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Webuild is a global player in the construction of large, complex infrastructure

1st Italian Contractor

Sustainable
Mobility

Areas

Copenhagen
Cityringen
Metro
Denmark

! Anacostia
H River Tunnel
USA

(1) ENR Report, The TOP 250, 22/29 August 2022

Global Leader in Water sector!

4 Business

Clean Hydro

hydroelectric
Project
Australia

Green
Buildings

Al Bayt
Stadium
Qatar

(U0
EEN
17 4N\
Years
3,396km
@ l‘r‘ Tunnels
50
Countries 82,509km
Motorways &
== Roads
2y L
150 14,118km
Ongoing Railways
projects and metros| |
ﬁ 1,018km
Bridges and Iii
60 Viaducts ———
Ofﬁce_s sess 31 3
Worldwide m Dams and
Hydro Plant
83,000 ydro Plants
Direct & Third
Party
Workforce
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Europe

® Austria

® France

® Greece

o [taly

o Norway

® Poland

© Romania

® Sweden

® Switzerland
e UK

o India
o Tajikistan
© Turkey

North
America

Middle East

© Canada
© United States

150

main ongoing projects

® Oman
© Saudi Arabia
© United Arab Emirates

Africa Oceania

South America

o Argentina o Algeria o Australia

o Colombia o Ethiopia o Papua Nuova Guinea
® Paraguay © Morocco

® Peru © Nigeria

o Sierra Leone

Countries where main
ongoing projects are located



Documents, Norms &
regulations, Contracts

Europe

o Austria

® France

o Greece

o ltaly

o Norway

o Poland

® Romania

® Sweden

® Switzerland
e UK

North
America

o Canada
® United States

l_l_El__')‘J tandards

Design and Engineering %
webuild //é

Data from Suppliers, JV
Members, etc.

Asia

o India
o Tajikistan
® Turkey

Middle East

© Oman
© Saudi Arabia
© United Arab Emirates

South America L Africa Oceania

e Argentina o Algeria o Australia

® Colombia o Ethiopia e Papua Nuova Guinea
® Paraguay e Morocco

® Peru o Nigeria

main ongoing projects

Countries where main
ongoing projects are located

On-site Data & loT

Sierra Leone

Information Models and DBs



Research context and motivations

\A? «  Multiple Disciplines, multiple projects, large ama@unt of data elaborated in each
-~ project
- ~ *  On-demand information sharing model

dv\ .

Technical knowledge and data are dispetsedandwishomogenously represented

* Accessibility and reuse of Histori¢ Data from projects and tenders

+  Centralization ofithe knowledgé*base and automation of knowledge exchange
*  Provision of faterpretative gontext of data

+ Generate value Thetn knowledge produced in projects (control and predict)

*  Progressivgin the adoption and implementation

R&D funded project: “An innovative integrated platform for advanced production processes in the
construction sector” funded by the lItalian Minister for Economic Development and Regione Lombardia

webuild



Research objectives

Construction Data Platform

4 Reference Data model N\ /" Handling of large amount of data
- Standardized - Different environments (construction sites and
- Modular and scalable tenders)
- Clear and disambiguous - Cleaning, refiniment, homogenization of data
- Adherent to requirements of each discipline - Different sources: Platforms, loT
- Context-aware - Different granularity and aggregation
- Interoperability with platforms models - Accessibility levels and security

4 v - /

4 ¥

Linked Data ‘ Construction Big Data Platform

6 webuild %



DEVELOPMENT METHODOLOGY

Construction knowledge domains and the adopted reference data models

Definition of Requirements

i

Knowledge domains
selection

'

Existing Ontologies
Assessment

i

Development of missing
ontologies

i

Linking Data

|

Data Lake Implementation

!

