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Introduction

Data Management Challenges

Large, Complex
. - . High-Traffic Asset Lifecycle
Insufficient data transfer from the construction Road Network Management
phase Strategies
« Different responsibilities for the management of
information
] o Challenges
« Decentralized storage and acquisition of
information
«  Consistency very difficult to maintain because Legislative District-Wide,

Requirements
for Annual

. Uniform access difficult because different Planning
vocabularies are used

Actionable Data
Analysis

data is stored redundantly

30/05/22 AMSfree.eu 3




Introduction

Solution concept
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Exchange and Exploitation of Data from Asset
Management Systems using Vendor Free Format

Project Summary

s approach based on informatio
and data flow mo

brid,

Introduction

Planning, construction, operation, and maintenance of
infrastructure require a significant commitment of both
economic and human resources. For a targeted allocation of
financial resources determined according to objective
criteria, asset management systems (AMS) are used. One of
the key aspects of asset management covered by most of
these road authorities is the condition evaluation of assets
and the assessment of related risks. While the condition-
related data and data on inventory and traffic are stored in
national asset management databases, data on materials
from the maintenance planning and construction phase are
often included in BIM models, documented as PDF or
hosted in external databases. The exchange and update of
these data are often time-consuming and error-prone. To
combine the advantages of AMSs and BIM, a methodology
based on standardized information containers was
developed and tested

Methodology

Based on the previously described potential to combine
AMS with BIM, concepts for the integration of data from
AMSs into BIM are introduced. First, the stakeholders within
the context of asset management and its processes are
described by using a process map. Three relevant update
steps were defined on which an asset manager interacts
with external contractors such as a inspector, a tender
preparation team and a construction team. Based on the
process analysis, the related data that needs to be
exchanged at each update step and the national data
formats are analyzed. The approach involves linking and
transferring different data sources, models, or formats. This
challenge cannot be solved in a universally valid way. The
SWT is used to define ontologies for the description of
domain-specific semantic information and link data from
different data sources. It is shown how existing national

Consartium:

change was
e are demo
d data that is linked to external datab

Use Cases

shown how existing national data formats for
road assets during the whole life span are linked with the
IFC format. The approach was tested and validated in the
context of use cases

ICDD Container

A prototype was developed to evaluate the proposed
concepts of sharing, exchanging and visualization of data
between the asset manager and external contractors by
using information containers. The ICDD provides an
environment for capturing and linking data from different
formats. File-based documents can be linked in this
information container. Figure 2 shows the idea of using
standardized information containers for the data exchange
between an asset manager and external contractors.

. —

of the 3D y to the Structure Elements

It is essential to consider the finest granularity of the asset
management database to be able to link BIM with the
different data models. For instance, Germany’s ASB-ING's
object classification is a hierarchical catalogue with a huge
number of object type categories. The model is
disassembled, and each bridge element and sub-element is
associated with the corresponding ASB-ING catalogue type.
The IFC entity types are exemplary shown in Figure 3.

1. Inspection

As part of the structural inspections for engineering
structures, condition changes to the infrastructure objects
are recorded in the asset management database. Update 1
as shown in Figure 1 includes the implementation of results
of wisual inspections into BIM. The condition of the
infrastructure objects and their individual elements can be
integrated into BIM.

2. Maintenance Plan

Update 2 includes the implementation of results of
maintenance planning into BIM. One can then access
specified data for type of maintenance measure, the
timeframe, estimated costs and the cause for maintenance
activity. Also, bundles of measures, which contain several
assets, can be combined and exported together for the
program planning and processed correspondingly.

Prototype:
ht

3. Maintenance Measures

Update 3 includes the implementation of an updated “as-
built” model into BIM. As a result of the documentation of
the construction work achieved, it includes all properties of
the maintained elements of a bridge/road section.

