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TNO The use of the Semantic Web Technologies for providing portfolio-level end of life analysis for transport infrastructure

Topics to cover

*  Knowledge-bases for the Dutch Road Authority (Rijkswaterstaat ,
Background work wiede u uthority (Rijksw ) 2

*  Semantic Media Wiki Implementations

Research Project as a Use ° Sharing The Idea & Exercising the Semantic Web Technologies 10°
Case * via End of Life Rule Checking Model (on-going project - PoC)

3’
Next Steps * + Main take aways, Upscale PoC To Locks & Later New Object Types
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Background Work

Knowledge-Bases At the Dutch Road Authority

Knowledge-Bases At the Dutch Road Authority

Pre-determined queries, Coordinated text, images, inspection data

End-user oriented solution together with ArchiXL

A Semantic Wiki Implementation, always an object type and associated knowledge needs

Home Kennisbron  Onderzoekstechnieken  Gebruik van deze wikiv

&) IM-SAFE 1
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End of life rule-checking model for asset prlorltlzatlon Navigation Locks

As Knowledge Development Project



TNO End of life rule-checking model to analyse portfolio of civil assets for RWS

Context: End of Life Decision Moment

Rapid analysis of the asset portfolio
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< Undesired iteration E
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Beslisnota

Functional, Technical, Economic End of Life Rules
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V&R Object
| " Analysis

i

7 Regions

Prognose Report

Areal analysis of 6600
objects

Via an excel-based
“Component Model”

Only Technical end of life
considered

Rule of thumb: concrete bridges <
1976, replace 10%
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TNO End of life rule-checking model to analyse portfolio of civil assets for RWS

Approaching with the use of Semantic Web Technologies

ﬁ €€ Q

To quantify — objectify Decision Rules

lenW

Beslisnota

v

V&R Object
Analysis

Prognosis
Report+

To develop a knowledge(model)-
driven rule checking model to
scan objects (semi) automatically
so thatit is:.

e o
fia)
* Objectified

* Faster
¢ Data-driven

>Better Scope Definition
>Faster Intake decision
>Better budget assignment
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End of life rule-checking model to analyse portfolio of civil assets for RWS

Methodology, envisioned

Data and Knowledge acquisition

Formalization

Development

Road Authority Check

i\ Authority

1
Road Authority Partner )
y Object Data z a o
‘ / ul ~ 4 Y
= @
iy I Measurement Data - Expert @
h ‘ > 1 — + —> —F_’ Report [
m. @ SPARQL 3
Identify Ageing Dam:ge Data  poag Authority Check CO;(;%%IIUN Formal Model set-up,
Rules (#1~3) via [ = I (RWS Region + RWS V&R) representation(s) Case data
cases -
Planning Data
Data and Information Analysis | Define End of Life Rules Conceptualizing Encoding _— _
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TNO End of life rule-checking model to analyse portfolio of civil assets for RWS

End of Life Rules

There are formal definitions Based on 1&M (2013), VONK (2012) but also Klanker et. Al (2016), Bakker et al (2016), Wessels et al. (2018)

They all interact on the level of object properties.

Technical end of life

° Structural safety can no longer be guaranteed.
. Or when a structure has serious structural defects.
. Or when a (critical) component is obsolete.

Functional end of life

° When an asset no longer fulfills its designed function due to changing environment, requirements, demand.
° When there are new functions needed from the asset itself or the location where the asset is.

Economic end of life
° When an asset becomes too expensive to maintain.

. When EELI indicator of Bakker et al.(2016) comes closer to 1.

We published the findings in the IALCCE 2018.
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End of life rule-checking model to analyse portfolio of civil assets for RWS

End of Life Rules for Navigation Locks

Delden, Eefde, Hengelo Locks at the Twente Canal
What makes navigation locks to be as V&R candidates?
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TNO End of life rule-checking model to analyze portfolio of civil assets for RWS

Rule 1: Technical ageing

loordzce

A

Replace Walls

Collapse

Chamber Wall—— Sheet Pile

l

Steel Profile

T

Stabilityand ¥ Thickness Reduction «<— Corrosion
Strength critical

How many locks and which one have same condition data assigned?
TNO i




TNO End of life rule-checking model to analyze portfolio of civil assets for RWS

Rule 2: Technical ageing

'!‘, .,
‘*;’”u .Ftw _wl‘_'

Obsolete and Out <« ’ i
of the stock ; é

How many locks that have the gates registered as obsolete and out of the stock?
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TNO End of life rule-checking model to analyze portfolio of civil assets for RWS

Rule: Functional ageing rule

A

Widen the chamber
Add new chamber

A

Vijftien centimeter ruimte bhij
Hedelse spoorbrug is te weinig om
de Galactica te laten passeren

CEMT class not
suitable

How many locks that became limited to provide these dimensions? TNO [7ser



End of life rule-checking model to analyze portfolio of civil assets for RWS

Functional requirements (Shortened)

How many navigation locks are operational the in the Netherlands?

