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Building industry is responsible for the largest 

waste of resources of the entire planet

Source: Teicholz (2004)

Source: BLS - CFOI (2013)

Source: EPA (2004)
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INFORMATION

Cost of inadequate
interoperability:
4,39 $/sqm·yr
Source: NIST 2004

Cost of non fatal
injuries:
12.350 $/worker·yr
Source: OSHA

Financial benefits of green building: 27-35 $/sqm·yr
Source: GBC

65% related to 
information sharing

60% avoided during
planning phase

50% related to 
information system
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Do I have information?

Do I have information system?
(can I have access to information?)

Is information updated?

YES NO

YES NO

SHOULD I BUY APPLES?

WASTE IS TWICE EASIER THAN SUSTAINABILITY

YES NO

information system

updated

=
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IMAGINE TO 
HAVE  ALL 

INFORMATION
REQUIRED…
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INFORMATION
BUILDING

INFORMATION
MODEL=

COMPLEXITY
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IN BIM INFORMATION IS STORED WHERE WE EXPECT TO FIND IT
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UK
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BIM= + INFORMATIONMODEL
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PARAMETERSBIM=
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PARAMETERSBIM= TYPESRELATIONS➔
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PBS ABS

ZBS

WP

2D->3D matrix

Prodotto+Zona → FASI

WBS= sistema a 2 dimensioni+funzioni di trasferimento

• Product breakdown structure (PBS)

• Zone breakdown structure (ZBS)

• Assembly breakdown structure (ABS)

• Phase breakdown structure (PhBS)

• Functional breakdown structure (FBS)

• Spatial breakdown structure (SBS)

• Organization breakdown structure (OBS)
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BIM

€ % €(t)

specs

CME
CRP

POS

FSC

CSA

modelli        database  documenti

EXE
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WBS IFC VisionCPM 4D & 5D
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CODIFICA MODELLAZIONE INTERROGAZIONE
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CODIFICA
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PROGETTAZIONE GARA PROGRAMMAZIONE ESECUZIONE CONSEGNA

USER JOURNEY MAP

BUILDING INFORMATION MODELING AND MANAGEMENT

5D 4DBIM IT! 4D (t)
RACCOGLIE L’INFORMAZIONE 
EDILIZIA NEL BIM

PORTA IN CANTIERE IL BIMCOLLEGA AL BIM 
QUANTITÀ E COSTI

COLLEGA AL BIM 
TEMPI E COSTI
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BIM 4D IN SYNCHRO-PRO
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BIM 4D IN SYNCHRO-PRO

Programma lavori 
su Google Drive
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APP Inventor Programma lavori 
su Google Drive

APP

APP PER IL 4D IN CANTIERE
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L’applicazione legge dal 
programma lavori le attività

La DL registra il 
completamento

L’applicazione aggiorna il 
Giornale Lavori
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PBS = =  ABS IDBIM 3D

MODELLAZIONE PARAMETRI CME PARAMETRI WBS
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BIM 5D

WBS LISTINI FILTRI REGOLE PREVENTIVO PARAMETRICO RILEVAZIONI
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BIM 3D

PBS = =  ABS

ID

MODELLAZIONE PARAMETRI CME PARAMETRI WBS
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BIM 3D

PBS = =  ABS

ID

MODELLAZIONE PARAMETRI CME PARAMETRI WBS
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BIM 4D

CRP

CRP RILEVAZIONE 

DELL’ATTIVITA’

DATI 

4D

SIMULAZIONE
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BIM 4D

CRP RILEVAZIONE 

DELL’ATTIVITA’

DATI 

4D

SIMULAZIONE
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BIM 5D

SOMMARIO PER OGGETTI 

BIM
CME PER 

WBS 
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BIM 5D

SOMMARIO PER OGGETTI 

BIM
CME PER 

WBS 



CARLO ZANCHETTA

INFORMATONMODELING–DIGITALENGINEERING

BIM 5D

SOMMARIO PER OGGETTI 

BIM
CME PER 

WBS
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Dashboard degli indici di prestazione delle Opere

francesco ruperto coordinatore scientifico Master BIM Sapienza Università di Roma
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DIGITAL 
ENGINEERING



