


DEALING WITH
COMPUTATIONAL
INNOVATION

IN DYKE

REINFORCEMENT
PROJECTS

Since 2023, the Dutch government no longer prescribes
which calculation models must be used in the assessment
of dykes. The water boards themselves must determine
which method they use to calculate the probability of
flooding. This enables the development of calculation
innovations. Following various dyke assessments,

the largest safety risk is caused by the failure modes

of slope stability and piping, therefore substantial
investment is being made to better understand these
failure modes. In our research, we found a way to deal with
computational innovation in dyke reinforcement projects
by applying specific innovations and looking at their

general implementation.

This study aimstainvestigate, foreach
project, the potential for application of

two computational innovations stillunder
development, namely shear strength of initially
unsaturated soil for slope stability and
bursting for piping. This investigation will show
which components play arole inwhetherornot
toinclude this computationalinnovation.
Theinformationisthenincorporatedintoan
assessment framework. The assessment
framework aims to advise the water boards
whetherornottoapply these computational
innovationsindyke reinforcement projects.
Existing schematisations and semi-

probabilistic analyses were used for the
calculations. The main question for this study
is,how can a trade-off be made forapplying
the computationalinnovations bursting and
shearstrength of initially unsaturated sail
within dyke reinfarcement projects?

Our study started with background
research anthe failure mode and
computationalinnovations by reviewing
theliterature of researchreports by the
Dutch Water Board (Rijkswaterstaat),
Deltares, the Flood Protection Programme
(Hoogwaterbeschermingsprogramma
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TECHNICAL

Forthe SAFE project,
greatreturnswere
achieved at two of
the tenlocations.

(HWBP)), aswell asinterviews with experts
inthe field. Data was then obtained from
contactwith water boards about the specific
projects, with which the application of the
computationalinnavation to the projectis
calculated and agap analysisis done. Based
ontheseresultsand conversations with
industry experts,an assessment framework
was drawn up, substantiating the choice of
whetherornottoinclude the computational
innovation. After the background research
was completed, we started focussing on the
computational innovations.

At first,we willtake alook at the shear
strength of initially unsaturated soil for
slope stability. For the initial unsaturated
zone, the computational innovation was
applied totwo projectsinthe Netherlands:
Sprok-Sterreschans-Heteren (SSH) and
Pannerdense Waard-Westervoort (Pan-Wes).
From this application, it can be concluded
that forboth projects the computational
innovation leads toalarge reduction of the
task by using a Sutable,which determines
the shear strength of soilwith undrained
behaviour. SSHwent from 77% approved
dyke sections to 91%, with three additional
dyke sections.InPan-Wes, the sections
wererejected at first but afterapplying
the computationalinnovations S0%

were approved.

Theseresults are considered significant
butcannotyetbe appliedin practice
because there are many uncertainties
about the structure and behaviour of the
dyke.Mareover, knowledge about the
computationalinnovation is still developing
in practice, which makes water boards
cautious.Aconservative assumption or
moreresearchisnecessary, butthe
potentialisvisible.

Forthe computationalinnovation of bursting
for piping, the computational innovation was
appliedtotwo projects, namely Mastenbroek-
|Jssel (MAIJ)and Streefkerk-Ameide-Fort
Everdingen (SAFE). From this application, it
can be concluded that forthe MAIJ project,
thereisnodifference between applying and
notapplying the computationalinnovation.
No significantresults were obtained here.
However, forthe SAFE project, greatreturns
were achieved at two of the tenlocations.
Atone of these twolocations, thereis
certainly no more safetyrisk,atthe other
locationthere may be no safety risk.
Thismeans thatthe computational
innovation produces significantresults
forthe SAFE project because here parts
ofthe taskare dropped. Theseresults
cannotyetbeappliedin practice because
knowledge about the computational
innovationisnotyetatafarenough stage.

Results

Our studies have producedresults that
address the probability of success fortwo
specific computing innovations. From
theseresults, discussions were held on

what considerations should be made to
substantiate the decision whetherornotto
include computationalinnovation withina
project. From these conversations with
experts,itcanbe concluded that the expected
yield from the application of computational
innovationsis centralto the choice of whether
ornottoincludeit.

