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Executive Summary

This report describes the knowledge base IT infrastructure, i.e., Geographic Information System (GIS)
Knowledge Base that has been developed as part of WP2 (with a specific focus on Task T2.2). The
report covers the conceptual model and the vocabulary in the Resource Description Framework
Schema (RDFS) format that were developed to represent INFRARISK data about infrastructure
components and events.

The technical infrastructure for the GIS Knowledge Base is based on DataGraft — a cloud-based service
for data transformations and data access. The report describes the transformation and query
capabilities of the GIS Knowledge Base using landslides sample dataset as an example. In addition, we
have developed a graphical user interface (GUI) application prototype that shows data from the GIS
Knowledge Base in a map.

© The INFRARISK Consortium iii
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1 INTRODUCTION

Task T2.2 of Work Package 2 (WP2) aims to apply techniques from the emerging field of Linked Open
Data (LOD)! to create an interlinked and integrated knowledge base of relevant information about
natural disaster events. A knowledge base IT infrastructure is set up for easy access to such
information and made available for use to the other WPs in INRARISK and other European projects
such as the RAIN project?.

This report describes the knowledge base IT infrastructure, i.e. Geographic Information System (GIS)
Knowledge Base that has been developed as part of Task T2.2. The primary potential users of the
knowledge base are infrastructure managers. The approach taken was; (i) to provide the framework
to describe how such a database should be constructed and (ii) to compile data on a given hazard (in
this case landslides) to demonstrate how the database could be used. The experience collected in the
database can serve as a case study for the events an infrastructure manager might consider important,
and provide them with data of good/bad practices of managing solutions during and after the event.
Secondary potential users are researchers (risk management, transportation, civil engineering, natural
sciences, etc.) who will benefit from the clear and extensive database.

The remainder of this deliverable is structured as follows:

e  Section 2 describes the conceptual model for relating infrastructure failures with natural hazard
events.

e  Section 3 describes the Resource Description Framework (RDF) vocabulary for representing data
in the GIS Knowledge Base.

e Section 4 describes the dataset samples that were collected to populate and test the GIS
Knowledge Base development.

e  Section 5 introduces DataGraft that was used as a basis to implement the GIS Knowledge Base
and describes its data transformation and mapping capabilities.

e  Section 6 describes the query capabilities of the GIS Knowledge Base.

e Section 7 describes the graphical user interface (GUI) application prototype developed to show
data from the GIS Knowledge Base in a map.

e Section 8 concludes this deliverable.

1 https://www.w3.org/standards/semanticweb/data
2 http://rain-project.eu/
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INFRARISK
Deliverable D2.2 GIS Knowledge Base

2 CONCEPTUAL MODEL

A conceptual object-role model (ORM)? was developed. The ORM model defines a conceptual model
that relates major global infrastructure failures with natural hazard events. The conceptual model was
developed based on a set of interviews and several iterations with the partners involved in WP2. Below
we give a brief description of the areas covered by the conceptual model that include:

e Infrastructure components,
e  Events (consequences and natural hazards).

2.1 Infrastructure components

An infrastructure represents a transport mode, e.g. road or rail. It has a name, description and a
geographical feature. An infrastructure consists of one or more infrastructure components, e.g.
bridge, tunnel, etc. (see Figure 2-1). Each component has a name, description, a number of lanes and
a geographical feature. An infrastructure component can be connected to other infrastructure

components.
M f Name !
L —
Physical System
Gid)y  f— = e .
Description |
has
Infrastructure El:,‘— Geographical Feature
ra (.shape)
is geospatially described by
[ 1 ]
is of
{'high’; 'medium’; 'low'}
e ~
|{ Importance :
e ’

Polygon

consists 0

is forfnected to

______

Infrastructure Component
(.id)

— P
[ T ] { Lane [

has number of

S t
ca T

Figure 2-1: Infrastructure component

3 https://msdn.microsoft.com/en-us/library/aa290383%28v=vs.71%29.aspx
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In INFRARISK we focus on critical infrastructure components such as bridges, tunnels, embankments,
off ramps, slopes and segments (e.g. of a road or rail line). Each of these infrastructure component
types has their own set of properties as shown in Figure 2-2.

j— Typology
(.SYNERG)

{(0.}
Height
(m:)

. {'No’; 'Low'; 'Medium’; 'High'}
\

Typology
(.SYNERG)

is highway exit

is susceptible to

11

ison

(

\

is made of

Figure 2-2: Infrastructure component types

2.2 Events

An event represents an incident where a natural hazard or infrastructure component failure has
occurred. It has a name, description, location, date and consequence (see Figure 2-3). An
infrastructure component failure concerns the full or partial collapse of an infrastructure component.

© The INFRARISK Consortium 3
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-------------- N
Location }

r
I

______

concerns full collapse™®

Natural Hazard [ Infrastructure Component Failure ]

Infrastructure Component
(.id)

concerns partial collapse of

Figure 2-3: Event

A consequence represents the expected losses in a specific location as a result of a given event. The
consequence can be a monetary loss, societal loss or usability problem concerning closure of or
reduced traffic on an infrastructure component (see Figure 2-4).

Consequence

(id)

Infrastructure Component

Societal Loss (.id)

Usability Problem

Monetary Loss

concerns reduced traffic on
hag/injuries

Figure 2-4: Consequence

The conceptual model distinguishes between three types of natural hazard events, namely
earthquakes, floods and landslides. The properties for earthquakes and floods are shown in Figure 2-5
and the properties for landslides are shown in Figure 2-6. As can be seen, a landslide can be further
classified into a soil landslide and a rock landslide.