CARLO ZANCHETTA

INFORMATONMODELING–DIGITALENGINEERING

AL WAKRAH
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OGGETTO DELLO STUDIO: ANELLO ESTERNO DELLE RING TRUSS

MILESTONES
▪ Temporary Tower
▪ Bespoke
▪ Link Truss
▪ Adaptor (roof support)
▪ Façade Columns

RING TRUSS
16 macro conci
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CREAZIONE E CONTINUA IMPLEMENTAZIONE DI UN MODELLO 4D/5D

AUTODESK NAVISWORK
▪ Aggregazione del flusso 

di dati in un unico 
modello

▪ Rilevamento delle 
interferenze e 
coordinamento delle 
attività

▪ Simulazione e 
animazione dei modelli
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CREAZIONE E CONTINUA IMPLEMENTAZIONE DI UN MODELLO 4D/5D

ANALISI DELLE INTERFERENZE
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Applicazione di Code Checking sulla base della RTV- scuole e design computazionale
Fasi di lavoro

1 Creazione di parametri di progetto ad hoc

Creazione del nuovo

parametro di progetto

"Exit Type", compilabile

con le voci "Exit Door" o

"Emergency Exit".

Inoltre, contrassegnate

dal colore giallo e rosso,

le porte vengono filtrate

secondo questo

parametro di progetto,

appositamente creato
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Applicazione di Code Checking sulla base della RTV- scuole e design computazionale
Fasi di lavoro

2
Posizionamento della mesh prodotta da Dynamo, intersecata con gli ostacoli e visualizzata durante la 

fase di esecuzione del codice in Revit
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Applicazione di Code Checking sulla base 
della RTV- scuole e design computazionale
Fasi di lavoro

3 Automatizzazione delle vie d’esodo



CARLO ZANCHETTA

INFORMATONMODELING–DIGITALENGINEERING

BIM

information
exchange

BPS



CARLO ZANCHETTA

INFORMATONMODELING–DIGITALENGINEERING

• Components

EXPORT

• Components

RESULTS

.mmxml

.xls

graphics

CONVERT

• Agents

• Agent Attributes

• Agent Route Selection

• Agent Movement

ASSIGN

• Components

RUN END

CALSSROOMS OFFICESLOS
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<?xml version="1.0" standalone="yes" ?>
<!---->
<DataRoot FormatVersion="1" ContentVersion="8.5.11.0" FileName="">

<Objects>
<FloorActor4>

<Attributes>
<AttrEnabled>

<Data v="1" t="0" />
<Type v="DataTypeBool" t="3" />

</AttrEnabled>
<AttrNetworkActionEnter>

<Data>
<ActionType v="ActionNone" t="3" />

</Data>
<Type v="DataTypeAction" t="3" />

</AttrNetworkActionEnter>
<AttrNetworkActionExit>

<Data>
<ActionType v="ActionNone" t="3" />

</Data>
<Type v="DataTypeAction" t="3" />

</AttrNetworkActionExit>
<AttrNetworkActorDistanceCost>

<Data v="0.000000" t="2" />
<Type v="DataTypeDouble" t="3" />

</AttrNetworkActorDistanceCost>
<AttrNetworkZonesAsPrimaryMember>

<Data v="[]" t="3" />
<Type v="DataTypeSetGlobalID" t="3" />

</AttrNetworkZonesAsPrimaryMember>
<AttrObjectColor>

<Data v="[0.584000,0.729000,0.788000,1.000000]" t="2" />
<Type v="DataTypeColor" t="3" />

</AttrObjectColor>
<AttrSourceObject>

<Data v="c7fd0378-0e32-40b8-b3b0-6f787c3c2b00" t="3" />
<Type v="DataTypeGlobalID" t="3" />

</AttrSourceObject>
<

mmXML
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mmXML

DATA MAPPING
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CONCURRENT ENGINEERING: information exchange

Prod. Facciate
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CONCURRENT ENGINEERING: information exchange

Prod. Facciate

Impiantista
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CONCURRENT ENGINEERING: information exchange

Prod. Facciate

Impiantista

Prebabbricatore
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CONCURRENT ENGINEERING: information exchange