Conclusion

In this project a new approach based on information
containers was presented to combine AMSs and BIM. The
processes and procedures existing within AMSs as well as
the related data flows were analyzed. Afterwards, typical
use cases were identified, and their data exchange was
described. The interoperability and the connection with
already existing databases or information systems were
considered. Based on the example of a road section and a
bridge, the consistency of the BIM concept is demonstrated.
It is shown how existing national data formats for the
management of road and bridges are linked to the IFC
format during the entire life span. The approach
differentiates between data that is directly contained in BIM
and data that is linked to external databases. The benefits of
connecting asset management processes with BIM are
enormous. The combination and visualization of material
related data within BIM its temporal classification and
precise localization offer the possibility for a multitude of
new analysis.
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Use Cases
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RN AMS

Use Cases
Two assets: E
1. one road section g
2. one bridge 9

Three update steps:
1. Inspection

2. Maintenance Plan

3. Maintenance Measures

30/05/22 AMSfree.eu




Use Cases

Asset manager \

30/05/22

Structured
data package
&
linkages

Information Container for Linked
Document Delivery (ICDD)

AMSfree.eu
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Condition Inspector
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Tender
preparation team

v
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Construction team
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ICDD Platform

Use Case 1 - Inspection
Data Exchange by Using ICDD

30/05/22

Exchange and Exploitation of Data from Asset Management Systems using Vendor-free Format

Realization of the Dats Collection and Exchange
‘with the ICDD Prototype

ICDD Platform N AMS

Use Case 2 — Maintenance Plan
Data Collection by Using ICDD

Exchange and Exploitation of Data from Asset Management Systems using Vendor-free Format

Activities for Maintenance Plan Reallzation of the Dats Collection and Exchange
with the ICDD Prototype

& ‘

AMSfree.eu

ICDD Platform

Use Case 3 - Maintenance Measures

Connection with Existing Databases by Using ICDD

Exchange and Exploitation of Data from Asset Management Systems using Vendor-free Format

Realization of the Dats Collection and Exchange
‘with the ICDD Prototype

11
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Prototype AMSfree Platform

System Description

Based on ICDD Standard ISO 21597

Data Layer — ICDD as a unit of
information storage

Business Logic Layer — Processing of
the Linked Data, BIM model and data of
external databases (IAMS)

Unified Service Layer — functions of
container creation, edition, querying, and
validation

Presentation Layer — web user interface

06/03/22 AMSfree.eu

System Architecture of Prototype ICDD
AMSfree Platform

resentation [ Web User Interface J

"ICDD Platform™




WP 7 Prototype ICDD — AMSfree Platform

User interface and functions

= Project-related management of the
containers

= Edition of container content

= Connection with external
databases

= Querying of container content

06/03/22

Start

AMSfTree Platform

This is a toolkit for working with Information Container for linked Document
Delivery (ICDD) according to ISO 21597-1:2020. The platform offers several
functions for uploading, validating, editing, and exporting ICDD containers. The
platform supports the information management according ISO 19650 and provides
a DIN SPEC 91391 conform REST API for accessing information containers in
external clients.

‘A?‘Alz'

You can upload your *.icdd files right Your file will be checked against
now by clicking the link below and conformance criteria delivered by the
standard for the container in the
active session. Validation performs
SHACL Validation defined by 1SO
21597-2:2020

start a new session.

Quick start:

& Register a new user
=1 Log in as a registered user
A Open or create a project

‘é@&

Explore the contents of your file and Export the container back into

manipulate meta data online for the standardized container format.
container in the active session,
Viewer supports JsonLD of Semantic

Data and IFC viewer.

AMSfree.eu




WP 7 Prototype ICDD — AMSfree Platform

Creation of project

Project-related management of

containers
= Creation of project

= Management of containers in the
project

06/03/22

Create a container with meta
information

Inherit a container as a new
version

Download or upload a container

Delete

Project List

Creation, inheritance, download, upload and cancel of container

Containers

Contziner for final conferenceicdd (KD 22052022 00:15:58  22.05.2022 00:20:17

Container for final conference-vz.icdd XD 22052022 00:18:07  22.05.2022 00:20:05

Meta data of container o

AMSfree.eu
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WP 7 Prototype ICDD — AMSfree Platform

