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ummary

The Dutch waterway network has about 6,000 kilometers of rivers and canals, which makes
it the most dense in Europe. Many canals serve as drainagecthdor navigation. The
commercial part of these waterways #$a total length of 2,200 kilometers and accosfdr
approximately 40% of the international freiglfansfersand 20 % of the domesticefight
transfers. This part of the network is stabevned and operated by Rijkswaterstaat. The
smaller waterways are managed by provineaiatlwater authorities in the Netherlands

Authorities responsible for the planning and management of inland wateiwagstructure

are faced with the issue of renewing their networks. In Western countries, major parts of the
waterway network, such as navigation locks, bridges, and weirs, are ageing and need to be
replaced to ensure waterway performance.

Ly & KS amdavigafian lodks were built in the Netherlands. Rijkswaterstaat manages
137 of thesenavigations locks. Rijkswaterstaat started a program called MultiWater)iferk
order to renovate or replacé2 navigation locks in the Netherlands in the next two dkssa

37 of these navigation locks have reached their technical lifespan and 15 navigation locks do
not meet the requirements anymore.

The main reason for the start ttie MultiwaterWerkprogram is that the asset managers of
the navigation locks came acrosaultiple solutions for the same problem. Most of the
navigation locks were considered as a unique project. This resulted in a divesitytadins

This diversity of solutions had a negative effect on availability and management of the
navigation locks.

The goal of MultiwaterWerk is to obtain a better reliability and availability, lower life cycle
costs and a more predictable estimation of the construction cost and. flfmeeach this goal,

a new possibility is added to the current possibilities; retimraand regular replacement.
This new possibility is called standardization. Standardization is a form of replacement,
however in case of standardization it will be replaced by a stanzeddart

At this moment it is still unknown how the added valwd standardization can be proven.
Currently decision makerbase their decision, whether to renovate or replace a lock
component, orone specificlockand do not take multipléocksinto account. This is because
they are unware of the possible positive edfs of standardization-urthermore, currently
there is no strategy in deciding whether to renovate, replacetorapply a standard
component.

The goal of this thesis is to develop a decision model which helps the asset manager to choose
between the posgiilities renovation, replacement or standardization of navigation lock
components for the MultiwaterWerk program. Furthermore, the added value of
standardization of a cluster with respect to replacement will be investigated.

To reach this goalhe following steps are takerthe first stepwas to make a literature study
which consists of general information about navigation loeksl how decisionsre made
about the renewal of infrastructure in the NetherlandBhe second step is tevelopa
conceptual nodel which determines which aspects are neededthe model and how to
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translate these aspects into cosfEhe third step discusses the three most commonly used
management strategies. Here comes to light how current decisions are made about the
renovationor replacement of @omponent Step four are interviews with advisors and asset
managers which provide information how they currently decide whether a navigation lock
component gets renovatedr replaced and their idea about standardization. Step fivehis
optimization of the conceptual model by implementing the received information, which
results in the refined model. Step sixasillustrate this model by means of a case study. The
case study consists of the component mitre gatescause gates havehagh standardization
suitability.

The final modemakes use oh multi-criteria analysis which provides the opportunity to make
an decision between the three possibilities. With the final model the decisionmaker can
decide which aspects are most importafhis can be done by putting weights to the aspects
costs, performance and sustainability. In this way it gives the decisionmaker the opportunity
to focus on a specific aspect.

ossibilities| Weight | Renovation| Replacement| Standardization| Standardization
1) (xx)
Aspects
Costs X A B C S
0€el
Performance |y D E F S
0€el
Sustainability | z G H I S
0€U
Total xA+yD+zG | xB+yE+zH | xC+yF+zl XS+yS+z8
0€U

Tablel: Finaldecisiormodel

The finaldecisionmodel provides an overview tifie total costs ofall theaspects and shows
the optimum solution for the renewal of the componentThe additional column
standardizationXx) shows what the minimum number of navigation locks is to make a more
feasible solution than replacement dmenovation.Furthermore, it showsvhat the average
costs are per aspect and the totleragecosts, in case the minimum number of standardized
navigation locks is known.

Finally,in order to demonstrate the functioning of the modé#ie model has been applied on

the component mitre gatewith the help ofthe case study Sluis Schijndel,. The model shows
that renovation is the most feasible solution for this case stuilgeneral it can be said that

the aspect costs has the biggest influence on the decision making betthheeenovation,
replacement or standardizationf the component mitre gatesThis is due that fadhe
operating and maintenance costs and construction costs are considerably high compared to
the performance and sustainability costs.



Master Thesis: Decision model tbe renewal ofmavigation lock components

Samenvatting

Het Nederlandsevaterwegennet heeft aigeveer 6.000 kilometer aan rivieren en kanalen,
waardoor het relatief de drukste in Europa is. Veel kanalen dienen zowel als voor afwatering
als voor navigatie. Hetommerciélegedeelte van de waterwegen heeft een totale lengte van
2.200 kilaneter en is goed voor ongeveer 40% van de internationale vrachtbeweging en 20%
vanbinnenlandse vrachtbewegingen. Dit deel van het netwerk is eigen van de staat en wordt
beheerd door Rijkswaterstaat. De kleinere waterwegen worden beheerd door verschillende
provinciale of waterschappen in Nederland. Waterschappen die verantwoordelijk zijn voor de
planning en beheer van de binnenvaart, worden geconfronteerd met de veroudering van het
netwerk. In westerse landen verouderen belangrijke delen van het waterwezjezoals,
navigatiesluizen, bruggen en stuwen. Deze dienen vervangen te worden om de prestaties
waarborgen.

LY RS 2IFNBY 0n1Q 6SNRSY O Rikéwaterdtadnledft$37 slvizgh b SRS N
in beheer Rijkswaterstaat startte het programma MMVaterWerk (MWW) voor de
vervanging of renovatie van 52 van deze sluizen in de komende 2 dec8imnan deze
sluizen hebben hun technische levensduur bereikt en 15 voldoen niet meer aan de eisen. De
belangrijkste reden voor de start van dit programmedasde beheerdervan de sluizen met
verschillende oplossingen kwamen voor hetzelfde probleem. Dit komt omdat de meeste
sluizen als uniek worden beschouwd emardoorer telkens een unieke oplossikgvam

Deze diversiteivan oplossingen had een negatedfect op de beschikbaarheid en het beheer
van de sluizen.

Het doel van MultiwaterWerk is om de prestaties te verhogen, de kosten te verlagen en een
betere voorspelling te kunnen geven wat betreft de bouwduur en bouwkosten. Om dit doel
te bereiken wordt en nieuwe mogelijkheid toegevoegd aan de huidige mogelijkheden;
renovatie en vervangingen. Deze nieuwe mogelijkheid wordt standaardisatie genoemd.
Standaardisatie is een vorm van vervangingen, maar in geval van standaardisatie vindt deze
vervanging plaatdoor een standaard.

Het doel van dit onderzoek is om een beslissingsmodel te ontwikkelen dat de beheerders van
de sluizen helpt methet kiezen tussen de mogelijkheden; renovatie, vervanging of
standaardisatie vaeensluis component. Dit onderzoek zal oiokjaan op de toegevoegde
waarde van standaardisatie van een cluster in tegenstelling tot vervanging.

Om dit doel te bereikerzijn de volgende stappen genometie eerste stap was om een
literatuurstudie te maken. Deze literatuurstudie bestaat uit algemifiermatie over sluizen

en hoe de beslissingen worden gemaektt betreft de vernieuwing van de infrastructuur in
Nederland. De tweede stap is het ontwikkelen van een conceptueel model, welke bepaald
welke aspecten in het beslismodel nodig zijn en hoeedezrtaald kunnen worden naar
kosten. De derde stap bespreekt de drie meest gebruikte behstmstegieén van
Rijkswaterstaat. Hier komt aan het licht hoe beslissingen worden genomen over de renovatie
of vervanging van een component. In de vierde stap dgninterviews met de experts
weergeven. Hierin komt naar voren op basis van welke aspelgexperteen keuze maken

voor de renovatie of vervanging van een component. Daarnaastaishun mening gevraagd

wat betreft het idee van standaardisati€tap ¥f is de optimalisatie van het conceptueel
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model. Het conceptueel model is geoptimaliseerd door de informatie van de voorgaande
stappen samen te voegen en te bekritiseren, wat leidt tot tketinitieve beslisnodel. Stap

zes is om ditlefinitievebeslisnodel te testen aan de hand van een casus. De cgaasover

het component stalen punt deureromdat gebleken is dat dit component veel belovend is
wat betreft standaardisatie.

Het beslismodel bestaat uit een Multi criter@enalyse die de mogelijkheid biedm een
beslissing te nemen tussen de drie mogelijkheden. Met het beslismodel kaehdserder
beslissen welke aspecten hij het belangrijkst vindt. Dit kan gedaan worden door gewichten
aan de aspecten kosten, prestaties en duurzaamheid te geven. Vianezier heeft de
beheerder de mogelijkheid om zich op een specifiek aspect te concentreren.

Opties | Gewicht| Renovate | Vervanging | Standardisatie | Standardisatie
Aspecten (1) (xx)
Kosten X A B C S
0€U
Prestaties y D E F S
0€U
Duurzaanheid |z G H I S
0€el
Totaal xA+yD+zG| xB+yE+zH | xC+yF+zl XS+yS+zS
0€el

Table2: Definitief keslismodel

Het beslismodel bdt een overzicht van de totale kosten van alle aspecten en toont de
optimale oplossing voor de vernieuwingn het component. De extra kolom standaardisatie
(xx)laat zien bij hoeveel sluizen er standaardisatie dient plaats te vinden om de voordeligste
optie te zijn ten opzichte van renovatie en vervangibgarnaast laat deze kolom zien wat de
gemiddelde koste Zjn per aspect en wat de gemiddelde totale kosten zijn, indien het aantal
sluizen wat gestandaardiseerd moet worden bekend is.

Ten slotte is hetdefinitief beslismodel toegepast op een het component stalen puntdeuren
enmet behulp van de casus Sluis gatel, om de werking van hetefinitievebeslismodel te
demonstreren. Het model laat zien dat renovatie de meest haalbare oplossing is voor deze
casus. Dit komt omdat in dit geval het aspect kosten de grootste invioed heeft op de beslissing
tussen renovae, vervanging of standaardisatie van het component stalen puntdeuren. Dit
heeft voornamelijk te maken met het feit dat de bouwkosten en onderhoudskosten van dit
component aanzienlijk hoger zijn dan de prestaée duurzaamheidskosten.
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Abstract

In Western countries, major parts of the waterway network, such as navigation locks, bridges,

and weirs, are ageing and need to be replaced to ensure waterway performante. i KS M do n |
many navigation locks were built in the Netherlands. Rijkswaterstaat nesnag7of these

navigations locks. Rijkswaterstaat started a program called MultiWaterWerk (MW\&fder

to renovate or replac®2 navigation locks in the Netherlands in the next two decades.

The goal of MultiWaterWerk is to obtain a better reliabilitydaavailability, lower life cycle
costs and a more predictable estimation of the construction cost and. flilmeeach this goal,

a new possibility is added to the current possibilities; renovation and regular replacement.
This new possibility is called stardization. Standardization is a form of replacement,
however in case of standardization it will be replaced by a standard.

The goal of this thesis is to develofirzal decision model which helps the asset manager to
choose between the possibilitiesmmevation, replacement or standardization of navigation
lock components for the MultiwaterWerk program. Furthermore, the added value of
standardization of a cluster with respect to replacement will be investigated.

In order to define what the relevant aspis are for the decision making process of the
infrastructure and how the current these decisions are made. Information is gathered and
discussed about the decision making process of the Dutch Mirmastnfrastructureandthe
management strategies of Rgwaterstaat In addition to that,interviews with experts are
conducted.

Thefinal decisiormodel provides an overview tifie total costs ofll the aspects and shows
the optimum solution for when to renovate, replace or standardize a component.
Furthernore, the final model showthe minimum number of navigation lockisat needs to
be standardized, in ordeto make it a more feasible solution than replacement can
renovation.
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1. Introduction
1.1 Background
The Dutch watenay network has about 6,000 kilometers of rivers and canals, which makes
it the most dense in Europe. Many canals serve as drainage as well as for navigation. The
commercial part of these waterways $a total length of 2,200 kilometers and accosfur
approximately 40% of the international freight movements and 20 % of the domestic freight
transfers This part of the network is statewned and operated by Rijkswaterstaat. The
smaller waterways are managed by different provincial or waderthorities in the
NetherlandgRijkswaterstaat, 2018)

The main linkages in these networks are established and networks can therefore be
considered more or less complef@ECD, 2007)nfrastructureplannersin western countries

are confronted with new challenges related to mature infrastructure network waterweys.
infrastructure evolved gradually intdhighly advanced infrastructure networks that serve
essential needs for societies. At the same time, west@muntries are in need to keep these
networks competitivg G20, 2014)

Water authorities responsible for the planning and management of inland waterway
infrastructure are faced with the issue of renewing their networks. In féfescountries,
major parts of the waterway network, such as navigation locks, bridges, and weirs, are ageing
and need to be replaced to ensure waterway performaGd, 2009) (ACL, 2017)XIMF,
2014) (OECD, 2014)

LY GKS wmdponQa Ylye yIFr@Aalaarazy 201 manag&NS 0 dz
137 navigations locks. Rijkswaterstaat started a program called MultiwaterWerk (M\WW&V). T
program consists of the renovatiam replacement of 52 navigation locks in the Netherlands

in the next two decades. 37 of these navigation locks have reached their technical lifespan
and 15 navigation locks do not meet the requirements anyn{Rigkswaterstaat, 2015)

The main reason for the start of this program is that the asset managers of the navigation
locks came across multiple solutions for the same problem. Most of the navigation locks were
considered as a uniquproject. This resulted in a diversity of systeniis diversity of
systems/solutions had a negative effect on availability and management of the navigation
locks (MultiwaterWerk, 2015) For the renovation and replacement ocbmponens, it is
possible to use the current configurations or to use an overall standard.

