinse the sampleswith averylow flowrate
before conducting testswith Trisoplast. This

way, allloose particles are washed away, which
may yield more favourable results for Trisoplast
inthe 2-hourduration tests.

In additiontorepeating the tests under
the same loading conditions asin this
study, new tests should be conducted with
different parameters. Considerlonger
loading durations, higher flow velocities in
the longitudinal flow tests, or higher waves
inthe wave loading tests. These testscan
provide more insightinto the erodibility of
Trisoplast compared to clay. Furthermaore,
theinfluence of increasing moisture
content should be takeninto account during
the analysis of the results. The density

of the clay used for the tests should also
be considered.

Before conducting these tests, itis
advisable to classify all samples to be

tested beforehand. Thiscanreduce
anomalous results by clearly identifying
which erosion class of clay is being tested.
Italsoensures more consistency and
comparability of the results. Additionally,
forfutureresearch, itis efficient to establish
afixedvalue forthe loading conditions that
the clay samples can withstand before
erosionoccurs. This allows for more targeted
and consistent testing.
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Summary

Duetothelarge numberofdykesinthe Netherlands,itis becoming
increasingly difficult to find enough clay that meets the required
quality standards. Therefore, an alternative is being researched for
the use of clay as asealinglayer on dykes, specifically Trisoplast.

Trisoplastis comprised of a specialised clay-polymercomponent
combined with a mineral filler, with sand being particularly suitable
for this purpose.

The main question of thisresearchiswhether Trisoplast can also
be usedindykesinthe Netherlands. To answer this question
Trisoplastandclay CAT.1and 2, were tested in Rotterdam'’s
University of Applied Sciences’aqualab. Here, longitudinal flow
and wave loading tests were conducted.

Results showed Trisoplast eroded only 4.7% of the amount eroded
byclay CAT.Tinlongitudinal flow tests and 71% in wave loading
tests. Trisoplastis more erosion-resistant than clay, warranting
furtherinvestigation forusein dykes.
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