© The INFRARISK Consortium 4
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Natural Hazard
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Figure 2-5: Natural hazard types (earthquake and flood)
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Figure 2-6: Natural hazard types (landslide)
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3 RDF VOCABULARY

Resource Description Framework (RDF)*is a semantic standard for representing data on the Web.
Based on the ORM conceptual model described in Section 2, we defined a Resource Description
Framework Schema (RDFS)°. The RDF schema provides an RDF vocabulary that can be used to formally
represent and exchange data between Web applications.

3.1 Online vocabulary

The RDF vocabulary is available online®. It contains two main namespaces which defines a set of terms:

e rdfs:Resource which covers the INFRARISK-specific component infrastructure and event terms
defined in the ORM conceptual model.
e geo:Feature which reuses geographical terms (e.g. line and polygon) from Schema.org’

Figure 3-1 shows the navigable vocabulary documentation online.

All terms at a glance

Classes: Bridge | Consequence | Earthquake | Embankment | Event | Flood | GeographicalFeature | Infrastructure | InfrastructureComponent |

Infrast mponentFailure | Landslide | Line | Mas onetaryLoss | NaturalHazard | OffRamp | Point | Polygon | Rail | Road | RockLandslide | Segment

| Slope | SocietalLoss | Soil | SoilLandslide | Tunnel | UsabilityProblem

Properties: co

cernsFullCollapseOfinfrariskCom | conce Depth | hasDescription |

hasDuration | ha liti anism | hasF t | hasInfrariskStructure |

HazardMap | hasHei

agnitude | hasName | hasNumberOfLanes | has unOut | hasScourVulneGrade

eMap | hasShape | hasShapeMap | hasSlopeGrade | hasTypology | hasvVolume | hasWaterLe hasinfranskCom |

Mat | isOfamountMoney | isOfimportance | k | isOfShock | isOfSoil | isOfSoilCatg |

isOnRock | isOnSoil | isSusceptibleTowaterInf | occurredatLoc | occurredOnDate | resultedinDisplacementOf

Classes Properties
Fl rdfs:Resource ~ B infrarisk:concernsFuliCollapseOfinfrariskCom £s
) infrarisk:UsabilityProblem B inf ar OfinfrariskCom
) infrarisk:Tunnel B infrarisk:hadConsequence
D infrarisk:SoilLandslide B infrarisk:hasBridge
@ infrarisk:Soil @ infrarisk:hasDepth
) infrarisk:SocietalLoss @ infrarisk:hasDescription
D infrarisk:Slope @ infrarisk:hasDuration
) infrarisk:Segment B infrarisk:hasEvent
) infrarisk:RockLandslide @ infrarisk:hasExtent
) infrarisk:Road i i Fatalities S ILoss
) infrarisk:Rail @ infrarisk:hasFaultMechanism
& infrarisk:Polygon @B infrarisk:hasFlowVelocity
) infrarisk:Point @ infrarisk:hasHazardMap
) infrarisk:0ffRamp @ infrarisk:hasHeight
4 () infrarisk:NaturalHazard B|i i iskStructure
4 () infrarisk:Landslide B infrari iesSocietalloss
) infrarisk:SoilLandslide @ infrarisk:hasintensity
) infrarisk:RockLandslide @ infrarisk:hasMagnitude
) infrarisk:Fiood @ infrarisk:hasName
) infrarisk:Earthquake @ infrarisk:hasNumberOfLanes

) infrarisk:MonetaryLoss @ infrarisk:hasObject
) infrarisk:Mass @ infrarisk:hasRiskMap
) infrarisk:Line @ infrarisk:hasRunOut
) infrarisk:Landslide @ infrarisk:has ScourVulneGrade
i infrari uctur: ailure ¥ M infrarisk:has SeismicDesian g

Figure 3-1: INFRARISK RDF vocabulary documentation

4 https://www.w3.org/TR/2014/REC-rdf11-concepts-20140225/
5 https://www.w3.org/TR/2014/REC-rdf-schema-20140225/

6 http://vocabs.datagraft.net/infrarisk

7 http://schema.org/

The INFRARISK Consortium 7



INFRARISK

Deliverable D2.2

GIS Knowledge Base

4 DATASET SAMPLES

Infrastructure failures information are available in different formats. For the purpose of this task, we
have prepared a number of short Excel spreadsheets and CSV (Comma Separated Values) files with
sample data to populate the knowledge base based on the schema (see Section 3) that we have

developed.

4.1 Datafiles

Table 4-1 below lists the sample datasets that we have collected from the INFRARISK WP2 partners.

Table 4-1: Sample datasets

Dataset Description Filename
Events #1 Sample data about landslides, bridge failures ETHZ-Contribution-to-
and road failures in Europe. D2.2.xlsx
Floods #1 Sample data about floods in Europe. database floods yuliya.xls
Floods #2 Sample data about floods in Spain. EVENTS_DRA.xIxs
Bridge Sample data about bridge failures in Europe. events.xlsx
failures #1
Bridge Sample data about motorway bridge failures in events_failures_CSIC_T2.2.xlsx
failures #2 Europe.

© The INFRARISK Consortium
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4.1.1 Events

#1 sample dataset

The events #1 sample dataset contains entries of major landslide events (Figure 4-1), bridge failures (Figure 4-2) and road failures (Figure 4-3) in Europe.