The goal of MultiwaterWerk is to obtain a better reliability and availability, lower life cycle
costs and a more predictable estimation of the construction cost tame (Rijkswaterstaat,
2015)

To reach this goak new possibility is added to the current possibilities; renovation and
regularreplacement. This new possibility is called standardization. Standardizagoiofis

of replacement, however in case of standardization it will be replaced by a standard.
MultiwaterWerk is working on innovative solutions for lock components which ausable.

An exampleof standardized componestare; lock gates or the control systemTo ind the
optimal solution, collaboration with the market is requir@dijkswaterstaat, 2015)

Currently it is hard to validatevhat the alvantages of standardizatios compared to the
current possibilities because a lot oflata is still missing about theffects on the costs,the
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performance andhe sustainability. As a result of these missing data it is hard to decide
whether to apply standarided components or go for the current possibilities

Renovation and replacementaexpenses which increase the lifespan obmponent These
expenses are made besides the regular maintenance and are needed because the end of the
lifespan is reachedRijkswaterstaat, 2010)

The existing infrastructurean be renewed by means of renovatioagula replacement or
standardization. To make a decision between these three possibilities three aspects are being
consideredcosts, performancand sustainability.

Furthermore, Rijkswaterstaat aims to work 100#6wdarin the year 203qRijkswaterstaat,

2018) indicatingthat sustainabilityhas high priority on the agenda at Rijkswaterstaat.
Furthermore, research has shown that standardization of certain components leads to higher
performance(Slijk, 2013)

Rijkswaterstaat is using several management strategies for the renovation and replacement
process of the navigation locks. The current management strategy are based on three aspects;
costs, performancand sustainability.

1.2 Problem definition / objective of the thesis

Currently, there is a very large variety in the design of navigation locks within the Netherlands.
This variety complicates their management and maintenance leading to @pubal
avalability, reliability and life cycle cos{Rijkswaterstaat, 2015)

Previous researclshowedthat the standardization of lock gates has a great potential in
optimizing the locksn terms of availability, reliability and & cycle costqSlijk, 2013)
However, it is still unknown how the added value of standardization can be proven. Currently
decisionmakersbase their decision, whether to renovate or replace a lock component, on a
specificlockand do not take multipldocksinto account. This is because they are unware of
the possible positive effects of standardizatioRurthermore, currentlythere is no strategy

in deciding whether to renovate, replace torapply a standard component.

The god&of this thesis is to develop a decision model which helps the asset manager to choose
between the possibilities renovation, replacement or standardization of navigation lock
components for the MultiwaterWerk programFurthermore, the added value of
standardization of a cluster with respect to replacemenmitl be investigatedTo achieve this
goal, amodelwill be created. Thisnodelwill help to determine what the most appropriate
possibility will be in terms of cost.

1.3 Research question(s)
To reach he objectives of the thesis, the following main and sukestions need to be
answered.

Main research question:

How does a decision model looks lkeich canhelp the asset manager to choose between
renovation, replacement or standardization of navigatidock components for the
MultiwaterWerk prograr?

Now the subquestions are highlighted and discussed.
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Subquestion 1: Which aspects need to be taken into consideration for the development of
the model?

By means of the literature study and interviews thepacts will be determined.

SubQuestion 2: Hows currently decided to renovate, replace or standardize a component?
By means oé literature study and interviews the aspects will be determined.

SubQuestion 3:Which effects does standardizationhave on the performance, costs and
sustainability in contrary to regular replacement in general?

By means of literature study anda case study this question is validated. This question
focusses on the outcome of the research, considering the implementation éice
components of the standardized navigation locks.

SubQuestion 4:Which effectsdoes standardizationhave on the performance, costs and
sustainabilityon the component lockjates?

By means of a case study this question is validated. This questisssxcon the outcome of
the research, considering the implementation of certain components of the standardized
navigation locks.

1.4 Research design

This research will be carried out &different steps The first step, the literature study,
consists ofgeneral information about navigation locks. The second step idetelop a
conceptual model which determines which aspects are neddethe model The third step
discusseshe three most commonly used management strategies. Here comes to light how
current decisions are made about the renovation or replacemerda cbmponent Step four

are interviews with advisors and asset managers which provide information how they
currently decide whether a navigation lock component gets renovate@placed and their

idea about standardization. Step five is the optimization of the conceptual model by
implementing the received information, which results in the refined model. Step ixast

this model by means of a case study. The case study consists of the carhpatre gates.

This studyresultsin a decision model which determines if a certain component needs to be
renovated, replaced or standardized. Ultimately a conclusion with recommendations will be
presented
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Step 1: Literature review
regarding in general

Step 2: Develop conceptual model

v A
Step 3: Management Step 4: Conduct
strategy in literature interviews with experts

.

Step 5: Refined model

Y

Step 6: Case study

.

Step 7: Conclusion &
Discussion
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v
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Step 8: Recommendations
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Figurel: Steps resarch design.
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Scope of the research

The goal of this thesis is to develop a decision model which helps the asset manager to choose
between the possibilities renovation, replacement or standardization of navigation lock
components for the MultiwaterWerk mpgram. Furthermore, the added value of
standardization of a cluster with respect to replacement will be investigated. To achieve this
goal, amodelwill be created. Thisnodelwill help to determine what the most appropriate
possibility will be in termsfacost.

Previous research about standardization has shown that by standardization of steel mitre
gates, the construction costs can be lowefeévinson, 2018)

Control

system
Movement || g.tes Lock Bed Lock Head
Equipment Chamber Protection

{Standa rdization } Eﬂn Standa rdizatinn]

Figure2: Standardization suitabilitySlijk, 2013)

The case study of this research is specified to the gates of a navigatiofriguie2 shows

the standardization suitability sca{8lijk, 2013)It shows that the gates of the navigation lock
score rather high othe standardization suitability scale. This indicates that the gates of the
navigation lock are suitable for standardization.
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Figure3: Left: Area of Application of Gate Types; Right: Positioning of MWW locks (Doeksen, 2012)

Faur major lock types are in use: vertical lift, sector, rolling and mitre gates (F3juRzior
research about the best fit type of gate for the MultiwaterWerk progistrowedthat almost
all MultiwaterWerk locks arevithing by the applicabilitydomain of mitre gates(Doeksen,
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2012) Accordingly standardization is most applicable for the MultiwaterWerk program in
case mitre gates are applied. Therefore, the case study will be specified on mitre gates.

1.5 The practical and satific relevance

This research contributes to the scientific knowledge doynparing the different used
decision makingtrategies and expressing all possibilitiesasts Furthermore, the approach
how to implement standard components in the current dgen making process will be
known. The uarrently used management strategies will be discussed and evaluated.
Thereafter, the besfit management strategy for the MultiwaterWerk program will be
verified by using a case study.

Ultimately, a decision modetill be created whictdetermine what the most appropriate
possibility will be in terms of cost.

Furthermore, this research will reveal opportunities and limitations of using the created
model in the civil engineer segment.

1.6 Reading guide

This researclhs structured ireightchapters and each chapter represents multiple subjects.

The first chapter will discuss the research problem and its context, the importance of the
problem, goals and limitations of the research performed.

The second chapter describeéhe aspects which Rijkswaterstaat takes into account for the
decision making between renovation or fully renewal of a certain component.

The third chapter elaborates how these aspects can be expressed and ultimately combined in
a new proposed model to dermine the renovation, replacement or standardization of a lock
component.

The fourth chapter discusses the three most commonly used management strategies. It
presents how current decisions are made about the renewalafmponent.

The fifth chapter disgsses the interviews which have been conducted with experts involved
in the current decision making process. These interviews indicate how currently decisions are
made regarding the renewal of navigation lock components and how the experts think about
the new concept of standardization.

The sixth chapter discusses all the key aspaatsthe final decision model will be created.
Theseventhchapter discusses a case study about steel mitre gates. This stutlg wied to
validate the refined modelThe &st chapter a conclusion and discussion is dravamd
recommendationsre lined upfor possible future research
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2. Infrastructure in the Netherlands
The previous chaptethswed that there is a need for a new model which can decide whether
a lock componenheeds to be renovated, replaced or standardized. To make this decision it
is initially important to understand how navigation locks work in general and why there is a
need for this modelTherefore, his chapter firswill provide background informationteut
need for waterretaining structures, followedby the general definition of navigation locks,
then navigation locks in the Netherlands, and finally aspects that are impostidmrespect
to the renewal ofinfrastructure These aspects can be seenlas design determining aspects
for the model.This chapter aims to discuss the most common design determining aspects and
filter out the most significant ones in the context of the researthis chapter first reviews
the general definition of navigationd&s, then navigation locks in the Netherlands, and finally
aspects that are important for Rijkswaterstaat in respect to navigation locks, in particular
renovation, replacement and standardization.

2.1 Background

WI LILINREAYLF (St & KI fBelovesea lavdd &hd ib Saiekti&iNMdainst flodd by A S &
primary dikes and other watekB ( | A y A y AVrifing NeBQD) G ez Bréi tiree types of
water-retaining structures and these are subdivided idaoms, navigation lockand weirs.

A dam is an elevation of some type of material that separates two water surfaces. An example

for a dam in the Netherlands is the Afsluitdijk. Navigation locks are a separation between two
waterlevels, withgates. The main function of navigatidocks is to bring ships from one water

level to another. Weirs are watéechnical constructions which regulate the watewel in

the river.

Although flooding is a typical higlonsequence but lowprobability event, it can be compared

with other technologg OF f YIF GGSNBR Ay &az20ASteéd {AyOS (KS
of reliability theory makes it possible to assess flooding risks, by taking multiple failure
mechanisms of a structure into account. Water authorities in Western countries are
increasngly confronted with waterway renewal. Ageing waterway infrastructures put the
reliability of the existing network under pressuf@illems, Anticipating water infrastructure
renewal: A framing perspective on organizational leagnin public agencies, 2018Jhus,

there is aclearneed of renewalviarenovation, replacement or standardization.
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2.2 Navigation locks in general

Vrijburcht(2000)defines a navigation lock as follew W Qationyock@sicdahstructed for the

shipping industry. The functional requirements are primarily for the shipping industry;
ONAY3IAYI &KALEA FNRY 2yS 6F0GSNI G2 y20KSN®PQQ
without endangering and damaging people, #evironment, and considering the quality of

life in the immediate vicinityVrijburcht, 2000)

Figure4 represents an example
of a ship that is passing
navigation lock. This is
navigation lock which has 2 set
of mitre cates. 1 set consists of - I
gates. Thegates are pointing in
the direction where the water
level is the highest.

When the waterlevel is equal
on the side of the ship and the "
desired exiting direction, the | Ll -
gates will be opened and the SO 4
ship can pass. -
Some nailgation locks are part
of a flood defense system |
Particularly in the Netherlands = ‘Dﬁlf —"_/ _J—.g
some navigation locks are —
situated in dykes, which form & — ‘
barrier for the lower parts of the

country and protects thesparts Figure4: Navigation lockKlein, 2013)

against flooding. Moreover,

some navigation lockare situated in a channel and control the water levels between the two
sides.

Another aspect of navigation locks relates to their role in water management. A distinction
can be made between a passive role, limiting water losses and salt penetratiaesidteof

the protective process, and an active role, in which a certain flow of water must be allowed
to enter or to leavgVrijburcht, 2000)

This indicates that navigation loaket onlyhave the function to let ships pagkgy alsohave

the function to retain water from one side to another.

2.3 Navigation locks in The Netherlands

The current Dutch national inland waterway system consists of approximately 2,200
kilometers of canals and rive(RWS, Beheeren Ontwikkelplan voor de Rijkswaterem 2010
2015, 2009) Three main waterways can be considered within the Netherlands: the
connection between the harbor of Amsterdam and Germany, the connection between the
harbor of Rotterdam and Germany andet North-South connection(Filarski, 2014)The
natural conditions determined the location and state of the waterways to a large extent.
Originally, waterways were constructed and maintained by regional authorities. At thefend
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the 18th century, and concurrently with the Netherlands becoming a unitary state, the
national water authority Rijkswaterstaat was founded, which became a powerful actor in
Dutch water management. From the late 1800s until now, many hydraulic workshieave
built to increase the capacitfzigure5 provides an overviewfdahe total amount of navigation
locks built (189€2008)(Willems, 2015)
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Figureb: Total amount of navigation locks built sint890(DISK, 2014)
Asfigure5a K2 6 4T AY (GKS mMponQad GKSNB 6Fa | NILAR

locks. The expected technical iépan of a navigation lock is about 100 years. This indicates
that many of thenavigation locks need to be renovated or replaced in the upcoming years.
Appendix| showsa table which provides information about all the locks in the MWW
program. Among this information thestimated end of the technical life span of tlueks is
given.

24 Relevant Aspects

This paragraph discusses the relevant aspects whelgovernment considers as important
aspects for the infrastructure in the Netherlandsis is needed for the construction ofeth
model.

Recently, the Dutch minister of Infitagscture Cora van Nieuwenhuizen wrote a letter to the
House of Representatives which stdtthat the current infrastructure in the Netherlands
needs to be renewed, so that safety can be guaranteed and the infrastructure and becomes
more sustainableMoreower, airrently the budget of Rijkswaterstaat is 150 million euro a
year until the year 2020. However, from the 2020 and forwards it will be 350 million euro a
year (Nieuwenhuizen, 2018)Rijkswaterstaat is an governmental orgaation in the
Netherlands which controls 137 navigation locks in the Netherlands and can therefore be
considered as an expert in management of navigation locks.

