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The architecture, engineering and construction (AEC) industry is knowledge intensive field. Significant 
heterogeneity of the forms of knowledge mobilized in the construction industry prevented adoption of IT
based knowledge management in the field. Recently, a large international initiative is launched to 
provide extensive IT support that will enable model-based interoperability among all professions in the 
AEC industry. Resulting standards coupled with Semantic Web technologies have potential to serve as 
the foundation for the knowledge management in the AEC field. The paper gives an overview of the both 
technologies and depicts ways in which they can provide knowledge management support for the AEC 
industry.

Povzetek: Predstavljena je vloga semantičnega spleta pri upravljanju znanja v industriji.

1 Introduction
The architecture, engineering and construction (AEC) 
industry faces with continued social pressure to improve 
quality, responsiveness, reliability and efficiency in its 
business. Time delays, unforeseen work and costs, and 
resulting lawsuits among participants become routine 
events and result in exaggerated prices of buildings. 
Worldwide reports give an account that approximately 
5% of total annual turnover in the AEC industry is lost 
because of the inadequate interoperability among 
participants in the industry and a lack of standardization 
in technology adoption among stakeholders [1] [2] . 

Recently, a large international initiative is launched 
to provide extensive Information Technology (IT) 
support that will enable model-based interoperability 
among all professions in the AEC industry. Open 
standards developed as the part of the initiative have an 
extended potential to serve as the foundation for the 
knowledge management in the AEC field, especially in 
connection with Semantic Web technologies.

The paper gives an overview of the standards 
developed to provide interoperability in the AEC 
industry and standards developed under Semantic Web
initiative. It also depicts ways in which both can be 
combined to provide knowledge management support for 
the AEC industry.

2 Knowledge in AEC
The AEC industry is knowledge intensive field. It 
encompasses heterogeneous expertise from multiple 
fields and diverse occupational groups. The knowledge 
ranges from tacit knowledge of architects on the ways of 
combining spaces to accommodate various social needs 
to the practical knowledge of builders on the use of tools 
and materials to construct physical spaces. 

Research on the knowledge management in the 
AEC industry identified many specific features of the 
process [3] . The process of aligning the symbolic and 
the material is essential feature of the knowledge in the 
AEC industry. Up to the phase of the physical assembly 
of the building, the whole process is based on the 
symbolic representations in the form of plans, 
calculations and descriptive texts. Still, in minds of the 
participants those representations are constantly linked to 
the real physical entities. This feature was main reason 
for the rejection of IT systems in AEC community
because those systems supported only symbolic 
processing. 

Another significant feature is the importance of talk 
and communication in the process of knowledge sharing. 
This aspect is often ignored and consequently IT 
solutions support only formal representations. However,
observations and field research demonstrate that formal 
representations serve as the stage around which series of 
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informal verbal discussions occur that are essential for 
the enlargement of the knowledge about design [4] .

The importance of external influences is also a 
feature that lacks support in traditional IT systems for the 
AEC. The large amount of the knowledge that constitutes 
one AEC project is produced elsewhere and is 
continuously attended and integrated into the existing 
procedures and activities. Many new products that 
constitute finished building are permanently produced, as 
well as procedures and regulations that account for their 
proper use. AEC project is an ongoing effort at aligning a 
variety of heterogeneous resources and practices.

3 Open standards for AEC
Based on years of research on a general data model for 
AEC [5] [6] the term Building Information Modelling
(BIM) denotes a process of using IT to model and 
manage data encompassing the whole facility lifecycle 
[7] . The BIM concept means to build a facility virtually, 
prior to building it physically, in order to work out 
problems and simulate and analyse potential impacts. It 
is easier to fix a problem by moving element with a 
mouse than to demolish and rebuild elements on a 
construction site. The commercially developed BIM 
applications support creation of the computer-based 
facility model using parametric three-dimensional (3D) 
components with attached descriptive parameters that are 
necessary to identify particular elements. Still, those 
applications typically use proprietary data formats to 
represent facility models thus keeping all information 
locked in distinct software. 

The need to establish interoperability among 
applications dealing with different phases of the facility 
lifecycle, such as architectural design, civil engineering, 
HVAC design, building construction, and facility 
management (FM), was met with the development of the 
Industry Foundation Classes (IFC) standard [8] . The 
currently available model is Version 2, Revision 3 and is
registered as the ISO/PAS 16739:2005 standard. IFC is a 
neutral and open model whose development is conducted 
by the International Alliance for Interoperability (AIA), 
which has 550 member organizations in 24 countries. 
The standard provides the following basic functionality: 
 Data interchange without information loss among all 

AEC and facility management (FM) applications. 
 Unified model-based description of all building 

components.
 Information on the graphical representation of 

components.
 Description of relationships with other components 

and their location in the whole structure.
 Link to property and classification data and access to 

external libraries.
The open specification of the IFC data model allows 

commercial software developers to write interfaces for 
their software that enable exchange and sharing of the 
same data in the same format with other software 
applications, regardless of the internal data structure of 
any individual software application. All leading software 
companies like Autodesk, Bentley System, Graphisoft, 

Nemetschek, Data Design System, Solibri, Tekla, 
Archimen Group, Vector–Works, etc. support IFC in 
their applications.