Main diagram

Consequence diagram

CSVfile:

Infrastructure Rail Road GEOGRAPHICAL FE/Infrastructure_compone Slope

Soil

Mass

Cons Monetary [Societal_Loss  Usability_prob!

input lines from CSV file:

infratimportancrail_road_ID

Al . Al . Y .
Infraslane description slope_| height rock_nam slope_soil_name

soil_name soil_cate;

mass depth

rock_nam run_out soil_namevolume

cons mone monsoci has_fihas_i usa conce concq

data source:

Open Street Map?

open source: reports, articl after p1open sour after g open source]

open souropen source: d open souropen sour open sour open sour open sou

open sourcopen soL open open sou open open

Hatfield Colliery 1 high 1 line (also, point XY 1 4 Soil cutting ir 1X sandstone X Alluvium - c|Alluvium - silt 1X sandstone negligible Alluvium - X 1 1X 1No No 1Yes No
A85 Glen Ogle 2 medium 1 line (also, point XY 2 2 Natural slope 2 X semipelit X Till and mor{Till and m till 2 0.6-1.8m semipelit>400m Tilland m 50t 2 2X 2No No 2No Yes
Rest and Be Thankful 3 medium 2 line (also, pointXY 3 2 Natural slope 3X schist X Peat and col|Peat and ccolluvium| 3 0.6-1.8 m schist >400m Peatand ¢100t 3 3X 3No No 3No Yes
Harbury tunnel 4 high 2 line (also, point XY 4 2 Soil cutting 430m mudstone X Glaciolacust|Glaciolacu clay 420m mudstone negligible Glaciolacu 350,000 t 4 4 X 4No No 4 Yes No
Rosyth 5 medium 3 line (also, point XY 5 2 Soil cutting 55m limestone31®  Till Till till 50.5-1.0m limestone4m Till X 5 5X 5No No 5No Yes
St Bees 6 medium 4 line (also, point XY’ 6 1 Soil cutting 619m sandstone19®  Glaciofluvia|Glaciofluvgranularn 6 0.5-1.5m sandstone>30m Glaciofluvial sand ar] 6 6 X 6 No No 6 No Yes
Figure 4-1: Landslides from the events #1 sample dataset
Main diagram ? ? Consequence diagram
CSV file: Infrastructure Rail Road GEOGRAPHICAL FE/ Infrastructure_compone Slope Soil Mass Cons Monetary [Societal_Loss  Usability_probl

input lines from CSV file:

infrasimportancrail_road_ID

v —— - N -
Infra:lane description slope_| height rock_nam slope_soil_name

soil_name soil_categ

mas:depth

rock_nam run_out soil_namevolume

cons mone monsoci has_fi has_i usa conce concg

data source:

Open Street Map?

open source: reports, articl after propen sour after g open source

open sour open source: d Open sour Open sour open sour Open sour open sou

open sourc open souopen open sou open open

San Benedetto Po bridge
Finale Emilia bridge
Mirandola bridge
Pontelagoscuro bridge
Bomporto bridge

San Felice sul Panaro bridg|
Fossa Station bridge

1 medium 1 45.04.27 / 10.56.01
2 medium 2 44.50.17 / 11.18.40
3 medium 344.52.14/11.04.02
4 medium 4 44.53.18 / 11.36.29
5 medium 544.43.38/11.02.43
6 medium 6 44.49.35/ 11.08.28
7 medium 7 42.18.14 / 13.30.12

N O URWN R

2 bridge - RC - 4span - continuous
2 bridge - RC - 4span - independent - SS
2 bridge - arch masonry - single span - 25m

2 bridge - steel deck, rectangular masonry piers, RC abutments - 4span - indepen

2 bridge - RC arch - 3span - continuous - SS
2 bridge - RC girder - multi span - SS
2 bridge - RC - 3span - continuous

dent - SS

Figure 4-2: Bridge failures from the events #1 sample dataset

Main diagram

1 1 1no no 1no no
2 2no no 2no no
3 3 3no no 3no no
4 4 4no no 4no no
5 5 5no no 5no vyes
6 6 6no no 6no no
7 7 7 no no 7 yes no

Consequence diagram

CSVfile:

Infrastructure Rail Road GEOGRAPHICAL FE/Infrastructure_compone Slope

Sail

Mass

Cons Monetary |Societal_Loss  Usability_prob:

input lines from CSV file:

infratimportancrail_road_ID

h . . Al . Y .
Infra:lane description 'slope_| height rock_nam slope_soil_name

soil_name soil_cate;

mass depth

rock_nam run_out soil_namevolume

cons mone monsoci has_fi has_i usa conce concq

data source:

Open Street Map?

open source: reports, articl after p1open sour after g open sourceg

open souropen source: d Open souropen sour open souropen souropen sou

Open sourcopen soL open open sou open open

Einsiedeln

Hasliberg

Eggiwil

Eggiwil

Eggiwil

Eggiwil

Signau

Reichenbach im Kandertal
Rudolfstetten-Friedlisberg
Aesch bei Birmensdorf

1 low 1/47.07.42 / 08.50.11
2 medium 2/46.44.09 / 08.12.25
3 low 46.51.26 / 07.48.41
4 low 46.52.18 / 07.48.36
5 low 46.52.40/ 07.48.14
6 low 46.52.04 / 07.48.45
7 low 46.55.42 / 07.44.15
8 medium 46.33.15/07.44.32
9 low 47.22.17 / 08.22.26
10 medium 3/47.20.12 / 08.26.28

1
2
3
4
5
6
7
8
9

10

1 road

2 road
area around Eggiwil
area around Eggiwil
area around Eggiwil
area around Eggiwil
area around Signau
stream
houses
roads and houses

Figure 4-3: Road failures from the events #1 sample dataset
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4.1.2 Floods #1 sample dataset

The floods #1 sample dataset contains 362 entries about flood events in Europe (see Figure 4-4).