Population, Assessment,
Validation

7 Roma 12/03/19

| Discipline | Code Requirement (summarized

QT0-01

QT0-02

QT0-03

QT0-04

QT0-05

I Bim-01

 Estimating _Naygeel

Planning PLA-01

W

Technical TEC-01
coord o

n
Technical TEC-02
n
P

t

Distinguish BOQItem, price item and
measures

Versioning of BoQs, Price Lists,
measures

Measurement units based on
international standards

Distinguish materials and quantity
typologies
Measurements/estimations from
different information carriers
Interoperability with IFC
Identification of quantified elements
and attributes

Include classification systems
(CESMM4, NRM2)

Methods of measurement and/or
calculation

Adopted construction methods
Relationships with WES for activities
duration

Possibility to relate quantities and
locations

Quaiitities aggregation at high-level
representation

Actor providing the quantity value
(client, consultant, QTO specialist,
etc.)

Quantities extracted as per
BOQltem specifications

Domain Reference Data Model Note
Product (building or IfcOWL Other ontologies adopted:
infrastructure) BOT, DiCon

Project Framework Contractor existing model

Quantity Take-Off QTOn ontology

Construction Planning ConPla ontology

Cost Modeling Contractor existing model

Revised and aligned with E-
Cognos, DiCon
Developed from scratch,
aligned with DiCon
Re-use/alignment with
Dicon, Construction
Scheduling Ontology
Detailed model
interoperable with QTOn
and ConPla ontologies

DISCIPLINES

INTEROPERABILITY

webuild 2



Quantity Take-Off ontology

<& QTOn (http://www.semanticweb.org/d.simeone/entologies/2022/4/QT0N) : [C:\Users\d.simeone\OneDrive - Webuild Sp.A\Desktop\WEBUILD ONTOLOGY\QTON QT2n.owl] — x
File Edit Wiew Reasoner Tools Refactor Window Ontop Mastro Help

< © QTOn fhnp;"hwvw.semamicweb.Urg-‘d simeone/ontologies/2022/4/QTOn)

~ | Search...
Y QTOnConcept ) QuantifiableObisct
| Active antolagy = | Entities x | Object properties x| Data properties x| Individuals by class = | OntaGraf = |
Class hierarchy: QuantifiableObject @l IZI0JE] = © QuantifiableObject — hitp:{/fwww._semanticweb.org/d.simeone/ontologies/2022/4/QTOn#@uantifizble Object
L e Asseried » |Annotations Q%%
v- @ owl:Thing Annotations: QuantifiableObject el =]0]E]

@ Dicon Concept
@ DiconinformationConcept Anrotations
v rdfs:comment  [type: rdfs:Literal]

¥ 0 BreakdownStructure
¥ @ MaterialEntity
: Material
@ Quantification Reference Material
¥ @ IFCConcept

@ Ifcidentifier

- @ IfcLabel

IfcMaterialDefinition
@ IfcMaterial
@ IfcMaterialConstituent
@ IfcMaterialConstituentSet
@ IfcMaterialDefinitionRepresentation
) IfcMaterialLayer

Acomponent or a part of design that can be quantified, as a whole or for some of its paris/aspects.

IfcMaterialLayer Set
@ IfcMaterialProfile = .
@ IfcMaterialProfile Set Description. CuantifiableObject
@ IfcMaterialRelationship
@ itcText Equivalent To
-~ () IfcPhysicalQuantity 3 IfcElement B

- @ IfcProduct
¥ {0 IfcQuantity Set =
. @ IfcElementQuantity SubClasSONG
¥ @ arOnConcept @ aronConcept
- @ Bill of Quantities
BoQitem g
@ ConstructionQuantity General class axioms gy
- & IfcElement
- PriceList
-~ @ PriceListitem
- @ tag_lficElement max 1 Ifcldentifier

SubClass Of (Anonymous Ancestor)

= Quantification Reference Material " tag_licElement only Ifcldentifier
© QuantificationMethod

uantifiableObj

- & QuantificationUnit Sa ject 4
- & Unit .