This massive increase of available money indicates the real necessity to rejuvenate and renew
of the existing infrastructurel-urthermore due tothe increase otraffic, also on the water,

new techniques need to be applied to prevent future failufdgeuwenhuizen, 2018)

21



Master Thesis: Decision model tbe renewal ofmavigation lock components

This letter discusses that there will be mdmedget available to accomplish for rejuvenating,
renewing and making the existing infrastructure more sustainaRIgkswaterstaat has the
aim to work 100%circular in the year 2030 and is therefore an important aspdtte
investments in the existing irdstructure is needed to guarantee the performance. Failure
and malfunction of the infrastructureouldleads to social nuisance and economic damage.
The literature above indicates that three aspects are considered during the decision making
for the renewalof the existing infrastructure. These three aspects are costs, performance and
sustainability.

The higher the investment costs, the higher the performance the more sustainable a
component can be. Thuthe amount of money imested in a componenwill reflect on the
performance and the sustainability of the component.

Now that the considered aspects of renewal of the infrastructure are defined, these aspects
can be implemented in the decision making process for the renewal of navigation doubes
navigation locks are a part of the defined infrastructure.

2.5 Clarification ofoundaspects

For the decision making proceasonceptual model needs to be created whénesethree
aspectsare considered.The conceptual modeWwhich will be shown in the i chapter,will

show what the costs are for each possibility with respect to each aspéetse three aspects

can be divided into different forms by means of the life cycle phases of a navigation lock. By
dividing these aspects into different forman overview can be created which showse

output of the different aspects in more detailhis output can be used in the conceptual
model to decide which possibility is the most beneficial.

[ Life Cycle Phases
Project ) Dperation Racyche &
>I}mlupment >¢unmu:tmn >Maintenan>> Disposal
1
[ Design | Materials [ Fined Removal
o L. ’ e A

l-Er|1|1-||:|'|'|'|'|=|'|l:-\I [ Wariahle ]
Figure6: Life cycle phases of a prdjéglijk, 2013)
Figure 6 shows thahe life cycle of a product can be divided into four different phases. The
first phase will be the product development phase, the second will be the construction phase,

the third will be theoperation & maintenance phase, and the last phase will be the recycle &
disposal phaseAll these phases will be explained in relation to the found aspects.
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25.1 Costs

All the costs are related to the different phases of the life cycle of the consbruyciee figure

6. These phases can be related to product development costs, construction costs, operating
and maintenance costs, recycling costs of the construction and the economic costs.

The production development costs are the costs which are relatethé design of the
component. The construction costs are the costs related to the realization of the component,
like the used materials and engineering hours. The operating and maintenance costs are
related to the fixed and variable costs which helps @b the component function. The
recycling & disposal costs of the construction are costs related to removal and the recycling
costs of the component.

To go further into detail about the recycling & disposal costs. Recycling first needs to be
expressed in tans of the nonrrecycling percentage of the component. This is the part that
creates costs, assuming that the recyclable part can be fullisee and therefore creates
zero costs. If the norecycle percentage is known for the component, this percentagebea
multiplied with the total tons in weight, to calculate the tons which are meayclable.
Whenever the total nofrecyclable tons are known, disposal costs can be calcyldted
means of Appendix IIAppendix Ill shows the price per ton for each matkrThis will be
mentioned as factor in Appendix Ill in the formula.

The results in the following formulél)
Nonrecycling percentage * tons in weight of nmetyclable part = tonson-recyclable.

Tons norrecyclable * factor in Appendix Ill = retgcosts

25.2 Performance

The performance is related to all phases of the life cy€ler example, athe product
developmentphase the designer has tohink about how the lock can be maintained during
the lifespan, this relates to the operation & mé&éenance phase.The performance
requirements araelated to the stakeholders. The stakeholders of the navigation lock could
be the asset manager, contractor or the shipping industry.

Performance can be translated into the reliability (R) and availapijtgf the navigation lock.

The reliability and the availability can be determined by means of a fault tree an&p#is
reliability as availability are expressed in percentage fault tree analysis makes it possible

to graphically model all potentidailure mechanisms of the navigation lock per function. The
fault tree analysis will be discussed in more detail in section 4.1.

Navigation locks must be very reliable, as part of the flood defense and a passage for vessels
(Vrijburcht, 2000) Furthermore, the main function of navigation locks is to bring ships from
one water to another(Vrijburcht, 2000) In case a ship wants to pass the navigation lock but
the gate(for example) is not workindgihe whole navigation lock becomes unavailable. For this
reason, the availability of certain components of the lock is important.

The navigation lock needs to perform as it is designed. Whenever the performance
requirements are not met, this can lead to higconomic costs. Whenever a navigation lock
functions less frequently than it should, this will affect the shipping industry. The shipping
industry experiences hinderance and can therefore loses valuable time.
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2.5.3 Sustainability

Sustainabilityhas to k& considered during apphases For instancethe percentage of the
recycled component of the navigation locknbe high or low andhis has to be taken into
accountduring the product developmerghase.

Rijkswaterstaat wants to be 100% circular in theary 2030(Rijkswaterstaat, 2018)This
means that recycling is kigh priority for Rijkswaterstaat. The circular economy revolves
around the smart use of raw materials, products and goods, so that they can be reused
infinitely: a closed cycle. For buildings, for example, 'circular' means that materials are reused,
but also that the building can be used flexitivVO, 2018)

Navigation locks are primarily made of concrd¥rijburcht, 2000) This means that all
navigation locks built after 2030 need to be made out of recycled condfetéhermore, the
remains of the navigation locks that are built before 2030 need to be recycled. Research has
shown that the remaining kspan (of wood, concrete as steel) exerts minimal influence on
the recycling percentage of threomponent(CE, 2016)AIll of these materials can be related

to an emission factor (kg CO2eq per unit).

2.6 Clarification possibildés

Now that the life cycle phases and their relation with the aspects are describes, the first step
of the conceptual model can be created. However, first the definitions of the possibilities will
be defined. Thereafter, thpossible positive effestof standardizationwill be compared to
renovation andregular replacement

2.6.1 Renovation

wSy2@0FidA2y A& RSTAYSR Ay (GKS RAOGAZYINEB | &Y
ySg | 3 A@ictionhdadaih, ROLEIN this case the old component gets restored in

such a state that it satisfies the current standards. Life time extended maintenance is a part

of renovation because life time extended maintenance is a form of reparation.

2.6.2 Replacement

ReplacementiR®STFAY SR Ay (KS RAOGAZ2YIFINE aY Wi2 LINEC
2 HOictionary.com, 2019)In this case the old component gets replaced by a similar new
product.

2.6.3 Standardization

The Minigtry of Infrastructure encourageshe use of smart innovationgNieuwenhuizen,

2018) A smart innovation solution could be the implementation of standardization of certain
components of the navigation lock. To decide whether standardizasoa good option

multiple aspects needs to bevaluated This section describes what standardization is and

uses the aspects found earlier in this researchssesstandardization.
{GFYRFNRATFGA2Y A& RSTAYSR A YiestaHishedRtar@ard 2 y I NE
size, weight, quality, strength, or the like: to standardize manufactured parts.
(Dictionary.com, 2018)
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Previous research has shown that multiple components of a navigation lock are sddabl
standardization, seégure 2. Previous research has found that standardization of navigation
locks lead to many effects, se¢able 1 (Slijk, 2013) Four phases are described: Product
development, construction, Operatiofa maintenance, and Recycling & Disposal.

Product
Development

Construction

Operation &
Maintenance

Recycling &
Disposal

Table3: The effect®f standardizatiorbased on different Life cycle phag8tijk, 2013)

First order effect

- Higher costs for the
development

- Fewer parts for the
manufacturing

- Collaboration
between Private and
Public parties

- Less market
competition

- Higher predictability
of costs

Second order effect

- Lower costs for the
development

- Different or new
player in the market

- Less flexibility in
design

Higher order effect
- Change of contracts

- Use of recycling
material from earlier
build locks

- Less market

competition
- More routine
- Over dimensioning

- Reduce of failure

- Reduction in costs due
to the learning curve

- Combining the
different elements on
site

- Use of recycling
material from earlier
build locks

- Higher predictability
- Higher availability
- Fewer spare parts

- Exchange with other
river locks

- Interrelations between
river locks

- Maintenance program
is designed on Corridor
level

- Overall asset
management

- One control system
for the HVWN

- Interrelated
maintenance
program

- BExchange with
other river locks

- Predictable rest
value

All the described life cycle phases in taBleffects can be refleetd to the aspects: costs,
performance and sustainability of the navigation lock. The relation of these aspects with
standardization are described in the next section.

The first order effect described in tabsshows what the direct effects of the stanmdiézation

process is and the intended use of the standard. For example: higher predictability of costs

and availability.

The second order effect are is due the changes in human behavior as a result of the

introduction of a new standard. These effects canower time due to earlier made decisions
and constructionsior example: reduction in costs due to the learning curve.
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The higher order effects are about the standardization of river lock elenagatthought from
different perspectivesTo take an exanlp: standardized element can be recycléslijk,
2013)

2.7 Conclusion

The goal of this chapter was to identify the most common design determining aspects for the
model. By defining which aspects the Ministry of Infrastructisreocusing on, the aspects of
the model can be determined’he conceptual model will be based on three aspects; costs,
performance and sustainabilitfo divided the three aspects into smaller forms, lifecycle

is used The life cycle divided the aspts in four different phases, which provides the
opportunity to create more detailedverview.Furthermore, to compare the possibilities it is
useful to translate all the aspects into cosBy doing thisthe conceptual model can be
created.Furthermore,prior research showethat standardizatiorcanleadto the intended
effect but also to lead to second order and higher order effects.
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3. ProvisionaModel
The previous chapter identifiedhé aspects which Rijkswaterstaat takes into account for the
decison making between renovation or fully renewal of a certain componEatthermore,
it shows that the aspects can be related to the phases of the life dggléranslating the
everything intocostsit will provide a clear overview between the three posdiles. The goal
is to create anew proposed model to determine the renovation, replacement or
standardizatiorcostsof a lock componen(This chapter elaborates how these aspects can be
expressedn a table and thereafter beanslatedinto costs.The frst section will describe the
aspects and how these aspects ar@nslatedto costs The second section will describe the
conceptuaimodel.At the end a conclusion will be drawn.

3.1 Aspects of the model

The literature indicates that costs, performancadasustainability ardhe most relevant
aspects for the infrastructure and form the foundation of the decision making process to
renovate, replace or standardize a certain component of a navigation lock.

Costs Performance Sustainability

Figure7: Relevant aspects

Figure7 represents the aspects on whichrcbe decided what needs to be taken into account
for decidingamongrenovation, replacement or standardization of a certain component. Each
of these aspects are explained further in the sections; 3.1.1, 3.1.2, and 3.1.3.

3.1.1 Costs

Chapter 2 describedhe life cycle phases and how these are related to the costs. The
production development, construction, and operating and maintenacastsare known by

the asset manager and can directgn be implementedHowever recycling costs can not
directly be trarslated into costs, theefore following formula(1) is created

This can be translated into the following table

Renovation Replacement Standardization

Production €4 €1 €4
development costs

Construction costs | € b 2 € b

Operating and € & 3 € &
maintenance costs

Recycling costs €l € 4 € h

Total costs € ho34 € 1234 € £234

Table4: Costs aspect

Table4 shows what the costs are for the aspecsts.After implementing the costfor each
life cycle phase at each possibility, the total costs for each possibility is kiibwautput of
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the total costs for each possibility will later be used in t@nceptual model to decide
whether to renovate, eplace or to standardize a certain component of a navigation lock.

3.1.2 Performance

The performance for each possibility needs to lbewn in order to calculate the nen
performance.Performance is divided into the terms reliability and availability, ckhare
expressed in percentage

The reliability and availability for each component will be translated into the following table:

Renovation Replacement Standardization
Reliability %0 %k %k
Availability %D %k %k
Non-performance | %D R4 = %
(non-reliability)
Nonperformance | %Ds R4 = Y4
(non-availability)

Table5: Performance aspect

Table5 shows the performance aspect in its different forms and how it relatesh®o
possibilities. To compare the three possibilities, performance ultimately needs to be
expressed ircosts By doing this, an overview will be provided which shows all differences
between the possibilities.

Because reliability and availability are exgged in percentages, these cannot dirediby
compared to costs and therefore needs to foanslatedto costs. To do this, the document
NIS (Netwerk Informatie Systeem) of Rijkswaterstaat can be used. Rijkswaterstaat is saving
information about the maingad network, main waterway network and main water sysgem

in NIS. NIS provides information about each of these network in terms of quantity, quality and
the performance & usage of the netwofRijkswaterstaat, 2019)

If certain costs can be charged per main waterway network for the-penfiormance of the

lock, the performance requirements can teanslated into costs. This will be done by
converting the noravailability and nosreliability percentages to hours and then mulgipjg

them by the hourly rate that is calculated if a lock does not function

To go into further detail: one year has 8.760 hours. In case the lock works perfectly the non
performance of the lock is 0%. However, for each hour that the lock is not perfgrthis
results in 1/8760 = 0,0114%. The other way around, 1%,608urs.
Thepenalty costghat will be charged for each lost hour are dependedéruijf, 2018)

1 the quantity of ships passing the lock;

1 the damage done ithe logistics.

This leads to the following formu(@):
costs for normperformance fost hours »penalty costs.
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This can be translated into the following table:

Renovation Replacement Standardization
Reliability €5 €9 € C
Availability € b €9 € £
Non-performance |€ 5 €9 €€
(nonrreliability)
Non-performance |€ 5 €9 € £
(nonravailability)
Total €D1+€ & €Dy 2 | €E€ D& €B€ 9 € G B € e £

Table6: Performanceaspecttranslated into costs

Table6 shows the peormance aspect, translated to costs, in its different forms and how it
relates to the possibilities.After implementing the reliability, availability and non
performancecosts the total costs for each possibility is known. The output of the total costs
for each possibility will later be used in the conceptual model to decide whether to renovate,
replace or to standardize a certain component of a navigation lock.