P N peak Peak N N
Number |Country Detailed Locations Began Ended Duration in Dead Displaced Damage (USD) Type [Main cause _Severlty flooded area Affected discharge |Water Mag:ltude Centroid Centroid Y
Days index sq km level h (M)’ X
1 Albania Northw estern Albania 15-Mar-13 |12-Apr-13 |29 0 2800 Heavy Rain 1 3304,87 5,0 19,6182  |42,0043
2 Albania gzg:g estAlbania, central Groatia, parts of 1, 16 |13.5an-10 |10 0 1500 riverine flood|Heavy Rain 15 [10500 hectares|60173,47 [3.600 m3/sec 60 20,0828  |41,4664
GUInern regions: Gjrokaster, DUrTes,
. Hbasan, Lezhe, Berat, Fier. Vlore, also the - .
3 Alb: . iy ! ! 30-Nov-05 |3-Dec-05 4 3 0 flood [ He: 1 10408,03 4,6 20,2064 40,4745
ania capital Tirana. Tow ns: Burrel, Rubik. Librazhd ov o riverine tloo avy rain
district
4 Albania Shkodra district - Obot 4-Dec-04 |8-Dec-04 5 0 0 173 000| riverine flood|Heavy rain 1 426,448 33 19,5485 42,04
Northern - Lezha and ShKoder regions. areas
5 Albania of Lac, Lezha, Shkodra and Kukes. 21-Sep-02 [8-Oct-02 |18 1 9700 17500 000|  riverine flood|Heavy rain 1 11922,12 53 197738 |41,3975
Southern - districts of Berat, Skrapar,
Permet, Tepelena, Giirokastra, Saranda and
6 Albania Northw est: Lezhe 20-Dec-97 (23-Dec-97 |4 0 400 coastal flood|Heavy rain 1 1640,67 3,8 19,7114 41,8429
7 Albania Northw est Albania: Lezha area 19-Nov-96 [21-Nov-96 |3 0 50 Heavy Rain 1 1123,04 3,5 19,7026 41,7999
Alaska: Anch , Kenai Peninsula, .
8 Albania aska: Anchorage, Kenal Peninsuia 21-Sep-95 |24-Sep-95 |4 4 0 10000000| flash flood|Heavy rain 1 17072,03 48 19,9654  |41,6303
Matanuska-Susitna
9 Albania Provinces: Lezhe, Miredita, Laci 19-Aug-95 [26-Aug-95 |8 5 0 Heavy rain 1 11109,46 4,9 19,9858 41,8101
10 Albania Kruja, Lac, Lezha, Shkdora, Tropja, Mirdita 17-Nov-92 |19-Nov-92 |3 7 2000 7 000 000 flash flood| Torrential rain 2 5619,46 up to 1 min{4,5 19,5629 42,0387
11 Austria Graz 16-Jul-09 [19-Jul-09 4 0 0 riverine flood| Torrential Rain 1 2765,43 4,0 15,7089 47,4021
Figure 4-4: Floods #1 sample dataset
© The INFRARISK Consortium 10
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4.1.3 Floods #2 sample dataset

The floods #2 sample dataset contains 42 entries about floods in Spain (see Figure 4-5).

Main diagram Consequence diagram Event diagram
CSV file: Rail Road GEOGRAPHIC{Consequence Monetary Los: Societal_Loss Usability_prol Event Triggered_Eve
input lines from (rail_ID road_ID consequence_|D monetary_los has_fatalities_has_injuries_:usability_prol date description location name event_ID1

data source:

Open Street

open source: reports, articles

open source: 0pen source: reports, article open source: 10pen source: reg 0Open source: |0pen source: reports, article

Several
Roads cut: Locations.
FLOOD = A-348 Alcolea 6-12 January Almeria
Almeria (Spain) 1 AL-4402 Ohanes yes yes 2010 RAIN (Spain) river flood
Roads cut: Flooded: Los
A-389 Olvera. Barrios,
A-393 Arcos de la Algeciras, La
FLOOD = Frontera. 6-12 January Linea and
Cadiz (Spain) 1 6 Local Roads. yes yes 2010 RAIN Tarifa. river flood
Roads cut:
CO-3300 La Rambla, Several
FLOOD = closed by flood. Locations,
Cérdoba C0-6213 Cabra, closed by 6-12 January Cdrdoba
(Spain) 1 mud accumulation. yes yes 2010 RAIN (Spain) river flood
1=76 years
woman Valderrubio
Roads cut: died and other
A-395 trapped in locations,
FLOOD = A-425 Monachil closed by her flooded 6-12 January Granada
Granada (Spain) 1 snow yes house yes 2010 RAIN - SNOW |(Spain) river flood
FLOOD = Several
Jaén Roads cut: 6-12 January Locations,
(Spain) 1 CN-323 Carchelejo yes yes 2010 RAIN Jaén (Spain) river flood
FLOOD = Middle distance train
Jaén with 300 passengers 6-12 January Villacafas ,
(Spain) 1 stopped in Villacafias yes yes 2010 RAIN Jaén (Spain) river flood

Figure 4-5: Floods #2 sample dataset

© The INFRARISK Consortium
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4.1.4 Bridge failures #1 sample dataset

The bridge failures #1 sample dataset contains 7 entries about bridge failures in Europe (see Figure 4-6).

Main diagram

Consequence diagram

CSV file: Infrastructure Rail Road GEOGRAPHIC Infrastructure_component Consequence Usability_pro
input lines from {importance rail_ID road_ID Infrastructure name lane ) description consequence_ID societal_loss has_fatalitie: concernsClos
data source: Open Street [ bridge open source: reports, articles open source: reports, articles open source: open source:
masonry arch bridge, built links to the other side of
Calva Bridge low 1 line yes central arc of 11840 the river closed no yes
masonry arch bridge, the

Northside subject of a Local major road from the Low
Bridge, Northside Government Board Inquiry  Cloffocks to the north side
Workington. medium 1 line yes Bridge 2in 1903 of the river was closed 1 yes
Nawvies Footpath and cycle way,
Footbridge, Nawvies masonry arch bridge,built  linking to Workington's
Workington low line yes Footbridge in 1878 town centre, was closed no yes
Camerton
Footbridge, Camerton access to Camerton
Camerton. low 1 line yes Footbridge masonry arch bridge churge were cut no yes

single track railway and

footpath linking the
Dock or steelworks and the docks
Harbour Bridge low line yes Dock bridge 1 masonryarch bridge were closed no yes

The largest one-arch

bridge in Greec and the

Balkans,and the third

largest one-arch stone
Plaka bridge bridge in Europe was
(footbridge) low 1 line, point co yes Plaka bridge stone bridge destroyed no

Figure 4-6: Bridge failures #1 sample dataset

© The INFRARISK Consortium
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4.1.5 Bridge failures #2 sample dataset

The bridge failures #2 sample dataset contains 4 entries about motorway bridge failures in Europe (see Figure 4-7).