Prod. Facciate

Impiantista

Prebabbricatore

Strutturista
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Facciatista

Impiantista

Prebabbricatore

Strutturista

Architetto degli 
interni

CONCURRENT ENGINEERING: information exchange
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O. CW

STRATEGIA DI MODELLAZIONE: nested family
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O. CW

STRATEGIA DI MODELLAZIONE: nested family
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𝑙𝑐𝑤1 𝑙𝑐𝑤2

𝑙𝑐𝑤1

𝑙𝑐𝑤2

𝑙𝑐𝑤2

𝑙𝑐𝑤1

𝑙𝑐𝑤1 𝑙𝑐𝑤2

𝑧𝑐𝑤

𝑧𝑐𝑤

O. CW

STRATEGIA DI MODELLAZIONE: nested family
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curtain wall grid

CWC [Curtain Wall Cell]

𝑙𝑐𝑤2 = 𝑙𝑐𝑤2

𝑧𝑐𝑤𝑐=𝑧𝑐𝑤

𝑧𝑐𝑤𝑐

𝑧𝑐𝑤

O. CW

𝑙𝑐𝑤𝑐2

Nidification levels:

I. CWC
- i.  Mullion;
- i.  Transom;
- i.  Glass;
- i.  Spandrel pannel;
- i.  Structural

connection:
- ii.   Channels;
- ii.   Bracket.

𝑙𝑐𝑤2

STRATEGIA DI MODELLAZIONE: nested family
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curtain wall grid

CWC [Curtain Wall Cell]

Nidification levels:

I. CWC
- i.  Mullion;
- i.  Transom;
- i.  Glass;
- i.  Spandrel pannel;
- i.  Structural

connection:
- ii.   Channels;
- ii.   Bracket.

𝑧𝑐𝑤𝑐

𝑧𝑐𝑤

O. CW

𝑙𝑐𝑤𝑐2

𝑙𝑐𝑤2

𝑧𝑐𝑤𝑐1

𝑧𝑐𝑤𝑐2

𝑧𝑐𝑤𝑐3

𝑧𝑐𝑤𝑐=𝑧𝑐𝑤

STRATEGIA DI MODELLAZIONE: nested family
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𝑧𝑐𝑤𝑐

𝑧𝑐𝑤

𝑙𝑐𝑤𝑝2

O. CW

𝑙𝑐𝑤2

𝑙𝑐𝑤𝑐2

𝑧𝑐𝑤𝑝𝑛= 𝑧𝑐𝑤𝑐𝑛
II. CWP

Nidification levels:

I. CWC
- i.  Mullion;
- i.  Transom;
- i.  Glass;
- i.  Spandrel pannel;
- i.  Structural

connection:
- ii.   Channels;
- ii.   Bracket.

STRATEGIA DI MODELLAZIONE: nested family

𝑧𝑐𝑤𝑝
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OPERATIONS

BIM

DATA 
GATHERING
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OPERATIONS

4

BIM
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OPERATIONS

DIGITALIZZAZIONE DEL COSTRUITO

4?

BIM

CONOSCENZA DELL’ESISTENTE?
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OPERATIONS

SCAN

CAD

DOC

(geom)

(geom + info)

(info+geom)

codice

simbologia

linguaggio

DAT (info) codice

codice

Scanto BIM

Data Integration

ComputationalDesign
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RILIEVI: POINTCLOUD – FOTO3D

SCAN
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DOCUMENTAZIONE

INFO

SCAN
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DOCUMENTAZIONE GRAFICA

INFO

CAD

SCAN
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Asset

digitali
POPOLAMENTO MODELLO -REFERENZIAZIONE

REFERENZIAZIONE GEOMETRIE CAD ESTRAZIONE DATI

DATA INTEGRATION HYPERLINK
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Asset

digitali
IMPIANTI
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Asset

digitali
IMPIANTI
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CORRELAZIONE IMPIANTI -CIRCUITI -SPAZISistemi
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1. Modeling building