Onthe otherhand, the knowledge and
information available about the innaovation and
the dyke areimportant. Little information
resultsin highresearch costs and/orlong
waiting times, making the higherinvestment
costsintheinnovation. This assessment

Step1

Isthere ataskforafailure
mechanism?

Yes

Make a sensitivity &
calculation

I

Yes

Yes ‘

The weighting framework.

Does the sensitivity calculation
change the task?

frameworkincorporates this acquired
knowledge. Water boards must use theresults
of thisassessment framework to enterinto
discussions (withthe HWBP, for example)
aboutwhich choice they willmake forincluding
the computationalinnovations. If, forexample,
the weighing framework shows that the
computationalinnavation should be included,
buttheydonotwanttodoso,they mustbeable
to substantiate thisand otherwise apply it.

By offering the weighting framework as an
aidtowaterboards, they are provided with
tools to support the choice of whether ornot
toinclude computational innovationsina
project. Thisgives awater board orthe HWBP
guidelines foridentifying promising projects.
Thisreduces the chance of wrongly not
including the computationalinnovations
resultinginachance of over-dimensioning the
dyke.The social values associated with this,
such as sustainability, cost savings (of tax
money) and effective use of space,arein
addition to this trade-off framework.

Thelevees are dimensioned strong enough
through this flowchart because the amount of
knowledge and informationisincluded in the
trade-off framework. This tests the certainty
of the computationalinnovation tests so
thatthelevee willmeetthe 2050 standard.
Moreaver, there is such climate action
attachedtothe product, because over-
dimensioningis prevented.

Explanation of weighting framework

The weighting framework (as shownin Figure
1) consists of four steps andisintended as an
aid tothe discussion about whetherornot to
include the computinginnovation. This is often
done during preliminary exploration but can
alsobedonelaterinthe process, becauseit

No
——> Don'ttakeinto account

Isthere a sensitivity calculation
made for the innovation?

No .
———> Don’ttake into account
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Potential

Cost and sustainability

Costs are saved by changing the task.
Sustainability correlates with this changein
the task,because sustainable options are
predominantly cheaperbutlessrobust.

— T 1

0 10 20 30 40 50 B0 70 80 90 100

0 Taskdoesnotchange
30 Optimisation measure
60 Change of measure
100 Taskexpired

Environment

Doesthe necessary measure damage the
environment? If the computing innovation
ensuresthatthisisremoved, thereis greater
motivationtoincludeit.

Bonus score: 100

Grading scheme.

stillseems promising due to possible changes
inthe project.

Step1

The projectdetermines whetheritis
possible to apply the computational
innovation. Thisis done by first checking
whetherthereis ataskforthe failure
mechanism for which the computational
innovationisintended. Then a sensitivity
calculationis performedto see if the task
changeswhenitisassumed that the
computationalinnovationis fully functional.

Step 2

Ascoreisgiven forthe two components of
potentialand knowledge and information.
Thisisdone by fillingin different part
scores and based on thatan average score
is calculated.

Forpotency, there aretwo criteria. These are
the criteria cost and sustainability, and
environment. The criterion of costand
sustainability isbased onthe degree of
changeinthe task.Costand sustainability
are linked here because they have a mutual
correlation.When the project becomes
cheaperdue tothechangeintask,itis
always also a more sustainable solution
whenitcomestolevees. Thisis because
cheaperoften meanslessuse of materials.

Knowledge and information

Subsurface and dyke material
Amount of information

— | |

0 10 20 30 40 SO 60 70 80 90 100

u] Few

25 Moderate/ mediocre
50 reasonable

75 High

100 Complete

Thecriterionenvironmentisonlyincluded as a
bonuscriterion. This means thatit canonly
raise the score and notlowerit. Thisisdone
becausethisis aboutthe extra motivation to
apply computationalinnovationswhen the
required measure damages the environment.

Forknowledge and information, there are
alsotwo criteria. These are subsoil and dyke
material,and computational innovation.