Main diagram

CSV file: Infrastructure Rail Road GEOGRAPHICAL FEATURE (.shag Infrastructure_component
input lines from CSV file: [infrastructu importance rail_ID road_ID Infrastructure_compo lane description
data source: Open Street Map? open source: reports, articles

Arifiye TEM Overpass

Mustafa Inan TEM Viaduc

Sakarya River TEM Viaduc

Bolu TEM viaducts

1 high

1 high

1 high

1 high

1 40.709432/30.357475LON

1 40.775221/29.902321

1 40.739304/30.421336

1 40.775383/31.356440

1 4 Motorway bridge,Fourspan, 100 m-long, simply-supported prestressed concrete bridge
M otorway bridge, Box girder bridge and prestressed concrete bridge, Box girder bridge
2 4 and prestressed concrete bridge, Span lengths 10x40 m, Pier height 90m

Motorway bridge, Two parallel bridges with ten simply-supported spans of precast,
prestressed delta girders on single column piers with very wide hammer-head bent caps
3 4 and seat type abutments.

Motorway bridge, 59 spans and dual 2.3 km structures, approximately 95% complete
and awaiting installation of expansion joints to complete the project at the time of the
earthquake, 40 m spans comprised of 7 lines of simply-supported, prestressed concrete
box girders (V-girders) seated on pot bearings with stainless steel PTFE-slider interface.
The V-girder is a precast, open-box beam with narrow bottom flanges, moderately
battered webs, and small top flanges. The cast-in-place (CIP) deck slab is continuous
over 10 spans. The piers are single, CIP, octagonal hollow-core reinforced concrete

4 4 columns, 4.5x8.0 meters in plan dimension with heights varying from 10 m to about 49 m.

Figure 4-7: Bridge failures #2 sample dataset

© The INFRARISK Consortium
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5 DATAGRAFT TRANSFORMATIONS

We set up the technical infrastructure for the GIS Knowledge Base based on DataGraft®. DataGraft is
cloud-based service for data transformations and data access (see Figure 5-1). It allows the user to
simplify the creation of Linked Data and map the data we have collected into RDF data compliant with
the schema that we have developed.

Bl CataGraft Public Portal  x

=2 C | 8 https://datagrafunet/pages/catalogs

DataGraft

Explore

Sign In

Latest public data pages

Data page

TB_data_dictionary_2016-02-20

NL stadscoordinaten
Infrarisk

brreg-oil
brreg-datapage

NPD FactPages

Norwegian Petroleumn Directorate

FactPages
infrarisk_input_v2
prodm test
infrarisk_floods_v3
meta_export_09dec
DataGraft stats

ARPA Pilot protected sites

-
-

Employed females in Ski and Vestby

InfrariskFloods
Trial upload
datasets
plugi-1029
testttl cg

brreg-kmdorg

— Previous

Documentation APl

FAQ

Vorachet
Jarcensawas

Immy55

sdn

nvinikolov
Arash Khorram
npd

npd

alex

test12

sdn
nvinikolov
sdn

Ben Proctor
CMaudry
Seonho Kim
chhu

lish

Latest public data transformations

& Published § Transformation ] User &  Published §

20 Feb New transformation sdn 19 Feb

demo-test nvinikolov 16 Feb
16Feb Test Espempio-fork-fork-WorkingBase-fork nvinikolov 15Feb
10teh Torino Census Integrated 1 nvinikolov 12 Feb
C Infrarisk-ds0902 sdn 10 Feb
el test] nvinikolov 10 Feb
27 i e nvinikolo 10 Feb
2o test3 nvinikolov 10 Feb
ST testd nvinikolov 10 Feb

1ests nvinikolov 10 Feb
20 Jan

tests nvinikolov 10 Feb
11 Jan
3% Doo test? nvinikolov 10 Feb

testd nvinikolov 10 Feb
9 Dec II| -
= CITISENSEtests nvinikolov 10 Feb
7 Dec

Infrarisk-ds0202 sdn 9 Feb
5Dec |I|

Coords-convert-experiment2 nvinikolov 9 Feb
30 Nov

Test transformation bmzermichow 9 Feb
9 Nov

New transformation tosco 5Feb
8 Nov

Infrarisk-input-fork sdn 5Feb
29 0ct 5P

Infrarisk-input-fork sdn 5Feb
290ct
e «— Previous MNext

Nex
Terms of use Privacy policy Cookie policy Contact B Feadback

Figure 5-1: DataGraft portal

5.1 Landslides data from the events #1 sample dataset

To illustrate the use we demonstrated the transformation capabilities of DataGraft using the

landslides data from the events #1 sample dataset. The original data in tabular format is shown in

Figure 5-2 below.

