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SUMMARY: This paper presents a method for IFC-compliant design information modelling and sharing by use
of the IFC technology and IFC property set (Pset) extension mechanism. The method comprises defining the non-
standard and project-specific design information in extensible and interoperable Psets, instantiating these Pset
definitions with CAD object information and generating IFC-compliant product models, and managing and
sharing product model data across AEC computer applications. A software implementation of the method has
been developed as an add-on toolkit to the Architectural Desktop CAD package and incorporated into a Web-
enabled information service prototype system. The prototype supports the generation of extended IFC product
models from architectural design, manages the consistency and sharability of the IFC and XML objects in the
system repository, and facilitates the design information exchange and sharing among different software
systems. Three use scenarios of the prototype are discussed in the paper for CAD information modelling with
Pset extensions, IFC and XML objects query and browsing over the Internet, and XML-based information
exchange and sharing from architectural design to quantity survey and to structural analysis applications.

KEYWORDS: Design information modelling, interoperability, IFC object model, Pset extensions, data exchange
and sharing.

1. INTRODUCTION

Modelling of interoperable information in computer-aided architectural design involves not only the
representation of full geometry of building objects, but also the formalisation of all other non-graphical and
project-related information, with standardised definitions for common semantics of design concept. Such a
common data model forms the basis for exchange and sharing of the interoperable design information across
different product life-cycle software applications in building design, analysis, procurement, construction, and
facility management. On the other hand, the common data model has to be extensible and flexible to cater for the
potentially unique information requirements from project to project. The Industry Foundation Class (IFC)
technology (IAI, 2000) provides mechanisms for the uniform representation and exchange of project information
to facilitate the software interoperability. It also specifies approaches for extending the IFC object model. Among
others, the IFC Property Set (Pset) is known as a mechanism for dynamic definition extension of the standard
IFC model (IAI, 2001).

Substantial efforts have been made to continuously develop the IFC object models (IAL, 1998, 1999 and 2000)
and to promote the IFC-based software applications to the AEC/FM industry. Especially in the architectural
CAD area, commercial IFC solutions have been or are being made available to CAD users and to other software
applications. For example, the leading architectural CAD packages, such as Architectural Desktop (ADT)
(Autodesk, 2001), ArchiCAD (Graphisoft, 2002), Microstation TriForma (Bentley System, 2002), and AllPlan
(Nemetschek, 2002), are currently providing/developing facilities to support the IFC format in architectural and
structural design. Another active implementation area is in the development of the IFC toolboxes as underlying
IFC information supporting platforms for storage, management, exchange and sharing of IFC product model
data. The EDM package (EPM Technology, 2002) provides full set of APIs for processing IFC and XML objects
with Web support. The IFC Toolboxes from Eurostep (Eurostepsys, 2002a) and PDTec (PDTec, 2002) also
facilitate the IFC object reading, writing, and accessing from other software applications. Besides these CAD and
toolbox implementations, many other pilot IFC projects in specific AEC application domains, such as in building
energy simulation (Hitchcock, 2000), construction planning (YIT, 2002), code compliance checking (Yang and
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Li, 2001, Han el al, 1998), and project management for cost estimation and scheduling (Froese el al, 1999) have
also been conducted.

Although these IFC development and implementation efforts have generated critical impacts on the conventional
ways of representing and exchanging application-specific information between AEC/FM software systems, the
IFC object model has not achieved widespread adoption on a general level in the industry (Stouffs and
Krishnamurti, 2001). Furthermore, most of these implementations are based on the standard IFC object models
with only formal and static definitions for generalised concepts.