¥ QuUDTConcept Instances €23

-~ & QuantificationUnit

w. B Auantite

webuild

To use the reasoner click Reasoner > Start ressoner Show Inferences (1)




Construction Planning ontology

® ConstructionPlanning (http:/Awww.semanticweb. org/webuild/ontologies/2022/ConstructionPlanning)

| ) ¥ Search. .
} ConPlanConcept } Activity
ntology = | Entities =
Class hierari i II=[Ofal = © Activity — http-/iwww semanticweb argiwebuild/ontologies/2022/ConstructionPlanning#Activity
LFAE MNE -] \Asserted w» | Annotations | | 3
v- @ owlThing Annotations: Activity EIEEER
.
9 Annotations g
ActivityLibraryltem rdfs:label
@ calendar Activity
CalendarFestivity
(Laienda.rsllrﬂ rdfs:;comment
v @ Constraint

@ CostConstraint
@ EnvironmentConstraint
afetyConstraint
- (@ TimeConstraint

-4 ConstructionMethod
@ CcriticalPath
@ Float
® Lag
@ Milestone
¥ @ PlanningRelationship

- (I FinishToFinishRelationship
@ FinishToStartRelationship
0 StartToFinishRelationship
“-- (1 StartToStartRelationship
) Resource
- 0 Equipment
- & LabourCrew

" PlanningReferenceMaterial
L Team
DiConConcept

»- @ diciConcept
¥ @ dicmConcept
»- @ dicpConcept

v--( QTOnConcept

@ PriceListitem

Aprocess in a project that has to be planned in terms of time and resources.

This class inherits the characterizations defined for the "Activity" object defined in DiCon (htps:idigitalconsiruction.github.io/Proce sse s Si#Activity); it is actually declared as a subelass of
that concept and is in fact equivalent to an Activity that is a planned in at [zast one "Plan’ (see the "hips:iwaid.org/digitalconstruction/d. Sinformation#isPlannedActiviyOr' propearty)

Description: Activity e ] =]c]es|
Eguivalent Ta.

@ Activity
and (isPlannedActivityOf min 1 Pian)

Slisiass of )
. Activity
@ ConPlanConcept

General class axioms

SubClass Of (Anonymous Ancestor)

Instances

webuild




Data integration and reuse

I Estimating

I Al estimates

» [ Computo “Gare Chelles” BASE VERIFICA

> I Computo “Gare Chelles”
> Il Computo Pozzo” BASE VERIFICA
> Il Computo Pozze”

~ B% Gare Chelles 10 dic

v % Anagrafica "Gare Chelles™

B rtems

B supplier sids
Documents

) Reporting

[ 3ob planning
T Available amounts
2 Dashboard Supplier Bids
A Dashboard Estimate
A Estimates Dashboard
A Dashboard comparison
Requirements
b~ Budget
Doaments

B Reporting
» [ Computo pozzo revisione 1

Videome @ | [ Gare Chelles 10 dic: Anagrafica Gare Chelles™ @ | [ Anagrafica “Gare Chelles”: Items = @ ‘ B Gare Chelles 10 dic: Measurements @

‘:P System Settings

M price ists

Projects and contracts

[\ estimating
b Operating budget
Ed Accountings

e Subcontracts

BG Site documents and project control

x Manutenzioni

224]

Tupe
20| Misura

Progr.

30 | Misura
40 Misura
50 | Misura
60  Misura

80  Misura

90 | Misura
100 | Misura
110 | Misura
120 Misura
130 | Misura
140 Misura
150 | Misura
160 | Misura
170 | Misura
180 | Misura
190 | Misura
200 Misura
210 | Misura
220 Misura
230 | Misura
240 Misura
250 | Misura
260 Misura
270 | Misura

<

Item

TRC.GC.TR.
TRC.GC.TR.
TRC.GC.TR.

TRC.GC.TR....
TRC.GC.TR....

TRC.GC.TR.
TRC.GC.TR.
TRC.GC.TR.
TRC.GC.TR.

TRC.GC.TR....
TRC.GC.TR....
TRC.GC.TR....

TRC.GC.TR.
TRC.GC.TR.
TRC.GC.TR.
TRC.GC.TR.

TRC.GC.TR....
TRC.GC.TR....
TRC.GC.TR....

TRC.GC.TR.
TRC.GC.TR.
TRC.GC.TR.
TRC.GC.TR.

TRC.GC.TR....
TRC.GC.TR...

short
Amenée et repliement du matériel de
Amenée et repliement station de boue
Réalisation des doubles murettes gu

Forage pour parais maulées

Evacuation et mise en dépét des debl..

Armature en cage pour parois moulé:
Recépage des parois mouides

Démoition des doubles murettes quid
Rabotage de parois moulées par frai
Poutre de couronnement en téte de .