Edition of container content

= Preparation of the container
structure based on ISO 21597

= Display of dashboard, document
metadata, content, and BIM model

= Adding different data
= Domain ontologies

= Documents
» Datasets based on ontologies

06/03/22 AMSfree.eu




WP 7 Prototype ICDD — AMSfree Platform

Edition of container content

= Adding links between documents
and data

1. Define a linkset file

2. Select a link type provided by
setting links

3. Set the document and an
identifier for the link element

4. View the detail of link

Ls_Ifc_Component.rdf

Links

Typ  From/Left
e

- lodelifc

link ta

Identiis

06/03/22 AMSfree.eu




Connection with external
databases

1. Add existing database with access
data and mapping files

2. Export data into the container as
semantic datasets

3. Import data into the database
using SQL — SPARQL query
templates

06/03/22

4 M AMSFree final conference

By indexrdf
+im Onfology Resources
|- By Container.rdf
By Linksetrof
LBy ExendedLinksetrdf
B5 ExtendedDocument rdf
4~ Payload documents
I BridgemModelifc
i~ Payload triples

M Container for final conference cdd

B ComponentOfinspection nstances tt

Add Internal Document
Container name General
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Description”
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Revision*
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e
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- By ExtendedLinksetrdf
B ExtendedDocument
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@D ROFS Inferen

BridgeDB
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BridgeDB =

"INSERT INTO [d SELECT Pcomonentid Pnspectionzd I
ent_id], sgradeCondition Tsafety demage ?

Condition], [SafetyRick], f| date

epescription],
[dat=0fSuruey]) \nVALLES ("
spectionid®, "7

eu/ontolegy/Eridg

D RDFS Inference and gererate shortcuds

Tabular  Json

00] . [Condition] ([conponent_id], [3 on_id], |
T6raded 11 1, [domagedescription], [dntedfsurvey])
s (8, 10, 2, W' ,N'surface crack on the tep of the side wall’,

AST(N' 2022-05-05" A5 Date))




Querying of container content
based on SPARQL query language

Using implemented SPARQL
panel

Save query templates

Show the query results and
download as a .csv file

06/03/22

ISFree
- Container for final conferenceicdd

B

nference

index.rdf

Ontology Resources
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B Linksetrdf

B ExtendedLinkse.rdf
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Live demonstration
of the prototype
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Inspector
. p— Structured
‘ data 1111l
k |
Plan & Tender ”ZZkZZZS& | -
preparation
Asset- . | ==
Manager UL ﬂ
— Qb
Information Container for Linked
Document Delivery (ICDD) Construction
team
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Bridge inspection — Order

,As-built“-IFC-Model

Planned inspection data
&
classification of bridge component

database

Asset Manager

Partcipants * Orvuleges ™ Decamens * Uniets *

M Visual bridge inspection - requirement containgr.icdd .
B indexrdf lannedInspection.instances.ttl
i Ontology Resources
i By Container.rdf s Uk Ture
b By Linkset.rdf
|- B ExtendedLinkset.rdf S
+- By BridgeClassificatioh.ttl amsinstinspaction. 10
#~ B ConditionClassificqtion.ttl réfiys curottinspectionictivity
i By DamageClassificatfon.ttl ﬁimﬂmm [
- By EUROTL.t uqfedizodaton -
“- By ExtendedDocument.rdf sowlue
y bttt

pmcvalue

e

i
BS Plannedinspection.mappings.ttl :

5 ReportTemplatexsd ritiee
il Payload triples ﬁ
By Ls_Inspection_Report.rdf .
auto-generated.rdf o
Ls_Ifc_Component rdf "
Ls_Ifc_Inspection.rdf el P

1
1w

B
- |
B
5]

Plannedinspection.instances.itl

Modal
BridgeModel.ifc

Containers 1 entries

Container Created Status

Asset Management Inspection Containers

requirement co

B0 16052022 135342 E’ El II

L M Visual bridge inspection - requirement container.icdd
B index.rdf

Ontology Resources

BS Container.rdf

BS Linkset.rdf

- B§ ExtendedLinkset.rdf

-B5 BridgeClassification.ttl

- B ConditionClassification.ttl
- B DamageClassification.ttl
- B3 EUROTLA

L By ExtendedDocument.rdf
Payload documents

The container delivered to
the inspector without DB
connection

Visiility
-«

I BridgeModelifc

I ReportTemplatexsd

B Payload triples
Ls_Inspection_Report.rdf

Bs

B8 Ls_Ifc_Component.rdf
BS Ls Ifc_Inspection.rdf
B

ComponentOfinspection.Instances.ttl

Plannedinspection.instances.ttl I




Asset Manager y Y

Visual bridge inspection - result container.icd
B indexrdf

~# Ontology Resources

Container.rdf

Linkset.rdf
ExtendedLinkset.rdf
BridgeClassification.ttl
ConditionClassification.ttl
DamageClassification.ttl
EUROTL.ttl
ExtendedDocument.rdf