The methods and software implementations of the IFC Pset extension mechanism on commercial CAD platforms
are required in the real-world projects for generation of extended IFC models with both the IFC-defined and
user-defined design properties to satisfy the specific information needs from different disciplinary software
applications. But currently, such implementations in the commercial CAD packages, such as in the ADT system,
are not available. To address the information sharing capabilities in IFC, traditionally they are implemented
through common project databases, which can provide sharable information content compliant with the IFC
object model to satisfy the information needs from multi-users and multi-applications; maintain the data integrity
and consistency; and manage the concurrent accessibility to shared data from each user/application. However
these information sharing capabilities of the static database implementations are inadequate for the information
sharing needs identified in the present research, where the multi-disciplinary design teams (architects, structural
engineers, and quantity surveyors) are sharing variety of non-standard information with localised context (PSB,
2001) in their collaborative design activities. Most of the project-specific information is defined and stored in
each proprietary system, but needs to be shared within the project team. As such, the current research emphasis
will be both on developing IFC-based common project databases and on defining and implementing sharable
interaction protocols used for information exchange and sharing.

This paper describes a method to develop IFC-compliant information models for 3D architectural design by use
of the IFC technology and IFC Pset extension mechanism. It also implements a Web-enabled information service
prototype to support the generation of the extended IFC product models from architectural design by ADT, to
manage the consistency and sharability of the IFC and XML objects in the prototype repository, and to facilitate
the design information exchange and sharing between AEC applications. The client-side application of the
prototype is developed as an add-on toolkit to the ADT CAD package. It is used for IFC-compliant information
modelling with Pset extensions embedded in the ADT CAD models and populated in the IFC data files. The
server-side application of the prototype is developed on top of the WebSTEP server (Eurostepsys, 2002b) and
used to provide Web-based services for IFC-compliant information management, exchange and sharing.

The paper is organised into five sections. Section 2 proposes a method for the extended IFC information
modelling on the ADT CAD platform. Section 3 describes the prototype implementation of this method. Section
4 discusses the use scenarios of the prototype. Section 5 outlines the conclusion of this research and its future
development.

2. IFC-COMPLIANT DESIGN INFORMATION MODELLING

A method for modelling richer sets of design information on ADT CAD platform by using IFC Pset extension

mechanism is described in this section, including ADT property modelling, association between properties and
CAD models, property mapping from ADT to IFC definitions, and common vocabulary database and property
database establishment and management.

2.1 ADT Property Modelling

An IFC-compliant design object model consists of not only standard representations of the design objects, object
relationships and constraints defined in the specification of the IFC object model (IAI, 2000), but also semantic
instantiations from the Pset dynamic definition extensions specified by projects. Containing richer information
sets pertaining to a design, such a model is capable of supporting the different information needs from different
design disciplines. The design characteristics can be extracted from the object model and transformed for use in
other discipline-specific computer applications. As such, the model objects, especially the extended property
objects have to be defined with unambiguous and consistent definitions across different disciplinary software
applications. That’s why a well-structured information modelling method is needed to define these Pset
extensions for architectural design objects.
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A basic concept for describing ADT property extensions is that of entity property. An ADT entity property is
defined by attributes and quantitative constraints of attributes. An attribute has a name for identifying the
attribute and a data type for indicating the data format of the attribute value. All attributes of an entity property
together describe the semantics of the property being defined. A quantitative constraint contains a set of methods
to control the validity of the attribute types and values which ADT system can support. An ADT property object
is instantiated by using an entity property as a template. During instantiation, the quantitative constraints of the
entity property will not be presented in the property objects generated. Instead, they are implemented as
constraint algorithms in the software add-on tool of ADT and associated with the respective attributes in this
entity property. Whenever a property object is instantiated by assigning attribute values to the attribute names of
this entity property, these quantitative constraint algorithms will be invoked to ensure the auto-extracted or user-
entered attribute types and values compliant with the data type and data scope defined in the entity property for
these attributes. Table 1 shows an example of modelling an ADT entity property for fire rating and some of the
fire rating property objects instantiated.