The subsoil and dyke material criterion deals
with the amount of information that the water
board has about the dyke. The score for this
criterioncanbeincreased by the water board
itself by doing maore research on the dyke.
Thecriterion of computationalinnovationis
about the stage at which knowledge about
computationalinnovationisnowin. The stage
isdefined in Technology Readiness Levels
(TRL).Thisisawidely accepted way of defining
atwhat stage a computationalinnovation.

Using theresults of Step 2,inwhich the
totalscore of the potential and the knowledge
and information are determined, a colouris
assigned within asystem of axes (see Figure
2).The table contains an explanation of how
theline was determined.

Certainty: 0 Potency: 75— From this limit,
itbecomesrelevanttoinvestin more
research,towait forknowledge orto choose

Innovation
Knowledge development stage

— T |

0 10 20 30 40 SO 60 70 80 90 100

u] Justanidea-TRL]1

25 Hypothesiswritten-TRL 2

50 Laboratoryand/orscaletestsdone
and consistent with hypothesis-TRL 4

75 Practical test done and consistent
with hypothesis-TRL B

100 Innovationreportdelivered and
validated-TRL 9

aconservative variant, because thereis
enough potential that can bear therisk of
thelargeinvestment due tolow certainty.

Certainty: 50 Potency: 30 —From this
limit,itbecomesrelevanttoinvestin more
research, towait for knowledge orto choose
aconservative variant,because thereisa
goodindication by moderate certainty that
the sensitivity calculationis correctand the
potencycoverstherisk.

Certainty: 75 Potency: 100 — From this limit,
itisstatedthat the computationalinnovation
canbeincluded because the potencyisso
high and the certaintyis such that the
remaining risk can be taken.

Certainty: 80 Potency: 50 — From this limit,
itis stated that the computationalinnovation
canbeincluded because the certaintyisso
greatand theremainingriskis carried by
reasonable potential.

Certainty: 90 Potency:15 - From thislimit,
itisstatedthatthe computationalinnaovation
canbeincluded because the certaintyis so
high thatitcan be assumed thatitis correct.
Certainty:100 Potency: 0 — At this point, it
matters because you are completely certain
butapplying the computationalinnovation
hasnoresult.
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TECHNICAL

Conclusions

Thisresearch answers the question,

how can atrade-off be made forincluding
orexcluding ornottoinclude the
computationalinnavations bursting

and initialunsaturated zone withina
dykereinforcement project?

Step 3

The advice was then developed for

the different colours. Forgreen, the
computationalinnovationis promising and
should be included. Itisimportant to focus
onriskmanagement becauseitisstilla
computationalinnovation. Foryellow, there
are also opportunities forthe computational
innovation, but follow-up steps must still
be takentobe abletoimplementthe
computationalinnavation, such as more
research, waiting formore knowledge or
making a conservative variant. Finally,
forred,itisadvised nottoinclude the
computationalinnovation, but at changes
that mightrespond positively tothe
computinginnovation, the flowchart
should be used again from the beginning.

Finally, based on the results of all dyke
sections,the scope of the entire dyke section
must be expanded. Thisinvolves looking at:
whatthe outcomes mean for the complexity
of the project;whethertheresults of other
failure mechanisms play arole;and whether
the effortrequired outweighs the benefits of
the computationalinnovation. Using the
assessment framework forthe application
of computational innovations helps water
boards to decide whetherornottoinclude
the computationalinnovation. These dykes
will be designed more soberly and efficiently,
saving taxpayers'money and allowing

more sustainable measures to be taken.
Potentially more sustainable measures
canbe taken.

Adecision can be made whetherornotto
include the calculationinnovations by first
looking at the dyke section at whetherthe
sensitivity calculation changes the task, then
giving ascore on both the potential of the
computationalinnavation and the knowledge
and information. Based on a combination of
these scores,aninterim conclusionis given
forthe dyke section (green, yellow, orange)
asshaownin Figure 3.

Summary

100 B Promising

This article describes ourresearch of
dealingwith computationalinnaovationin
dykereinforcement projects. Specifically,
two computational innovations stillunder
development —shear strength of initially
unsaturated soil for slope stability and
bursting for piping. It will describe which
components play arole inwhetherornotto
include this computational innovation.
Thisinformationisincorporatedintoan
assessment framework. The assessment
framework aims to advise the water
boards whetherornottoapply these
computationalinnovationsin dyke
reinforcement projects. The main question
forourstudy was, how can atrade-off be
made for applying the computational
innovations bursting and shear strength
of initially unsaturated soil within dyke
reinforcement projects?