Payload documents
l BridgeDB I_

ki ImageDamage jpg
LocalPlacement.ifc

FPPPFFFP

Reportxml
@ Payload triples

Ls_lfc_Damage_Placement_Image_Description.rd
Ls_Inspection_Report.rdf
Ls_Component_Report.rdf
Ls_lfe_Component.rdf

Ls_lfc_Inspection.rdf
ComponentOflnspection.Instances:ttl

P tion.instances il

FPPFPFR PP

StructureComponentConditionDamage.ttf—

ageDamage.jpg

Containers

Container

visual bridg:

Asset Management Inspection Containers

Model Visibility
LocalPlacement.ifc @
BridgeModel.ifc @@

Created

35342

B0 16052022135342 22052022 03:15:29

Statu:

L cpcion comae [a]

2 entries

~—

-

.

Visual bridge inspection - result container.icdd
B indexrdf
i Ontology Resources
LB Container.rdf
B Linkset.rdf
- By ExtendedLinkset.rdf
B BridgeClassification.ttl
B ConditionClassification.ttl
BS DamageClassification.tt
B EUROTLtt
B ExtendedDocument.rdf
@ Payload documents
Ik BridgeModel.ifc
k& ImageDamage jpg
B LocalPlacement.ifc
B Reportxm!
i Payload triples
B Ls_lfc_DamagePlacement_Image.rdf
B Ls_Inspection_Report.rdf
B Ls_Component_Report.rdf
-8 Ls_lfc_Component.rdf
B Ls_lfc_Inspection.rdf
BY ComponentOfinspection.instances.

PlannedInspection.instances.ttl

By StructureComponentConditionDamage.ttl




Demonstration on the result container of bridge
inspection

=  Qverview inspection documents and data

=  Check damage with links

M Project Test
-~ Visual bridge inspection - result container.icdd
By indexrdf
~ 3 Ontology Resources
LBy Container.rdf
By Linksetrdf
LB ExtendedLinkset.rdf
By BridgeClassification.ttl
LB ConditionClassification.tl
BY DamageClassification.ttl
s EUROTLAH
By ExtendedDocument.rdf
Payload documents
= BridgeD8
BridgeModel.ifc
ImageDamage,jpg
LocalPlacement.ifc

-

Reportxml
Payload triples

B Ls_lfc Damage_Placement Image_Description.rdf
BS Ls_Inspection_Report.rdf
B Ls_Component_Report.rdf
B Ls_lfc Component.rdf
By Ls_tfc_Inspection.rdf
LB4 ComponentOfinspection.Instances.ttl
LB Plannedinspection.instances.ttl
BS StructureComponentConditionDamage.ttl
Visual bridge inspection - requirement container.icdd (belongs to the ¢

Ls_Ifc_Damage_Placement_Image_Descrip

tion.rdf

Links
Type  From / Left
Binarylink BridgeModel.ifc
BinaryLink LocalPlacement.ifc
BinaryLink

LocalPlacement ifc

~  Ontologies ~ Docum

To / Right

LocalPlacement.ife

ImageDamage jpg

BridgeDE.
Inttp://wurn.amsfree.cu/ontology/StructureConditionDamage#s|
pallingGirdSouth

Linksets > SPARQL SHAC

Check results using a query

Import condition data into the database

e Linl
Info
Q

Q

Q

Transparency mode

& Add Link Model Visibility

LocalPlacement.ifc &

Selected elements:

2YEOS51GQ5DJQZPSUZaXOVK.