TABLE 1: Modelling of ADT FireRating entity property and its instances

Attributes
Quantitative Constraints
Name DataType
PropertyName String
Description String
Value Real >=0
Unit TimeUnit Enum (Hour, Minute)

Instantiationﬂ

Property Name Description Value Unit
FireRating 1 Fire rating of entrance door 2.5 Hour
FireRating 2 Fire rating of window 1 0.5 Hour
FireRating 3 Fire rating of roof assembly 75 Minute

2.2 Association between Properties and CAD Models

The ADT entity properties are categorised as groups called ADT Property Sets (ADT Pset). Similar to the
concept of IFC Pset, an ADT Pset is a container to hold collections of properties and used to facilitate more
flexible and easier association between ADT design objects and groups of properties. An ADT Pset is associated
with one or more ADT CAD objects. This association is established in the ADT modelling environment by direct
linkage relations between the ADT Pset and CAD object(s). Fig. 1 illustrates the modelling of ADT Pset and the
association between Psets and ADT CAD models.
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FIG.1: ADT Pset modelling and association with CAD objects

A linkage relation is composed of two nodes: a Pset node and an ADT design object node. Each Pset node points
to an IFC-predefined or project-defined Pset object. Each design object node points to a 3D CAD object in the
current ADT design space. When a linkage is instantiated between a Pset and a CAD model, this relation will be
embedded into the CAD model itself, retrievable and editable from the ADT working environment. In other
words, the linkage and its pointed Pset object, together with the embedding CAD model, will be stored in a data
structure recognisable and processible by the ADT system.

A linkage can also be set between a Pset and an ADT object style. Once a style is associated with a Pset by such
a linkage, any CAD objects instantiated from this style will be automatically assigned with the same Pset. In this
way, a type of ADT objects can have a group of properties linked by a single relation.

2.3 Mapping of Properties and Linkages

As defined in Section 2.1, the ADT entity properties consist of attributes and quantitative constraints for
representing additional design information. In order to make the ADT property information compatible with the
IFC model, property mapping strategies are developed, so that the ADT properties can be translated, then
directly exported into IFC files by using the IFC translation facility from ADT.
The property mapping from ADT to IFC definitions consists of three steps:

. Mapping of the attributes for an entity property;

. Mapping of the linkages between properties and ADT models; and

. Mapping of the quantitative constrains for data type and scope control.

Fig. 2 shows the mapped IFC objects in UML notation for the properties and linkage of the entrance door
illustrated in Fig. 1.
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FIG.2: UML collaboration diagram of mapped IFC objects for a door Pset object and its linkage

2.4 Common Vocabulary

A collection of common vocabulary agreed by multi-disciplinary design teams in a collaborative project would
be beneficial in achieving a common and explicit naming approach to shared property definitions. By complying
with the vocabulary, much of misunderstanding and misinterpretation to the shared information would be
removed. Furthermore, use of common vocabulary would ensure more effective and consistent manipulations to
shared property definitions in property database in Section 2.5.

It is concerned in this research how to define and maintain a common vocabulary database, rather than how to
establish the meaning of terms in the vocabulary, or how to make everyone agree with the terms and the like. A
vocabulary database stores groups of common-agreed and sharable terms together with their meanings used in
collaborative design processes for naming Psets and inclusion properties, naming CAD type objects (styles), and
naming geometric representation maps of CAD models. A data structure in XML is defined to store and retrieve
the vocabulary entries, which comprises:

. a structured storage hierarchy for vocabulary;
. a Pset field for vocabulary of Pset names;
. a collection of property names classified under a Pset name;

. a type object field for vocabulary of CAD style names; and

. a collection of representation map names classified under a type object.

ITcon Vol. 8 (2003); Yang, pg. 5



The IFC pre-defined Pset and property names are included in the vocabulary database. The other non-standard
terms/names defined in the common vocabulary are compliant with the CP83 CAD standard of Singapore (PSB,
2001). The vocabulary database is stored in the server repository and sharable among multi-disciplinary design
teams. It is extensible and customisable to meet the project-specific naming requirements, but this has to be done
through a vocabulary database administrator on request. The basic manipulations including search, retrieval,
validation and updating to the vocabulary database are supported.