B Next stepsrequired

Potential

M Don'ttakeinto account
75

50

25

0] 25 50 75 100

Knowledge and information

Recommendations.

Joppe Vugts

Dykes will be designed

more soberly and
efficiently, saving
taxpayers' money and
allowing more sustainable
measures to be taken.

Joppe has abachelor'sdegreein civil
engineering from Avans University of
Applied Sciencesinthe Netherlands.
Inrecognition of his achievements, he
received the National Hydraulic Engineering
Prize 2024 for the most innovative and
valuable bachelor's thesis. Joppeis
currently doing a bridging year at Delft
University of Technology before starting a
master's degree.

30

TERRAETAQUA



References

Arcadis (2022)
Consequence analysis strength of unsaturated zone.

Ard-Jan Methorst M.S. (2022)
Failure probability analysis STPH SAFE. Waterschap Rivierenland.

Deltares (2012)
Researchreport on sand-bearing wells. Rijkswaterstaat
Waterdienst.

Deltares (2017)
Guide to failure probability analysis macro stability.

Deltares (2018)
Phenomenological description.

Deltares (2021)
Shear strength of initially unsaturated sail.

Diemanse F.(2021)
Assembly protocol WBI2017

Drents Overijsselse Delta (2022)
Strength of clayin unsaturated zone.

DuinenTV.and Hemert H. (2013)
Stability analyses with undrained shear strength far regional flood
defences. STOWA.

Expertisenetwerk Waterveiligheid (2012)
Mechanical schematisation of sail structure of dykes.

HWBP (2021)
Innovation project: Practical researchinto cracking dykes.

HWBP (2022)

Mastenbroek - Ijssel dyke reinforcement project. https://www.hwbp.

nl/projecten/overzicht-projecten/drents-overijsselse-delta/
mastenbroek-ijssel

HWBP (2022)

Pannerdense Waard - Westervoort dyke reinforcement project.
https://www.hwbp.nl/projecten/overzicht-projecten/rijn-en-ijssel/
pannerdense-waard-westervoort

HWBP (2022)

Sprok-Sterreschans —Heteren dyke reinforcement project.
https://www.hwbp.nl/projecten/overzicht-projecten/rivierenland/
sprok-sterreschans-heteren

HWBP (2022)

Streefkerk-Ameide - Fort Everdingen dyke reinforcement project.
https://www.hwbp.nl/projecten/overzicht-projecten/rivierenland/
streefkerk-ameide-fort-everdingen

HWBP De Innovatieversneller (2021)
Action perspective: shear strength of the unsaturated zone

Kennisplatform Risicobenadering (2018)
KPR fact sheet. Macro stability method in combination with wave
overtopping (012014v4).

KnoeffH.(2023)
Hypothetical formula strength factor coating.

Ministerie van Infrastructuur en waterstaat (2022)
Procedure assessment of primary flood defences. Appendix XXXIIA
toArticles12.2band12.2c

Most N.S. (2018)

Background to the standardisation of the primary flood defences
inthe Netherlands. Ministry of Infrastructure and the Environment,
DG Spatial Planning and Water, General Directorate.

Rijksdienst voor Ondernemend Nederland (2022)
Technology readiness levels (TRL). https://www.rvo.nl/onderwerpen/trl

Rijkswaterstaat (2017)
Primary flood defence safety regulations. Ministry of Infrastructure
and the Environment.

Rijkswaterstaat (2021)
Schematization manual piping. Ministry of Infrastructure and Water
Management.

Rijkswaterstaat Ministerie van Infrastructuur en Milieu (2017)
Guidelines for designing flood defences

Rijkswaterstaat Ministerie van Infrastructuur en Milieu (2021)
Schematisation manual: Macro stability WBI 2017

Wosten J.H.M. (2001)
Waterretention and permeability characteristics of top and subsail
inthe Netherlands. Staring series. Wageningen: Alterra.

#173-SPRING 2024 31