8 https://datagraft.net

© The INFRARISK Consortium
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] | [GEOGRAPHICAL
TSV file: Infrastructure Rail Road  |FEATURE (.shape) Infrastructure_component ]Shna
|
I lines from CSV file:  |infrastructune_ID importance Iral_in |mad_ll) ||ﬂmrmm_mnem_|o lane description slope_ID_height rock_name slope_grade
data source: | Streat Map?| Open source: reports, arficles after processing [ open source: digh after processin,
line (also, point XY Sail cutting in
coordinates | immediate vicinity of
Hatfield Colliery 1 high 1 available) 1 4 spoil tip {colliery) | 1% sandstone X
line (also, point XY
oordinates Hatural slope on the
ABS Glen Ogle 2 medium 1available) 2 2 side of roadway | X semipalite X
line (also, point X\'
cwordinates | Natural slope on the
Rest and Be Thankful 3 medium 2|available) 3 2 side of madway | ax schist X
line (also, point XY|
coorndinates | mudstone and
Harbury tunnel 4 high 2| available) | 4 2 Soil cutting | 430m limestone ®
line (also, point XY|
coordinates |
Rosyth 5 medium 3 available) | 5 2 Soil cutting | 55m limestone 31°
line (also, point X¥|
coomdinates |
5t Bees & medium 4 available) | & 1 Soil cutting | 619m sandstone 19

Figure 5-2: Landslides sample dataset in tabular format

A DataGraft transformation is defined as a pipeline that consists of two main tasks:

e Data cleaning on the original tabular data format
e  Mapping of the cleaned tabular data format to the RDF schema

5.1.1 Data cleaning functions

In order to map the data entries to the RDF schema we first need to do some data cleaning in
DataGraft. Figure 5-3 below shows how we can remove unnecessary rows in the original tabular
dataset using the drop-rows function in DataGraft.

METADATA PIPELINE PREVIEWED DATA ORIGINAL DATA

& Edit prefoces a « b S | S w v g « h =

< Edit wtilty functions Main diagra..
CSV file: Infrastructu. Rail Road CAL FEATU..
input lines from €. infrastructu..  importance  rail_ID road ID shape Infrastructur_.  lane description

O data source: Open Street Map? Open sourc...

Hatfield Colliery 1 high 1 line (also, point XY coor.. 1 4 Soil cutting inimmexdia
ABS Glen Ogle 2 medium 1 line (also, point XY coor.. 2 2 Natural slope on thesi. |
Rest andBeThank.. 3 medium 2 line (also, point XY coor. 3 1 Natural slope onthesi

Harbury tunnel 4 high 2 line (also, point XY coor.. 4 2 Soll cutting

PIPELINE F PREVIEWED DATA

& Edit prefices a « b c v d e v g « h | =
<> Edit wtility functions input fines from 5. Infrastruc.  importance  rail D road D shape Infrastruct..  lane description
data source Open Street Map? OpEn sourc...
» Hatfield Colliery 1 high 1 line {also, point X¥ coor. 1 1 Soil cuttingin immet
drop-rows L2 0 ° ABS Glen Ogle 2 medium 1 line (also, point XY coor. 2 2 Natural slopeanthe
] Rest and BeThankful 3 medium 2 line (also, point XY coor. 3 2 Natural slope onthe
Harbury tunnel 4 high 2 line (also, point XY coor.. 4 2 Soil cutting
Rosyth 5 meedium 3 line (also, poim XY coor. 5 2 Soil cutting

S1Bees ] medium 4 line (also, point XY coor.. & 1 Soil eutting

Figure 5-3: Remove unnecessary rows

Next we create a header from the first row and remove unused columns in the original tabular dataset
using the make-dataset and columns functions in DataGraft (see Figure 5-4 where the description
column has been removed).

© The INFRARISK Consortium 15
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FIPELINE P FREVIEWED DATA ORIGINAL D

& Edit prefixes a « b v L < d I » v g « h v =
<> Edit utility functions Input lines from CS..  Infrastruc..  Impomance  rall D road D shape Infrastruct.. lane description :
data source: Open Street Map? Open sourc...
Hatfield Colliery 1 high 1 line (also, poim XY coer.. 1 4 Soll curting inimmet
drop-rows L] o ° AB5 Glen Ogle 2 medium 1 line (also, poimt X¥ coor.. 2 2 Natural slope onthe
Rest and BeThankful 3 medium 2 line (also, poim XY coer.. 3 2 Natural slope onthe
Harbury tunnel 4 high 2 line (also, point XY coor.. 4 2 Soil cuating
Rosyth 5 medium 3 line{also, poim XY coor.. S 2 Soll cunting
St Bees L] medium 4 line (also, poim XY coor.. 6 1 Soil cutting

PREVIEWED DATA

& Edit prefixes nput_lines_from_CSv_{ nfrastructures  Imponance railld  ~ roaddD ~ shape Infrastructure_co lane =
< Edit wtilivy functions data source: Open Street Map? open source .

Hatfield Colliery 1 high 1 line (also, poimt XY coor.. 1 4

ABS Glen Ogle 2 medium 1 line (also, poimt XY coor.. 2 2

drop-rows Rest and Be Thankful 3 medium 2 line (also, point XY coor.. 3 2

S Harbury tunnel 4 high 2 line {also, point XY coor.. 4 2

v Rosyth 5 medium 3 line (also, poim XY coor.. S 2

columns 2+ -]
T St Bees 6 medium 4 line (also, poimt XY coor.. & 1

Figure 5-4: Create header from first row and remove unused columns

5.1.2 Mapping functions

After having cleaned up the original tabular dataset we can start specifying the mapping to RDF
using the mapc function in DataGraft for mapping columns. RDF generation can be done using
provided or custom utility functions (see Figure 5-5).