2.5 Property Database

In this research, a property database is modelled to store and manage the pre-defined and new-created property
and Pset definitions in the XML format for ADT. Instead of using tabular forms to hold these definitions in the
database, XML files are employed to maximise the information structuring flexibility, property definition
accessibility, and property information exchangability across applications. The property database is composed of
XML documents. Each XML file defines one Pset with a collection of properties. The information structure of
each XML document is described in DTD (Ahmed et al, 2001). Default DTDs for Pset definitions of ADT
objects and ADT type objects have been provided with the ADT add-on toolkit as templates. Alternatively, a
well-formed Pset XML is also acceptable to the database.

A rich set of pre-defined properties built from IFC recommended property definitions and extended with
localised CAD standard content has been specified, stored and managed by the property database. Meanwhile,
ADT add-on facilities are provided for new properties creation or for existing properties modification. The
common vocabulary in Section 2.4 has been incorporated into these facilities to enforce use of the standard terms
and names in property creation and modification. In the current implementation, the property database provides
the functionality of:

. receiving Pset and property definitions in XML;

. validating the attribute identifiers of each definition for compliance with the common vocabulary;
. accepting and storing the valid XML files in the database;

. searching and comparing XML files in question; and

. providing operational methods to manipulate the property database entries.

All XML elements in the property database are maintained by the ADT add-on toolkit for retrieval, modification,
deletion, and adding operations. The tool also supports for searching and loading the user-specified Psets in the
database to an ADT CAD drawing database once a linkage between the Pset and the CAD model having been
established.

3. FROM INFORMATION MODELLING TO SOFTWARE IMPLEMENTATION

To take advantage of the extended design information modelling method in practice, a software implementation
of the method is required. The development of a prototype to test the modelling concepts and the interoperability
of the extended IFC models is discussed in this section.

3.1 Functional Architecture

The prototype is developed as a three-tier Web-centric application system to provide Web-based information
services. It consists of a client-side and a server-side application, as well as a data storage. Fig. 3 illustrates the
functional architecture of the prototype.
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FIG. 3: Functional architecture of the prototype

3.2 Implementation of Client-Side Application

The client-side application of the prototype is designed for use with the ADT system, as an add-on toolkit, to
provide services for defining the semantics of entity properties and Psets, instantiating these definitions with
design parameters, and structuring the property information for export/import of extended IFC files. Three
functional modules are developed in this application to implement these services.

Entity Property Definition Module. This module is used to define the semantics of ADT properties and to
specify the constituents of ADT Psets for CAD models. It provides customised ADT assistance interfaces to
define/modify the entity properties with the naming constraints imposed by the common vocabulary. One of such
interfaces is shown in Fig. 4 for selecting a FireRating property definition from the ADT property database as an
inclusion in the Pset of the entrance door shown in Fig. 1. If a user can not find a property he needs from the
existing property definitions retrieved from the database, he can use the “Add New” button in Fig. 4 to create a
new one. Alternatively, he may invoke the “Modify” function in this interface to make an existing property

suitable for his use.
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FIG. 4: Creation of entity property

Property Instantiation Module. It provides the functions for instantiating the entity property definitions with
design parameters extracted automatically from ADT CAD models. If a design parameter is not available from a
CAD model, the customised interfaces are provided in the module to receive the user-keyed-in property
attributes. As mentioned early, the keyed-in attributes are validated by the implemented quantitative constraint
algorithms during instantiation. Any instantiated property objects will be checked against these quantitative
constraints. Only valid property attribute types and values are accepted and embedded, together with the Pset and
property definitions, into the ADT CAD model. One of the property instantiation interfaces of the module is
shown in Fig. 5 for instantiating the Pset definition of the entrance door in Fig. 1.