BridgeModel.ifc [ o]

Selected elements:

e




Bridge maintenance — Order

Components to be maintained Containers 1 entries

P = LAs- bwlt” IFC-Model Container

Asset Management Maintenance Containers
===
Q t [e] e [=])=]

»
AMS

database Planned maintenance data
Asset Manager & Construction team

classification of bridge component

M Bridge Maintenance - requirement coftainer.icdd
-~ [y index.rdf

Paricipants = Onfologies * Docaments = Linksets = SPARQL  SMACL

M Eridge Maintenance - requirement container.icdd
B index.rdf

B Ontology Resources MaintenanceMeasure.instances.ttl D = Ontology Resources
BS Container.rdf . .
B Linsetref S B The container delivered B Container.df
B crendenct —rery to the construction B et
B BridgeClassification.tfl | ——— N \\ ’, BY ExtendedLinkset.rdf
mExECRCICH A team Bs BridgeClassification.ttl
B5 ExtendedDocument.rfif \\ BY EUROTLH
- Payload documents [assesistien § \ T
g AsBuiltBridgeMode/flotChanged.ifc . — B ExtendedDocumentrdf
= BridgeDB e e e payload documents
— Mode! Visibility . - N
-1B5 PlannedMaintenanceMeasure. mappings.ttl pdusage [ s sBuiltBridgeModsl-NotChangeedifc Pre) . . 1 E AsBuiltBridgeMadel-NotChanged.ifc
emoved_sidewalks_and_railings.ic provcisiue waintenance ditian of t WlthOUt DB ConneCtlon i E Removed _sidewalks_and_railings.ifc
i Payload triples :r;:‘,::l s MWM et = 4 mm Payload triples
B3 auto-generated.rdf — Ve ot conprstien By Ls_ifc_Maintenancerdf
By Ls_Ifc_Maintenance.rdf provausiue Tre neimtenance activiey incls "
~B Ls_lfc_Component.rdf ictabe regeet deseription E: I:-_Ifc_ComponenF.rdf
By ComponentOfMaintenance.instances.ttl . B ComponentOfiaintenance.Instances il
IE PlannedMaintenanceMeasure.instances.ttl_f I g PlannedMaintenanceMeasure.instances.tl I




Demonstration on the order container for bridge maintenance

= Qverview of the removed structure elements

=  Export the data of the planned maintenance project from the database

= Create the link between the IFC model and the maintenance project

-4 Example Project Bridge - Final Conference
4l Bridge Maintenance - requirement container.icdd
bRy indexrdf
4- i Ontology Resources
B3 Container.rdf
8 Linksetrdf
'~ B ExtendedLinksetraf
B BricgeClassification ttl
& EURCTLH
| B ExtendedDocument.rdf
4-im Payload documents
Ll AsguiltBridgeModel-NotChanged.ifc
= BridgeDs
& PlannedMaintenanceMeasure mappings:t
I Removed sidewalks_and_railings.ife
ad triples
& auto-generateddf
B Ls_lfc_Maintenancerdf
B Ls_lfc_Componentrdf
& CompanentOiMaintenance.nstancestl
B PlannedMaintenanceMeasure instances i

i Bridge Maintenance - resuit container.icdd (belongs to the same projec

Content Participants ~ Ontologies * Documents ~ Linksets ~ SPARQL SHACL Properties

PlannedMaintenanceMeasure.instances.ttl

Triples  Links  Turtle

Individuals 3 individuals found

amsinst:MaintenanceProject 2

ref:type
retsabel

prov:qualifiedAssociation

provqualifiedUsage

provivalue

eurotl:MaintenanceActivity
structure

[

wtityne

provuaiue
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1
[

rdfitype
Brovvalue
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Brovvaiue

rdfslabel

provvalue
rdfsiabel

1

avsFreeeal

(2

provAssociation

anseree-Tean

Project contractor

eurotk:lane

rainten

ith sgoition of the gua
raintenance preject

2022

Year of completion

The maintenance activity includes ex

Project description

Meodel Visibility
AsBuiltBridgeModel-NetChanged. ifc [ o]
[ o]

Removed sidewalks_and_railings.ifc
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Bridge maintenance — Result

Upgrade ,as-built” IFC model

AMS
database

Asset Manager y Y

Bridge Maintenance - result container.jcdd
By indexrdf

B Ontology Resources Details
-~y Container.rdf
B Linksetrdf , o . x

BS Extendedlnksetrdf ——
-- 5 BridgeClassification.ttl [ —

B EUROTLl

By ExtendedDocument.rdf [

2

B Payload documents
N o

-- B BridgeDB
Removed_sidewalks_and_railings.ifc

ki Renewed_Sidewalks_and_guardrail.ifc
-- @ Payload triples

B auto-generated.rdf

By Ls_Ifc_Maintenance.rdf
--B§ Ls_lfc_Component.rdf

N

Modified components

- =

Model

Containers 2 entries.