What are the functional demands on navigation locks on corridor and component level?

What are the critical metrics on navigation locks for the demand and on what level can they be quantified?
What are the critical components of navigation locks and what are their (sub)functions?

What are the critical information for the navigation locks from asset managers’ perspective?

What are the condition information for navigation locks and what is a minimum set of information to be assigned to locks in
terms to create an overview?

Examples on detailed CQs:

Which navigation locks are monumental?

How many navigation locks that have gates obsolete and not in-stock?

What are the CEMT class types of navigation locks, what are the required dimension per CEMT class?

What are the dimensions of the locks and also their critical components e.g. chambers, waiting area, lock-head?
Is the CEMT class of the corridor the same with the CEMT class of the navigation locks?

What is the waiting time for ships defined by the norm and measured at the locks?

}Nhat.are tfhle oI;c_?er related objects of a complex, what are their critical properties e.g. clear height that may limit the ship digensions that are ossentia NI innoration
unction of lock?



TNO End of life rule-checking model to analyze portfolio of civil assets for RWS

UML Diagram

enumerations

enumeration
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Subclasses

Element
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TNO End of life rule-checking model to analyze portfolio of civil assets for RWS

The route of using the Semantic Web Technologies

Use of Apache Jena Framework

IDE GDB

Create/

Reuse

ETL Rule v
CSV Files Storein a Check In
_______ Graph Graph _ -
Database Database Reporting Visualizing
U » >V (SPARQL)
Parser

UML Class

Functional MY  |ava Classes

Requirements Diagram
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TNO End of life rule-checking model to analyze portfolio of civil assets for RWS

ava Classes
* Open source tooling (Jena Framework) to create model.

Corridor, Complex, Object. Component. Element, Damage, Risk, Demand etc.

N-@6/ B H -0 % - Q- &5 PACE s bi-bl- vl

13 Debug i Project Explorer X £70 U public Strmg tostring()

- ::‘::j:i‘c:r‘;:’onntn:l ~ . {t ing damage_ids = gitidamageiidsiasiskring(), - Data P ro pe r—tl eS

return “[Object Code =" + objectCode + *,Component Name=" + componentliame + “,Component ID=" + componentId
,Component’s Main Materia: componentMainMaterial + ,Condition Indicator:
+ conditionIndicator + ",Component Stack Lewel=" + inStock + Eumpnnent Width” + componentiidth
+ ",Component Height=" + componentHeight + ",Component Depth=" + componentDepth
@ ExcelResding + ",Compenent Length=" + componentLength + ",Damage ids =" + damage_ids + "1"; . .
B oy * - Obiject Properties
) ) p

£ Doubleloop

puhl)( Strlng get_damage_ids_as_string() {

oy g damage_ids
s ¥ (Damagenssize() » 0) €
F: damage_ids = "["
AssetManager jova = 5
ey o for (Damage D : Damages) {
: é:l’"s:;i;"”“ damage_ids += D.damageID +
3 é ¥
1 Complexjava Gamage_ids = d d
ge_ids = damage_ids +
J) Compane etnoas
1} Conidr } else ¢ -
1) Damagejova Samage_ids = (1"
) DeteriorticaMechanim s 2 '
J) Element av
1! EnumerstionChain jave ™ return damage_ids;|
H EnumerationDamagejove }
B EnumerstionDocrjava F:
1! EmumerstionElementjava public Model add_component_as_resource(String ns, Medel model) {
2 EnumerstionFunction java String nsont = "http:/Jexample.org/KeBoTuns";