2. Export IFC COBie compliant file 

3. Import IFC COBie compliant file in openMAINT

4. Maintenance activity

IFC COBie 
compliant

FM Maintenance
activity

Workflow for interoperabilityOPERATIONAL ASPECT

SCALZOTTO ILARIA – 1001742 – UNIVERSITÀ DEGLI STUDI DI PADOVA 
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Modeling buildingOPERATIONAL ASPECT

SCALZOTTO ILARIA – 1001742 – UNIVERSITÀ DEGLI STUDI DI PADOVA 
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COBie Extension for Revit

Creating Shared Parameters for 
writing COBie files

Support only the creation of some 
worksheets

IFC Export

Export COBie parameters according to a 
default mapping file

COBie Job              not compiled

Export IFC COBie compliant fileOPERATIONAL ASPECT

SCALZOTTO ILARIA – 1001742 – UNIVERSITÀ DEGLI STUDI DI PADOVA 
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1. Loading of IFC file in 
BIMServer

2. Writing of the XML file 
containing the instruction of 
mapping

3. Import of XML file in the 
openMAINT database

IFC File

FZK Viewer
+

Express
Schema

openMAINT
Database

4. Visualization of 3D model 
and mapping of asset

properties

Import IFC file in openMAINTOPERATIONAL ASPECT

SCALZOTTO ILARIA – 1001742 – UNIVERSITÀ DEGLI STUDI DI PADOVA 
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1. Loading IFC file in BIMServer

openMAINT Administation Module

openMAINT Management module

OPERATIONAL ASPECT Import IFC file in openMAINT

SCALZOTTO ILARIA – 1001742 – UNIVERSITÀ DEGLI STUDI DI PADOVA 



CARLO ZANCHETTA

INFORMATONMODELING–DIGITALENGINEERING

Indication of the correspondences between the 
IFC files and elements of openMAINT data model

2. Writing XML file containing the instruction of mapping

Reading of IFC file Writing of XML file

OPERATIONAL ASPECT Import IFC file in openMAINT

SCALZOTTO ILARIA – 1001742 – UNIVERSITÀ DEGLI STUDI DI PADOVA 



CARLO ZANCHETTA

INFORMATONMODELING–DIGITALENGINEERING

Definition of the attributes of each openMAINT record = COBie parameters

3. Import of XML file in the openMAINT database

OPERATIONAL ASPECT Import IFC file in openMAINT

SCALZOTTO ILARIA – 1001742 – UNIVERSITÀ DEGLI STUDI DI PADOVA 
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3D model + attribute

4. Visualization of 3D model and property mapping

OPERATIONAL ASPECT Import IFC file in openMAINT

SCALZOTTO ILARIA – 1001742 – UNIVERSITÀ DEGLI STUDI DI PADOVA 

*
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BUILDING MANAGEMENT

Building Information Data Management+
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BUILDING MANAGEMENT

Building Information Data Management+

i         i i i i i i i

A particular important challenge will be to produce compatible tools that would

allow to collect data from existing buildings (e.g. geometric data) and exploit

data from different sources.
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STRUCTURED

UNSHARED

BUILDING

AUTOMATION

ACCESS

CONTROL

ENERGY

MANANGEMENT

COMFORT

CONTROL

WHICH STANDARD? WHICH ID?



CARLO ZANCHETTA

INFORMATONMODELING–DIGITALENGINEERING

openBIM/ifc

BACNET (xml)



CARLO ZANCHETTA

INFORMATONMODELING–DIGITALENGINEERING

Mapping to Building Automation Standards
The IfcBuildingControlsDomain schema does not specify building automation protocols, but may be mapped to standard protocols or vendor implementations for 
commissioning and operations interoperability. Several mappings are illustrated:
•BACnet: www.bacnet.org