=l Pget_DoorCommon_E xt

=1 Calor “Yellow
1 DooiReference Entrance
1 FireFiating 25

2 InstallationGuide True

=1 15E steriar True

FIG. 5: Property instantiation

IFC Import/Export Enhancement Module. This module extends the existing functionality of the ADT
translator for IFC Psets and properties import and export. The property mapping algorithms between the ADT
and IFC definitions are implemented in this module, so that all of the Pset extensions of both ADT standard and
user-defined CAD models can be exported to the extended IFC files and re-used in the CAD environment once
the IFC files are imported back to the ADT or other CAD systems. For example, if the enhanced IFC import
functions are invoked, the module will make use of the property information in the extended IFC files to restore
the drafting and configuration characteristics of CAD models when they are imported from the IFC files to the
native ADT work space. Without using these enhancement functions, some CAD settings and drafting features
(colour, layer, line type and so on) of the user-defined CAD models may be changed after imported from IFC
files. By implementing the property mapping algorithms and by structuring special Psets for drafting objects and
other ADT meta data (configuration, scale, etc), the module has enhanced the ADT’s IFC Pset import and export
capabilities
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3.3 Implementation of Server-Side Application

The server-side application of the prototype is implemented in Java on Windows NT platform. The
implementation makes use of WebSTEP (Eurostepsys, 2002b) as the IFC object repository. Java Servlets, JSPs
and Java beans (Allamaraju et al, 2001) are developed to process the application logic and to provide the Web-
based services to CAD clients and Web browser clients (see Fig 3).

Interfacing Module. Three interfacing components are developed in this module to support the data
communication between the prototype server and its clients, which include CAD, quantity survey and structural
engineering applications currently. Sharable interaction protocols in XML schema have been developed and
implemented in these interfacing components. Fig 6 shows one of such protocols for sending and receiving the
structural analysis model data in XML.

,StartPtCoordinate []

1.0

(1]

1.

—L StructuralFacedMember

1.

FIG. 6: XML schema for structural analysis model

Core Module. As described in Fig. 3, five components are implemented in this module.

. The vocabulary facility provides GUIs for vocabulary database administrators to create, validate,
modify, delete and maintain the common vocabulary library, which defines the names and terms
shared among project participants and applications. It also provides services to end-users for
downloading and updating the client copy of the vocabulary database.

. The major role of the XML transformation component is to query and extract XML objects from a
source XML file representing architectural design, and to populate the extractions to target XML
files following the interaction protocols defined in the Interfacing Module. Transformation from
big XML models to small ones facilitates effective exchange of application-specific XML data
over the Internet. By invoking this service, the encapsulated design semantics in the extended
architectural design XML files are transformed then exchanged with other AEC software
applications. The current implementation supports the XML transformation from architectural
design to quantity survey application, as well as the XML object query for quantity information.

. The geometric and topologic information processing component analyses the geometry of
architectural design IFC files, identifies and idealises the load-bearing elements, and generates
topologic relationships among the idealised structural elements to build structural analysis models.
The resulting structural model data are then used to instantiate the XML schema in Fig. 6, from
which XML files describing these structural analysis models are generated and communicated with
the structural engineering applications.

. The information service component provides online information services to Web browser clients.
Through HTML pages, users interact with the server for 3D architectural IFC models visualisation,
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3D structural model viewing and editing, BoQ (bill of quantity) query, property objects adding to
models in XML format, IFC and XML objects query, and browsing of the model data structures.

. The server management component provides facilities for IFC and XML objects management and
for system and user management. It maintains the model data integrity and consistency in the
repository. For example, when additional Pset objects are inserted to or deleted from an IFC model
stored in the repository, the linkage relations of these Pset objects with individual CAD objects in
these models will be processed and checked by this component to ensure the information
consistent. Transactional mechanisms are implemented for structural model data editing and Pset
objects adding, so that the data integrity for these objects is maintained. It also provides methods
for user profile and system log record management.

4. APPLICATION SCENARIOS

In this section, the usage of the Web-based information service prototype is illustrated by a series of application
scenarios, including IFC-compliant CAD information modelling, online services for IFC and XML object
manipulations, and design information exchange and sharing across different AEC applications.