Property componentiiame = mode].createProperty (nsOnt + "componentiiane”);
Property corponentIb = nodel. CreateProperty (nsont + "componentid’);
12 Emumesationmatesatjova Property componentiiaintiaterisl = model.createProperty(nstnt + "componentiiaintiaterial™); e . .
L R EnumerstionMessurejov Property conditionIndicator = model.createProperty(nsont + "conditionIndicator™); |n |t| a | IZatlon Of C | asses
B oo i bientichemgsioes Property dnStock ~ model.createProperty(nsOnt + "inStock™);
B Emumeraiontietworkjava Property idth = model P +

§ Enmarmionbrogusintosidian property model - i
’ : Property componentLength = mode].createProperty(nsont + ~componentLength); ata rea rom
)5

2 Enumerationfegionjava
e Property hasDanage = nodel.CreateProperty(nsont + "Damage

- 1! EnumesstionRisk jeve

- - 1) Functionjava Damage damage. .
// Property Damageset = model.createPreperty(*Damageset”); f |
// Resource compenentdamagss = model.getResource(ns + componentiame + | eS
/] "_damages™);

for (Damage D : Damages) {
model createResource(ns + "Damage” + D.damageID); L
mode1.add(nodel.getResource (s + componentiD), hasDamage, model.getResource(ns + "Damage” + D.damage0));

15 Java Classes i
& Parsmg data E:E:H e e T ey e e e rseurs

Property java
PumgsStation jave }
Riskjeea

RWSSystem java
WaitingAresjava
Wiates

Navigation o D.create_damage_with_data_properties(ns, model);
(200 locks, 1000

mode]. getResource(ns + componentID).addProperty(RDFS. Label , (B/rpanentNa/re)
addLiteral(componentID, componentID).addLiteral(comp P i )
addLiteral(conditionindicator, conditionIndicator).addLiteral(instock, instock)

addLiteral(componentiiidth, componentwidth).addLiteral(componentDepth, componentDepth) . .
addLiteral(componentLength, componentiength).addProperty(hasbamage, hasbamage); innovation

return model; [—— m for life

i

components

gejove
VitesPump java




TNO End of life rule-checking model to analyze portfolio of civil assets for RWS

Proof of concept: 3 rules, 5 Classes

.
‘

‘

Complex ID is a key value Civil StructurelD is a key value ComponentIDiis a key value
Complex Civil Structure Component Element Damage <
A A
Complex ID is a key value
ComponentlD is a key value
i .
CEMT Class Measure » Risk ——
™O i

DISK, RUPS, Ultimo, Meridian (pdf!),
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End of life rule-checking model to analyze portfolio of civil assets for RWS

sing Jena to create triples

Selected Classes

for PoC

13 Debog i Projec

xplorer X

BackUpOctober
BackUpitorkedOctober2!
Buiding
Component
csharpexample
DoubleLoop
Excelfeading
ExcelUtibty
HSROFProject
HydraubeStructure
JenaFortocks

[ SR of o o o o o o g

<

Comido

Damage

i

i

i

J) Componentjsva
i 3

1) DeteriontionMechanism java

5} Element

1! EnumerstionChainjava
2 EnumerstionDamage jiva
2 EnumerstionDoorjava
1! EnumerstionElement java

Function java

1 Enumerstionimpact java
1 Enumeration
2 Enumerationt
2 Enumerstionhovablerdge jave
1! Enumerstiontietmork sava

£ Enmersionprogres

teraljova

nSpeedjava

? EnumerstionRegion java
1! EnumesstionRisk jove
Functionjava
Gatejova

Installation jeve

Material jove

i

0

i

1) MateralTypejova
1) Measure java

0

I

103t
02400t

cO- R Q-

«

o

Damage added to Component

public String tostring() {
tring damage_ids = get_c

return "[0bject Cod
" Compone:

+ condition:

+ ", Compone,

+ ", Compone;

}
public String get danage id
st

g damage_ids;

2() > @)

damage_ids_as_string();

", Conponent
"'+ componen
Indicator + ",Component Stack Le:
nt Height="
nt Lengtl

e =" + objectCode +
nt's Main Material

s_as_string() {

{

ids
for (Damage D : Damages) {

damage_ids += D

3
damage_ids = damage _i

} else
damage_ids = "[1";

return damage_ids;|

damaged + "

ids +

+ componenttieight + "
+ componentLength + ™

Name=" + componen
tMainvaterial + "

,Component Depth:

public Hodel add _conponent_ss _resource(String ns, Model rodel) {
str-

P/l
Property (u/rpnnent!la/re
Property componentID =

‘exanple..org/KeBoTun
- model.createProperty(nsont *
model :reatePererty(nsOnt + "co