•Accumulator: IfcController having PredefinedType=FLOATING, FloatingType=ACCUMULATOR, and aggregated inside the IfcController Device.
•Analog Input: IfcController having PredefinedType=VARIABLE, ValueType=ANALOGINPUT, and aggregated inside the IfcController Device.
•Analog Output: IfcController having PredefinedType=VARIABLE, ValueType=ANALOGOUTPUT, and aggregated inside the IfcController Device.
•Analog Value: IfcController having PredefinedType=VARIABLE, ValueType=ANALOGVALUE, and aggregated inside the IfcController Device.
•Averaging: IfcController having PredefinedType=FLOATING, FloatingType=AVERAGING, and aggregated inside the IfcController Device.
•Binary Input: IfcController having PredefinedType=VARIABLE, ValueType=BINARYINPUT, and aggregated inside the IfcController Device.
•Binary Output: IfcController having PredefinedType=VARIABLE, ValueType=BINARYOUTPUT, and aggregated inside the IfcController Device.
•Binary Value: IfcController having PredefinedType=VARIABLE, ValueType=BINARYVALUE, and aggregated inside the IfcController Device.
•Calendar: IfcController having PredefinedType=TWOPOSITION, TwoPositionType=CALENDAR, and assigned to IfcWorkCalendar indicating times.
•Command: IfcProcedure having PredefinedType=CALIBRATION, and assigned to IfcController having PredefinedType=VALUE.
•Device: IfcController having PredefinedType=PROGRAMMABLE.
•Event Enrollment: IfcEvent assigned to IfcController.
•File: IfcProxy having associated file using IfcRelAssociatesDocument and IfcDocumentInformation.
•Group: IfcDistributionSystem having PredefinedType=CONTROL.
•Life Safety Point: IfcSensor having PredefinedType=FIRESENSOR.
•Life Safety Zone: IfcZone having PredefinedType=FIRESAFETY.
•Loop: IfcController having PredefinedType=PROPORTIONAL, and aggregated inside the IfcController Device.
•Multi-state Input: IfcController having PredefinedType=VARIABLE, ValueType=MULTISTATEINPUT, and aggregated inside the IfcController Device.
•Multi-state Output: IfcController having PredefinedType=VARIABLE, ValueType=MULTISTATEOUTPUT, and aggregated inside the IfcController Device.
•Multi-state Value: IfcController having PredefinedType=VARIABLE, ValueType=MULTISTATEVALUE, and aggregated inside the IfcController Device.
•Notification Class: IfcProcedure assigned to IfcController.
•Program: IfcTask assigned to IfcController.
•Pulse Converter: IfcController having PredefinedType=FLOATING, FloatingType=PULSECONVERTER, and aggregated inside the IfcController Device.
•Schedule: IfcPerformanceHistory having PredefinedType=OPERATION, and IfcTimeSeries having DataOrigin=SIMULATED.
•Trend Log: IfcPerformanceHistory having PredefinedType=OPERATION, and IfcTimeSeries having DataOrigin=MEASURED.

•OPC: www.opcfoundation.org
•Server: IfcController having PredefinedType=PROGRAMMABLE and associated IfcClassification indicating address space.
•Item: IfcController having PredefinedType=VARIABLE, having associated IfcClassificationReference indicating item address, and aggregated inside the IfcController 
Server.
•Event Category: IfcEventType having associated IfcClassification indicating conditions and subconditions, and IfcPropertySet indicating custom properties.
•Event Source: IfcEvent defined by IfcEventType Category, having associated IfcClassificationReference indicating condition, and assigned to an IfcController Item.

HISTORY: New schema in IFC 2x2.

IFCBUILDINGCONTROLSDOMAIN

http://www.bacnet.org/
http://www.opcfoundation.org/
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file *.esf
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Ambiente di 
configurazione

Ambiente di 
gestione

BIM

PLC BACS 
(bacnet)

IOT
(html5)

.esf + .phpIFC

ETSBIMLeader
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BIM

PLC

ETSBIMLeader
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CASO APPLICATIVO

DATI 
IFC

ANAGRAFICHE IFC

INFORMAZIONI DA 
MODELLO .IFC

file .esp e .phd
ETS

Accensione lampadina
Controllo termostato

BIMVISION

HTML5:
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OPERATIONS

BIM

OPPORTUNITÀ
VALORE
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200

CAPITAL COST
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COST IN USE COST TO BUSINESS

Source:  The Royal Academy of  Engineering ,  1998
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20051

SUSTAINABILITY – 35%

Source:  Kats, G. (2003) Green Buildings Costs and Financial Benefits
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20051 -15%

PRODUCTIVITY + 18%

Source:  The Business  case for  green bui lding,  GBC 2013
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