PIPELINE PREVIEWED DATA

& Edit prefines nput_lines_from_CSV_fee  infrastructures.  imponance  ~  railJD road D shape Infrastructure_co.~  lane =
< Edit ity functions Hatfield Colliery 1 high 1 o line {also, point X¥ coor_. 1 4 B
ABS Glen Ogle 2 medium o 1 line (also, poim XY coor_. 2 2
Rest and Be Thankful 3 medium o 2 line (als0, poim XY coor 3 2
droprrows Harbury lunnel 4 high 2 o line (also, poim XY coor_. 4 2
m:kb.ﬂiliiﬂ Rosyth 5 medium 3 o line {also, point X¥ coor_. 5 2
. StBees 6 miedium 4 o line (also, point XY coor_. 6 1
columns
dropows
mape i . Edit utility functions
@ Automatic preview
inpui_lines_from_CSV_fkx. Infrastructurex.  imporiance ail_ID
Hatfield Colliery 1 high 1 0 Rail
ABS5 Glen Ogle 2 medium V] 1 Road
Rest and Be Thankful 3 medium 0 2 Road
Harbury tunnel 4 high 2 1] Rail
Rosyth 5 medium 3 1] Rail
St Bees 6 medium 4 1] Rail

Figure 5-5: Map columns

© The INFRARISK Consortium 16
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DataGraft provides a RDF mapping tree view. Figure 5-6 shows the mapping of infrastructure

component and landslide. Similar mappings are defined for all column data in the dataset.

rcife:subCla 22 Of

landskde_ID

7 infraris k:hasShope..

) infrarisk:res ubed| n..

o o

) infrarisk:iconcemsF..
infrastructureComponent.

infrarisk:iconcems..

) rdifs:subCla s20f

natural_hazard_ID

A httpe.//wwew.infraris k-fp7..

™ slope_grade_landskide_int

mass_ID

A concemsFullCollapseOn

™ concemsPartialCollapse.

event_lD

Figure 5-6: RDF mapping in DataGraft

5.1.3 Transforming data

When the pipeline is complete, covering both the data cleaning and RDF mapping tasks, one can run
it to transform any source data files (conforming to the original tabular format) into RDF data
compliant with the INFRARISK RDF schema. Figure 5-7 shows the complete transformation pipeline

for the landslide sample data.

BOF LAPPING

ORIGIAL BATA

bt input lines from €. isfrastre.  importance  rallID rosd i
2 data source

Hufield Coliiery high ]
485 Glen Ogle medium 1
it Rest and Be Than medium z
[ Harbry tunnel high 2

Rosyth medium 1

o N e oW m =

51 Bees medium 4

B Awiomatic preview

abape Infrastrec.. lane description slope iD heigl ™

Open Street Mag? apen soure.

lime (l30, point XY coa. Soil eutting In immede

1 4 1
lime (niso, point X¥ con. 2 2 Natural slope on the s 2
lime (nlzo. point X¥ con. 3 d Natursl siope oathe si. 3
lime (niso, point X¥ con. 4 2 Soil eutting 4
lime (also, point X coa 5 : Soil eutting 5
lime (al30, point X¥ con.. & 1 Soll cutting 3

Figure 5-7: Complete transformation pipeline in DataGraft

aftel
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Figure 5-8 shows the resulting RDF data graph for the landslides sample dataset, with a focused excerpt of the RDF graph on the infrastructure.

high

https:/fwww.infrarisk-fp7 .eupvocabs/#isOfimportance

https:ffaww.infrarisk-fp7 eujvocabs/#isGeospatiallyDescribedBy https:www.infrarisk-fp7 eupocabs/#Line

http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type

https:ffwww.infrarisk-fp7 eupvocabs/#hasinfranskCom > https:ffwww.infrarisk-fp7.eupvocabs/#Rail
https:mw.w.infrarisk-fp?,eufvocabsi#ln[rastmctur@

https:fwww.infrarisk-fp7 .eupvocabs/#Infrastructure/l

http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type

Figure 5-8: Resulting RDF data and excerpt
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6 SPARQL QUERIES

Once the data has been transformed one can create a dataset page and query data using the SPARQL
query language®. The use of SPARQL is primarily targeting data scientists and data-intensive
application developers. Section 7 describes the development of a GUI application prototype that
illustrates an easier way of navigating and browsing the data for data consumers.

6.1 Landslides sample dataset

Here we use the landslides sample dataset to demonstrate the querying capabilities of DataGraft.

SPARQL

Endpoint; https://rdf datagraft net/4830355550/db/ repositories/ 1507022227 _infranisk-2

Data page properties

Name: Infrarisk

Description:
#0escribe landslides that occurred in February 2013, give their dates, locations and find if any of thea
Bisaans il result in full collapse of any infrastructure component
PREFIX rdf: <hitp://wwe.w3.0ra/1999/02/22-rdf-syntax-nse=
n P X rdfs: < Ll WM. ar /rdf-schemaid=
Owng: ! PEEE;{-N ;ﬂf'far;zf-.n-un;::: I.?v?(ﬂ?;ﬁﬁg:ﬂh-?n?,_cuz ¥pcabs/ s>
PREFIX x5: <hiip://www.w3.0rg/2001/XM.Schenas>
CreationDate: ~ ©0¢12013 SELECT 7date Tlocation ?description |?concernsFullCollapse0finfrariskCompgnent AS 7resultedInPullCollapse)
WHERE
Keywords: ofracisg E‘land:ude a infrarisk:lLandslide .
Nandslide rdfs:subClass0f thazard . -
Licensing: Licensing
I [t |
bytesize:
Show |10 ¥  entries Search:
date . resultedinFullCollapse doscription location
201302 Yes Deep rotational landslide forming Hatfield Colliery
127T00-00-00.000+01-00 theough colliery tip, advancing through
underlying natural ground, wath toe at
Showing 1101 of 1 entries Previou 1
Figure 6-1: Landslides dataset page
6.1.1 Example queries
Table 6-1: Example queries
Query SPARQL
Describe landslides that PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-
occurred in February 2013 ns#>
) ; ) ’ PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
give their dates, locations PREFIX infrarisk: <https://www.infrarisk-
and find if any of them fp7.eu/vocabs/#>

result in full collapse of any PREFIX Landslide: <https://www.infrarisk-

) fp7.eu/vocabs/#Landslide/>

infrastructure component PREFIX NaturalHazard: <https://www.infrarisk-
Tp7.eu/vocabs/#NaturalHazard/>

PREFIX xs: <http://www.w3.0rg/2001/XMLSchema#>

SELECT ?date ?location ?description
?concernsFul ICol lapseOfinfrariskComponent
WHERE

?landslide a infrarisk:Landslide .
?landslide rdfs:subClassOf ?hazard .
?hazard a ?event .