"conponenthiame "
mponentTD" ) ;

JDamage ids =" + damage_ids +

thame + *,Component ID=" + componentId

,Condition Indicator

=" + componen

Property comp = model. + "comp al");
Property conditionIndicator = model (r‘eatePr‘Dperty(nsOnt + "conditionIndicator”);
Property instock - model.createProperty(nsont + "inStock”);

Property dth p + L)

Property p +

Property componentlength = model.createProperty(nsnt + ° omponentLength”) ;

Property hasbanage = modsl.createproperty (nsont + "Danage’);

Damage damage;
/1 Property DamageSet =
// Resource conponentda
/ *_damages");

for (Damage D : Damages,
mode] . createResourc

model. createProperty
mages = model.getResource(ns + c

) {

e(ns + "Damage” + D.damageID);

"Damageset”) ;

omponenthame +

mode].add(rodel . getResource (ns + componentID), hasDamage, model.getResource(ns + "Damage”

1/ componentdamages. addLiteral(hasDanage, D.get_damage_as_resource(ns, model)) ;

1/ /11 need to def
D.create_damage wit

H

ine this in Damage class

h_data_properties(ns, model);

model.getResource(ns + componentTD).addProperty (RDFS.Label, componentiiame)

addLiteral(conponentD,

componentID).addLiteral(compon

enthaintaterial,

componentiiaintaterial)

addLiteral(conditionIndicator, conditionIndicator).eddLiteral(instock, instock)

.addLiter

.adduiter

)

addLiteral{conponentLength, componentLength).addProperty (hasbanage, hasbamage);

return model;

}
L

vel=" + inStock + ",Component Width" + componentiidth
pth

+ D.damage10));

* Getting damage properties through
key values (e.g. ID’s)

* Add component as resource and
create its properties via KeBoTun
ontology

» Create damage as resources and add
properties (by getting component
resource)

» Get component resource and add
properties
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TNO End of life rule-checking model to analyze portfolio of civil assets for RWS

Reusing KeBoTun

5 IDUFIEEWOIRPALE - IUPBIAIL - REBU UM/ NEDU IUMLLL - IUPBIdIL LUMpUser i
File Edit Mavigate System Window Help o . - o o o
Br-EGRED e - :
1
fy Classes 52 ]E: As;onatlon;|o Shapa;| Wik gw = O
> @ KeBoTun:DegradationMechanism <€—— ~

@ KeBoTun:District
@ KeBoTunElement (2) <=
@ KeBoTunExpert
@ KeBoTun:FailureEffect
@ KeBoTun:FailureEvent
@ KeBoTun:FunctionalArea (4
@ KeBoTuniInfraObject (3) =
> @ KeBoTun:LineObject (1)
> @ KeBoTun:PointObject (s)
@ KeBoTun:InspectionTechnique
@ KeBoTun:MainSystem
@ KeBoTun:MaintenanceScope
@ KeBoTun:Material
@ KeBoTun:MaterialProperty
@ KeBoTun:Measure —
@ KeBoTun:Network (3)
@ KeBoTun:ObjectComponent (15) €=
@ KeBoTun:Organization (2)
® KeBoTunRisk  —
& KeBoTun:Route (9)
@ owlNamedindividual
> @ rdf:Property (335)

@ rdf:Statement (1)
> @ rdfsClass (239)
5 @ sh:AbstractResult
> @ shJSExecutable (43)

@ shislibrary (2)

@ shNodeKind (8)
> @ shParameterizable (63)

@ shPrefixDeclaration (4)

@ shPropertyGroup (12)

@ shResulti&nnotation
> @ shRule

@ shiSeverity (3)
> @ sh:Shape (133)
> @ sh:SPAROLExecutable (72)

Lvv v

> @ shiTarget 2) v
& v
{5 Project Explorer 52 | {4 Basket g|lga v=18
> 2 Bridge

> = Downloads
> 2 KeBo2017
5 2 KeBoTun
» [ KeboTunnel




TNO End of life rule-checking model to analyze portfolio of civil assets for RWS

Creating the RDF file (just where we are)

* First output as RDF — theoretically it should works

*  Some thing need to be fixed

W KevolunUegradstionMechanism
KeBoTun:District

® KeBoTun:Element (2)