Container Created Modified Status

Asset Management Maintenance Containers

D 16052022 141004

22052022 04:17:03

= I B0 16052022 141004

47
—1]

Bridge Maintenance - result containericdd
B indexrdf
@ Ontology Resources

B Container.rdf

B Linksetrdf
LB ExtendedLinkset.rdf

B BridgeClassification.tt!

B EUROTLLH

By ExtendedDocument.rdf
i Payload documents
‘-l AsBuiltBridgeModel-NotChanged.ifc
b Removed_sidewalks_and_railings.ifc
Renewed_Sidewalks_and_guardrailifc
W Payload triples
Visibility By Ls_tfc_Maintenancerdf

) LB Ls_tfc_Component.rdf

.

P

AsBuiltBridgeModal-NotChanged.ifc

Removed_sidewalks_and_railings.ife

Ranewad_ Sidewalks_and_guardrail i#fc

ComponentOfMaintenance.Instances.t
MaintenanceDetail.tt
A e e e ey

ORNZIMIFIDSACHGYRSES

By PlannedMaintenanceMeasure.instances.ttl




Demonstration on the result container for bridge maintenance

Overview of new construction elements on the model
Check results of construction using a query

Import the changed elements data into the database

Explorer

4. @ Example Project Bridge - Final Conference
M Bridge Maintenance - result container.icdd
BS index.rdf
- @ Ontology Resources
- B Container.rdf
By Linksetrdf
- B5 ExtendedLinkset.rdf
By BridgeClassification.ttl
- B EUROTL.ttl
- By ExtendedDocument.rdf
i Payload documents
- la AsBuiltBridgeModel-NotChanged.ifc
= BridgeDB
-l Removed_sidewalks_and_railings.ifc

Renewed_Sidewalks_and_guardrailifc

L

Payload triples

-B5 auto-generated.rdf

By Ls lic Maintenance.rdf

-B5 Ls_Ifc_Component.rdf

-B3 ComponentOfMaintenance.Instances.ttl
B MaintenanceDetailttl

‘- B PlannedMaintenanceMeasure.instances.ttl

M Bridge Maintenance - requirement containericdd (belongs to the same

Content

Documents SPARQL  SHACI

Link Details

Renewed_Sidewalks_and_guardrailfc

Link elements Graph TTL JSONLD

From

BridgeDB

Inttps/funww.amsiree.eu/ontology/bridgeCompMaintinstances#DeckconsolwidenSouth

[ s ‘ Transparency made | Orbit

Model Visibility
NotChanged.ifc (o)

selected elements:

Removed sidewalks_and_railings.ifc

Selected elements:

Renewed_Sidewalks_and_guardrail.ife [ o]

Selected elements:

ORNZ3MIF 1 DSXCrGVhOWFin
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Conclusion of use cases for bridge

The technical approach to data preparation and exchange :

* Required information as ontology-based data collected by a contractor
* Changed model provided by a contractor

* Necessary domain ontology provided by asset manager

* As-built model provided by asset manager

* Planned activities as semantic data from IAMS

06/03/22 AMSfree.eu 29
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Short introduction of

use cases for pavement

- the ICDDs prepared for self-testing

06/03/22 AMSfree.eu 30




Asset Manager

Pavement inspection

/Virtuel layer for inspection sections
&
/  As-built“-IFC-Model

3> 5

AMS
database .

Required information
as properties

Containers

Container Created
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Conclusion of use cases for pavement

The technical approach to data preparation and exchange:

* Required Data as property set template provided by asset manager
* Planned activities as semantic data from IAMS
* |FC-Model provided by asset manager

* Enriched IFC-Model with properties by a contractor
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