4.1 Design Information Modelling Scenario

This scenario demonstrates the IFC-compliant design information modelling with Pset extensions by use of the
client-side application of the prototype — the ADT add-on toolkit. The modelling of a non-standard ADT CAD
object, such as a basin, is taken as an example in this scenario.

The 3D CAD geometry of the basin is modelled by the ADT system and packed with multi-view blocks to fully
describe the graphical representations of the CAD object. By right-mouse click on the CAD model, the add-on
tool is invoked from within the ADT environment to define the entity properties and Psets and to extract/define
design characteristics for these property objects (shown in Fig. 7).

Pset Definition Add/Modify properties for Pzet_Basin
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FEE
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FIG. 7: Design information modelling with Pset extensions
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Once the property attribute instantiations are completed and the CAD file saved, a linkage between the CAD
object and the Pset object is recorded and stored, with all defined properties, into the basin drawing database.
The property attributes can be modified in the ADT environment and exported in IFC format. Any other building
objects can be modelled similarly by the add-on toolkit for encapsulating Pset information into the design
objects. The final architectural design is then exported into an IFC file with all Pset extensions, which will be
uploaded to the server for sharing the design information with downstream quantity survey and structural
analysis applications.

When the basin model in IFC is imported back to CAD, the embedded properties will be re-used to set the basin
CAD model by clicking on the “Model Regenerate” button in Fig. 7. As some special Psets have been
implemented in the add-on tool to retain the ADT drafting meta data in the basin’s IFC file, this non-standard
basin CAD model can be fully restored from the imported IFC file without loss of any its original drafting
features.

4.2 Online Services

In this scenario, the server-side application of the prototype is used to provide online services for Web browsers.
An extended IFC file for a sample CAD design is uploaded to the server’s repository and used as a shared
information resource for description of the server’s functionality.

3D IFC model visualisation. An IFC to VRML conversion tool is wrapped in the server. Any IFC models in the
server repository can be viewed from a Web browser. Allowed manipulations to the browsed model include
zooming, translation, rotation, and selection. Fig. 8 shows the 3D structural elements in the sample design file.

—

FIG. 8: Visualisation of IFC model

3D structural model viewing and editing. With a Java3D enabled browser, any structural analysis models
generated by the prototype from architectural IFC files can be displayed and edited. Fig. 9 shows a 3D structural
analysis model and one of the editing interfaces for adding structural Psets and properties to the structural model
through a browser.

Structure Analysis Model
Property name Property value

Click on the structure element to modify Depth 300
\icith 400
Span 2000
AnalysisTheorType THIRD_ORDER_THEORY
JointCoordinates (280.00,153.50,48.80)
JointRelativeTolerance 0.005
ResidualMasshode True

Feed Back | | Save ‘ | Agree |

FIG. 9: Viewing and editing of structural model
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IFC model structure browsing. Users can use an information structure browser to navigate through the
extended IFC model structures. It is especially useful for users to allocate design objects when additional
property objects are attached to or deleted from the design objects in an IFC model.

Property object manipulation and sharing. Users from different design disciplines need to share project data,
such as architectural and structural design models and semantic properties. The server supports the manipulations
to the property objects in the server’s repository through browsers. Additional properties can be added to the IFC
model in the repository by supplying a property XML file from a client or by directly using the data entered from
an interactive interface of the client browser. For example, a structural engineer may edit the structural model in
Fig. 9 by adding a joint Pset and other needed properties to some structural element through the editing interface.
By clicking on the “Save” button in Fig. 9, this modification is sent back to the server. Based on the information
received, the server adds the joint Pset and all properties to the specified structural element in the IFC product
model. As any additional Psets/properties added from an authorised client browser are incorporated into the
common product model itself at the server’s repository, these Psets and properties are ready for sharing with any
other computer applications. Besides adding operations, modification and deletion of the property objects are
also allowed.

IFC/XML objects query. Users can invoke the online query services to retrieve the model data in [FC or XML
format from the server’s repository. The object access granularity can be set at the object and sub-model levels.
One of the XML quantity information queries at the object level is given in Fig. 10.