KeBoTunExpert

KeBoTuncFailureEffect

KeBoTun:FailureEvent

@ KeBoTun:FunctionalArea (4)

) KeBoTun:InfraObject (3)

D KeBoTuniLineObject (1)

® KeBoTun:PointObject (2)

KeBoTun:inspectionTechnique

D KeBoTun:MainSystem
KeBoTun:MaintenanceScope

@ KeBoTun:Material

D KeBoTun:MateralProperty

@ KeBoTun:Measure

KeBoTun:Network (3)

KeBoTun:ObjectComponent (2)

KeBoTun:Organization (2)

) KeBoTun:Risk

) KeBoTun:Route (9)

® owtNamedindividual

File Edit Format View Help
thttps://www. keBo_sluices.nl#10B8-881-85>
<http://waw.w3.org/2000/01/rdf -schema#label>
"Lorentz schutsluizen westkolk" ;
<ht‘tps:,ffum-t.keboislices.nl,fOntology#constr‘uc‘tion‘\"ear>
"1931" M <http: //www w3 . org/2001 /XMLSchema#long> ;
<https://wni. kebo_sluices.nl/Ontology#damage>
<https://www.keBo_sluices.nl#Damagell3> ;
<https://wwi.kebo_sluices.nl/Ontology#length>
"1555.@" " <http: / fwww. w3 . org/ 2001/ XMLSchema#doubles ;
<https://wwa. kebo_sluices.nl/Ontology#manager>
"MN District Noord" ;
<https://wwi. kebo_sluices.nl/Ontology#networks>
"HVENT
<https://wwni. kebo_sluices.nl/Ontology#objectCodes
"188-801-85" ;
<https://wni. kebo_sluices.nl/Ontology#objectHistory>
"Rood" ;
<https://wni. kebo_sluices.nl/Ontology#qualityIndicator:
"S5t chttp:/ fw w3 org/ 2001/ XMLSchema#long>
<https://wwni. kebo_sluices.nl/Ontologydtype>
"Schutsluizen” ;
<https://wwi. kebo_sluices.nl/Ontology#width>
"@.0"Mehttp: / fvnae . w3 . org /2001 /XMLSchema#double> .

thttps://ww. keBo sluices.nl#Damagelld>
<hasDamageldrea> "2.8""“<http://www.w3.org/2001/XMLSchema#doubles> ;
<hasDamageType> "Poor / insufficient functioning"

thttps://www.keBo_sluices.nl#455-001-81>
<http://waw.w3.org/2008/81/rdf -schema#label>
"Sluis St. Andries” ;
<https://wni. kebo_sluices.nl/Ontology#constructionYear:
"1934" MM <http: //www.w3 . org/ 2001/ XMLSchema#long> ;
<https://wwi.kebo_sluices.nl/Ontology#damage>
¢httne: /funaa keRn slndiras nl#lamaca11ds -

Ln 34, Col 30
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TNO End of life rule-checking model to analyze portfolio of civil assets for RWS

Where we are, where to move forward

IDE GDB

Rule v

Storein a Check In

CSV Files

CSv
U } Parser

UML Class

Graph Graph
Database Database
SPARQL)

Reporting Visualizing

Functional MY  |ava Classes

Requirements Diagram
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TNO Insights, Finishing-up, New Cooperations

Take aways until now, Moving Forward

* This is a knowledge development project to explore the SW with no dependency for 1 specific decision moment.
*  Accessing the data from its source is ideal, this is to prove a concept.

* The major issue was that there were limited actual examples (except Jena documentation).
. Once the classes (+parsed data) were linked, Jena part was very intuitive (even though the project is not finished).

* Most essential decision information comes from programming inspection reports/datasets. Yet that are almost always overlooked.

* There is always a top model, instantiated to many object types as point-object civil structures.
. The 5 main classes (and reused KeBoTun Ontology) have proven that we may need much simpler model for condition definition of the civil infrastructure.
* There is always typical failure mechanisms associated to object types.
* Any additional properties can be defined via e.g. DOT Ontology.
* The PoC will be extendible for any civil structure as the data structures we use don’t change and top-model don’t change.
e But next step is to finish the PoC, and move to more ideal situation step by step.
* Meanwhile we tag along the real assessor/decision maker, who became very enthusiastic (“Inspection data-template”)

* Thereis a lot to gain and have real impact on the society, which is shadowed by other society al trends.
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For more questions:
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ktas@tno.nl
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