Being an object-oriented data model, the IFC 
standard is comprised of class definitions representing all 
things and events occurring in the facility lifecycle. At 
the top of the hierarchy is a domain layer that describes 
classes related to basic functional units: building 
controls, plumbing and fire protection, structural 
elements, structural analysis, heating, ventilation and air 
conditioning, electrical circuits, architecture, construction 
and facilities management. Below that layer rests the 
interoperability layer that defines all classes essential for 
connection and cooperation among disciplines. Next is 
the core layer, containing basic model classes depicting 
controls, products, and processes. The resource layer is at 
the bottom, embodying classes that represent all building 
elements. Elements encompass not only physical 
components, as traditional models, but also actors and 
their roles, time, price, approval, etc. 

The IFC standard does not produce one monolithic 
data model encompassing the whole lifecycle. Instead, 
many separate models are generated. In the context of 
IFC, a View is a defined as a subset of the IFC Object 
Model that a number of implementers have agreed to 
support in their implementations. The software 
certification process is conducted according to IFC 
Views. Depending on agreement, many IFC Views can 
exist with partially overlapping content or with entirely 
different contents. The data exchange between 
applications should occur within the scope of a specific 
View. The entire facility lifecycle is represented across 
multiple Views.

The IFC standard relates to the representation of a 
particular instance of the facility, its components, 
properties, and relationships. Using the vocabulary of 
object-oriented modelling, it can be said that it deals with 
object instances. It does not allow representation of the 
object classes and their relationships (i.e., that part is 
covered by the International Framework for Dictionaries 
(IFD), registered as the ISO 12006-3:2007 standard [9] ). 

IFD is the classification system for all information in 
the AEC/FM field. It is an object-oriented framework 
that defines objects, collections and their relationships. It 
is intended to work as the overarching structure that will 
provide support for the development of the unified 
AEC/FM vocabularies at the national, regional or domain 
levels. Since all share the same structure it will be 
possible to translate terms between languages and 
domains, preferably using automated software agents. 
IFD identifies each object in the model and this provides 
the capability to define context within which a concept is 
going to be used. Each object can have multiple names 
providing for the definition of synonyms or usage in 
different languages. An object is related to a formal 
classification system using references. The standard 
supports the following types of objects: Subjects, 
Activities, Actors, Units, Measures with Units, and 
Properties. Relationships are divided into Association, 
Collection, Specialization, Composition, Involvement, 
Property Assignment, Sequence and Measure 
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Assignment. Employing these mechanisms, the user can 
create a model-based definition of all concepts in 
AEC/FM including facts about classification systems, 
information models, object models, and process models. 
In other words, IFD functions as the IFC metamodel. In 
addition, IFD provides a unique global reference for any 
AEC/FM concept. The mechanism that relates IFC and 
IFD standards is scheduled to be published in the IFC 
2x4 standard revision. The actual realization of IFD is 
the IFD Library, an international initiative currently run 
by four nations: Canada, Netherlands, Norway and USA. 
The purpose of the library is to provide semantic 
knowledge to the construction industry in a global and 
uniform way.

In addition to the above-described standards, a 
second type of interoperability formats has been 
developed based on another open standard - eXtensible 
Markup Language (XML). XML is a general-purpose 
specification capable of describing published data. The 
data description mechanism is based on the insertion of 
tags in the traditional text and the user can choose any 
term to define a particular tag. The language permits 
representation of arbitrary data arranged as an 
hierarchical tree with one element serving as the tree root 
[10] XML enables the structured representation of any 
kind of information but does not provide any mechanism 
to infer the meaning of the terms used in tags. One 
approach to the definition of a tag’s meaning is the XML 
schema. It is a language that provides a description of a 
type of XML document, usually articulated in terms of 
constraints on the structure and content of related XML 
documents. Many schemas have been developed for the 
AEC/FM field. The gbXML (Green Building XML) 
schema is used for describing data relating to the 
building energy efficiency of the facility and its impact 
on the environment. The aecXML schema is used for 
depicting all building data in design, engineering and 
construction disciplines, and the CityGML schema is 
used for geo-spatial data representation. In addition, IFC 
data can be represented with the ifcXML schema. Since 
the IFD is an EXPRESS model, the EXPRESS to XML 
Schema Converter [11] can be used to obtain the XML 
schema for IFD.