Furthermore, when standardization is used as a means to improve the performance, in terms
of reliability and predictability, it can be assumed that the positive effects of development
and implementation of a standard can be advantageous for the economy. Moreover,
standardization is advantageous for the ease of the asset management by theiopexatl
maintenancgSlijk, 2013)

3.1.3 Sustainability

The sustainability of each possibility needs to be calculbtfdre making a decision about

the renovation, replacement or standardization of a certain componérd thisend,
sustainability is divided into the terms @@missions and recycle percentage.

As explained in chapter 2, Rijkswaterstaat wants to be 100% circular in the year 2030
(Rijkswaterstaat, 2018Yhisncludesthat all navigtion lock built after 2030 need to be made

of recycled material. Moreover, a research has shown that the remaining lifespan of wood,
concreteand steel exerts minimal influence on the recycling percentage ofcibraponent

(CE, 206).

Navigation lock components are generally made out of wood, concrete and steel. All of these
materials can be related to an emission factor (kgeg(er unit). The total amount of used
materials (in kg) needs to be calculated arahslatedinto kgCQ per possibility. Appendii
provides an overviewf the different kinds of materials and their emission factor

This results in the following formu(&):
Material * emission factor (kg G€x per unit) = kg G@mission.

kg CQemission * 1.00 = C@emission (ton)
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This can be translated into the following table:

Renovation Replacement Standardization
CO2 emission EQ (tons)| (tons)G (tons)H (tons)h
NonRecycle percentage | %G %hH %b

G2 Hi 2 12

Table7: Sustainability aspect

Table 7 shows the sustainability aspect in its different forms and how it relates to the
possibilities. To compare the three possibilities, sustainability ultimately needs to be
expressed in cost By doing this, an overview will h@ovided which shows differences
amongthe possibilities.

The C@emissionsare expressed in terms &g CQ this cannot directly be compared to costs

and therefore needs to banslatedto costs. To do this, the calculated kg-@€r possibility

needs tobe multiplied by COLINA OS Ay SdzZNP Qa ® ¢ K®hichINduSes Ay S
in The Netherlands are registered at the Dutch Central Bureau of Statistics. Currently, the

price is 7.3 euro per ton GQCBS, 2019)

Thisresults in the following formulé):
CQ emission (Tons) * price per ton =x@@ission price.

The nonrecycling process is expressasl apercentage, this cannot directly be compared to
costs and therefore needs to liEnslatedto costs. If the nofrecycle percentage is known
for the component, this percentage can be multiplied with the total tons in weight, to
calculate the tons which are neecyclable. Whenever the total nemcyclable tons is
known. The dump costs per ton for each material carfdund atappendix IlIThus formula

(1) needs to be used.

All these prices together results in the can translated into the following table:

Renovation Replacement Standardization
CO2 emissionEQ |€e b € h €1
0€el
Recyclecosts & €H €l
0€el
Total costs €G 2 €eHi 2 €l2
0€e

Table8: Sustainability aspect translated to costs

Table8 shows the sustainability aspect, translated in costs, in its different forms and how it
relates to the possibilitiesAfter implementing theCQ emissioncostsand recycle costfor

each possibility, the total costs for each possibility is known. The output of the total costs for
each possibility will later be used in the conceptual model to decide whether to renovate,
replace or to standardiza certain component of a navigation lock.
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3.2 Conceptual model

The conceptual modehakes use o& multicriteria analysis which provides the opportunity

to make an decision between the three possibilities.

adzf GAbL ONA G S NN ambdgl that 8uppgors cod@arisbniof e.g. different policy
options on the basis of a set of criteria. They are very effectively in supporting the assessment
of and decision making on complex sustainability issues becaugedmantegrate a diversity

of criteria in a multidimensional guise and they can be adapted to a large variety of contexts.
The procedures and results obtained from MCA can be improved with the interaction of
stakeholdergHerwinen, 2005)

In order to calculated what the most beneficial possibility is, a pesposedmodel has been
made:

ossibilities| Weight Renovation Replacement Standardization
Aspects
Ralda o6el(x A1234 B1,2,34 G234
t SNF2NYI|y D123 Ei23 F23
{dzAGFAY ]|z G2 Hi,2 l1,2
¢c2GFf o6¢ XA+yD+zG xB+yE+zH XC+yF+zl

Table9: Proposed model

Table9 shows the proposed model.o provide a cleaoverview all aspects are expressed in
costsin the proposed model. Furthermore, the decision maker has the option to put weight
to certain aspectsThe weights are positive numbeis. this way it gives the decision maker
the opportunity to focus on a spéic aspect It is assumed that the weights are evenly
distributed over the three aspect3his includes that each aspect has the same influence on
the results as the other aspects.

The multicriteria analysis makes it possible to take all three aspettsdonsideration and
therebyallows identification othe best possibility. However, it makes it also possible to put
weights on certain aspects and hereby focustloose The decision maker could decide to
put a higher number for performancsompared to he other aspecftor example A reason

for this could be that the navigation lock is partaof important transport route and the nen
performance will result in Aigh economic damagé his will result in theptimal possibility

3.3 Conclusio& Discussin

The goal of this chapter was to createmew proposed model to determine the renovation,
replacement or standardizationostsof a lock componentBy expressingll the different
aspectsin the costs e.g. eurosa clear overview will be provided whighows what the
cheapestsolution is.In addition to that, the MCA provides the opportunity to add weights to
the aspects which can have an influence on the outcothes will identify the optimum
solution.

This proposed model can be used to decide whatrttost beneficial option is for an individual
lockcomponent However, as stated in chapter 2.6t8e advantages o$tandardization will
be best reflectedwhenever it is applied at multiple locationslo develop a model which
shows what these advantageseaand how these can be applied in the model, fitsther
research need to be done about how currently the decisions are made for the renewal of
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navigation lock componentsTherefore, the three most commonly used management
strategiesby Rijkswaterstaafire discussednd multiple experts are interviewed about their
decision making process.
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4. Management strategies of Rijkswaterstaat

The previous chapter brought clarity about how the most beneficial option for an individual
lock component can be decidedhis chapterdiscusses the three most commonly used
management strategiest presentshow current decisions are made about trenewalof a
component The goal iso get a better understanding of the current decision making process
in order to create a ew model which takes the essentials of the current decision making into
account. The first sectiordiscussefRAMS (Reliability, Availability, Maintainability, Safety)
the second section will discuss ProB@iskBased Management and maintenanct)je third
section discusses OBR (Object Beheer Regime). After that a discussion and a conclusion will
be drawn.

To give an overview of the three management strategies, the strategiesoagructed o
four subsections:

1. What is the strategy?

2. When to apply thestrategy?

3. What are the aspects of the strategy?

4. How are the decisions made in the strategy?

4.1 RAMS
The guideline of RAMS is set up with the goal to apply RAMS for the infrastructure. The
guideline RAMS can be used in the whole life cycle for the enfiigstructure system.

4.1.1. What is RAMS

Based on four attributes RAMS describes the primary performance of the system. This
performance level is determined in terms of Reliability (R), Availability (A), Maintainability
(M), and Safety (S). The goaRAMS is to map the process in these terkhgw the process

is mapped is explained in section 4.1.3.

4.1.2 When to apply RAMS

To maintain an optimum performance during tlife time ofacomponent, the RAMS method
can usedn the constructionthe managment and maintenance phasd-igure 8 shows the
correlation between the RAMS aspects.

Availability

_ — — = Maintainability

Reliability ti.

Safety

Figure8: correlation between RAMS aspects (Bakker. et al., 2010)
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4.1.3What are the aspects &AMS

The RAMS aspects (Reliability, AvailghiMaintainability, Safety) are interorrelated with
each otherThis means that}te availability has an influence on the safety, the maintainability
has an influence on the reliability and so on.
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Figure9: Fault tree(Schepers, 2013)

The first two aspects of RAMS; Reliability (R) and Availability (A) are determined by means of
a fault tree analysidgrigure9 shows an example fault tree analysisa navigation locKThis

fault tree analysis mads it possible to graphically model all potential failure mechanjsms
terms of reliability and availabilityf the navigation lock, per function.

The availability, represented in hours per year, of a function depends on the number and the
duration of the failures. The failure frequency is important to the reliability.

A fault tree showsllthe components which have an influence on fliectioning of thelock
The nonreliability (W) and the noravailability (Q) circled in red,are linked to each
compaent to determine the current performancdhe Mean Time To Repair (MTTR) of the
component is anmportant factor in determining theperformance The MTTR shows what
the repair time of a certain component is. Sdjenever a component is faster repairedgeth
availability of this component will be higher compared to a low repair tiklethe non
availability and nosreliability can bederived ofthe following sources

Results of constructive analyses;

Results of inspections;

Componentspecific error data;

RAM-data;

Expert judgements.
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The third aspects of RAMS: Maintainability (M) is determimgtb what extenthe system is
maintainable. This includes that the system can be maintained within the desired time and
available budget. Whenever this time increastee availability decreases. For this reason,
the functioning of the system / component is therefore dependent on the reliabilityels

as the maintainability. Maintainability can be divided into corrective and preventive
maintainability

The realizatio of maintainabilitydepends on several factors, namely the availability of the
required knowledge and skills, available budget, the spare materials, available data and
documentation, and availability of thecomponent to carry out the maintenance
(Rijkswaterstaat, 2013)

The fourth aspect of RAMS is Safety{S). FSié&é o6{0 A& RSTAYSR Y

-1
NAajla Ay GSNya 2F Ayedz2NBE G2 LIS& hifinfedefice ¢ KSa S

personnel(Bakker. et al., 2010)

4.1.4 How are the decisions made

The consideration between renovation or replacement is a choice that is made by asset
managers and policymakers. Their decision is based on the performance, costs and
sustainability. ldwever, the decision is primarily based on the performance of the
component

4.2 ProBO

Riskbased management and maintenance (ProBO: Probablistisch bedreenderhoud) is a
guideline set up by Rijkswaterstaat. ProBO is ab#@&ded management and maimtance
method to organizethe entire management and maintenance process, for Rijkswaterstaat
owned infrastructure in a practical waRijkswaterstaat, 2011)An important aspect of the
ProBO working method is that the perfoamce requirements are demonstrated in terms of
reliability and availability for the navigation locks.

4.2.1. What is ProBO

Riskbased Management and Maintenance (ProBO) is an element of asset management and
focuses in particular on giving insight of tleeél of performance of theomponentand the

risks that can affect the performance level.

Key concepts within riskased management and maintenance are:

Management and maintenance are based on the risks that affect the performance level of a
component

Cmtinuous managing of the performance level by applying the P&CI (Plan, Do, Check,
Act).

Focused on technology, organization, and contracts.
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Maintenanceplan

Failure chance vs

failure performance analysis P
roBO

Maintenance

Monitoring

FigurelO: Riskbased management and nreenance(Rikswaterstaat, 2011)

FigurelOrepresents the ristbbased management and maintenance cycle. After the realization
phase, thecomponentmust be managed for the useful life to be maintained throughout the
life of the servicecomponent. Within Rijkswaterstataperformance management in the
management and maintenance phase is characterized asbais&#td management and
maintenance.

Whenever the asset manager fully implements the ProBO method this will result in the
following (Van Maaen, Handreiking prestatiegestuurde risicoanalyses, 2018)

Staying in control ovethe componeni which means no surprises about maintenance and
safety risks;

Obey to the laws and the regulations;

Achieve economic benefits concerning market integrationclustering management and
maintenance work, exchangeability of Rijkswaterstaat staff on critical organizational
positions, and more available data through more efficient and effective policy;

To have one uniform communicationodel with the contractor orthe user to make their
performance transparent for (distangemanagement;

Optimization of the costs and the profits of maintenance;

Unambiguously record all tasks, roles and responsibilities.
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4.2.2. When to apply ProBO

ProBO will be applied after the rigation of the componen After the realization phase, the
componentneeds to be management and maintained for the whole technical lifespan. Within
Rijkswaterstaat performance management in the management and maintenance phase is
characterized as riskased management and maintenance

The goal is to obtain 100% transparency between the disciplines: trafid water
management, project management, environmental management, maintenance management
and information management. By accomplishing this goalntlost efficient strategy can be
applied in terms of costs, performance and sustainability. However, in practice this is hard to
accomplish because the theory is not always the same as reality. Each different project has a
different contract and thereforefteir own lifecycle analysis and rigksmain, 2011)

Asset management links the operational management and maintenance to the tactical and
strategic objectives of the organization. Operational and tactical analyses are coddacte

year, where a 1§ears vision is created. These analyses involve determining which measures
and at what costs performance requirements for the respective area part can be achieved.
These analyses use performance optimization models such as rsliabititered
maintenance and result in tactical maintenance planning in water manageifi@main,
2011)

In use

Q \13‘?\
&
%, &
%, \
%%
Maintenanceplan
Failure chance vs
failure performance analysis P B 0 Maintenance
RAMS ro

Monitoring

Figurell:Relationship RAMS amtoBQ(Rijkswaterstaat, 2011)

FHgurellshows schematically the relationship between a System Engineering and RAMS with
ProBO (rislbased management and maintenance). The left side shows the construction

37



Master Thesis: Decision model tbe renewal ofmavigation lock components

phase, where System Engineering and RAMS guidelines in consultation with assgemana
are leading. A good analysis of the performance needs and an appropriate translation to the
performance requirements are ahajor importance. Based on the set requirements the
design phase can start and at set times the design must be verified aghmsset
performance requirementgVan Maaren, Handreiking prestatiegestuurde risicoanalyses,
2018)

4.2.3.What are the aspects &roBO

As said earlier; ProBO focusses on giving insight of the level of performanceofripenent

and the risks that can affect the performance levE&lroBO considers the aspects:
performance, risks and cos{¥an Maaren, Handreiking prestatiegestuurde risicoanalyses,
2018) Whenever the risks and the maintenancests are clear, the optimum between the
level of performance of theomponentand the costs to maintain the level of performance
can be found.

4.2.4.How are the decisions made

The consideration between renovation or replacement is a choice that is madedey a
managers and policymakers. Their decision is based on the performance, costs and
sustainability. However, the decision is primarily based on the performance, with respect to
risk, of thecomponent

4.3 OBR

The OBR (ObjectBeheerRegime) refers to thet imfrastructure which are manageby
Rijkswaterstaat. Thieckswhich are a part of the OBR can be divided into different categories,
namely; functionality, technical aspects and the management and maintenance.