Query on XML objects at the Server side:
IfcSlab - Lookup I RESULT
IfcWall
IfeColumn I%CSLAB in Summary
IfcBeam "
IfcSlab |:> Quantity Surn of Slab Section Area Sum of Slab Volume
IfeDoor 30 14444399 2728.4517
IfeWindow
IfcSpace | No xmlID Slab Section Area Slab Volume
IfcStair [ 1 13701 556.07999909000008 R3.41199099990094
2 13751 692 6399999999908 103.896
3 13801 355.68 ‘ 93352
4 14842 G92.6399959995503 103.8259999999599
5 14892 556.0800000000008 83.41200000000012
| [ 4810 355.4399999999907 53.31599099999995
| & 15794 695.83560000000001 1391712
| 8 13835 284.0879959595592 56.81759999999985
| 9 15877 625.175995959590% 125.0352
| 10 18212 349.3170461338461 60.86340023076922
| 11 18253 261.2880000000012 52.25760000000023

FIG. 10: XML object query for quantity information

4.3 XML Based Information Exchange

This scenario describes the exchange of information between CAD and quantity take-off by use of a sample
design file.

Using the server facility for IFC-XML conversion, an XML file sized 3.4 MB is generated from the sample IFC
model. All the Pset extensions, schedule data sets, and quantity data sets are presented in this XML file. In
general, the size of an XML file for a complete design is huge. It is not practical to transfer so big block of XML
data over the Internet. To individual applications, only relevant data sets from the original model are needed. The
server has developed XML transformation methods to extract and store the relevant information into different
XML files for different applications. Through Web pages, the users specify the building objects to query quantity
information of these objects. Based on the quantity survey requests, the server generates a small XML file
containing only requested quantity information with a size of 47 KB. It also creates a BoQ report and places it on
the client’s Web browser. Fig. 11 is an example of such a report. If detailed BoQ about one particular type of
objects is required, the server will generate another report with the refined quantity information.
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> XML 1
{~ Comment This Thinner IFCXML will only contain some gquantity information
retrieved from model.xml file

 THIN-IFCXML

& fcBeams
= Quantity 196
= SumOfBeamSectionlArea 2123.2793
= SumOfBeamVolume G49.31226

| = WcBeam (195

& IfcColumns
= Quantity 224
= SumOfColumnSectionArea 14220007 % TFCWALL in Smamary
= SumOfwallVolume 166.37948

i = WeColumn Quanitity Sum of Wall Area Sum of Wall Volume

a IfcWalls 4 128 4.864
2 Quantity 4 No wnlD) Well Area Well Volume
= SmOVRATen 129 1 11839 0.31599999959999%6 |1.215599999959998
= SumOfwallVolume 4 B64

2 11898 0.31 6 1.215

= ~ IfcWall (4)

& feSlabs 3 11953 0.3159999995999956 |1.215599999959998
= Quantity 10 4 12008 0.31 6 1215
= SumOfSlabSectionArea 14444 399
= SumOfSlabVolume 27284517
> IfcSlab (50

FIG. 11: Example of BoQ reports

5. CONCLUSION

Interoperable design information modelling and sharing are crucial issues in achieving effective information
support for various product life-cycle applications. This paper introduces an [FC-based design information
modelling and sharing method for interoperable CAD information model development, usage and
communication. A prototype system has been implemented to provide Web-enabled services for practical use of
this method in representation, exchange and sharing of interoperable design information among multidisciplinary
AEC applications. The prototype use scenarios have demonstrated the capabilities of the method in generating
information-rich design models with IFC Pset extensions embedded in the ADT models, in providing online
services to maximise the interoperability and re-usability of design objects, and in exchanging and sharing the
extended models data among life-cycle processes.

Future research is intended to further develop the IFC-compliant information modelling and sharing method for
encapsulation of CAD object behaviours and references to external sources of digital product information, such
as online libraries of product catalogues, regulatory standards, classification and specification systems, and to
share the encapsulated design information with more downstream software applications.
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