Open standards developed for the AEC/FM industry 
relate to the problem of interoperability, since this is the 
most obvious obstacle in the industry. These standards 
enable the highly structured representation of 
information about buildings but do not consider the 
problem of information reuse outside of the context of a 
particular facility lifecycle or the automatic creation of 
new information for later reuse. Since all described 
standards have suitable XML schema representations,
extension of the knowledge management capabilities can 
be achieved with technologies developed under the 
Semantic Web initiative.

4 Semantic Web, ontology and 
knowledge management

The recent advent of the Semantic Web has given a new 
impulse to the old knowledge management research 

field. The goal of the endeavour is to build a unified 
information medium that is both understandable for 
people and computers and that can be used for the 
automatic deduction of meaningful inferences [12] . To 
function effectively, the Semantic Web should be built 
on structured collections of information and sets of 
inference rules. Research on knowledge representation 
conducted as the part of the long time effort to build 
artificial intelligence systems has already developed 
many useful technologies. Unfortunately, those systems 
are centralized, relying on limited sets of rules to 
describe narrowly defined domains making the reuse of 
rules in new domains impractical. Similarly to the 
hypertext concept, when existing knowledge 
representation concepts were coupled with the global 
information system, the full potential of the technology 
was realized and this spurred a new wave of interest in 
the knowledge management field. 

The new attempt to create universal knowledge 
representations is based on the layered structure of 
representation standards. The upper layer exploits 
functionality of lower layers and provides greater 
semantic expressiveness. At the bottom level resides 
XML. Meaning is expressed in the next layer containing 
the Resource Description Framework (RDF), a data 
model for representing information about entities in the 
Web [13] . In the Semantic Web standards, an entity or 
thing is referred as the resource. RDF achieves its 
functionality by using triples, a structure consisting of 
subject, predicate and object. This formation states that a 
particular thing (subject) has a property (predicate) with 
a particular value (object). The Universal Resource 
Identifier (URI) identifies subject and predicate and their 
value is either URI or literal. URIs ensure that concepts 
are not just bare terms devised by someone, but are 
connected to unique definitions on the Web. When 
multiple triples point to the same resource, they start to 
form a network of information about related things. That 
way information that defines a single entity is not held in 
one place but is spread over the Web forming a 
distributed web of data. However, RDF has no 
mechanism for determining that two or more dissimilar 
terms point to the same concept.

The next level of the semantic expressiveness is 
achieved with ontology. In the Semantic Web domain,
ontology is identified as the formal representation that 
defines relationships among terms. The first level of 
ontological functionality is achieved with the RDF 
Schema (RDFS) [14] . Like other schema languages,
RDFS provides information about basic RDF structures. 
It accomplishes this task by supplying constructs that 
allow the declaration of classes, subclasses, property, and 
subproperty relationships among resources. Constructs 
domain and range describe the relationship between 
properties and classes. These definitions are expressed 
using RDF triples. RDFS provides a limited set of 
inference rules that are restricted to the transitive closure 
of the hierarchies.

The Web Ontology Language (OWL) currently 
provides the highest level of ontological functionality 
among Semantic Web technologies. It is a family of 
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languages based on two semantics. OWL Lite and OWL 
DL are based on Description Logic semantics that 
guarantee completeness of reasoning. OWL Lite is a 
restricted version of OWL DL and is intended as a quick 
migration path for thesauri and other taxonomies. OWL 
Full provides maximum expressiveness and the syntactic 
freedom of RDF, but does not support complete or 
efficient reasoning. The language provides constructs 
like class, property, property restrictions, Boolean 
combinations, enumerations and instances. A wide range 
of services like reasoners and editing tools enable users 
to express and test knowledge using this formalism 
leading to the widespread acceptance of this technology 
[15] .

The level of expressiveness and functionality 
realized in the Semantic Web development surpasses 
previous attempts to model computer-based knowledge 
management systems. It is the idea of an open 
community, essential to the notion of the Web, which 
attracts so many people to the field and generates so 
many results. Anyone can use open standards to develop 
personal systems, use open source software to express 
his/her knowledge, or can engage in the development of 
standards. This openness of the development process has 
resulted in the remarkable range and richness of topics 
covered by the Semantic Web. Moreover, the organic 
development that grows from the interests and energy of 
the supporting community persuades an increasing 
number of researchers to adopt both Web standards and 
the open development principle as the foundations for 
development in their professional domains.