4.3.1. What is OBR

The specification of # measures for management and maintenance takes place in the so
called object management regimes (OBR). The OBR highlights per object how the
management and maintenance is conducted and for what reason. The main focus is on the
management and maintenancd the network(Boomaerts, 2017)

4.3.2. When to apply OBR

The OBRan be applied during then the management and maintenanphase The OBR
describes the management and maintenance from the perspective that the situation is
gualitatively in orderRijkswaterstaat, 2010)

4.3.3. What are the aspects G@iBR

The goal is to guarantee the performance requiremeatshe lowest life cycle costs as
possible. In addition to that, all new materials et be 100% sustainable to meet the
sustainability goal in 203@Rijkswaterstaat, 2010)
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HVIWN
Schutsiuis
\ast Variabel Totaal
[k€] [k€] [k€]

DLIG 01 3.002  3.910
OLB" | 3078 10.851 13.928
ONB" | 2476 6967 9.443
DNH | 1045 3513 4588
DN o ) o
DON | 1427 5035 6482
OUT | 2383 6938 9.321
DZH | 1241 4608 5.840
DZL | 2472 6593 9.065
AWS | 15027  47.513 62.547

Tablel0: overview yearly maintenance costs of locks RRif8swaterstaat, 200)

lff GKS h.wQad (G23SUKSNJ AYRAOIGS 6KAOK LI O
are required to ensure that the infrastructures management by Rijkswaterstaat is maintained

in the long term and functions proper(Boomaerts, 2017) Furthermore, the OBR describes

the maintenance costs per year, as can been seéabile 10. Table10 shows what the yearly
maintenancecosts arefor locks in the Netherlands in the year 2010. The left column shows

the different regionsinK S b SGKSNI I yRa® ¢KS W@LFaGQ 02f dzvy
O02adax GKS O2fdzvyy WOINRARIFIOSEQ aK2¢ga GKS G NRA
shows the total costs for each region in the year 2010. At the bottom the total maintenance

costs fa Rijkswaterstaat for locks is shown.

The OBR handles the aspect performance in the following way: the asset manager of the
navigation lock agreeupon an availability percentage and a maximum leveling time.
Furthermore, the function of the waterway has @nfluence on the availability percentage,

this depends on the operating time of the lodiheavailability percentage of navigation locks

in the main waterwayss about98-99%. The 2% nonravailability is due to errors, planned
maintenance and collisits (Rijkswaterstaat, 2010Yhus, as can explained the OBR aspects
are:costs, performance and sustainability.

4.3.4.How are the decisions made

The OBR has information about the replacement and renovation process of Higatian

locks which are reaching the end of their lifespan. The consideration between replacement
and renovation is a choice that is made in conformity between the asset manager and
policymakers. The decision will be primarily based on life cycle costsejp the required
performance.

4.4 Discussion

This section highlights the most important facts of the three most commonly used
management strategies of Rijkswaterstaat.

All three discussed management strategies consider all aspects of the conceptual imod
their management strategy. However, the three management strategies have a different
approach;
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o RAMS determines the reliability (R) and availability (A) of dbponent
functions. Furthermore it provides insight in the maintainability (M) and the
sakty of thecomponent(Bakker. et al., 2010T he focus of RAMS lies primarily
on the performance;

0 Riskbased Management and Maintenance (ProBO) is an element of asset
management and focuses in particular on giving insightthe level of
performance of thecomponentand the risks that can affect the performance
level(Van Maaren, Handreiking prestatiegestuurde risicoanalyses, 2018)

o The OBR (objectbeheerregimes) provides a general overview of the
management and maintenance costs of all the different navigation locks in the
Netherlands(Boomaerts, 2017)The OBR is primarily focusing on the sost
aspect,n particular onlife cycle costs;

1 All management strategies make udeadfault tree analysis for determining the performance
in terms of reliability and availability. This fault tree analysis makes it possible to graphically
model all potential failure mechanisms of the navigation lock, per function.

1 Standardization is a tiaer new concept irthe management and engineering ofavigation
lock components. Therefore, the current management strategies are not discussing this
possibility.

1 None of the strategies expresses all the aspects in costs, which provides a clear owérview
the cheapest solution

4.5 Conclusion

Three management strategies are discusmddeciding amongenovation, replacement or
standardization of a component of a navigation lo€ke goal of this chapter was to get a
better understanding of the currerdecision making process, in order to create a new model
which takes the essentials of the current decision making into account.

RAMS PROBO OBR
1. Costs + + ++
2. Performance ++ ++ +
3. Sustainability + + +
4. Standardization | - - -
5. Expressed in cost| - - -

Tablell: Pro's and con's management strategies

Table 1L illustrates5 pointswhat the management strategieshould discuss in order to make

a decision between renovation, replacement or standardization of a component. The ++
shows on which points the strategy is focusing on, the + shows which points it mentions and
the-aK2ga ¢KIG Al R2SayQi YSyidAizyo

Currently, the RAMS, ProBO and OBR are making decisions basete docation. The
concept of standardization srather new tem in the world of navigation locks. Therefore,
not all theprosandconsare known and thus standardization is not bethgcussed asne of

the possibilites of renewal.Furthermore, none of the strategies is usingnadel where all

40



Master Thesis: Decision model tbe renewal ofmavigation lock components

aspects ardranslated to costs. Converting all aspects to costs provides the opportunity for a
clear overview of the most beneficial solution.

It can be concluded that in ordép make a decision between renovation, replacement or
standardization, first the benefits of staadlization needsind the impact on themultiple
locations needto be more clear Therefore, anew model needs to be created. This model
allows identification of the most beneficial solution basedthree aspects
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5. Interviews
To investigate how wrently the decisions are made for the renewal of navigation lock
components, interviews with expertisave beenconducted Next to the decision making
process, also the opinion about standardizataimavigation lock components asked.
The goal of the chapter is to get a better understandiofithe decision making processtoe
asset managerdy doing thighe aspects which the asset managers base their decision on
are known. This information can be used to create a new decision model.
This sectia first provides aixpoint summary of the interviewg-irst, the expert function is
given Seconddata for the decision making processpeesented Third, maintenanceis
discussed. Fourth, theerformance of the locks discussedFifth, the aspects fothe decision
makingare discussedSixth, the opinion of the expert about standardization is discussed.
Thereafter a conclusion will be drawn about the decision making progress. The full interviews
can be found in appendi¥.

5.1 Interviews summarized

Expert 1

1. Expert1 an asset manager of the navigation locks in the southern part of the Netherlands.

2. A large amount of the data is not recorded and whenever it is recorded, in many cases the
data is not structured. OBR is generic for RWS and can be usetheans to generate
data for averages for input data of the different parameters for thedel

3. Each navigation lock has a contractor who does the maintenance omdtes. The
contractor needto solve the smaller repairs within a pegranged time, to nmimize the
blockage for the shipping industry. For big repairs, there is neamanged time and this
can take up to a month.

4. RWS harequirements for the availability of the navigation lock. This is presented in
percentage per year. Spare parts and neauipment are available near the navigation
lock. Whether on the terrain itself @n a nearby depot. & ageneral rulelarge and highly
specific parts with a long delivery time need to be present.

A spargyateis not always necessary, it depends oa #ituation per navigation lock. Costs
of the blocking of the shipping industry is an important reason for the consideration
whether to invest in a spargateor not.

If a navigation lock is not functioning for a certain period, Rijkswaterstaat handasly h
rate for not functioning per hour for compensating the shipping industry. It depends on
the intensity of the shipping industrgnd the damage done to the logistiegat hourly

rate is used.

5. The asset managers will focus on the performance, costsrahd for the decision
whether to apply this standard component or not.

6. Whenever the market offers a standard component which can be applied to increase the
availability and reliability of a navigation lock and with that lower the life cycle costs, a
standard can have the preference. Because this results in a higher performance and lower
costs, which are 2 out of 3 aspects.
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Expert 2

1.

6.

Expert 2 is senior advisor on navigations look&ijkswaterstaat and is one of the
members of the GPQGrote Projecten e®nderhoud) He provides advise to asset
managers how to deafficientlywith their decisions about investments.

. For the question about the maintenance strategy, he directed me to the OBR for the

general data. For more specific data he directed me toabset managers.

Using visual inspections corrective maintenance is conducted. In the stages of
contracting aperiodis determined for the repair / replacement time.

A good example for preventive maintenance is a conservation layer ogeties. The

OBR ha general rules forhese standardypes of maintenance Furthermore, the
conservation plans (IHP) go in more depth about this subject. However, there is no
manual how to approach such difficulties. In casgatkts, preventive measurements

with inspectiors are usedo estimatethe replacement and renovation time.

In which case a blocking needs to be requested depends on consequences. Whenever
it is a crowded route for the shipping industry the consequences could be related to
high costs. Furthermore, it gends on the availability of the locks. Not all locks are
open 24/7. So, it depends on the economic consequences.

There is risks analysis available for every navigation lock. Navigation locks have an
extremely high reliability requirement because the comsences can be high. 99%
reliability seems high, however this is 1% -neliable, which is 3,65days
nonfunctioningof the navigation lockThiscan result in high costs for the shipping
industry.

The triangle riskcostsperformance is flexible. Sometimesrisk is being accepted
because thegreventioncosts are too high.

Expert 3

1.
2.

Expert 3 is the asset manager of Zeeland dueceltaarea

Every two years a AM maturity check and AM decision making is doneas&ctiecks

the asset manager is decidindghether to renovateor replace the component by life
cycle optimization.

For the management strategy a FMECA is ysédch is part of ProBO'he FMECA
shows what e risks and the consequencarge and formsan essential parfor the
decision making

Sparegates are available for every navigation lock. Blocking locks for water retention
are also always availablé/henever a component of the navigation lock gets older,
the costs increases and the availability decreases.

For deciding whenever a component necit be replaced, renovated or maintained
the triangle riskscostsperformance is used.

In case it is proven that the use of standardized components result in a higher
performance and lower the life cycle costs, it is an obvious discussion that the asset
managers choose for this option.
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5.2 Conclusion interviews

By interviewing three experts more information about the current decision making process is
gained.This information is needed in order to create a ndecisionmodel which, next to
renovation andregular replacement, also takes standardization into the decision making
process.

In general the asset managers are using the triangle performaastsrisks to determine the
decision between the three options; renovation, replacement or standardizatam. a
detailed and more specific approach, the Whole Life Costs of the compsheutdbe taken
into account.In the Whole Life Costapproachthe option with the lowest costs where the
component still meets the functional requirements is choseo@tsmal.

The performance is measured by the reliability and the availability of the component of the
navigation lock

The costs are determined in the beginning of the project and further specified during the
project

The risks are related to performance and ttuests and thus the triangle of these three aspects
are flexible

Performance Risks
Figurel2: Current decision aspextf asset managers

Currently, the asset managers base their decision orafipects given in figure2l

The asset managerseithe management strategies that are represented by Rijkswaterstaat.
Howevae, it was found that the expertdo not use one in particular. Thus, it can be concluded
that all the strategies are sufficient enough to make a decision about the renewal of a
navgation lock component.

In case it is proven that the use of standardized components have a positive effect on aspects
costs, performance or sustainability, asset managers will take this option into account.
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6. Refined model

The previous chapter idefiiied the keyaspects which Rijkswaterstaat takes into account for
the decision making between renovation or full renewal of a certain component. Chapter 3
described the conceptual model, which expressed all the different aspects in costs to get a
clear oveview of the possibilities. In addition to that, theeights in the conceptual model
provides the opportunity to add weights to the aspects which can have an influence on the
outcome, this will identify the optimum solution. Howeverettonceptual model @l not take

the advantages that standardization has, whenever it gets applied at multiple locks, into
account. The goal of this chapter is to create a final model which tadeisto renovation,
regular replacement and standardizationaofomponent at @ingle lock, also standardization

at multiple locksinto account By applying standardization at multiple locks, #dvantages

of standardization are becoming cledihe first section wilidentify the key aspects for the
decision making process. The sedaection will describe the additiorte the conceptual
model need to be added to come to the final model. Ted section will describe thenodel

of thought. Thefourth section will describe theefined model, which is conceptual model
combined with theadditions.The ffth section will describe thénal model.At the end a
conclusion will be drawn.

6.1 Identification of the key aspects
The goal of this section is to identify what the key aspects are in the decision making process.
By doing this, th@rovisional model can be turned into a final version.

Based on the literature and management strategtbsye are 3 aspects which are taken into
account to decide what the next step for the component is in terms renovation, replacement
or standardization Theseaspectsare: costs, performance, and sustainabjlisee 3.1
However, the interviews indicate that the current way of deciding between these options
mainly focus on the aspects costs, performance and, rigde chapter 5 The aspect
sustainabilityis not mentioned as an important aspebl the expertsAlthough, & can be
concluded out of the interviews: risk playsn@re prominent role in the decision making
process.However, as the literature indicates, risk results in an increase in the failure
frequency of a component. The failure frequency is expressed iramaitability and non
reliability. As availability and reliability are parts of the performance aspect, these failure
frequencies can be combined with the aspect performance. The failuguérecy of a
component can be shown in a fault tree analysis, winatiscussed irchapter 4 Therefore

risk can be implemented into the aspect performance. This results in figure 1
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Costs
-Production development costs
-Construction costs
-Operation and maintenance costs
-Recycling costs

7\

Performance / Sustainability

-Reliability Y -CO2 emissions
-Availability - Recycling percentage
-Risk

Figurel3: Relevant aspects withfterent foms

Figure Brepresents all the aspects and their formds. can be concluded in the interviews: in

the current situation the asset managers are making decsspen individual lock and do not

take the effect of standardization of the entire arsenal istccount because they are not
really aware of the benefits. In addition to that, the aspect sustainabilitpois being
considered in the decision making process. Furthermore, the currently used management
strategies alsao nottake standardization into ewideration because they currently focus

on theone locationanddo nottake the entire arsenal into account.