Sujétions pour traversée tunnelier au..

Démalition des parois moulées provis.
Mise en station (aprés implantation)
Forage

Béton armé pour préfondés {y compri

Remplissage provisoire en grave

Profilés métaliques (y campris sujéto...

Démaiition des préfandés provisoires
Terrassement en tadpe

Plus-value pour terrassement en tefr
Plus value pour terrassement de 20 &
Pl value pour terrassement au-dels
Epuisement des foulles - taxes de r
Bétan de propraté

Bétan de remplissage

UMcode UMdesar, — Quantity
ens 0,00
ens 0,00
mi de pa 129,76
M2 m 0,00
M3 m? 0,00
"
KG kg 0,00
ml 74,%
i de pa 129,76
Mz me 0,00
ml 0,00
u 0,00
M3 m? 737,08
u 0,00
M2 m* 0,00
M3 m? 1.100,16
M3 me 373,28
KG kg 59,14, 12
ens 0,00
M5 m? 60.000,00
M3 m3 0,00
M3 m3 0,00
M3 m? 0,00
M3 m# 0,00
Mz m 2.000,00
M3 m? 1.535,86

Lump... LumpsumUM.. |

Page size 26 - 5/244

Amount: 0,00 | Cost Amount: 0,00 |Bid Amount: 0,00 o' << < Yt

Measures ‘ Ttem | Detaileditem | BIMObjects | Messurementdata | Lumpsum works | Notes | Image | Costanalysis | Parameters | Currendes

Souténements et fondations spédales - baite profonde

Paroi Moulée

BEton pour paroi moulée y compris joint darrét d'eau (type waterstop CWS ou équivalents) entre panneaux y compris tubes pour auscultation

Comment

e owon b

1 Muro di base:TGC_Mur_ep150cm_béton_Paroi..
Muro di base:1GC_Mur_ep150am_béton_Parai...
Muro di base:IGC_Mur_ep150am_béton_Parai...
parois moulees SUD:parois moulees SUD: 4245174
Muro di base:I6C_Mur_ep150cm_béton_Paro
Muro di base:IGC_Mur_ep150cm_béton_Paroi

Similar Length
6.693,36

434,51

443,08

206,85

279,60

286,91

Width

Height Total

6.693,36
434,51
443,08
208,85
279,60
285,91

Gare Chelles 10 dic: Measurements - BIMViewer

Tools 1
Code ' Description
= | [] IFF00 PN1205-1(
[] | 1eF@1L | PN1206-1
[[] fiFFlo2  PN1206-1
[] '#Fo03  Pui206-11
[] '#F04  Pni206-1
IFF_05. | PN1206-1/
Pl >
Refresh list View
Models [,
Tree | Cutlane | Fiter




Data fruition in

webuild%Z Control Room

° Cantiere: NACAV/

Oggeto
[\(J Ativita

(Unnamed)
GA12BP.102

o
pescrizion® Dlmanl'\_"
LUNGHEZIA
Descrizione \ARGHEZZK
Tratto artificiale di imbocco lato Messina ALTEZZA
BP - Riepilogo

articoh oo
Early Start 130672027 080000

BACZ A30LA
Early Finish 2800812027 17:00:00

Late Start 290512031 08:00:
Late Finish 30712031 17:00:00
Actual Start

Actual Finish

-
Rredecegson -

Successore | GA12BP.150

Tipologia: TELECAMERA

Modello: HICKVISION

status: UTILIZZATO

imo. -
Date IO o uayanzs 0832
.

. ”
Posizionamento:1770

webuild %




Conclusions and future developments

o0l

G

12

I

LD implementation in a general contractor is difficult but a modular approach is
a key for success

Value is not only in the resulting knowledge base but als@in the process of
creation

LD can overcome difficulties of top-down standardization

LD is perceived as critical for the ongoifng aut@mation processes in the
construction industry (project maeuiitoring, teporting, and execution of tasks)

Extension of the knowledgeBase to sustainability and materials handling
Integration with,Digital Twin ontologies
Development of platforms integrations with the Enterprise Datalake

webuild



Thank you
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