5 Semantic Web based knowledge 
management in AEC

Even if the IFC standard was not developed with the 
knowledge management in mind, it contains many 
supporting features. First, it represents a standardised 
object-oriented model of the building around which all 
professions in the AEC industry can focus their 
collaboration. In addition, since the globally unique 
identifier (GUID) identifies every object in the model,
the IFC model provides unique definition of the IFC 
objects on the Web. If the GUID is connected with the 
physical building element by attaching an RFID tag to 
the element, it provides unique identification of the 
elements in the real world. That way a “symbol 
grounding problem” [16] that arises when a meaning is 
assigned to a symbol system can be solved to the level of 
real physical entities in the AEC field. 

Multi-disciplinary professionals are involved in AEC
projects, with various viewpoints, goals, priorities, and 
backgrounds. Diverse terms are employed to represent 
similar concepts or a single term for different concepts.
By providing a unique global reference for any concept 
in the AEC field, the IFD supports communication 
among participants. If any dispute arises around 
denotation of some term, the IFD serves as the central 
authority. In addition, it provides mapping mechanism 
between usage of terms in different AEC professions and 

occupations enabling participants to understand model 
elements from their point of view.

Still, full knowledge management support can be 
obtained only by extending these standards with 
Semantic Web technologies. The IFC can describe only 
particular object instances, and IFD provides domain 
ontology, the structure of concepts and the relationships 
between them. They lack power to express classes, 
aggregations and rules.

The Semantic Web technologies provide all 
functionality necessary to support importance of external 
influences in AEC knowledge management. 

The search for information on required materials and 
building elements represents around 18% of time spent 
on the building’s design [17] . The Semantic Web can 
reduce this time by automatically acquiring links to 
relevant resources on the Web providing information 
about needed products that matches projects 
requirements. This process will use both Semantic Web 
technologies to acquire meaning of the information 
published on the web, and IFD to connect that 
information to the terms used in the IFC model. The 
automatic discovery and invocation of building product 
information additionally improves design process by 
enabling retrieval of cost and performance criterions, 
regulatory standards or component availability or 
delivery schedule that enables designer to give more 
precise predictions about building performances and 
construction schedules to his clients. 

The scale of the waste from reinvention in design 
firms is also around 18% of time [17] . The Semantic 
Web technologies coupled with IFC and IFD standards 
provide a mechanism that will keep all information on 
previous projects in the form that will enable automatic 
retrieval of required information in future projects. The 
information on the project will serve not only particular 
firm, but also if published on the Web it will become a 
global reference available to all interested parties.

So far, few prototype systems that link Semantic 
Web and IFC standard are developed. The easier 
technique to extend existing AEC standard formats and 
enable knowledge management functionality is to add 
semantic annotations using RDF. The method is 
demonstrated in the system for conformity checking in 
construction [18] . The norms are extracted from the 
electronic regulations and formalized as SPARQL 
queries in terms of the IFC model. The conformity 
checking process is based on matching an RDF 
representation of a project to a SPARQL conformity 
query. The project’s RDF representation is extracted 
from the ifcXML schema and later manually enriched 
with domain knowledge.

More projects are using OWL to add knowledge 
management functionality. One notable example is the 
Sydney Opera House facility management model [19] . 
The basic IFC model is transformed using an IFC-OWL 
converter [20] Existing tools are used to manually enrich 
this OWL representation with ontology and rules. The 
OWL representation is associated with the IFC model 
enabling the publication of performance by selecting 
spaces in the 3D model.
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The InteliGrid project [21] also uses a custom 
developed IFC-OWL transformer [22] to enable the 
representation of expertise in addition to the basic 
representation of building elements and services.  

The SWOP project [23] uses a custom developed 
Product Modelling Ontology (PMO) that is sufficiently 
rich to represent product ontology for any parametric 
product type. PMO is a layer on top of the RDF, RDFS 
and OWL hierarchy and models the product from the 
ontology point of view, meaning that an IFC model or 
any other product model can be obtained automatically 
as the result of the modelling process.    

Today many open source converters for Semantic 
Web formats can be found. XSD2OWL provides 
transformation of an XML Schema into an OWL 
ontology and XML2RDF enables transformation of 
XML into RDF [24] . These tools together with the 
availability of many open source editors and 
development environments that support Semantic Web 
standards provide an opportunity to add meaning and
enrich open AEC standards.

6 Conclusion
Integration of knowledge management capabilities with 
BIM methodology has great potential, especially since 
the current open standards approach shares the same 
technological background as the recent Semantic Web
initiative. The openness of both activities motivates 
many researchers and software developers to join this 
initiative and make their contributions. This process 
guaranties the best adaptation of the technologies to the 
users’ needs and their widest support and endorsement. 
However, the approach also has its drawbacks. The 
number of technologies and their variants is massive. 
Moreover, the pace of change is so rapid that systems 
based on today’s most recent technology become 
obsolete over a two to three-year period, requiring 
developers to update constantly their products to take 
advantage of the latest version of the applied technology.
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