However, previous studies have shown that standardization of certain components can have
a positive effect on the costs, performance or sustailighsee chapter 2. Thus, this indicates
that there is need for a new decision model which shows the benefits of standardization,
provides the opportunity to take the entire cluster into account and adds standardization into
the possibilities.

So, whenegr the benefits of standardization of components can be proven, this can be taken
into account by the asset managers and other experts. The best way to prove the benefits of
standardization is by expressing it in terms of costs, as discussed in chapfy 8¥pressing

it in one term, it provides an overview of the most beneficial option.

6.2 Additions to theprovisionaimodel

The conceptual model consist of three aspects amakes use of anulti-criteria analysis
which provides the opportunity to make decision between the three possibilities
renovation, replacement or standardizatiof a lock component at a single lock

As previous research has concluded: In case of standardization, the construction costs are
generally amuch larger part of the totdife cycle than the maintenance part, the expected
benefits will then be small or negligible. Howeve§lijk (2013) showed that, whenever
standardization is used as a means to improve the performance, in terms ofiligliand
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predictability, it can be assumed that the positive effects of development and implementation
of a standard can be advantageous for the economy.

Next to this,a recent study implicatd that due standardization of certain components,
millions canbe saved in comparison of not standardizatifrevinson, 2018)This cost
reduction is the result of fewer spare gates required. The assumption was made that each
lock needs a least 1 spare gate in its stock in case of noti@tdization. However, when at
multiple locks standardization is appliethese locks can share a spare gate, under the
condition that the minimum required availability will be maintained. This results in a less use
of materials and is therefore a more sastable solution.

Furthermore, in case of standardization it is sometimes inevitable that some changes to the
civil structure musbe made Whenever standardization isadsto largercomponentsit is

highly likely that the current civil structure will tibe sufficient and needs to be changddhis
suggests that standardization is only advantageous whenever more than 1 lock is involved.
Earlier research showed that standardization of navigation lock gates, the gate chamber for
example needed to be extendébecause of the bigger dimensions of the gates.

This chapter will show that the more locks are involwedhe standardization processhe

more advantageoust will be for some of the aspects. This will be done by means of
calculations and represented i table.Furthermore, a additional standardization table is
added which calculates what the added value of multiple standardized components are. This
table represents what the effects of standardization are mefditional standardized
navigation lockn terms ofcosts. The minimumnumber of standardized navigation locks to
make standardization a more feasible solution than replacement and renovation can be
calculatedusing an optimization procedur&his iterative process ghown appendi¥ (excel

file, MCA & iterative tab)

6.3 Model of thought
The model of thought is made tescribewhichstepsthe asset managers needs to make
the decision making process of the renewal of the component, whenever it has reached its
lifetime.
The model of thoughtonsists of seven steps and needs to be whenever a navigation lock
component reaches the end of the life time. The steps are described below:
1. One of lock navigation lock component has reached its lifespan.
2. The total costs for all three possibilities areithg calculated by means of the refined
model.
3. Check if this lock is part of a cluster. If no, go to 4. If yes, go to 5.
Choose the cheapest option.
5. Calculate the costs for the other locks in terms of renovation, replacement and
standardization.
6. Sum up tle costs per possibility for the entire cluster and divide it by the total locks
7. Fill in these costs into thEinalmodel.

s

This model is fully explained in appendix VI. At the end this model can be combined with the
final model to decide what the moseeficial option is.
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6.4 Aspects of the refined model

The literature, management strategies and interviews indicates that the aspects; costs,
performance and sustainability are relevant aspects for the infrastructure and form the
foundation of the decisiormaking process to renovate, replace or standardize a certain

component of a navigation lock.

Costs Performance Sustainability
-Production development costs -Reliability -CO2z emissions
-Construction costs -Availability -Recycling percentage
-Operation and maintenance costs -Non-reliability
-Recycling costs -Non-availability

Figurel4: Relevant aspects with different forms

Figure 3 represents the aspectsn which the decision making processf renovation,
replacement or standardization of a certain component are basedach of these aspects
and how they translad to costsare explained further in the sectios4.1,6.4.2, and6.4.3.

6.4.1 Costs

Chapter 3 described the calculation of the costs relating to the life cycle phases for a single
navigation lockThe production development, construction, and operatargl maintenance

costs are known by the asset manager and can directly can be implemented. However,
recycling costs can not directly be translated into costs, the following for(ijila created

In addition to the recycling costi$is assumed thaih case of renovatioma certain percentage
of the replacementcost will reflect the renovation construction costShus by mltiplying
the replacement costs of the componemtith this certain percentagewill result in the
renovation costs price.

This resus in the formula(5):

Replacement costs of the componé&nt%= direct construction costs in case of renovation.

This can be translated into the following table:

Renovation Replacement Standardization

Production €4 €1 €4
development costs

Construction costs | € b 2 € b

Operating and € & 3 € 6
maintenance costs

Recycling costs €l € 4 € 4

Total costs € ho34 € 1234 € £234

Tablel2: Costs aspect
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Table 2 shows what the costs are for the aspecosts in its different formsAfter
implementing the costs for each life cycle phase at each possibility, the total costs for each
possibility is known. The output of the total costs for each possilsgitylater be used for the
renovation, replacemenor standardization of a navigation lock component at a single
location. However fistandardization is used at multiple locations this results in a lower direct
construction costgLevinson, 2018Hereby the author is relating the fact that the amount

of materials that is being used can be reduced because there are lessgspiesaneeded in

case of standardization at multiple navigation locks.

In addition to that, there is a possibility that standardization not only afféetsconstruction

costs but also one or more of the costs during the life cycle costs of the navigation lock, thus
the; production development costs, operating and maintenance costs, and recycling costs.
Therefore, an additional table is added which caltegavhat the costs are for applying the
standardization of a component per navigation lock, whenever standardization is applied at
multiple navigation locks.

Furthermore, in case of standardization it is inevitable that some changes to the civil structure
must occur. The lock head requires adatpin, since the standardization method involves
longergates than the originafjates. This results in adaptation of the sill, where a concrete
slab needs to be added. Furthermore, the gate chamber needs to be limgezate more
space for thegates. This involves an increase of direct construction costs in case of
standardization. However, the costs of the required adaptation costs have been neglected
due to their minorcontribution tothe total costgLevinson, 208).

Standardization (1) | Standarization (2) | Standardization (xx)
Production € { € { € {
development costs

Construction costs | € § € § € §
Operating and € § € § € §
maintenance costs

Recycling costs € 4 € 4 € 4
Total costs € {234 € {234 € {234

Tablel3: Aspect costs standardization

To find the minimum amount of tandardized navigation locks to make standardization a
more feasible option than renovation and replacement an iterative process is used. This
iterative process is indicatbwith the column standardization (xx).

Table13 represents what the effects of ahdardization are per navigation lock on the aspect
costs. The column standardization (1) calculates what the costs are in case 1 navigation lock
standardized. The column standardization (2) calculates whattlegage standardization

costs ardn case thesecond navigation lock gets standardized.

6.4.2 Performance

The performance for each possibility needs to lewn in order to calculate the nen
performance.Performance is divided into the terms reliability and availability, which are
expressed in peentages.
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The reliability and availability for each component will be translated into the following table:

Renovation Replacement Standardization
Reliability %0 %k %k
Availability %D %k %k
Risk(non-reliability) | %Ds R = %=
RisKnonravailability) | %Da4 £ =1 Y~
Total %D+ %R & %D+%D | %R %EB& %E%E | Yd+%R & Y4+ %R

Tablel4: Aspect performance

Table B shows the performance aspect in its different forms and how it relates to the
possibilities. To compare the three pasbilities, performance ultimately needs to be
expressed ircosts By doing this, an overview will be provided which shows all differences
between the possibilitiesBecause reliability and availability are expressed in percentages,
these cannot directly & compared to costs and therefore needs totlenslatedto costs.As
indicated in chapter 3, the neperformance of the system results in costs. Thus, the total
performance costs relates to the naeliability and noravailabilitycosts To do this, the
document NIS (Netwerk Informatie Systeem) of Rijkswaterstaat can be used.

If certain costs can be charged per main waterway network for thepeformance of the
lock, the performance requirements can benslated into costs. This will be done by
convering the nonravailability and nosreliability percentages to hours and then multiplying
them by the hourly rate that is calculated if a lock does not functammula (2) will be used
to calculate these costs.

This can be translated into the followingota:

Renovation Replacement Standardization
Reliability €h €9 € C
Availability € b €9 € £
Risk (norreliability) | € 5 €9 € €
Risk(noravailability)| € 5 €9 € L
Total €D1€ B& €Dpie B | €E€ 9& €€ 9 € Ge €€ £ £

Tablel5: Aspect performance translated to costs

Table b shows what the costs are per navigation lock are in case the component doors are
being renovated, replaced or standardizédter implementing the reliability, availability and
non-performance costs, the total costs for each possibility is known. Thaubof the total

costs for each possibility will later be used in the conceptual model to decide whether to
renovate, replace or to standardize a certain component of a navigation lock.

Furthermore, when standardization is used as a means to improvpdtfermance, in terms

of reliability and predictability, it can be assumed that the positive effects of development
and implementation of a standard can be advantageous for the economy. Moreover,
standardization is advantageous for the ease of the asseiaga@ment by the operation and
maintenancgSlijk, 2013)
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Also the effect of one standardized lock versus multiple standardized locks needs to be taken
into consideration to make a decision of the best option. Therefore, an iaddit table is
added which calculates what the added value of multiple standardized navigation locks are.

Standardization (1) | Standarization (2) | Standardization (xx)
Reliability %S %S %S
Availability %S %S %S
Risk (norreliability) | %S %S %S
Risk(noravailability)| %S %S %S
Total %9:+:%S & %S3:%3 | %3:%3& %S:%S | %3:%S & %S:%S

Tablel6: Aspect performance standardization

Table B shows what the influence of standardization is on the aspect performance per
navigation lock.Furthermore, when standardization is used as a means to improve the
performance, in terms of reliability and predictability, it can be assumed that the positive
effects of development and implementation of a standard can be advantageouthdor
economy. Moreover, standardization is advantageous for the ease of the asset management
by the operation and maintenandélijk, 2013)

There isthe possibility that standardization not only affects the reliability due ateer-
dimension but also the availability. Therefore, an additional table is added which calculates
what the costs are for applying the standardization of a component per navigation lock,
whenever standardization is applied at multiple navigation locks.

Standardization (1] Standardization (2) | Standardization (xx)
Reliability € { € { € {
Availability € § € § € §
Risk (norreliability) | € § € § € §
Risk (noravailability) | € § € 4 € 4
Total €S€ §& €S€ § | €S€ §& €56 § €S+€ §& €€ §

Tablel7: Aspect performance standardization to cost

To find the minimum amount of standardized navigation locks to make standardization a
more feasible option than renovation and replacement an iterative process is used. This
iterative process is indicated with the column standardization (xx).

Table T repreents what the effects of standardization are per navigation lock on the aspect
performance translated int@osts. The column standardization (1) calculates what the costs
are in case 1 navigation lock standardiZEide column standardization (2) calculatésat the
average costs are if the second navigation lock also get standardized.

6.4.3 Sustainability

The sustainability of each possibility needs to be calculbgfdre making a decision about

the renovation, replacement or standardization of a cert@iomponent To this end,
sustainability is divided into the terms €émissions and recycle percentage.

As explained in chapter 2, Rijkswaterstaat wants to be 100% circular in the year 2030
(Rijkswaterstaat, 2018 hisncludesthat all navigation lock built after 2030 need to be made

of recycled material. Moreover, a research has shown that the remaining lifespan of wood,
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concrete and steel exerts minimal influence on the recycling percentatfeeafomponent

(CE, 2016)

Navigation lock components are generally made out of wood, concrete and steel. All of these
materials can be related to an emission factor (kgegger unit). The total amount of used
materials (in kg) needs to be calculated arahslatedinto kg CQper possibility. Appendix I
provides an overview of the different kinds of materials and their emission fadtorsaula

(3) will be used to calculate tHeéQ emission.

This can be translated into the following table:

Renovation Replacement Standardization
CO2 emission EQ (tons)| (tons)G (tons)H (tons)h
NonRecycle percentage | %G %hH %b

G2 Hi o 1,2

Tablel8: Aspect sustainability

Table B shows the sustainability aspect in its different formsdamow it relates to the
possibilities. To compare the three possibilities, sustainability ultimately needs to be
expressed in costs. By doing this, an overview will be provided which shows differences
among the possibilitiecormula (4) will be used tolcalate this.

The nonrecycling process is expressed as a percentage, this cannot directly be compared to
costs and therefore needs to liEanslatedto costs. If the nofrecycle percentage is known

for the component, this percentage can be multiplied twihe total tons in weight, to
calculate the tons which are neecyclable. Whenever the total nemcyclable tons is
known. The dump costs per ton for each material can be found at appendorthula (1)

can be used to calculate this.

It is assumedHat the recycled part can be fully-tesed again and the costs for recycling are
neglectable.

All these prices together results in the can translated into the following table:

Renovation Replacement Standardization
CO2 emissionEQ |€ b € h € 1L
0€e
Recyclecosts & €H €l
0€e
Total costs €G2 €Hi 2 €li2
0€e

Tablel9: Aspect sustainability to cost

Tablel9 shows what the costs are per navigation lock are in case the component doors are
being renovated, eplaced or standardizedfter implementing the C&emission costs and
recycle costs for each possibility, the total costs for each possibility is known. The output of
the total costs for each possibility will later be used in the conceptual model to elecid
whether to renovate, replace or to standardize a certain component of a navigation lock.
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Standardization| Standardizatior{2) | Standardization (xx)
(1)
CO2 emission EQ (tons) (tons)G (tons)H (tons)h
NonRecycle percentage| %G %hH %b
G2 Hi 2 1,2

Table20: Aspect sustainability standardization

Table ® shows what the influence of standardization is on the aspect sustainability per
navigation lockPrevious research shows that standardization ensures material redudation, i
case of lock gatef_evinson, 2018)This material reduction results in less &nissions.
Therefore, an additional table is added which calculates what the added value of multiple
standardized components are.