° https://www.w3.org/TR/rdf-spargl-query/
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?event infrarisk:occurredOnDate ?date .

?event infrarisk:occurredAtLoc ?location .

?event infrarisk:hasDescription ?description .

?event infrarisk:hadConsequence ?consequence .
?infrastructureComponentFailure rdfs:subClassOf ?event

?infrastructureComponentFailure
infrarisk:concernsFullCollapseOfinfrariskCom
?concernsFul ICol lapseOfinfrariskComponent

FILTER (?date < xs:dateTime(''2013-03-01T00:00:00Z"")
&& ?date >= xs:dateTime(''2013-02-01T00:00:00Z2") ) .

}
Describe landslides that PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-
s ns#>
resuhedlnfhépbcernentof PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
mass containing clay PREFIX infrarisk: <https://www.infrarisk-

Tp7.eu/vocabs/#>

PREFIX xs: <http://www.w3.0rg/2001/XMLSchema#>
SELECT <?location ?date ?description

WHERE

?landslide a infrarisk:Landslide .

?landslide rdfs:subClassOf ?hazard .

?hazard a ?event

?event iInfrarisk:occurredOnDate ?date .

?event infrarisk:occurredAtLoc ?location .

?event infrarisk:hasDescription ?description .
?landslide infrarisk:resultedInDisplacementOf ?mass .
?mass infrarisk:isOfSoil ?soil .

FILTER regex(STR(?soil),"clay",”i" ) .

© The INFRARISK Consortium 20
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7 GUI APPLICATION PROTOTYPE

We have developed a graphical user interface (GUI) application prototype?® that can be used to show
data from the GIS Knowledge Base in a map.

7.1 Graphical user interface (GUI)

This GUI is based on the open source MASTER!! application developed for the European BRIDGE
project!?. It is a HTMLS5 application which can be used on smartphones, tablets (see Figure 7-1) and
desktop computers.

Figure 7-1: GUI application prototype

In addition to the map view, the application has been integrated with the Google Street View
technology. It allows the user to navigate along the roads photographed by Google. This mode
provides an interesting alternative for viewing of hazard events (see Figure 7-2).

InfraRisk ¥ =

————

————
|
|
-]

-
L

Figure 7-2: Integration with Google Street View

10 https://infrarisk.datagraft.net/ - supported on Firefox and Chrome. (Support for Internet Explorer expected
in the future.)

11 https://github.com/SINTEF-9012/mobileMaster and https://master-bridge.eu/

12 http://www.bridgeproject.eu/en
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Data about infrastructure components and events that are presented in the GUI (see Figure 7-3) are
retrieved from the GIS Knowledge Base. The data is queried from the linked data triple store (used by

DataGraft) using SPARQL queries. The output data is formatted using JSON.

Description

Destruction of the bearing brackets due to the impact o...

Destruction of the bearing brackets due to

the impact of the girders. Some deck girders

slipped from the bearings.

Date

6/5/1976 02:00:00

40 years ago

Fatalities

Fully
Collapsed

Description

Cause

Friuli EQ - M 6.4

Injuries

Previous damage. Cracking of some

structural and no

tural elements (as

the abutment and a opened hole in the

Date

20/5/2012 03:00:00

4 years ago

Fatalities

Fully
Collapsed

sidewalk)

Emilia EQ - M 6.0

Injuries

Money Lost

Figure 7-3: Data about infrastructure and events
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7.2 Technologies used

The GUI application has been developed using a wide variety of technologies that were selected based

on earlier experience and reviews of alternatives. Table 7-1 gives an overview of the technologies that

has been used.

Table 7-1: Overview of technologies used in the GUI application prototype

Source Description

Angularl]S Main framework of the web application
MapBoxAPI Map provider, based on OpenStreetMap
Leaflet.js Interactive map library

PruneCluster

Plugin for Leaflet, providing support of large and live datasets

Google Street View

Interactive panoramic views of the streets in the world

Bing Maps APIs

Satellite views

Nokia Here APIs

Geocoding and reverse geocoding

Docker

Software containers framework

© The INFRARISK Consortium
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8 CONCLUSION

We have set up a technical infrastructure for the GIS Knowledge Base based on DataGraft. DataGraft
is a cloud-based service for data transformations and data access. We have described the data
transformation capabilities, covering data cleaning and mapping functions, and query capabilities of
the GIS Knowledge Base using the landslides samples dataset as an example. In addition, we have
developed a graphical user interface (GUI) application prototype that can show data from the GIS
Knowledge Base in a map.

Future work includes supporting the further population of relevant datasets in the GIS Knowledge
Base. This can be done in two ways:

e  Providing data spreadsheets with similar structure as those described in Section 4.1. (This can be
done by providing the spreadsheets and running the existing transformations directly on
DataGraft.) This method is targeting users with domain knowledge and familiar with spreadsheet
data.

e Uploading RDF data directly to the GIS Knowledge Base. This can be done via SPARQL update
queries. This method is targeting data workers familiar with Linked Data technologies.
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