If standardiz#on is used at multiple locations this results in a lower direct construction costs
(Levinson, 2018Hereby the author is relating to the fact that the amount of materials that

is being used can be reduced because there ass Isparegates needed in case of
standardization. The reduction of material usage results in less €dissions in the
atmosphere.

Therefore, an additional table is added which calculates what the costs are for applying the
standardization of a componentep navigation lock, whenever standardization is applied at
multiple navigation locks.

Standardization | Standardization | Standardization (xx)
(1) (2)

CO2 emission EQ € { € { € {

0€el

NonRecycle percentage| € § eHz €l

0€e

Total € {2 € {2 € {2

0€e0

Tabk 21: Aspect sustainability standardization to cost

To find the minimum amount of standardized navigation locks to make standardization a
more feasible option than renovation arméplacement an iterative process is used. This
iterative process is indicates with the column standardization (xx).

Table A represents what the effects of standardization are per navigation lock on the aspect
sustainability translated intcosts The column standardization (1) calculates what the costs
arein case 1 navigation lock standardiz&te column standardization (2) calculates what the
average costs are if the second navigation lock also get standardized.

6.5 Final model

Now that the total cost for the three possibilities are known. The numbainsbe filled in the
final model. The final modelmakes use ofa multicriteria analysis which provides the
opportunity to make an decision between the three possibilities.
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An additional table is added which calculates what the added value of standardizafior
multiple navigation locks in terms of costs for all the aspects. By means of an iterative process
the minimum amount of standardized navigation locks to make it a more feasible solution
than replacement ad renovation, can be calculated.
Going futher onto that, risk in terms of noreliability and noravailabilityhas beeradded.

This factor is added because earlier research shows that standardization of a certain
component can have a positive influence on the reliability as compared to no stiinaltion.

This is due the fact that standardized lock gates are over dimensioned and are therefore

structurally more reliabléLevinson, 2018)

Furthermore, if standardization is used at multiple locations this results in arldivect

construction costglevinson, 2018)becausehe amount of materials that is being used can
be reducedthere are less spargates needed in case of standardization. In addition to that,
the author is relating to thedrct that the amount of materials that is being used can be
reduced because there are less spgetes needed in case of standardization. The reduction
of material usage results in less £#nissions in the atmosphere.

After implementing the additions tdhe conceptual model, this leads to the final model:

ossibilities| Weight | Renovation| Replacement| Standardization| Standardization
Aspects (1) (xx)
Costs A C S
0€eD
t SNJF 2 NJY | D E F S
Sustainability G H I S
0€D
Total xA+yD+zG | xB+yE+zH | xC+yF+zl XS+yS+zS
0€L

Table22: Final model

Table 2 illustrates the final modelTo provide a clear overview all aspects aanslated to
costsin the final model. Furthermore, the decision maker has the option to put weight to
certain aspects. The weights are positive numbers. In this way it gives the decision maker the

opportunity to focus on a specific aspect.

The multicriteria analysis makes it possible to take all three aspects into consideration and
thereby allows identification of the best possibility. However, it makes it also possible to put
weights on certain aspects and hereby focus on those.
The columns renovationgplacement and standardization (1) indicate what the costs of the
component are for an individual lock. Thdditional column(standardization xx) shows at
how many navigation locks standardization needs to be implemented to make it the cheapest
solution. Furthermore, it shows what the average costs are per aspect and the total average
costs, in case the minimum number of standardized navigation locks is kixaiurally, the

AUSNIY GADS

6.6 Conclusion
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The goal of this chaptewasto create a final model which takes next to renovation, regular
replacement and standardization of a component at a single locktakesstandardization

54



Master Thesis: Decision model tbe renewal ofmavigation lock components

at multiple locks into account. Because then #tvantages of standardization are becoming
clear whenever it gets applied at multiple locks.

By adding the column standardization (xx) to grevisionalmodel the minimum number of
navigation lockso make a more feasible solution than replacemend aenovationis shown.
Although, tere is a chance that the needed minimum standardized navigation locks are
higher than the actual existing navigation locks. In that case standardization will automatically
be removed from the possibilities.

Now the final modéhas been developed, a case study will be conducted to validate the final
Y2RSt ® ¢KA&a OFasS addzRe oAttt 6S I NBFSNByOS
on the component: steel mitre gateds said earlier, steel mitre gates will beedsecause

its high standardization suitability.
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7. Case study

The previous chapter identified how the final decision model has been developed and can be
used. The goal of this chapter is test this final model by means of a case study. The first section
will describe which case study is used and why. The second section describes three aspects

and how they are calculated. The thigkction describeghe final model. At the end
conclusions are drawn.

7.1 Case study: Sluis Schijndel

To illustrate the refined model and ultimately to make a decision between one of these
possibilitieshy means of the final modea case study will be conducted. This case study will
handle the component: navigation locgates, specified on steel mitre gates. Ultimately the
dedsion model will determineavhat the most beneficiasolutionis, in terms of renovation,

replacement or standardization, whenevarnock gate reached the point that it has to be
renovated.

Door height
4 8 9 10 11 1 1
5 ]
1 6 i
7 5 3
2 8 4 [ 4 2
9
£ [10 :
g3 1 1 1
E 2 4 i 1 I 2
& 13
a 14 2 L] ? 3 B
15
z _
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Table23: Five clusters (Levinson, 2018)

The previous study about standardizated mitre gates shows that the gates can be grouped
into a minimum of five clustershese five clusters are shown in tal?é The clusters are
categorized based on the measuremenfshe lockwidths. These clustersra madeby the
possibility thatgates of different measurements can be applied at different locks by placing
the gates under a different angle. Which results in the possibility that these locks can share
their spare gate.

Each celin table 23 has a numbewhich shows how many gate setsth those dimensions
(width and height) there are in that clustdn total there are37 navigation locks witl98 steel

mitre gatesets. To give an exampla;cluster3, there are 2 gate sets which can implemented
with alock width of12 meters andgate height of9 meters.

For the asped costs and sustainabilityearlier research about regular replacement and
standardization will be usedcombined with general available information. However, to
validate what influence stadardizationhason the aspect performance, a reference project

is taken.This reference proje¢tSluis Schijndelyill provide detailed information about the
aspectperformance of navigation locks in general.

Sluis Schijndel is located in the southerntpithe Netherlands, province NootBirabant, in

the ZuidWillemsvaart. Sluis Schijndel is one of the 16 locks in this canal. Sluis Schijndel has
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two functions; leveling of ships and water retentidrhe main function of the navigation lock

is to level skps. Therefore, this function will be elaborated in this case stldhe Zuid
Willemsvaart is suitable for ships with the dimensions of 90 m x 6.7 m x 2.1 m (L x W x D),
which corresponds to CEMT clas$luis Schijndel is constructed in the year 199@, déock

length of 110 meters and a lock width of 12.60 metgatehas a height of 10.50 meteesd

the decayis 3.82 meters.

Figurel5: Navigation lock Schijndel (Schepers, 2013)

Sluis Schijndeshown in figure 8, has a lok width of 12.60 meters, this case study will use
cluster 3, marked inorange in table 4to validate the final model. Clust& consistsof 6
navigation locks with a total df6 gates sets. This cluster is choseecause it has the same
dimensions as SkliSchijndel and therefore the available data of Sluis Schijndel can be used
to validate the final model.

This case study is done to prove that the final model functions. Therefore, and for sake of
simplicity, it is assumed that cluster 3 consist of twokk. Although the third cluster has 6
navigation locks. The biggest and the smallest lock are calculated. The biggest navigation lock
is taken into account because this lock delivers the spare gate for the other locks and the
smallest lock, to maximize ¢hvisualization of what the effects of standardization are.

The bigyest lock of the cluster,Koninginnensluis and the smallest lock of the cluster, Sluis
Hulsen. Koninginnensluis has a lock widti®imeters and a gate height & meters. Sluis
Hulsen ha a lock width o0 meters and a gate height éfmeters.

For both locksthe data of the aspect performance will be derived from the reference project.
As said, the reference project will only be used for the aspect performaacause the other
aspectsare known

7.2 Assumptions case study

As the refined model indicates, there are three aspects where the decision making process is
based on: costs, performance and sustainabilityis section illustrates hotine costs of the
aspects are calculated byaans of a case study.

This research goes further on the following assumptions:

in case of standardization each cluster can share a spare gate
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Sincethe navigation locks in the MW\ program are currentlypn averager8%of their life

span, it is assumethat the direct construction costs in case of renovation @8% of the

direct construction costs of replacemerifthe calculation is shown in appendix X

The operating time of SluiSchijndel is 6.956 hours a yedrecause this indicated in the
referenceproject (Schepers, 2013)

LG A& FaadzySR (KI{d SAGKSNI NBy2@FGA2y > NBLIX
operating time of the lock, only the neawvailability caused by failure of component will be

taken into account. Térefore, the noroperating time of the lock will not be taken into

account for the noravailability. Thus the neavailability caused by failure of components is

2,90%. The availability will therefore be 97,1(B6hepers, 2013)

 LIWSYRAE *LLL WAYZ2SNDf |-Rliafilitzdnd tiokaSailabil@dypdrd G Sy Q
component. After conducting interviews it showed that certain crucial components for the
functioning of the lock the MTTR can be reduced in case of standtahz This results in a

lower repair time, thus a lower nereliability. These components are marked in yellow in the
appendix.

The recycling costs are not taken into account at the aspect sustainability, because these costs
are already taken into accotat the aspect costs.

For sake of simplicity all costs are rounded in the tables.

7.3 Model of thought

As described earlier, the model of thought is made to help the asset manager for the decision
making process.

At first it is indicated that one oftte lock components has reached its lifesp&acondlythe

total costs for all the three possibilities need to be calculated by means of the refined model.
This will be calculated in secti@m. The third step is to check if this lock is part of cludter.
shows that Sluis Schijndel is part of cluster 3. Thus, the costs for the other lock(s) in the cluster
needs to be calculatedhfter that, the costs for each possibility for the entire cluster need to

be summed u@and the average need to be taken,provide an overview of costs. These costs
ultimately need to be filled into the final model, which is sectios.

7.4 Aspects of the refined model
This section will describe the second step of the model of thought; the calculation of each
possibility by clulating the total costs of each aspect.

7.4.1 Costs

Chapter6 described the calculation of the costs relating to the life cycle phases for single and
multiple locks.
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Costs

Operation and
development costs maintenance costs

Production

Construction costs Recycling costs

Figurel6: Costs aspect

These phases can be related tmguction development costs, construction costs, operating
and maintenance costs, recycling costs illustrated in figure@

First the cost®f each possibility will be discussed and calculatedthiebiggest locland the
smallest lock After that a onclusion will be drawn what the impact is whenever the whole
cluster gets standardized in comparison to just 1 navigation lock.

7.4.1.1. Renovation

Product development cos{s)

The product development costs refer to the design costs of the gate. Howievease of
renovation there are no additional design costs.

Direct construction cos{gy)

These cogtrelate to the direct construction costs to renovate the steel mitre gates. These

prices are for the renovation of the lock gates. This value dependke current state of the

gates.It is assumed thain case of renovation8% of the gates cost replacement will reflect

the renovation construction cost¥he replacement costs are shown in tabl&ér the biggest

f 201 GKS NBLIX I OSKyéyid O2MIAlI § S1I5a 8t ppEKdea eyyp
Multiplying this amount with the percentage that is assumed for the gate replacement costs

will result in the renovation costs priceThe smallest lock are the replacement costs are
eMTnInnakbnd ESHNE (KdzA epmnZnnndnn F2NJ 6KS Sy
This results in the formuléb):

For the biggesibck:€ y y p  n n /8% /690,3¢000N ® T

For the smallest loclke p mn X n n /8 /837,8¢000Nn O T

Operating and maintenance co$fg)

The operating and maianance costs are related to the fixed and variable costs which helps

to let the gate function after the renovation. In case of renovation the gates are made as new
again.
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To quantify these costs the OBR is used, which provides information about the yearly
operating and maintenance cos{Rijkswaterstaat, 2010)This document shows that the
yearly operating and maintenance costs in the Nétfie Y Ra A& ecH Ppnc ®nnan
navigation locks. The average of this number is taken to quantify the yearly operating and
maintenance costs. The average operating and maintenance @stscalculated at

€ p MC dpgryahrz

This numbelis an oerall average, thus this numbevill most likely not represent the real
costs,becauseahere is a great variance in the dimensions, the materials and different types
of gates However, there is ngpecificdata available for the operating and maintenanosts

for the bigger and the smaller lockhus there will be inconsistencies whenever this average
will be appliedo individual locks

Recycling costg\v)

The recycling & disposal costs of the construction are costs related to reraadahe recycle
costs of the component. However, in case of renovation it is assumed that nothing gets
replaced andhere arethus no recycling costs.

7.4.1.2. Replacement

Product development cos(BL)

The product development costs refer to the design costs of the gdte.regular locks are
considered as unique projects and therefore has each lock an ugatee In this caset is
assumed thathe same design as before used becausat is replacedwith the exact same
gateand thereforethere areno extra product devi@pment costs.

Direct construction cos{&)

Previous research has calculated the cost estimate for the MWW lock gategajesset.
Table24 shows what the prices are pgateset. These cost relate to the direct construction
of the steel mitre gatesThese prices are for the regular replacement of the lock gates.

Door helght

4 5 6 7 8 9 10 11 12 13

£ 114955

wn

o

B

1 £ 148.083
7 | €118537 | €127.750

£ 135063 | € 145,033 £ 178.661 £236.323

=l
N N Y T

'|u:>|-:h: -

[
(=

€170418

Optimum door length (m)

)

7 € 208.143 £ 267.451
3 €196.319 | €225.736 | €258.668 | €£295.116
P L
= ]

r

L

Lock width (m)
¥
=

=

€191758 | €225.736 | € 264.499 €£356.381 | €409.499

Ln

16 8.4 £ 258.608 | €308.047 | €363.676 | €£425.555 | £493.684

9.4 € 295116 | € 356381 | € 425555 £ 680540 £ 890082

18

Table24: Cost estimate pegate set (Levinson, 2018).

These costs are based on the realization of the component, like the used materials and
engineering hours. Theiggest lock hag gate sets and 1 set of spamgates. The costs for
replacing onggated S QB AIBHAI K d885,34800for the entire lock.
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The smallest lock has al2gatesetsand also a set of spare gatdhe costs for replacing one
gateset @ & (1170,4%8.001 K dzd1,26400for the entire lock.

Operating and maintenance co§Bs)

The operating and maintenance costs are related to the fixed and variable costs avlich
required for gate functioningfter the replacement. The average opergtiand maintenance
costs are calculated as € p ®@@9.00 per year. It is assumed that the operating and
maintenance costs are the same for the biggest and the smallest lock.

Recycling cos{&)

The recycling & disposal costs of the construction are cadeted to removal and the
recyclingcosts of the gate. As mentioned in chapter 6, first the-necycle percentage of the
gate needs to be known because timspliescosts. If the norwrecycle percentage is known
for the component, this percentage can be hiplied with the total tons in weight, to
calculate the tons which are nemecyclable. Whenever the total nenecyclable tonsare
known, disposal costs per ton for each material canob¢ained usingappendix 111

Relating door area to doos mass
E

Dioor meass |tons)

L] lelation from beam cakoulations Adjusted relatior

& 18ton dod ® 763tondoo

Figurel7: Rehtion between gate area to gate mass (Levinson, 2018)

Levinson(2018)made a graph where the relation between tlgate area to gate mass is
shown see figure . In this way the weight of thgatecan be calculated. Isiassumed that

in case obteel mitre gates that the old mitre gatan be recycled for 95%. So, the rrecycle
percentage is 5%. The area of thgatesets of the biggest lock in the cluster is: (}ength)

x 9 (height) =108area ofgatein m?. Whid comes to the point that fjateset weights about
55tons. In total there are2 gate sets, sol10 tons. Thus 0,05 £10 tons =5.5 tons is non
NEOeOflotftS YR ySSRa (2I50N (RRN0IZEGERP ¢ KA &
Forthe smallest lockanthe same calculation can be made; it has 2 get sets with 2 x 5 (length)
x 6 (height) = 60 area of gate irf.nVhich come to the point that 1 gate set weights about 22
tons. In total there are 2 gate sets, so 44 tofisus 0,05 ¥4 tons =2.2tons is nm-recyclable

02

YR ySSRa (G2 0SS RA&INE § BOpBR2BBrs.c O2a0aY eHmMp X
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7.4.1.3. Standardization

Product development cos(&:)

One of the costs that affects the choioestandardization is the product development costs.

In case multipldock gates can be categorized in one cluster, the production development
costs are reduced. This is due the fact that each cluster has designed one gaigset.

Thus whenever this uniqugate set is applied multiple times in one cluster, the produntio
development cost®nly have to be added at the first set gétes. In case of standardization,

the second lock will use the same setsgates (although they can differentiate in height),
thus the design of the first lock can be used.

Priorresearchrefd® G 2 | LINJA O Sof o stahderdizatian An/cask of fivOunigue
gates, the design costs are reduced by 5/30 (Levinson, 2018). Thus, whenever applying
standardization on these two locks, add nottakingthe other locks into considerationhé
RS&aA3dy 0O2aia s6Aff 0S5 € m>dmn gateset thisjmeans thaf thee mn ¢ o 3
O24a0a& | NB55tens accpoy=>onoEqititetsacongateset it also will be around this
price.

Direct construction cos{£)

The idea of making clugte in case of standardization the assumptisrmade that each
cluster needs one set of spamgates, which results in lower direct construction costs.
However, this is only the case whenever multiple locks are applying standardization.
Previous study caltated that benefit can be gained ioase of standardization because the
possibility to share the spare gatAs already mentioned earlier in this section; the author
made the assumption that 1 set of spagate per cluster is sufficient for each cluster
(Levinson, 2018)

Door helght
a 5 3 8 g 10 11 12 13
5 2.6 £99.205
B 3,1 € 127.185
7 3,7 | € 130,002 € 130.012
8| E [az € 130.012| € 142201 € 166.578 € 203.144
_ =1 & a7
E ] 5 [z €167.713
= ] 5 a2 € 210,543 £253.666
2 12| € |&a € 187.713 |€ 210,543 € 230,836 € 253 868
S [13] E [es
= || E |13 €£225.212|€ 249845 [€ 274,478 £327.262|€ 351804
15| & |~
16 84 €519.683 [€ 557.895 | € 5a8.464 | € 626,676 € 657 245
17 8,9
18 €510.683 [€557.895 | € 588 454 € 695.458 € 764.240

Table25: Cost estimate pegate set, where all gates are clustered into 5 categories (Levinson, 2018).

This results in tabl@5, which presents the prices of the lock gates in casedsedization is

applied, divided over 5 clusters.

In case of standardization ahly 1 lock and due the changes of civil structures the sgate

Ffa2 ySSRa (G2 06S OKIFy3ISR 0S O3stmd&dizedfafesetsst R a LJI
need to be constcted. However, in case multiple locks get standardized, these locks can
share their spare gates thus financial benefit can be gained.
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Thus, the direct construction costs for the biggest gate c®&s2%3,666.00° 760,998.00
In case standardizatiois chosenfor the second lock, these direct construction costs 2we
€187,713.00° 3%5,42600.

Operating and maintenance co§t)
The operating and maintenance costs are related to the fixed and variablefoo#te gate
function after the implementton of the standardizedjates. The average operating and
maintenance costare agairO | € Odzf I G S Rperygar.e pmc ®chn p

Recycling cos{&)

The recycling & disposal costs of the construction are related to removal and the recycle costs
of the componentThis amount ishe same offor replacement because standardized doors
and regular doors have approximately similar measurements. Thus, the biggest lock has

EMZHNON DA N

NBE Oe Of Ay 13

O02ala

Iy R

iKS

avlfft SN f2

This can be translatkeinto the following tabldor the biggestock and smaller lock together

maintenance costs

Renovation Replacement Standardization
Production € - € - € M BO0O® b
development costs
Constructioncosts | € MPnyy ®mM € MPDGL Pc M POP,0c dn
Operatirg and| € ™M P0000 Py M ®00,000 Dy M ®00,000 Dy

Recycling costs

MDPT nnZn

MDPT nnZn

Total costs

€
€ H PPV D d] €

H QOOOH ®

H ®00P0y Dy

Table26: Summation of costs

Table & shows what the total costs are for the biggest and smallest lock together. However,
to found what the most beneficial option is, the average has to be taken for each possibility.

Renovation(2) Replacemen(2) Standardizatior{2)
Production € - € - € pOp,eRN
development cos
Construction costs | € p Q00 n c Dy o n € p 6000 H
Operating and € p MXOO chbn p MOEO@ co i € p MXOO chbn
maintenance costs
Recycling costs € - € ypnznn € 0G,00
Total costs € M®PO0OT dd € USBEO,00 € M ®@ae0 ¢

Table27: Average costs per possibility

Table Z shows what the average costs are per navigation lock in case the component doors
are being renovated, replaced or standardiz&d.find the minimum amounaf standardized
navigation locks to make standardization a more feasible option than renovation and
replacement an iterative process is used. This iterative process is indlwétethe column

standardization (xx).

63



Master Thesis: Decision model tbe renewal ofmavigation lock components

Standardization (1) | Standardizatior{2) | Standardization (xx)
Production € M BO0N® € pOop.eRnN € {

development costs
Constructioncosts | € M ®OD00c P n

m

p 600@ H € §

Operating and € M ®P00O6 Pyl € p OOOG® P €S
maintenance costs

Recycling costs e M®dPT nnzZn e 0§00 €S
Total costs € H®CPY @ | € MBOOAMN P | € {234

Table28: Average costs standardization

Table B represents what the effects of standardization are per navigation lock on the aspect
costs. The column standardization (1) calculates what the costs are in case 1 navigation lock
standardized. The column standardization (2) calculates what the average standardization
costs are in case the second navigation lock gets standardized.

7.4.1.4. Conclusion

Renovation could be the most beneficial option in terms of total costs. Howevier wit
depend on the current condition of the gates. If the gates are in a very bad condition it will
have high construction costs and if the gates are in a good condition it will have relatively low
construction costs. So, the decision is depending encibnstruction costs.

Furthermore, the conclusion can be drawn that of all possibilities replacement is the most
expensive one. This is due the high construction costs.

Standardization of the whole cluster is cheaparaverage than standardization of jushe
navigation lock. Due the possibility of sharing the spare gate, the construction costs are
considerably lower and there are no production development costs because the design is
already made for the entire cluster.

As can be seen in the calculatiott®e more locks are standardized, the average will become
lower. So, if a clusters contains more navigations locks, this could lead to other outcomes.

7.4.2 Performance

For each possibilitthe performanceneeds to bedeterminedto ultimately make a desion
about what the effects of standardization are on the aspect performafaformance is
divided into the terms reliability, availability and risks. The term risk can be mapped in a fault
tree analysis, which expresses it in Aatiability (W) and noravailability (Q).

First theperformancespecifiedfor lock gates will be discussedAfter that, the performance

of one lock in terms of renovation, replacement and standardization will be calculated.
Followed by applying standardization to the second ok performance will be calculated.
After that a conclusion will be drawn what the effects are whenever the whole cluster gets
standardized in comparison to just 1 navigation lock.
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‘ Performance l

Reliability Availability Non-reliability Non-availability

Figurel8: Aspect performance

Figure B showsthe aspect performance with its different forms.

7.4.2.1. Renovation

Reliability(Dy)

The reliability depenslon the nonreliability./ dzZNNBy if 8 2 {f dzA&d { OKA2y RS
as the reference project indicateln case of renovation, thgates will be renewed and the

same process continues.

Availability(Dz)

As described earlier)uss Schijndéda | @+ Af F 6 Af Adeé RSLISYyRa 2y (K
In case of replacement, thgates will be renewed and the same process continues. Thus the
non-availability caused by failure of components is 2,909%.assumed that the smallest lock

has the same availability as the biggest Iddke availability will therefore be 97,10%.

Risk (norreliability)(Ds)

The maximum reliability will be lowered bye nortreliability. In case of renovation, tlgates

will be renewed and the same process continues. As calculated in the reference pitogect
non-reliability of the function leveling ships is calculated at 13,89 failures a year. This is 1,60
x 102 per hour, i.e.0,16%.t is assumed that the biggest lock has the same-rediability as

the smallest lock.

Risk (noravailability)Ds)

The maximum availability will be lowered by the rawailability. In case of renovation, the
gates will be renewed anthe same process continues. Thus, the MTTR will not be reduced
and therefore, the norreliability is maintained. As calculated in the reference project; the
non-availability of the function leveling ships is calculated at 2055,9 hours a year. This is
23,468% a year. The operating time of the lock is causing 20,6% of thavalability and the
failure of components is causing 2,86% of the {aeailability.It is assumed that the biggest
lock has the same neavailability as the smallest lock.
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7.4.2.2. Re@cement

Reliability (&)

The reliability is depended of the néBSf A 6 Af AG&d / dZNNBy it ez {fc
99,84%, as the reference project indicates. In case of replacemergatee will be renewed

and the same process continues. Dueuia@lof components, which has a failure rate per hour

of 1,6 x 103, thus equals for 0,16%, it is has a reliability of 99,84%. It is assumed that the
smallest lock has the same reliability as the biggest lock (thusSshijadel).

AvailabilityE)

As tbscribed earlierd dzA & { OKA2y RSt Qa | @ AfloAfAGe Aa RS
In case of replacement, thgates will be renewed and the same process continues. Thus the
non-availability caused by failure of components is 2,90%. It is ag$timéthe smallest lock

has the same availability as the biggest lock. The availability will therefore be 97,10%.

Non-reliability (Es)

The maximum reliability will be lowered by the nogliability. In case of replacement, the
gates will be renewed anche same process continues. As calculated in the reference project;
the nonreliability of the function leveling ships is calculated at 13,89 failures a year. This is
1,60 x 1€ per hour. Which equals 0,16%. It is assumed that the biggest lock has the same
non-reliability as the smallest lock.

Non-availability(Es)

The maximum availability will be lowered by the rawailability. In case of replacement, the
gates will be renewed and the same process continues. Thus, the MTTR will not be reduced
and therefae, the nonreliability keeps maintained. As calculated in the reference project;
the nonavailability of the function leveling ships is calculated at 2055,9 hours a year. This is
23,46% a year. The operating time of the lock is causing 20,6% of theaaitability and the
failure of components is causing 2,86% of the 4aailability. It is assumed that the biggest
lock has the same neavailability as the smallest lock.

7.4.2.3. Standardization

Reliability(F)

In case of standardizationthe gates will be renewed and a new process begins
Standardization ofthgated ¢ 2y Qi KI @S |y SFFSOG 2y GKS NBf
This is because the locks reliability can be guaranteed by the safety logs, which are available

at each lock. Thus, theliability keeps the same in this case of standardization ofytites.

It is assumed that the smallest lock has the same reliability as the biggest lock.

Nonrreliability ()

In case of standardization gatesets, thegates will be overdimensioned ad this will have
an influence orthe non-reliability factor. However, it is unknown how much more reliable
the standardizedyates are going to be, thus it is assumed that si@ndardizedyates are 10%
more reliablecompared to norstandardizedgates. Ths doesnot mean that the whole
system gets 10% more reliable, because glages are just a part of the whole systefhis
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